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AUTOMATIC ELECTRICAL CONTROLS –  

 
Part 1 :  General  requ irements  

 
FOREWORD 

1 )  The  I n ternational  E l ectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ i zati on  for standard ization  compris i ng  
a l l  national  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operati on  on  a l l  questions  concern ing  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y Avai l abl e  Speci fi cations  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cati on (s)” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati ona l  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two organ i zati ons.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y as  possi ble,  an  i n ternati onal  
consensus  of opin ion  on  the  rel evant subjects  s i nce  each  techn ical  comm i ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC Nati ona l  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ical  content  of I EC  
Publ i cati ons  i s  accurate,  I EC cannot be  hel d  responsi b le  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  un i form i ty,  I EC Nati onal  Commi ttees  undertake  to  app ly I EC  Publ i cati ons  
transparen tl y to  the  maximum  extent  poss ibl e  i n  thei r national  and  reg ional  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg ional  publ i cation  shal l  be  cl earl y  i n d icated  i n  
the  l atter.  

5)  I EC i tsel f does  not  provide  any attestation  of conform i ty.  I ndependent certi fi cation  bod ies  provide  conform i ty 
assessment  services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi b le  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC National  Comm i ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC  Pub l i cation  or any other I EC 
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cati on .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possibi l i ty that  some of the  e l ements  of th i s  I EC Publ i cati on  may be  the  sub ject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  paten t  ri gh ts .  

DISCLAIMER 
Th is  Consol idated  version  i s  not an  official  IEC  Standard  and  has  been  prepared  for 
user conven ience.  On ly the  current versions  of the  standard  and  i ts  amendment(s)  
are  to  be  considered  the  official  documents.  

Th is  Consol idated  version  of IEC  60730-1  bears  the  ed i tion  number 5. 1 .  I t  consists  of 
the  fi fth  ed i tion  (201 3-1 1 )  [documents  72/899/FDIS  and  72/928/RVD]  and  i ts   
corrigendum 1  (september 201 4) ,  and  i ts  amendment 1  (201 5-1 2)  [documents  
72/1 01 7/FDIS  and  72/1 026/RVD] .  The technical  content i s  identical  to  the  base  ed i tion  
and  i ts  amendment.  

In  th is  Redl ine  version ,  a  vertical  l ine  in  the  margin  shows where the  technical  content 
is  mod ified  by amendment 1 .  Add itions  are  i n  green  text,  deletions  are  in  strikethrough  
red  text.  A separate  Final  version  with  al l  changes  accepted  is  avai lable  in  th is  
publ ication .  
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I n ternational  Standard  I EC  60730-1  has  been  prepared  by I EC techn ical  committee  72:  
Au tomatic e lectrica l  con trols.  

Th is  ed i ti on  consti tu tes  a  techn ica l  revis ion .  The  major changes  wi th  respect to  the  previous  
ed i tion  are  as  fol l ows.   

– mod i fication  of the  ti tl e  and  scope;   

– revisions  to  Clause  H . 26  based  on  changes  i n  technology,  appl ications,  and  to  improve  
cons istency and  l ayout;  

– mod i fication  to  Table  H . 1 2  to  a l i gn  wi th  CI SPR 22 ;  

– revis ions  to  Annex J  to  correlate  the  fau l t  modes  of therm istors  and  to  exempt therm istors  
used  in  con j unction  wi th  type  1  controls  i n  SELV low power ci rcu i ts  from  the  tests  speci fied  
i n  Annex J ;  

– new requ i rements  covering  battery-powered  controls,  and  the  use  of batteries  i n  con trols ;  

– revis ion  address ing  the  exclusion  of re lay fau l ts ;  

– new/updated  requ i rements  i n  C lause  24,  for swi tch  mode  power suppl ies ;  

– revisions  covering  the  a l lowance of screwless-type  clamping  un i ts  complying  wi th  
I EC 60999-1 ;  

– new requ irements  addressing  remotel y actuated  con trol  functions;  

– add i tion  of a  new/updated  l eakage current d iagram  to  al i gn  the  Annex E  d iagram  wi th  the 
d iagram  in  I EC 60990;  

– updated  requ i rements  for temperature  sens ing  con trols .  

A l i st  of a l l  parts  of the  I EC 60730  series,  under the  general  t i tl e:  Automatic electrical controls,  
can  be  found  on  the  I EC websi te.  

I n  the  development of a  fu l l y i n ternational  standard  to  cover au tomatic con trols  for household  
and  s im i l ar use,  i t  has  been  necessary to  take  i n to  cons ideration  the  d i ffering  requ i rements  
resu l ting  from  practica l  experience  i n  various  parts  of the  world  and  to  recogn ize  the  variation  
i n  national  e lectrica l  systems  and  wi ring  ru les.  

The  “ i n  some coun tries”  notes  regard ing  d i ffering  national  practices  are  contained  i n  the  
fol l owing  subclauses:  

2. 1 . 5  

2 . 7. 2  

2 . 7. 3  

2 . 1 4 . 2  

4 . 2 . 1  

6 . 6. 1  

Table  1  (7 . 2),  footnote  d  

7 . 4. 3  

7 . 4. 3. 2  

8. 1 . 1 . 1  

8 . 4  

9. 3. 2  

9. 3. 4  

9. 5. 2  

Table  3  (1 0. 1 . 4 ),  footnote  b  

1 0 . 1 . 4 . 1  

1 0 . 1 . 1 4  

1 0 . 1 . 1 6  

1 0 . 1 . 1 6. 1  

1 1 . 1 1 . 1 . 2  

1 1 . 1 1 . 1 . 3  

1 1 . 1 1 . 1 . 4  

1 2 . 1 . 6  

1 2 . 3  

Table  1 2  (1 3. 2 . 1 ),  footnote  a  

1 3. 3. 4  

1 4. 4  

Table  1 3  (1 4. 7. 4),  footnote  f 

1 5. 1  

1 6. 2 . 1  

1 7. 1 . 3. 1  

1 7. 2 . 2  

1 7. 2 . 3  

1 7. 2 . 3. 1  

Table  1 4  (1 7. 2 . 5)  

Table  1 5  (1 7. 2 . 5)  

Table  1 6  (1 7. 2 . 5)  

1 7. 5. 1  

1 7. 1 0. 4  

1 7. 1 2. 5  

1 8. 1 . 6  

1 8. 1 . 6. 1  

1 8. 1 . 6. 2  

1 8. 1 . 6. 3  

1 8. 4  

1 9. 2 . 4. 1  

1 9. 2 . 5. 1  

21 . 1  

21 . 4  

27. 2 . 3. 1  

Annex C  

Annex D  

H . 26. 1 0  

Table  H . 1 8  (H . 26. 1 0. 4)  

H . 27. 1 . 1 . 3  

Table  K. 1 ,  footnote  b  

Table  K. 2 ,  footnote  b  
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Table  6  (1 0. 2 . 1 ) ,  footnote  b  

1 1 . 5  

Table  1 0  (1 1 . 8. 2),  footnote  b  

 

1 7. 7. 7  

1 7. 8. 4. 1  

1 7. 1 0  

 

T. 3. 2  

I t  i s  envisaged  that i n  the  next ed i tion  of th is  s tandard  i t  wi l l  be  found  possib le  to  remove  
those  d i fferences  that are  covered  by new I EC  standards  now being  prepared  by other 
techn ical  committees.  

Th is  part  1  i s  to  be  used  i n  con j unction  wi th  the  appropriate  part 2  for a  particu lar type  of 
con trol ,  or for con trols  for particu lar appl ications.  Th is  part 1  may a lso  be  appl ied ,  so  far as  
reasonable,  to  controls  not mentioned  i n  a  part 2 ,  and  to  controls  designed  on  new principles,  
i n  wh ich  cases  add i tional  requ i rements  may be  considered  to  be  necessary.  

Where,  for a  particu lar clause  or subclause,  the  text of part 2  i nd icates:  

Addition:          the  part 1  text appl i es  wi th  the  add i ti onal  requ i rement i nd icated  in  a  part 2 ;  

Modification:    the  part 1  text appl i es  wi th  a  m inor change  as  i nd icated  i n  a  part 2 ;  

Replacement:   the  part  2  text conta ins  a  change  wh ich  replaces  the  part  1  text  in  i ts  enti rety.  

Where  no  change i s  necessary,  the  part 2  i nd icates  that the  re levant cl ause  or subclause  
appl ies.  

NOTE  I n  th i s  standard  the  fol l owing  pri n t  types  are  used :  

– Requ i rements  proper:  i n  roman  type ;  

– Test specifications: in  italic type; 

– Explanatory matter:  i n  smal l er roman  type;  

– Defined  terms:  bold  type .  

Some table  ti tl es  con ta in  reference  i n  brackets  to  tab le  numbers  in  I EC 60730-1 ,  ed i tion  3  for 
ease  of correlation  between  parts  2  and  the  Part  1 .  

Th is  publ ication  has  been  d rafted  i n  accordance wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  un ti l  the  stabi l i ty date  i nd icated  on  the  I EC  web s i te  under 
"h ttp: //webstore. iec.ch"  i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

IMPORTANT – The 'colour inside'  l ogo on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  
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AUTOMATIC ELECTRICAL CONTROLS –  
 

Part 1 :  General  requ irements  
 
 
 

1  Scope and  normative references  

1 . 1  Scope  

I n  general ,  th is  part of I EC 60730  appl ies  to  au tomatic electrical  controls  for use  in ,  on ,  or i n  
association  wi th  equ ipment for household  and  s im i lar use.  The  equ ipment may use  e lectrici ty,  
gas,  o i l ,  so l i d  fuel ,  solar thermal  energy,  etc. ,  or a  combination  thereof.  

NOTE  1  Throughout  th i s  standard  the  word  "equ i pment"  means  "appl i ance  and  equ i pment. "  

EXAMPLE  1  Controls  for appl i ances  wi th i n  the  scope  of I EC 60335.  

This  I n ternational  Standard  is  appl icable  to  controls  for bu i l d i ng  au tomation  wi th in  the  scope 
of I SO  1 6484.  

Th is  standard  a lso  appl ies  to  automatic  e lectrical  controls  for equ ipment that may be  used  
by the  publ ic,  such  as  equ ipment i n tended  to  be  used  i n  shops,  offices,  hospi ta ls ,  farms  and  
commercia l  and  i ndustria l  appl ications.  

EXAMPLE  2  Controls  for commercial  cateri ng ,  heati ng  and  a i r-cond i ti on i ng  equ i pment.  

This  standard  i s  a lso  appl icable  to  ind ividual  controls  u ti l i zed  as  part of a  control  system  or 
controls  wh ich  are  mechan ical l y i n tegral  wi th  mu l ti functional  controls  having  non-electrica l  

ou tpu ts.  

EXAMPLE  3  I n dependentl y mounted  water va lves,  con trol s  i n  smart  g ri d  systems  and  controls  for bu i l d i ng  
au tomation  systems  wi th i n  the  scope  of I SO  1 6484-2.  

This  standard  i s  a lso  appl icable  to  relays  when  used  as  controls  for I EC 60335  appl iances.  
Add i ti onal  requ irements  for the  safety and  operating  values  of relays  when  used  as  controls  

for I EC 60335 appl iances  are  conta ined  i n  Annex U .  

NOTE  2  These  requ i rements  are  referred  to  i n  the  scope  of I EC 61 81 0-1 .  

NOTE  3  Th i s  standard  i s  i n tended  to  be  used  for the  testi ng  of any s tand-alone  relay wh ich  i s  i n tended  to  be  used  
as  a  control  of an  appl i ance  accord i ng  to  I EC 60335-1 .  I t  i s  not  i n tended  to  be  used  for any other stand -al one  
re l ay,  or to  repl ace  the  I EC 61 81 0  series  of s tandards.  

This  standard  does  not appl y to  au tomatic electrical  controls  i n tended  exclus ive l y for 
i ndustria l  process  appl i cations  un less  expl ici tl y mentioned  i n  the  re levant part 2  or the  
equ ipment standard .  

Th is  standard  appl ies  to  controls  powered  by primary or secondary batteries ,  requ i rements  
for wh ich  are  con tained  wi th in  the  standard ,  includ ing  Annex V.  

1 . 1 . 1  Th is  I n ternational  Standard  appl ies  to  the  i nheren t safety,  to  the  operating  values ,  
operating  times ,  and  operating  sequences  where  such  are  associated  wi th  equ ipment 
safety,  and  to  the  testing  of au tomatic electrical  control  d evices  used  i n ,  or in  association  

wi th ,  equ ipment.  

Th is  s tandard  appl ies  to  controls  u s i ng  thermistors ,  see  a lso  Annex J .  
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Th is  standard  i s  a lso  appl icable  to  the  functional  safety  of low complexity safety related  
systems  and  controls .  

1 . 1 . 2  Th is  s tandard  appl ies  to  au tomatic electrical  controls ,  mechan ical l y or e lectrical l y 
operated ,  responsive  to  or con trol l ing  such  characteristics  as  temperature,  pressure,  passage  
of time,  hum id i ty,  l igh t,  e lectrostatic  effects,  flow,  or l iqu id  l evel ,  curren t,  vol tage,  acceleration ,  
or combinations  thereof.  

1 . 1 . 3  Th is  standard  appl ies  to  starti ng  re lays,  wh ich  are  a  speci fic type  of au tomatic  
electrical  control ,  i n tended  to  swi tch  the  starti ng  wind ing  of a  motor.  Such  controls  may be  

bu i l t  i n to,  or be  separate  from ,  the  motor.   

1 . 1 .4  Th is  standard  appl ies  to  manual  controls  when  such  are  e lectrical l y and /or 
mechan ical l y i n tegral  wi th  automatic  controls .   

NOTE  Requ i rements  for manual  swi tches  not  form ing  part  of an  automatic  control  are  contained  i n  I EC 61 058-1 .  

1 . 1 .5  Th is  standard  appl ies  to  a . c.  or d . c.  powered  controls  wi th  a  rated  vol tage  not 

exceed ing  690  V a . c.  or 600  V d . c.  

1 . 1 .6  Th is  s tandard  does  not take  in to  account the  response value  of an  automatic action  
of a  control ,  i f such  a  response value  i s  dependen t upon  the  method  of mounting  the  
control  i n  the  equ ipment.  Where  a  response value  i s  of s ign i fican t purpose  for the  protection  
of the  user,  or surround ings,  the  va lue  defined  i n  the  appropriate  household  equ ipment 

standard  or as  determ ined  by the  manufacturer shal l  apply.  

1 . 1 .7  Th is  standard  appl ies  a lso  to  controls  i ncorporating  electronic devices ,  requ i rements  

for wh ich  are  con tained  i n  Annex H .  

1 . 1 .8  Th is  standard  appl ies  a l so  to  controls  us i ng  NTC or PTC thermistors ,  requ irements  
for wh ich  are  con tained  i n  Annex J .  

1 . 1 .9  Th is  standard  appl ies  to  the  e lectrical  and  functional  safety  of controls  capable  of 
receiving  and  respond ing  to  communications  s ignals ,  i nclud ing  s ignals  for power b i l l i ng  rate  
and  demand  response.   

The  s i gnals  may be  transm i tted  to  or received  from  external  u n i ts  be ing  part of the  control  
(wi red),  or to  and  from  external  un i ts  wh ich  are  not part  of the  control  (wi re less)  under test.   

1 . 1 . 1 0  Th is  standard  does  not address  the  i n tegri ty of the  ou tpu t s ignal  to  the  network 
devices,  such  as  i n teroperabi l i ty wi th  other devices  un less  i t  has  been  evaluated  as  part of the  
control  system .  

1 .2  Normative  references  

The fol l owing  documents ,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl ies.  For 
undated  references,  the  latest ed i ti on  of the  referenced  document ( includ ing  any 
amendments)  appl i es .  

I EC 60038,  IEC standard voltages 

I EC 60065: 2001 ,  Audio,  video and similar electronic apparatus – Safety requirements 1  
Amendment 1 : 2005  
Amendment 2 : 201 0  

___________ 

1  There  exi sts  a  consol i dated  ed i ti on  7. 2 : 201 1  i ncl ud ing  I EC  60065: 2001  and  i ts  Amendments  1 : 2005  and  2 : 201 0.  
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I EC 60068-2-75,  Environmental testing – Part 2-75:  Tests – Test Eh: Hammer tests 

IEC 60085,  Electrical insulation – Thermal evaluation and designation  

IEC 60099-1 ,  Surge arresters – Part 1 : Non-linear resistor type gapped arresters for a. c.  
systems2  

I EC 601 1 2: 2003,  Method for the determination of the  proof and the comparative tracking 
indices of solid insulating materials3  
Amendment 1 : 2009   

I EC 601 27-1 ,  Miniature fuses – Part 1 : Definitions for miniature fuses and general 
requirements for miniature fuse-links 

I EC 60227-1 ,  Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V – Part 1 :  General requirements 

I EC 60245-1 ,  Rubber insulated cables – Rated voltages up to and including 450/750 V – 
Part 1 : General requirements 

I EC 60269-1 ,  Low-voltage fuses – Part 1 :General requirements 

I EC 60335-1 : 201 0,  Household and similar electrical appliances – Safety – Part 1 :  General 
requirements 

I EC 60364  (a l l  parts) ,  Low-voltage electrical installations 

I EC 60384-1 4,  Fixed capacitors for use in electronic equipment – Part 14: Sectional 
specification: Fixed capacitors for electromagnetic interference suppression and connection to 
the supply mains 

I EC 60384-1 6,  Fixed capacitors for use in electronic equipment – Part 16: Sectional 
specification:  Fixed metallized polypropylene film dielectric d. c.  capacitors 

I EC 60384-1 7,  Fixed capacitors for use in electronic equipment – Part 17: Sectional 
specification:  Fixed metallized polypropylene film dielectric a. c.  and pulse capacitors 

I EC 6041 7  (a l l  parts) ,  Graphical symbols for use on equipment 

I EC 60423,  Conduit systems for cable management – Outside diameters of conduits for 
electrical installations and threads for conduits and fittings 

I EC 60529: 1 989,  Degrees of protection provided by enclosures (IP code) 4  
Amendment 1 : 1 999  

I EC 60539  (a l l  parts) ,  Directly heated negative temperature coefficient thermistors 

I EC 60664-1 : 2007,  Insulation coordination for equipment within low-voltage systems – Part 1 : 
Principles,  requirements and tests 

___________ 

2  Wi thdrawn .  

3  There  exi sts  a  consol i dated  ed i ti on  4 . 1 : 2009  i ncl ud ing  I EC  601 1 2 : 2003  and  i ts  Amendment  1 : 2009.  

4 There  exi sts  a  consol i dated  ed i ti on  2 . 1 : 2001  i ncl ud ing  I EC  60529: 1 989  and  i ts  Amendment 1 : 1 999.  
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IEC 60664-3: 2003,  Insulation coordination for equipment within  low-voltage systems – Part 3:  
Use of coating,  potting or moulding for protection against pollution 

Amendment 1 : 201 0  

IEC 60664-4,  Insulation coordination for equipment within low-voltage systems – Part 4:  
Consideration of high-frequency voltage stress 

I EC 60695-2-1 0 ,  Fire Hazard testing – Part 2-10: Glowing/hot-wire based test methods – 
Glow-wire apparatus and common test procedure 

I EC 60695-2-1 1 : 2000,  Fire hazard testing – Part 2-11 : Glowing/hot-wire based test methods – 
Glow-wire flammability test method for end-products 

I EC 60695-1 0-2 ,  Fire hazard testing – Part 10-2: Abnormal heat – Ball pressure test 

I EC 60738-1 ,  Thermistors – Directly heated positive  temperature coefficient – Part 1 : Generic 
specification 

I EC 60738-1 -1 ,  Thermistors – Directly heated positive step-function temperature coefficient – 
Part 1 -1 : Blank detail specification – Current limiting application – Assessment level EZ 

I EC 60947-1 : 2007,  Low-voltage switchgear and controlgear – Part 1 :  General rules 

I EC 60998-2-2 ,  Connecting devices for low-voltage circuits for household and similar 
purposes – Part 2-2: Particular requirements for connecting devices as separate entities with 
screwless-type clamping units 

I EC 60998-2-3,  Connecting devices for low-voltage circuits for household and similar 
purposes – Part 2-3: Particular requirements for connecting devices as separate entities with 
insulation-piercing clamping units 

I EC 60999-1 ,  Connecting devices – Electrical copper conductors – Safety requirements for 
screw-type and screwless-type clamping units – Part 1 :  General requirements and particular 
requirements for clamping units for conductors from 0, 2 mm2  up  to 35 mm2  (included)  

I EC 61 000  (a l l  parts) ,  Electromagnetic compatibility (EMC)  

I EC 61 000-3-2 ,  Electromagnetic compatibility (EMC)  – Part 3-2: Limits – Limits for harmonic 
current emissions (equipment input current ≤  16 A  per phase)   

I EC 61 000-3-3: 2008,  Electromagnetic compatibility (EMC)  – Part 3-3: Limits – Limitation of 
voltage changes,  voltage fluctuations and flicker in public low-voltage supply systems,  for 
equipment with  rated current ≤16 A  per phase and not subject to conditional connection 

I EC 61 000-4-2 : 2008,  Electromagnetic compatibility (EMC)  – Part 4-2:  Testing and 
measurement techniques – Electrostatic discharge immunity test 

I EC 61 000-4-3,  Electromagnetic compatibility (EMC)  – Part 4-3: Testing and measurement 
techniques – Radiated,  radio-frequency,  electromagnetic field immunity test 

I EC 61 000-4-4 ,  Electromagnetic compatibility (EMC)  – Part 4-4: Testing and measurement 
techniques – Electrical fast transient/burst immunity test  

I EC 61 000-4-5,  Electromagnetic compatibility (EMC)  – Part 4-5: Testing and measurement 
techniques – Surge immunity test 
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I EC 61 000-4-6,  Electromagnetic compatibility (EMC)  – Part 4-6: Testing and measurement 
techniques – Immunity to conducted disturbances,  induced by radio-frequency fields  

IEC 61 000-4-8,  Electromagnetic compatibility (EMC)  – Part 4-8: Testing and measurement 
techniques – Power frequency magnetic field immunity test 

IEC 61 000-4-1 1 ,  Electromagnetic compatibility (EMC)  – Part 4-11 : Testing and measurement 
techniques – Voltage dips,  short interruptions and voltage variations immunity tests  

I EC 61 000-4-1 3: 2002,  Electromagnetic compatibility (EMC)  – Part 4-13: Testing and 
measurement techniques – Harmonics and interharmonics including mains signalling at a. c.  
power port,  low frequency immunity tests  
Amendment 1 : 2009  

IEC 61 000-4-28,  Electromagnetic compatibility (EMC)  – Part 4-28: Testing and measurements 
techniques – Variation of power frequency,  immunity test 

I EC 61 058-1 ,  Switches for appliances – Part 1 : General requirements 

IEC 61 21 0,  Connecting devices – Flat quick-connect terminations for electrical copper 
conductors – Safety requirements 

IEC 61 249  (a l l  parts) ,  Materials for printed boards and other interconnecting structures  

IEC 61 558-2-6,  Safety of transformers,  reactors,  power supply units and similar products for 
supply voltages up to 1  100 V – Part 2-6: Particular requirements and tests for safety isolating 
transformers and power supply units incorporating safety isolating transformers  

IEC 61 558-2-1 6 ,  Safety of transformers,  reactors,  power supply units and similar products for 
voltages up to 1  100 V – Part 2-16: Particular requirements and tests for switch mode power 
supply units and transformers for switch  mode power supply units  

IEC 61 643-1 1 ,  Low-voltage surge protective devices – Part 11 : Surge protective devices 
connected to  low-voltage power systems – Requirements and test methods 

I EC 621 51 ,  Safety of equipment electrically connected to a  telecommunication network 

I EC 62326  (a l l  parts) ,  Printed boards 

I EC 62368-1 ,  Audio/video,  information and communication technology equipment – Part 1 : 
Safety requirements 

CISPR 1 1 ,  Industrial,  scientific and medical equipment – Radio-frequency disturbance 
characteristics – Limits and methods of measurement 

CISPR 1 4-1 : 2005,  Electromagnetic compatibility – Requirements for household appliances,  
electric tools and similar apparatus – Part 1 :  Emission5  

Amendment 1 : 2008  

CISPR 22: 2008,  Information technology equipment – Radio disturbance characteristics – 
Limits and methods of measurement 

I SO 1 6484-2 ,  Building automation and control systems (BACS)  – Part 2: Hardware 

___________ 

5 There  exi sts  a  consol i dated  ed i ti on  5. 1 : 2009  i ncl ud ing  CI SPR 1 4-1 : 2005  and  i ts  Amendment 1 : 2008.  
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2  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms and  defin i ti ons  apply.   

Where  the  terms  "vol tage"  and  "curren t"  are  used ,  they impl y the  r.m . s.  va lues,  un less  
otherwise  speci fied .   

 Defin i tions  relating  to  ratings,  vol tages,  currents,  frequencies,  and  wattages  2.1

  2.1 .1
rated  vol tage,  current,  frequency or wattage  
vol tage,  curren t,  frequency or wattage  assigned  to  a  control  by the  manufacturer  

Note  1  to  en try:  For th ree  phase  suppl y,  the  rated  vo l tage  i s  the  l i ne  vol tage.  

  2.1 .2
rated  vol tage,  current,  frequency or wattage range  
vol tage,  curren t,  frequency or wattage  ranges  assigned  to  the  control  by the  manufacturer 

and  expressed  by l ower and  upper values  

  2.1 .3
working  vol tage  
h ighest r.m .s.  va lue  of the  a. c.  or d . c.  vol tage  across  any particu lar insu lation  wh ich  can  occur 
when  the  equ ipment i s  suppl ied  at rated  vol tage  

Note  1  to  en try:  Transien t overvol tages  are  d i sregarded .  

Note  2  to  en try:  Open -ci rcu i t  cond i ti ons  and  normal  operati ng  cond i ti ons  are  taken  i n to  account.  

  2.1 .4
extra-low voltage   
ELV 
nominal  vol tage  not exceed ing  50  V between  conductors  and  between  conductors  and  earth ,  
or for three-phase connection  not exceed ing  50  V between  l i ne  conductors  and  29  V between  
l ine  conductors  and  neutral  

Note  1  to  en try:  These  values  were  deri ved  from  I EC 60335-1 : 201 0,  Defi n i ti on  3 . 4 . 1 .  

Note  2  to  en try:  I n  th i s  s tandard  ELV- l evel s  for use  i n  a  speci fi c  appl i cati on  as  speci fi ed  i n  the  re levant appl i cati on  
standard  may be  decl ared  for control s  u sed  i n  or wi th  such  appl i cations  for envi ronmental  cond i ti ons  as  speci fi ed  
by the  appl i cation  standard .  

  2.1 .5
safety extra-low voltage  
SELV 
nominal  vo l tage  for use  i n  a  SELV  system  or PELV system  between  conductors  and  between  
conductors  and  earth ,  not exceed ing  42  V between  conductors,  or i n  the  case  of th ree-phase  
ci rcu i ts,  not exceed ing  24  V between  conductors  and  neutral ,  the  no- load  vol tage  of the  ci rcu i t 
not exceed ing  50  V and  29  V,  respectivel y,  and  wh ich  is  provided  by a  battery or when  
obtained  from  h igher vol tage  i s  provided  by a  safety i solating  transformer  or a  converter 

wi th  separate  wind ings   

Note  1  to  en try:  The  vol tage  l im i ts  are  based  on  the  assumption  that  the  safety i solating  transformer  i s  suppl i ed  
at  i ts  rated  vol tage.  

Note  2  to  en try:  Converters  wi th  separate  wi nd i ngs  provi d i ng  equ ivalen t  i nsu l ation  are  deal t  wi th  i n  I EC  61 558-2-6  
and  I EC 61 558-2-1 6.  

Note  3  to  en try:  I n  Canada  and  the  USA,  the  l im i t  for safety extra-low vol tage  i s  30  V.  

Note  4  to  en try:  Al so  see  2 . 1 . 20  SELV  system  and  2 . 1 . 21  PELV system .  
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  2.1 .6
safety i solating  transformer 
transformer,  the  i npu t wind ing  of wh ich  i s  e l ectrical l y separated  from  the  output wind ing  by an  
i nsu lation  at l east equ iva lent to  double  i nsu lation  or reinforced  insu lation ,  and  wh ich  i s  
i n tended  to  suppl y safety extra-low vol tage  c i rcu i ts  

  2.1 .7
same  polari ty  
relationsh ip  between  l ive  parts  such  that an  i n terconnection  between  them  al l ows  a  fl ow of 

curren t through  a  load ,  and  wh ich  curren t i s  thus  l im i ted  by the  l oad  

  Void  2.1 .8
 

  2.1 .9
isolated  l im ited  secondary ci rcu i t  
ci rcu i t  from  an  i solated  secondary wind ing  of a  transformer having  a  maximum  capaci ty of 
1 00  VA and  an  open-circu i t  secondary vol tage  rati ng  not exceed ing  1  000  V  

  2.1 .1 0
pi lot duty 
class  of operation  i n  wh ich  the  u l timate  e lectrical  l oad  i s  control l ed  by an  auxi l i ary means  
such  as  a  re lay or contactor 

  2.1 .1 1
transient overvol tage  
short duration  overvol tage  of few m i l l iseconds  or l ess ,  osci l latory or non -osci l l atory,  usual l y 
h igh l y damped   

[SOURCE:  I EC 60050-604: 1 987,  604-03-1 3]  

  2.1 .1 2
rated  impu lse  vol tage  
impu lse  wi thstand  vol tage  ass igned  by the  manufacturer to  the  equ ipment or to  a  part of i t,  
characterizing  the  speci fi ed  wi thstand  capabi l i ty of i ts  i nsu lation  against  overvol tages  

  2.1 .1 3
overvoltage  category 
numeral  characterizing  a  transient overvol tage  cond i ti on  

Note  1  to  en try:  Overvol tage  categories  I ,  I I ,  I I I ,  and  I V are  used .  See  Annex L.  

  2.1 .1 4
exposed-conductive-part  
conductive  part of equ ipment,  wh ich  can  be  touched  and  wh ich  i s  not normal l y l i ve,  bu t wh ich  
can  become l i ve  when  basic insu lation  fa i l s   

Note  1  to  en try:  A conducti ve  part  of a  con trol  wh ich  can  on l y become l i ve  th rough  contact  wi th  an  exposed-
conductive-part  wh ich  has  become l i ve,  i s  not  considered  to  be  an  exposed-conducti ve-part  i tsel f.   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-06-1 0,  mod i fied  – Note  1  to  entry has  been  added . ]   

  2.1 .1 5
(conductive)  screen  
(conductive)  sh ield  (US)  
conductive  part  that encloses  or separates  e lectri c ci rcu i ts  and/or conductors  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendment 1 : 2001 ,  1 95-02-38]  
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  2.1 .1 6
(electrical ly)  protective  screen  
(electrical ly)  protective  sh ield  (US)  
conductive  screen  used  to  separate  an  e lectri c ci rcu i t  and/or conductors  from  hazardous-

l i ve-parts  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendment 1 : 2001 ,  1 95-06-1 7]  

  2.1 .1 7
(electrical ly)  protective  screen ing  
(electrical ly)  protective  sh ield ing  (US)  
separation  of e l ectric ci rcu i ts  and /or conductors  from  hazardous  l ive  parts  by an  electrical ly  
protective  screen  connected  to  the  protective  equ ipotential  bonding  system  and  i n tended  

to  provide  protection  against  e lectric  shock 

[SOURCE:  I EC 60050-1 95: 1 998,  Amendment 1 : 2001 ,  1 95-06-1 8]  

  2.1 .1 8
simple  separation  
separation  between  ci rcu i ts  or between  a  ci rcu i t  and  earth  by means  of basic insu lation  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 23]  

  2.1 .1 9
(electrical ly)  protective  separation  

separation  of one  e lectric  ci rcu i t  from  another by means  of:   

– double  insu lation ,  or  

– basic insu lation  and  electrical ly protective  screen ing  (sh ield ing ) ,  or  

– reinforced  insu lation  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendment 1 : 2001 ,  1 95-06-1 9]  

  2.1 .20
SELV system  
electrical  system  i n  wh ich  the  vol tage  cannot exceed  ELV:   

–  under normal  cond i tions,  and   

– under s i ng le-fau l t  cond i ti ons,  i nclud ing  earth  fau l ts  i n  other ci rcu i ts  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 26. 1 ]  

  2.1 .21
PELV system  
electrica l  system  in  wh ich  the  vol tage  cannot exceed  ELV:  

– under normal  cond i tions,  and  

– under s i ng le-fau l t  cond i ti ons,  except earth  fau l ts  i n  other ci rcu i ts  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 26. 2 ]  

 Defin i tions  of types  of control  according  to  purpose  2.2

  2.2.1
electrical  control   
device  used  in ,  on  or i n  association  wi th  an  equ ipment for the  purpose  of varying  or mod i fying  
the  ou tpu t from  such  equ ipment,  and  wh ich  embod ies  the  aspects  of in i tiation ,  transmission  
and  operation  
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Note  1  to  en try:  Hereinafter,  e l ectri cal  con trol  i s  referred  to  as  "control " .  

Note  2  to  en try:   At  l east  one  of these  aspects  shal l  be  e l ectri cal  or e l ectron ic.  

  2.2.2
manual  control  
control  i n  wh ich  the  in i ti ation  i s  by actuation  and  i n  wh ich  the  transmission  and  the  
operation  are  both  d i rect and  wi thout  any i n ten tional  t ime delay 

  2.2.3
automatic control  
control  i n  wh ich  at l east one  aspect  i s  non-manual  

  2.2.4
sensing  control  
automatic control  i n  wh ich  in i tiation  i s  by an  e lement sensi ti ve  to  the  particu lar activating  
quanti ty  d eclared ,  for example,  temperature,  cu rrent,  hum id i ty,  l i gh t,  l i qu id  l evel ,  posi tion ,  

pressure  or ve loci ty 

  2.2.5
thermal ly operated  control  
automatic control  i n  wh ich  the  transmission  i s  by a  thermal  prime mover  

  2.2.6
thermostat  
cycl ing  temperature  sensing  control ,  wh ich  i s  i n tended  to  keep  a  temperature  between  two  
particu lar va lues  under normal  operati ng  cond i ti ons  and  wh ich  may have  provis ion  for setting  
by the  user  

  2.2.7
temperature  l im i ter 
temperature  sensing  control  wh ich  is  i n tended  to  keep  a  temperature  be low or above one  
particu lar va lue  during  normal  operating  cond i ti ons  and  wh ich  may have  provis ion  for setting  
by the  user  

Note  1  to  en try:  A temperature  l im i ter  may be  of the  au tomatic  or of the  manual  reset  type.  I t  does  not  make  the  
reverse  operation  d u ri ng  the  normal  duty cycl e  of the  app l i ance.  

  2.2.8
thermal  cut-out 
temperature  sensing  control  i n tended  to  keep  a  temperature  be low or above one  particu lar 
value  during  abnormal  operating  cond i tions  and  wh ich  has  no  provis ion  for setting  by the  
user  

Note  1  to  en try:  A thermal  cu t-ou t  may be  of the  au tomatic  or of the  manual  reset  type.  

Note  2  to  en try:  Normal l y a  thermal  cut-ou t  wi l l  provi de  a  type  2  action .  

  Void  2.2.9

  2.2.1 0
energy regu lator 
sel f-cycl ing  control  wh ich  a l ters  the  energy to  a  l oad  and  wh ich  may i ncorporate  means  for 
setting  by the  user  to  change  the  average  energy suppl ied  

Note  1  to  en try:  The  ratio  of the  on-time,  to  the  on-p lus-off-time,  determ ines  the  average  energy suppl i ed .  

  2.2.1 1
time-based  control  
au tomated  control  i n  wh ich  the  transmission  i s  effected  by a  time-based  prime mover  or a  

time-based  e lectrica l  ci rcu i t  
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  2.2.1 2
electrical ly operated  control  
automatic control  i n  wh ich  the  transmission  i s  effected  by an  electrica l  prime mover  and  i n  
wh ich  the  operation  con trols  an  e lectric ci rcu i t,  and  is  wi thout i n ten tional  s ign i ficant 

time-delay 

Note  1  to  en try:  An  example  i s  a  re lay.  

Note  2  to  en try:  A s l ugged -relay may be  e i ther an  electri cal l y operated  con trol ,  or a  time-based  con trol  by  
agreement  between  testi ng  au thori ty and  manufactu rer.  

  2.2.1 3
timer 
time-based  control  wh ich  requ ires  actuation  before  the  next  cycle  can  take  p lace  

Note  1  to  en try:  Duri ng  a  cycle,  i t  may requ i re  an  external  e l ectri cal  or mechan ica l  s i gna l  before  moving  from  a  
rest  pos i ti on  to  a l l ow the  cycle  to  con ti nue.  An  example  i s  a  programmer.  

  2.2.1 4
time switch  
time-based  control  wh ich  con ti nues  wi th  a  subsequent cycle  when  the  preced ing  one  has  

been  completed  

Note  1  to  en try:  An  example  i s  a  24  h  con trol  on  a  storage  heater.  

  2.2.1 5
motor protector 
automatic control  that i s  speci fica l l y  i n tended  to  protect the  wind ings  of an  e lectric motor 

from  overheating  

  2.2.1 6
thermal  motor protector 
automatic control ,  bu i l t- i n  or on  a  motor,  that i s  speci fical l y  i n tended  to  protect the  motor 

against  overheating  due  to  runn ing  overload  and  fa i l u re  to  start  

Note  1  to  en try:  The  control  carri es  motor current  and  i s  sensi ti ve  to  motor temperatu re  and  current.  

Note  2  to  en try:  The  con trol  i s  capable  of bei ng  reset (ei ther manual l y or au tomatical l y)  when  i ts  temperatu re  fa l l s  
to  the  reset  va l ue.  

  2.2.1 7
electrical ly operated  valve  
automatic control  i n  wh ich  the  transmission  i s  effected  by an  e lectrical  prime mover  and  i n  
wh ich  the  operation  con trols  the  flow of a  l i qu id  or a  gas  

  2.2.1 8
electrical ly operated  mechanism  
automatic control  i n  wh ich  the  transmission  i s  effected  by an  e lectrical  prime mover  i n  
wh ich  the  operation  con trols  a  mechan ica l  device  

Note  1  to  en try:  An  example  i s  an  e l ectri ca l l y operated  i n terl ock for a  spin  d ryer l i d .  

Note  2  to  en try:  An  e l ectri c  motor i s  not  i ncl uded  i n  th i s  defi n i ti on .  

  2.2.1 9
operating  control  
control  wh ich  s tarts  or regu lates  the  equ ipment during  normal  operation  

  2.2.20
protective  control  
control ,  the  operation  of wh ich  i s  i n tended  to  prevent a  hazardous  s i tuation  du ring  abnormal  
operation  of the  equ ipment  
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  2.2.21
multipurpose control   
electrical  control  that can  be  class i fied  and  used  for more  than  one  purpose  

Note  1  to  en try:  An  example  of a  multipurpose con trol  i s  a  thermostat that  can  a l so  be  used  as  a  temperatu re  
l im i ter.  

  2.2.22
multi functional  control  
electrical  control  wh ich  i ncorporates  more  than  one  function  

Note  1  to  en try:  An  example  of a  mul ti functional  control  i s  the  combination  of a  thermostat  and  a  hum id i stat.  

  2.2.23
system  
control  and  control  sensors  and  actuators  as  appl i ed  to  an  appl ication  or processes   

 Defin i tions  relating  to  the  function  of controls  2.3

  2.3.1
in i tiation  
al teration  to  that aspect of a  control  wh ich  i s  requ i red  to  produce  transmission  and  
operation  

  2.3.2
transmission  
essentia l  coupl ing  between  in i ti ation  and  operation  wh ich  i s  requ i red  to  enable  the  control  

to  fu l fi l  i ts  purpose  

Note  1  to  en try:  Th i s  i ncl udes,  bu t  i s  not  l im i ted  to,  the  use  of:  

a)  commun ication  l i nes/protocols ;   

b)  add i ti onal  hardware  and /or software;  

c)  I R/RF  transmission ;  or 

a l l  combinations  of a)  to  c)  vi a  I n ternet  us ing ,  for example,  modems,  portabl e  te lephones,  etc.  

  2.3.3
operation  
change  in  that aspect of a  control  wh ich  mod i fies  the  i nput to  the  equ ipment or part  of the  

equ ipment 

  2.3.4
automatic action  
that action  of an  automatic control  i n  wh ich  the  transmission  and  operation  are  produced  
by in i ti ation  wh ich  i s  not  the  resu l t  of actuation  

  2.3.5
slow-make  s low-break automatic action  
mode of operation  where  the  rate  of contact make and /or break i s  d i rectl y proportional  to  the  
rate  of change  of the  activating  quanti ty,  or to  the  speed  of movement of a  prime mover  

Note  1  to  en try:  Th i s  action  may be  appl i cable  to  e i ther the  make,  or the  break,  or both .  

  2.3.6
manual  action  
that action  of an  automatic control  or of a  manual  control  i n  wh ich  the  transmission  and  
operation  are  produced  by in i ti ation  wh ich  i s  the  resu l t  of actuation  
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  2.3.7
actuation  
movement of the  actuating  member  of the  control  by the  user,  by hand ,  by foot or by any 
other human  acti vi ty 

  2.3.8
located  position  
posi tion  of the  actuating  member  to  wh ich  i t  wi l l  retu rn  i f i t  i s  re leased  after be ing  moved  

s l igh tl y 

  2.3.9
intermediate  posi tion  
any posi ti on  of any actuating  member  wh ich  i s  ad j acent to  a  located  position ,  and  i n  wh ich  
the  actuating  member  wi l l  remain  and  in  wh ich  the  operation  of the  control  i s  i n termed iate  

  2.3.1 0
activating  quanti ty  
physical  characteristic of a  med ium ,  the  variation  or stabi l i ty of wh ich  i s  being  sensed  

  2.3.1 1
operating  value  
value  of the  re levant temperature,  pressure,  current,  etc.  at  wh ich  a  sensing  control  operates  
on  a  rise  or fal l  of the  activating  quanti ty  

   2.3.1 2
operating  time  
duration  of t ime,  or the  d i fference  of time,  between  any two  functions,  e lectrical  or 
mechan ical ,  occurring  du ring  the  automatic action  of a  time-based  control  

  2.3.1 3
operating  sequence  
i n tended  sequence,  order or pattern  i n  wh ich  the  operation  of the  e lectrical  or mechan ical  
functions  of a  control  are  in tended  to  occur as  a  resu l t of e i ther an  au tomatic  or a  manual  
action  of a  control  

Note  1  to  en try:  I t  i ncl udes  the  pattern  of opened  or cl osed  contacts  i n  any l ocated  posi tion ,  i n termediate  
posi tion  o r posi ti on  of setting  by the  equ ipment manufacturer  or setting  by the  user.  

  2.3.1 4
response  value  
operating  value ,  the  operating  time  or the  operating  sequence  wh ich  re lates  a  control  to  a  

particu lar equ ipment 

  2.3.1 5
trip-free  
automatic action ,  wi th  a  reset actuating  member,  i n  wh ich  the  automatic action  i s  
i ndependent of man ipu lation  or posi tion  of the  reset  mechan ism  

  2.3.1 6
leakage  current  
al l  currents ,  includ ing  capaci ti vel y coupled  cu rrents ,  wh ich  may be  conveyed  between  
exposed  conductive  surfaces  of a  device  and  earth  or other exposed  conductive  su rfaces  of a  
device  

  2.3.1 7
setting  
mechan ical  pos i ti on ing  of a  part of a  control  i n  order to  select an  operating  value  
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  2.3.1 8
setting  by the  control  manufacturer 
any setting  carried  ou t by the  control  manufacturer  wh ich  i s  not i n tended  to  be  al tered  by 
the  equipment manufacturer,  the  instal ler or the  user  

  2.3.1 9
setting  by the  equ ipment manufacturer 
any setting  carried  ou t by the  equ ipment manufacturer  wh ich  i s  not i n tended  to  be  a l tered  
by the  instal ler  or the  user  

  2.3.20
setting  by the  i nstal ler 
any setting  carried  ou t by the  instal ler,  as  i nstructed  by the  equ ipment manufacturer  or the  
control  manufacturer,  and  wh ich  i s  not  in tended  to  be  a l tered  by the  user  

  2.3.21
setting  by the  user 
any selection  of an  operating  value  by actuation  performed  by the  user  

  2.3.22
set point  
value  selected  by setting  

  2.3.23
adjustable  set  point  
mul tip le  va lues,  wi th in  a  declared  range  of va lues,  wh ich  can  be  selected  by setting  

  2.3.24
duty cycle  
al l  au tomatic and  manual  actions  i n volved  i n  one  start-to-fi n ish  operation  of the  con trol l ed  

equ ipment 

  2.3.25
cycle  of contact operation  
one contact make and  one  subsequen t con tact break action ,  or one  con tact break and  one 
subsequent con tact make action  

  2.3.26
operating  d i fferential  
d i fference  between  the  upper and  l ower values  of the  operating  value  

  2.3.27
adjustable  d i fferential  
abi l i ty to  change or a l ter the  operating  d i fferential  wi th in  rated  l im i ts  by operation  of a  

manual l y actuated  mechan ism  

  2.3.28
fixed  d i fferential  
operating  d i fferential  wh ich  cannot be  changed  from  the  manufacturer's  setting  

  2.3.29
maximum  working  pressure   
maximum  rated  pressure  
declared  maximum  l ine  or system  working  pressure  to  wh ich  the  control  or parts  thereof may 
be  subj ected  
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  2.3.30
maximum  temperature  
Tmax  
declared  maximum  continuous  ambient temperature  to  wh ich  the  switch  head  i s  i n tended  to  
be  exposed  during  normal  operation  

  2.3.31
remotely actuated  control  function  
function  provid ing  any operation  by control  devices  through  external  means  

Note  1  to  en try:  Th i s  i ncl udes,  bu t  i s  not  l im i ted  to,  the  use  of:  

a)  commun ication  l i nes/protocols ;   

b)  add i ti onal  hardware  and /or software;  

c)  I R/RF  transmission ;  or 

a l l  combinations  of a)  to  c)  vi a  I n ternet  us ing ,  for example,  modems,  portabl e  te lephones,  etc.   

  2.3.32
safety shut-down  
change  i n  the  s tate  of a l l  e lectrica l  ou tputs  so  that a l l  safety cri tica l  e l ectrical  ou tpu ts  of the  
control  wi l l  proceed  to  a  safe  cond i tion  i nclud ing  shu t-down  

 Defin i tions  relating  to  d isconnection  and  in terruption  2.4

Some controls  may i ncorporate  more  than  one  form  of ci rcu i t  d isconnection  or i n terruption .  

  2.4.1
al l -pole  d isconnection  
for s ing le-phase  a . c.  appl i ances  and  for d . c.  app l iances,  d isconnection  of both  suppl y 
conductors  by a  s ing le  swi tch ing  action  or,  for appl iances  to  be  connected  to  more  than  two 
supply conductors,  d isconnection  of a l l  suppl y conductors,  except the  earthed  (grounded)  
conductor,  by a  s ing le  swi tch ing  action  

Note  1  to  en try:  The  protecti ve  earth ing  conductor i s  not  considered  to  be  a  suppl y conductor.  

  2.4.2
fu l l  d isconnection  
con tact separation  i n  a l l  suppl y poles  other than  earth  so  as  to  provide  the  equ ivalent of basic 
insu lation  between  the  suppl y mains  and  those  parts  i n tended  to  be  d isconnected  

Note  1  to  en try:  There  are  e l ectri c  s trength  and  d imensional  requ i rements.  

Note  2  to  en try:  Where  the  number of poles  on  the  control  i s  equa l  to  the  number of suppl y poles  of the  appl i ance  
to  wh ich  i t  i s  connected ,  fu l l  d isconnection  provi des  al l -pol e  d i sconnection .  

Note  3  to  en try:  See  a l so  Annex H .  

  2.4.3
micro-disconnection  

adequate  con tact separation  i n  a t l east  one  pole  so  as  to  provide  functional  securi ty  

Note  1  to  en try:  There  i s  a  requ i rement for the  e l ectri c  strength  of the  con tact  gap  bu t  no  d imensional  
requ i rement.  

Note  2  to  en try:  Micro-d isconnection  d enotes  that  for non-sensing  control s  th e  function  con trol l ed  by the  
d i sconnection  i s  secure,  and  that  for sensing  controls  i s  secure  between  the  l im i ts  of activating  quanti ty  
declared  i n  requ i rement  36  of Table  1 .  

Note  3  to  en try:  See  a l so  Annex H .  
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  2.4.4
micro-in terruption  
i n terruption  of a  ci rcu i t by con tact separation ,  by a  cycl ing  action  or by a  non-cycl ing  action  
wh ich  does  not provide  fu l l  d i sconnection  or micro-d isconnection  

Note  1  to  en try:  There  are  no  e l ectri c  s trength  or d imensiona l  requ i rements  for the  contact  gap.  

Note  2  to  en try:  See  a l so  Annex H .  

  2.4.5
OFF  posi tion  
posi tion  provid ing  a  vis ib le  or impl ied  i nd ication  of a  fu l l  d i sconnection  or 
micro-disconnection  

  See Annex H .  2.4.6

 Defin i tions  of types  of control  according  to  construction  2.5

  2.5.1
integrated  control  
control  wh ich  is  dependent on  i ts  correct mounting  and  fixing  i n  an  equ ipment,  and  wh ich  can  

on l y be  tested  i n  combination  wi th  the  re levant  parts  of the  equ ipment  

Note  1  to  en try:  The  equ ipment  may use  e l ectri ci ty,  gas,  o i l ,  sol i d  fuel  or a  combination  thereof.  

Note  2  to  en try:  I n tegrated  control  a l so  denotes  a  control  wh ich  i s  part  of a  more  complex control  (e l ectri ca l  or 
non -el ectri cal ).  

  2.5.2
incorporated  control  
control  i n tended  for i ncorporation  i n ,  or on ,  an  equ ipment,  bu t wh ich  can  be  tested  separate l y  

Note  1  to  en try:  The  fact  that  an  i ncorporated  control  can  be  tested  separately d oes  not  imply that  i t  may not  be  
tested  i n  an  equ ipment as  speci fi ed  i n  4 . 3. 1 . 1 .  

Note  2  to  en try:  The  equ ipment may use  e lectri ci ty,  gas,  o i l ,  sol i d  fuel  or a  combination  thereof.  

Note  3  to  en try:  I ncorporated  control  a l so  denotes  a  control  i n tended  for i ncorporation  i n  or on  a  more  complex 
control  (e l ectri cal  or non-electri cal ).  

  2.5.3
in-l ine  cord  control  
separatel y cased  control  i n tended  to  be  connected  to  the  suppl y and  to  the  equ ipment by 
means  of flexib le  cords,  equ ipment i n lets  or socket-outlets ,  and  i s  i n tended  to  be  manual l y 
actuated  

Note  1  to  en try:  A fuse  i n  the  p l ug  i s  not  regarded  as  a  part  of the  control .  

  2.5.4
free-stand ing  control  
in -l ine  cord  control  i n tended  to  stand  on  a  table  or on  the  floor  

Note  1  to  en try:  I t  may be  actuated  by hand ,  by foot  or by other s im i l ar h uman  acti vi ty.  

  2.5.5
independently mounted  control  
control  i n tended  for permanen t connection  to  fixed  wiring ,  bu t i n tended  to  be  mounted  away 

from  the  con trol l ed  equ ipment  

Note  1  to  en try:  I t  may be  e i ther:  

– for surface  mounti ng  such  as  on  to  a  wal l ;  
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– for fl ush  mounti ng ,  such  as  i n to  a  wa l l  cavi ty,  when  i nstal l ati on  shal l  be  possibl e  from  the  front;  

– for panel  mounti ng ,  such  as  on to  or i n to  a  control  panel ,  when  i nstal l ati on  may be  from  the  rear.  

  2.5.6
pu l l -cord  actuated  control  
control  i n tended  to  be  mounted  in ,  or on ,  an  equ ipment and  actuated  by means  of a  
pul l -cord  

2.5.7  to  2.5.1 0  See  Annex H .  

2.5. 1 1  
two-step  actuation  
sequen tia l  performance  of two d isti nct  movements  of the  actuating  member  

 Defin i tions  of type  of automatic action  of a  control  according  to  test  procedure  2.6

  2.6.1
type 1  action  
automatic action  for wh ich  the  manufacturing  deviation  and  the  drift  of i ts  operating  
value ,  operating  time  or operating  sequence  h ave  not been  declared  and  tested  under th is  

standard  

Note  1  to  en try:  A type  1  acti on  i s  subclassi fi ed  as  speci fi ed  i n  6 . 4.  

  2.6.2
type  2  action  
automatic action  for wh ich  the  manufacturing  deviation  and  the  drift  of i ts  operating  
value ,  operating  time  or operating  sequence  have  been  declared  and  tested  under th is  

standard  

Note  1  to  en try:  A type  2  acti on  i s  subclassi fi ed  as  speci fi ed  i n  6 . 4.  

 Defin i tions  relating  to  protection  against  electric shock 2.7

  2.7.1
l ive  part  
conductive  part i n tended  to  be  energ ized  i n  normal  use ,  i nclud ing  a  neu tra l  conductor,  bu t by 

convention  not a  PEN  conductor 

2.7. 1 . 1  
hazardous  l ive  part  
l ive  part  wh ich ,  under certa in  cond i tions  of external  i n fl uences,  can  g i ve  an  e lectric  shock  

  2.7.2
class  0  control  
control  i n  wh ich  protection  against e lectric  shock re l i es  upon  basic insu lation  

Note  1  to  en try:  Th i s  impl i es  that  there  are  no  means  for the  connection  of accessib le  conducti ve  parts ,  i f any,  to  
the  protective  conductor  i n  the  fixed  wi ring  of the  i nstal l ati on ;  re l i ance  i n  the  event  of a  fai lure  of the  basic  
i nsu lation  i s  p l aced  upon  the  envi ronment.  

Note  2  to  en try:  I n  Austria ,  Belg i um ,  Denmark,  France,  Germany,  I ta l y,  Norway,  and  the  Un i ted  Kingdom  class  0  
control s  are  not  a l l owed .  

Note  3  to  en try:  An  earth ing  term inal  i s  on l y a l l owed  i f i t  i s  for con ti nu i ty  or fu nctiona l  (as  d i sti nct  from  protecti ve)  
pu rposes.  

  2.7.3
class  0 I  control  
in -l ine  cord  control  having  at l east basic insu lation  th roughout and  provided  wi th  an  
earth ing  term inal  bu t wi th  a  non-detachable  cord  wi thou t earth ing  conductor,  and  a  p l ug  

wi thout  earth ing  contact wh ich  cannot  be  i n troduced  in to  a  socket-ou tlet  wi th  earth ing  con tact  
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Note  1  to  en try:  I n  Austria ,  Belg i um ,  Denmark,  France,  Germany,  I ta l y,  Norway,  and  the  Un i ted  Kingdom  class  0 I  
control s  are  not  a l l owed .  

Note  2  to  en try:  An  earth ing  term inal  i s  on l y a l l owed  i f i t  i s  for con ti nu i ty (as  d i s ti nct  from  protecti ve)  pu rposes.  

  2.7.4
class  I  control  
control  i n  wh ich  protection  against shock does  not re l y on  basic insu lation  on l y,  bu t wh ich  
i ncludes  an  add i tional  safety precau tion  i n  such  a  way that means  are  provided  for the  
connection  of accessib le  conductive  parts  to  the  protecti ve  (earth ing)  conductor i n  the  fixed  
wiring  of the  i nstal l ation  i n  such  a  way that accessible  conductive  parts  cannot become l i ve  i n  
the  even t of a  fai lure  of the  basic insu lation  

Note  1  to  en try:  Th i s  provis ion  i ncl udes  a  protective  conductor  as  part  of the  fl exi b le  cord  or cabl e.  When  class  I  
controls  a re  fi tted  wi th  a  two-core  fl exib le  cord  or cable;  provided  that  i t  i s  fi tted  wi th  a  p l ug  wh ich  cannot be  
i n troduced  i n to  a  socket-ou tl et  wi th  earth ing  contact,  the  protection  i s  then  equ ivalent  to  that  of cl ass  0 ,  bu t  the  
earth ing  provis ions  of the  equ i pment i n  a l l  other respects  shou ld  fu l l y comply wi th  the  requ i rements  of cl ass  I .  

Note  2  to  en try:  Class  I  controls  may have  parts  wi th  double  i nsu lation  or parts  that  provi de  protection  agai nst  
e l ectri c  shock by SELV  o r PELV.  

  2.7.5
class  I I  control  
control  i n  wh ich  protection  against e lectric shock does  not re l y on  basic insu lation  on l y,  bu t  
i n  wh ich  add i tional  protecti ve  precautions,  such  as  double  insu lation  or reinforced  
insu lation ,  are  provided ,  there  being  no  provis ion  for protecti ve  earth ing  or re l i ance  upon  

i nstal l ation  cond i tions  

Note  1  to  en try:  Such  a  control  may be  one  of the  types  defi ned  i n  2 . 7. 5. 1  to  2 . 7. 5. 3.  

Note  2  to  en try:  Class  I I  con trols  may have  parts  that  provi de  protection  against  e l ectri c  shock by use  of SELV.   

Note  3  to  en try:  Class  I I  controls  cannot  have  parts  that  provide  protection  agai nst  e l ectri c  shock by use  of 
PELV,  as  such  ci rcu i ts  requ i re  connection  to  an  earth i ng  term inal .  

2.7.5. 1  
insu lation-encased  class  I I  control  
control  having  a  durable  and  substantial l y con tinuous  encl osure  of i nsu lation  material  wh ich  
envelopes  a l l  metal  parts ,  wi th  the  exception  of smal l  parts ,  such  as  name  p lates,  screws  and  
ri vets ,  wh ich  are  isolated  from  l ive  parts  by i nsu lation  at l east equ ivalen t to  reinforced  
insu lation  

2.7.5.2  
metal -encased  class  I I  control  
control  having  a  substan tia l l y conti nuous  meta l  enclosure  i n  wh ich  double  insu lation  i s  used  
throughou t,  except for those  parts  where  reinforced  insu lation  i s  used ,  because  the 
appl ication  of double  i nsu lation  i s  man i festl y impracticable  

2.7.5.3  
combination  insu lation -encased/metal -encased  class  I I  control  
control  wh ich  i s  a  combination  of the  types  described  i n  2 . 7 . 5. 1  and  2 . 7. 5. 2  

Note  1  to  en try:  The  enclosure  of an  a l l - i nsu l ated  class  I I  control  may form  a  part  or the  whole  of the  
supplementary insu lation  or of the  rein forced  insu l ation .  I f a  control  wi th  double  i nsu lation  and /or reinforced  
insu lation  th roughout  has  an  earth i ng  term inal  or earth i ng  con tact,  i t  i s  deemed  to  be  of cl ass  0 I  or cl ass  I  
construction .   

  2.7.6
class  I I I  control  
control  re l ying  on  l im i tation  of vol tage  to  ELV  va l ues  as  provis ion  against  e lectric shock for 

bas ic  protection  and  

– wi th  no  provis ion  for fau l t  protection ;   
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– wh ich  for suppl y are  on l y connected  to  a  SELV system  or a  PELV system ,  to  form  part of 
that  system ;   

–  where  i n ternal  ci rcu i ts  do  not operate  at  a  h igher l evel  than  ELV;  

– where  i n  case  of a  s ing le  fau l t  wi th in  the  control  no  steady state  touch  vol tage  may 
appear or be  generated  exceed ing  ELV  l evel ;  and  

– not provided  wi th  a  means  of connection  for a  protective  conductor  

  2.7.7
detachable  part  
part wh ich  can  be  removed  or opened  wi thout the  ai d  of a  tool  and  wh ich  does  not comply 

wi th  the  test  of 1 1 . 1 1 . 1 . 5  

  2.7.8
accessible  part  or accessible  surface  
part or surface  wh ich  can  be  touched  by the  test fi nger of F igure  2 ,  when  the  control  i s  
mounted  as  i n  normal  use ,  and  after detachable  parts  have  been  removed  

  2.7.9
functional  i nsu lation  
i nsu lation  between  l ive  parts  wh ich  have  a  poten tia l  d i fference  between  them,  and  wh ich  
i nsu lation  i s  necessary for the  correct operation  of the  control  or con trol l ed  equ ipment (L-L)  

Note  1  to  en try:  I n  2 . 7. 9  th rough  2 . 7. 1 2,  the  fol l owing  abbreviations  are  used :  

L   l i ve  part;  

A accessible  part  (e i ther conducti ve  or an  i nsu l ati ng  su rface);  

I   i n termed iate  part.  

  2.7.1 0
basic insu lation  
i nsu lation  appl ied  to  l ive  parts  to  provide  bas ic protection  against  e lectric  shock (L-A or L- I )  

Note  1  to  en try:  Basic i nsu lation  i ncl udes  i nsu l ation  between  l i ve  parts  and :   

– i n termed iate  conducti ve  parts  or metal  fo i l  over i n termed iate  i nsu lati ng  surfaces  (class  I I  s i tuation );  

– access ible  conducti ve  parts  (cl ass  0 ,  0 I ,  I  s i tuations);  

– conducti ve  parts  connected  to  access ible  conducti ve  parts  (cl ass  0 ,  0 I ,  I  s i tuations);  

– metal  foi l  over access ible  i nsu l ati ng  su rfaces  (class  0  s i tuati on ).  

Note  2  to  en try:  Th i s  was  formerly part  of that  i nsu lati on  referred  to  as  functional  i nsu l ati on .   

  2.7.1 1
supplementary insu lation  
i ndependent i nsu lation  appl ied  i n  add i tion  to  basic insu lation  i n  order to  provide  protection  
against  e lectric  shock i n  the  event of a  fai lure  of basic insu lation  ( I -A)  

Note  1  to  en try:  I t  i ncl udes  i nsu lati on  between  i n termed iate  conducti ve  parts ,  or metal  foi l  over i n termed iate  
i nsu lati ng  su rfaces  and :   

– access ible  conducti ve  parts  (cl ass  I I  s i tuation);   

– conducti ve  parts  connected  to  access ible  conducti ve  parts  (cl ass  I I  s i tuation);  

– metal  fo i l  over accessib le  i nsu l ati ng  su rfaces  (class  I I  s i tuation ) .  

  2.7.1 2
reinforced  insu lation  
sing le  i nsu lation  system  appl i ed  to  l ive  parts ,  wh ich  provides  a  degree  of protection  against  
e lectric shock equ ivalen t  to  double  insu lation  under the  cond i ti ons  speci fied  i n  th is  standard  

(L-(I )-A)  

Note  1  to  en try:  I t  i ncl udes  i n su lation  between  l i ve  parts  and :   
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– access ible  conducti ve  parts  (cl ass  I I  s i tuation);   

– conducti ve  parts  connected  to  access ible  conducti ve  parts  (cl ass  I I  s i tuation);   

– metal  fo i l  over accessib le  i nsu l ati ng  su rfaces  (class  I I  s i tuation) .  

Note  2  to  en try:  The  term  " i nsu lation  system"  does  not  impl y that  the  i nsu l ation  must be  one  homogeneous  piece.  
I t  may comprise  severa l  l ayers  wh ich  cannot  be  tested  s i ng l y as  supplementary i nsu lation  or basic i nsu lation .   

  2.7.1 3
double  insu lation  
i nsu lation  compris ing  both  basic insu lation  and  supplementary i nsu lation  (cl ass  I I  

s i tuation)  

  See Annex H .  2.7.1 4
 

  2.7.1 5
equ ipotential  bond ing  
provis ion  of e l ectric connections  between  conductive  parts ,  i n tended  to  ach ieve  
equ ipoten tia l i ty  

Note  1  to  en try:  The  effecti veness  of the  equ ipotenti al  bonding  d epends  on  the  frequency of the  cu rren t  i n  the  
bond ing .  

Equ ipotenti al  bond ing  i s  used  to  connect  any conducti ve  part  of a  bu i l d i ng  not  form ing  part  of the  e l ectri cal  
i nsta l l ati on  and  l i ab le  to  i n troduce  an  e l ectri ca l  poten ti a l ,  general l y the  e l ectri c  poten tial  of the  l ocal  earth  
(extraneous-conducti ve  part)  and  any conducti ve  part  of con trols  or equ ipment  or components  i n  the  i nstal l ati on  
wh ich  can  be  touched  and  wh ich  i s  not  normal l y l i ve  bu t  wh ich  can  become l i ve  when  basic i nsu lation  fa i l s  
(exposed-conductive-part)  to  a  main  equ ipotenti al  bonding  terminal  i n  the  form  of a  bar,  i n  order to  bri ng  these  
parts  to  the  same poten ti al .  Parts  to  be  connected  to  the  equ ipoten tial  bonding  system  i ncl ude,  for example,  
protecti ve  conductors ,  PE  conductors ,  PEN  conductors,  earth ing  conductors ,  protecti ve  earth i ng  term inal s  of 
control s  or equ ipment,  a l l  conducti ve  parts  i n  a  bu i l d i ng ,  for example,  metal  tubing  for water (d ri nking  and  waste),  
metal l i c  bath tubs,  the  central  heati ng  system  pip ing ,  any i n ternal  gas  tub ing  (wh ich  i s  a l so  requ i red  to  be  i sol ated  
from  external  gas  tubi ng ),  earth  connectors  for an tennas  and  te lecommun ication  systems,  a l l  metal  parts  of the  
bu i l d i ng  used  for construction  l i ke  mats  and  i ron ,  and  conductors  for l i gh tn ing  protection  and  depend ing  on  the  
i nstal l ati on  system ,  the  earth  e l ectrode.  Requ i rements  for equ ipoten tial  bonding  can  be  found  i n  the  I EC 
standards  for the  i nstal l ati on  of bu i l d i ngs.  These  may be  relevant  for the  i nstal l ati on  of con trols  wh i ch  consist  of 
several  component-parts  (for example,  sensors ,  actors,  central  control  e l ement,  i n terface  e lements)  connected  i n  
paral l e l  to  or vi a  the  fi xed  i nsta l l ati on  of the  bu i l d i ng .  

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-01 -1 0]  

2.7. 1 5. 1  
protective-equipotential -bonding  
equ ipotential  bond ing  for purposes  of safety (protection  against  e lectric  shock)   

Note  1  to  en try:  Functional  equ ipoten tial  bonding  i s  defi ned  i n  [ I EV 1 95-01 -1 6] .  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-01 -1 5,  mod i fied  – (protection  against e lectric shock)  has  
been  added . ]  

 Defin i tions  relating  to  component parts  of controls   2.8

  2.8.1
sensing  element  
that part of the  control  wh ich  i s  in tended  to  be  exposed  to  the  i n fl uences  of the  activating  
quanti ty  to  wh ich  the  automatic action  of a  sensing  control  responds  

  2.8.2
switch  head  
complete  control ,  except  for any sensing  element  

Note  1  to  en try:  I f by construction  i t  i s  imposs ible  to  d i sti ngu ish  between  the  swi tch  head  and  the  sensing  
element,  then  the  whole  control  i s  considered  to  be  the  sensing  element.  
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  2.8.3
actuating  member 
that  part wh ich  is  manual l y moved ,  pu l led ,  pushed  or turned  to  cause  in i tiation  of a  control  
action ,  or for setting  by the  user 

Note  1  to  en try:  The  term  "actuating  member"  does  not  i ncl ude  any device  such  as  a  set-screw used  for setting  
by the  con trol  manufacturer  i f such  a  device  i s  adequately l ocked  aga inst  fu rther movement,  or i f a  tool  i s  
requ i red  for such  setting  by the  control  manufacturer.  

  2.8.4
actuating  means  
any part wh ich  connects  the  actuating  member  to  the  mechan ism  of the  control  

  2.8.5
pu l l -cord  
flexible  actuating  member  wh ich  is  pu l led  to  cause  actuation  

  2.8.6
prime mover 
any device  used  to  produce  the  mechan ical  energy requ i red  to  provide  the  transmission  for 
an  automatic control ,  such  as  an  electrical ly operated  control ,  an  electrical ly operated  
valve ,  an  electrical ly operated  mechanism  or a  time-based  control  

Note  1  to  en try:  I t  may be  a  mechan ical  s torage  device  (for example,  a  cl ockwork spri ng ),  an  e l ectro-magneti c  
device  (for example,  an  e l ectri c  motor,  or s teppi ng  solenoid ) ,  an  e l ectro-thermal  device  (for example,  the  heati ng  
e l ement  of an  energy regu l ator)  or any other mechan ism  producing  mechan ical  energy.  

  2.8.7
clutch  
mechan ical  device  by wh ich  an  actuating  member  can  override  e i ther a  prime mover  or an  
activating  quanti ty,  causing  or a l l owing  the  in i tiation  or cancel lation  of an  action  

  2.8.8
cover 
cover plate  
part wh ich  i s  access ib le  when  the  control  i s  mounted  as  in  normal  use  and  wh ich  can  be 
removed  on l y wi th  the  a id  of a  tool  

Note  1  to  en try:  I t  shal l  n ot  requ i re  the  use  of a  special  purpose  tool  for i ts  removal .  

  2.8.9
screwless  fixed  part  (or component)  
accessible  part  (or component)  wh ich ,  after attachment,  i nsta l lation ,  moun ting  or assembly 
i n to  or on to  an  equ ipment or another component,  or to  a  specia l l y prepared  support,  i s  
reta ined  i n  posi ti on  by posi ti ve  means  wh ich  do  not depend  on  screws  

Note  1  to  en try:  D i sassembly or removal  may requ i re  the  use  of a  tool ,  e i ther appl i ed  d i rectl y to  the  part  (or 
component),  or to  obtai n  access  to  the  reta in i ng  means.  

Note  2  to  en try:  The  fol l owi ng  are  some examples  of parts  wh ich  are  not  regarded  as  screwless  fixed  parts  or 
components :   

– parts  of components  fi xed  permanentl y by ri vets,  g l ue ing  or s im i l ar means;  

– fl at,  push-on  connectors ;  

– screwless  terminals ;  

– s tandard  p l ugs  and  socket-ou tl ets ;  

– standard  appl i ance  coupl ers,  even  i f such  have  add i ti onal  l atch i ng  devices  to  prevent  a  s i ng le  action  
uncoupl i ng ;  

– the  replacement of a  l amp  i n  a  bayonet  type  l amphol der;  

– twist- l u g  construction ;  

– fri cti on -fi t  constructi on .  
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 Defin i tions  of types  of terminals  and  terminations  of controls  2.9

  2.9.1
pi l lar terminal  
term inal  in  wh ich  the  conductor i s  inserted  in to  a  hole  or cavi ty,  where  i t  i s  clamped  under the  
shank of the  screw or screws  

Note  1  to  en try:  The  cl amping  pressure  may be  appl i ed  d i rectl y by the  shank of the  screw,  or th rough  an  
i n termed i ate  cl amping  member to  wh ich  pressu re  i s  appl i ed  by the  shank of the  screw (see  F igu re  1 1 ).   

  2.9.2
screw terminal  

term inal  i n  wh ich  the  conductor is  cl amped  under the  head  of the  screw 

Note  1  to  en try:  The  cl amping  pressure  may be  app l i ed  d i rectl y  by the  head  of the  screw,  or th rough  an  
i n termed i ate  part,  such  as  a  washer,  a  cl amping  pl ate  or an  an ti -spread  device  (see  F i gu re  1 0).  

  2.9.3
stud  terminal  

term inal  i n  wh ich  the  conductor is  cl amped  under a  nu t  

Note  1  to  en try:  The  cl amping  pressu re  may be  appl i ed  d i rectl y by a  su i tabl y shaped  nu t,  or th rough  an  
i n termed i ate  part,  such  as  a  washer,  a  cl amping  pl ate  or an  an ti -spread  device  (see  F i gu re  1 0).  

  2.9.4
screwless  terminal  
term inal  i n  wh ich  the  connection  of the  conductor i s  ach ieved  d i rectl y or i nd i rectl y by means  of 
springs,  wedges,  eccen trics,  cones  or the  l ike  

Note  1  to  en try:  The  fol l owi ng  are  not  regarded  as  screwless  terminal s :   

– term inal s  requ i ri ng  the  fi xi ng  of special  d evices  to  the  conductors  before  cl amping  them  i n  the  term inal ,  for 
example,  flat push-on  connectors ;   

– term inal s  requ i ri ng  wrapping  of the  conductors ,  for example,  those  wi th  wrapped  j o i n ts ;   

– term inal s  provi d i ng  d i rect  con tact  to  the  conductors  by means  of edges  or po in ts  penetrati ng  the  i nsu lation .   

  2.9.5
flat  push-on  connector 
assembly of a  tab  and  a  receptacle  enabl ing  the  connection ,  a t wi l l ,  of a  core  or conductor to  
a  control  or to  another core  or conductor 

  2.9.6
receptacle  
female  part of a  flat push-on  connector  i n tended  to  be  permanentl y attached  to  a  core  or 

conductor (see  F igure  1 6)  

  2.9.7
tab  
male  part  of a  flat  push-on  connector  (see  F igures  1 4  and  1 5)  

  2.9.8
in -l ine  tab  
tab  i n tended  to  be  permanentl y attached  to  a  core  or conductor 

  2.9.9
tab  forming  part  of a  control  
tab  permanentl y attached  to,  or an  i n tegral  part of,  a  control  
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  2.9.1 0
termination  
part by wh ich  a  conductor can  be  connected  to  a  control  i n  such  a  way that i ts  replacement 
requ ires  e i ther a  special  purpose  tool ,  a  specia l  process  or a  specia l l y prepared  end  of the  

conductor 

Note  1  to  en try:  Sol dering  requ i res  a  special  purpose  tool .  Wel d ing  requ i res  a  speci a l  process.  A cable  l u g  
attached  to  a  conductor i s  a  specia l l y prepared  end .  

  2.9.1 1
solder termination  
termination  i n  wh ich  the  conductor i s  secured  by a  mechan ica l  means,  and  the  ci rcu i t  

con tinu i ty i s  assured  by solder 

  2.9.1 2
saddle  terminal  
term inal  i n  wh ich  the  conductor is  cl amped  under a  sadd le  by means  of two  or more  screws  or 
nu ts  (see  F igure  1 3a)  

  2.9.1 3
lug  terminal  
screw terminal  or stud  terminal ,  i n tended  to  clamp a  cable  l ug  or bar by means  of a  screw 

or nu t (see  F igure  1 3b)  

  2.9.1 4
mantle  terminal  
term inal  i n  wh ich  the  conductor is  clamped  against the  base  of a  s lot i n  a  threaded  s tud  by 
means  of a  nu t  

Note  1  to  en try:  The  conductor i s  cl amped  agai nst  the  base  of the  s l ot  by a  su i tabl y shaped  washer under the  nu t,  
by a  central  peg  i f the  nu t  i s  a  cap  nu t  or equal l y effecti ve  means  for transm i tti ng  the  pressure  from  the  nu t  to  the  
conductor wi th i n  the  s l ot  (see  F igu re  1 2).  

  2.9.1 5
equ ipotential  bond ing  terminal  
term inal  provided  on  equ ipment or on  a  device  and  i n tended  for the  electric connection  wi th  
the  equipotential  bonding  system   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-32]  

  2.9.1 6
protective  bond ing  terminal   
term inal  i n tended  for protective  equ ipotential  bonding  purposes  

Note  1  to  en try:  Examples  are  a  protecti ve  screen -  or PE -term inal  of a  control  or equ ipmen t.  

  2.9.1 7
protective  conductor  
PE  

conductor provided  for purposes  of safety,  for example,  protection  against e lectric shock 

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-09  ]  

 Defin i tions  relating  to  the  connections  to  controls  2.1 0

  2.1 0.1
external  conductor 
any cable ,  flexib le  cord ,  core  or conductor,  a  part of wh ich  is  external  to  an  i n -l ine  cord  
control ,  an  independently mounted  control  or to  an  equ ipment in  or on  wh ich  a  control  i s  
mounted  
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Note  1  to  en try:  Such  a  conductor may be  a  suppl y l ead ,  a  function  cord  or i n terconnecti ng  cord  between  d i fferent 
parts  of an  equ ipment;  or i t  may form  part  of the  fi xed  wi ring .  

  2.1 0.2
fixed  wiring  
any external  conductor  wh ich  i s  permanentl y secured  to  the  fabric  of the  bu i l d ing  such  that,  
i n  normal  use  at  the  poin t at  wh ich  the  conductor en ters  the  equ ipment or control ,  there  i s  no  

l i kel i hood  of any stra in  being  appl ied  to  the  conductor 

Note  1  to  en try:  Such  secu ring  to  the  fabric  of the  bu i l d i ng  may be,  for example,  by the  enclosing  of conductors  i n  
condu i t,  buryi ng  cab les  i n  wal l s ,  adequatel y fi xi ng  cables  or cords  to  wal l s  or other su rfaces,  etc.  

  2.1 0.3
internal  conductor 
any cable,  fl exib le  cord ,  core  or conductor wh ich  i s  nei ther an  external  conductor,  nor an  
in tegrated  conductor  

Note  1  to  en try:  An  example  i s  a  conductor i ns i de  the  equ i pment to  i n terconnect  the  control  and  the  equ ipment.  

  2.1 0.4
integrated  conductor 
conductor wh ich  i s  i ns ide  a  control ,  or i s  used  to  permanen tl y i n terconnect term inals  or 
terminations  of a  control  

  2.1 0.5
detachable  cord  
flexible  external  cord  connected  to  a  control  or equ ipment by means  of an  equ ipment i n let,  or 
p lug  and  socket arrangement  

  2.1 0.6
non-detachable  cord  
flexible  external  conductor  connected  to,  or assembled  to,  a  control  accord ing  to  one  of the  

methods  i n  2 . 1 0 . 6. 1  to  2 . 1 0 . 6. 4  

2. 1 0.6. 1  
type X attachment 
method  of attachment such  that the  cord  can  be  eas i l y replaced  wi thou t special -purpose 
tools ,  us ing  s tandard  cords  wi thou t any specia l  preparation  

2. 1 0.6.2  
type M  attachment 
method  of attachment such  that the  cord  can  be  eas i l y replaced  wi thou t special  purpose 
tools ,  bu t  i s  i n tended  to  use  on l y a  specia l  cord ,  such  as  one  wi th  a  mou lded-on  cord  guard ,  

or one  wi th  specia l  prepared  ends  

Note  1  to  en try:  Th i s  attachment  method  does  not  appl y i f i t  i s  possib le  to  fi t  a  s tandard  cord  d uri ng  servicing  
u n l ess  such  i s  perm i tted  by a  parti cu l ar equ i pment  standard .   

2. 1 0.6.3  
type  Y attachment 
method  of attachment of the  suppl y cord  such  that  any replacement is  in tended  to  be  made by 
the  manufacturer,  i ts  service  agent  or a  s im i l ar qual i fied  person  

2. 1 0.6.4  
type  Z  attachment 
method  of attachment such  that the  fl exib le  cable  or cord  cannot be  replaced  wi thou t breaking  
or destroying  a  part of the  control  
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  2.1 0.7
flying  l ead   
pigtai l  
wire  or wi res  i n tended  for the  connection  of the  control ,  wi th  one  end  permanentl y connected  
to  the  control  by the  control  manufacturer  

  2.1 0.8
primary battery  
cel l  
any kind  of e lectrochemical  cel l  i n  wh ich  the  electrochem ical  reaction  of in terest i s  not 
reversib le  

Note  1  to  en try:  An  example  i s  an  a l kal i ne  battery.  

  2.1 0.9
secondary battery  
rechargeable  cel l  
any kind  of e lectrochem ical  cel l  i n  wh ich  the  e lectrochem ical  reaction  of i n terest i s  reversib le  

Note  1  to  en try:  A rechargeable  battery i s  a  g roup  of two  or more  secondary cel ls .  

Note  2  to  en try:  Examples  of rechargeable  batteries  are  n i ckel  metal  hyd ri de  (N iMH ),  l i th i um  i on  (Li - i on )  etc.  

 Defin i tions  relating  to  the  performance of type 2  actions  2.1 1

  2.1 1 .1
manufacturing  deviation  
maximum  d i fference  of operating  value ,  operating  time  or operating  sequence  wh ich  is  
cl aimed  between  any two  controls ,  suppl ied  by the  manufactu rer to  a  unique type  reference ,  

when  tested  as  subm i tted  and  in  the  same manner 

Note  1  to  en try:  The  d i fference  may be  re l ated  to  an  absol u te  value  i f perm i tted  by the  appropriate  subclause  of 
Cl ause  1 5.  

  2.1 1 .2
dri ft  
maximum  al teration  of operating  value ,  operating  time  or operating  sequence  of any one  

sample  wh ich  can  occur when  i t  i s  tested  under the  cond i ti ons  speci fied  i n  th is  standard  

Note  1  to  en try:  The  a l teration  may be  re lated  to  an  absolu te  val ue,  or combined  wi th  the  manufacturing  
deviation ,  i f perm i tted  by the  appropriate  subclause  of Cl ause  1 5.   

 Defin i tions  relating  to  the  requ i rements  for creepage d istances  and  clearances  2.1 2

  2.1 2.1
clearance  
shortest d is tance  through  ai r between  two conductive  parts ,  or between  a  conductive  part and  
a  metal  fo i l  i n  contact wi th  a  surface  of i nsu lati ng  materia l  

Note  1  to  en try:  The  method  of measurement i s  detai l ed  i n  Annex B  and  F igu re  1 7.  

  2.1 2.2
creepage d istance  
shortest d istance  a long  the  surface  of the  i nsu lati ng  materia l  between  two conductive  parts,  or 
between  a  conductive  part and  a  metal  foi l  i n  contact wi th  any accessible  surface  of 

i nsu lating  materia l  

Note  1  to  en try:  The  method  of measurement i s  detai l ed  i n  Annex B  and  F igu re  1 7.  
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  Void  2.1 2.3

  Void  2.1 2.4

  Void  2.1 2.5

  Void  2.1 2.6

  Void  2.1 2.7

  2.1 2.8
pol lution  
any add i ti on  of foreign  matter,  so l i d ,  l i qu id ,  or gaseous  that can  resu l t i n  a  reduction  of e l ectric  
strength  or surface  res istivi ty of the  insu lation  

  Environment 2.1 2.9

2. 1 2.9. 1  
macro-environment 
environment  of the  room  or other location  i n  wh ich  the  equ ipment i s  i nsta l l ed  or used  

2. 1 2.9.2  
micro-environment 
immed iate  envi ronment  of the  insu lation  wh ich  particu larl y i n fl uences  the  d imension ing  of the  
creepage d istances  

2. 1 2.9.3  
pol lution  degree  
numeral  characterizing  the  expected  pol lution  of the  micro-environment  

Note  1  to  en try:  Pol lu tion  degrees  1 ,  2 ,  3 ,  and  4  are  used .  See  Annex N .  

 M iscel laneous  defin i tions  2.1 3

  2.1 3.1
un ique  type  reference  
marking  such  that by quoti ng  i t  i n  fu l l  to  the  manufacturer of the  control ,  a  replacement can  
be  suppl ied  wh ich  wi l l  be  fu l l y i n terchangeable  wi th  the  ori g inal ,  e l ectri ca l l y,  mechan ical l y,  
d imensional l y and  functional l y 

  2.1 3.2
tool  
screwdriver,  a  coin  or any other object wh ich  may be  used  to  operate  a  nu t,  a  screw or s im i l ar 
part  

  2.1 3.3
special -purpose  tool  
tool  wh ich  i s  un l ike l y to  be  read i l y avai lable  in  a  normal  household ,  for example,  a  key for a  
hexagonal  socket-headed  screw 

Note  1  to  en try:  Tools  such  as  coins ,  screwdri vers  and  spanners  i n tended  to  operate  square,  or hexagonal  n u ts,  
are  not  special -purpose tools .  

  2.1 3.4
normal  use  
use  of the  control ,  or i ts  associated  equ ipment,  for the  purpose  for wh ich  i t  was  made ,  and  i n  
the  manner i n tended  by the  manufacturer 

Note  1  to  en try:  Normal  use  i ncl udes  any overl oad ,  or abnormal  operati ng  cond i ti ons  speci fi ed  i n  the  equ i pment 
standard .   
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Note  2  to  en try:  Normal  use  d oes  not  i ncl ude  any process  wh ich  i s  necessary to  main tai n  the  con trol  o r 
equ i pment  i n  good  order,  even  though  th i s  may be  carri ed  ou t  by the  user  accord ing  to  the  manufacturer's  
i nstructions.  

  2.1 3.5
user maintenance  
any period ic process  necessary to  main tain  the  control ,  or equ ipment,  i n  good  order,  for 
wh ich  deta i l s  are  g i ven  i n  the  manufacturer's  i nstructions  to  the  user  

  2.1 3.6
servicing  
any process  necessary to  main ta in  a  control ,  or equ ipment,  i n  good  order,  that  wou ld  be  done  

by a  competent  person ,  such  as  i n  a  workshop,  by an  e lectrician  or by a  service  organ ization  

Note  1  to  en try:  Th i s  i ncl udes  repl acing  a  fl exibl e  cord ,  thermal  l i nk or the  l i ke.  

  2.1 3.7
manufacturer servicing  
servicing  wh ich  can  on l y be  done  by the  manufacturer,  or h is  accred i ted  serviceman  

Note  1  to  en try:  Th i s  may be  due  to  the  need  for special  purpose  tools ,  or specia l  i nstrumentation ,  and  i ncl udes  
the  setting  by the  con trol  manufacturer.  

  2.1 3.8
fai lure  

term ination  of the  abi l i ty of an  i tem  to  perform  a  requ i red  function  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -04-01 ]  

  2.1 3.9
fau l t  

state  of an  i tem  characterised  by i ts  i nabi l i ty to  perform  a  requ ired  function ,  exclud ing  the  

i nabi l i ty during  preventive  main tenance or other p lanned  actions,  or due  to  l ack of external  

resources  

Note  1  to  en try:  ”Fai lu re“  i s  an  event,  as  d i s ti ngu ished  from  ”fau l t“ ,  wh ich  i s  a  s tate.  

Note  2  to  en try:  After fai lure ,  the  i tem  has  a  fau l t.  

Note  3  to  en try:  Th i s  concept  as  defi ned  does  not  app ly to  i tems  consisti ng  of software  on l y.  

Note  4  to  en try:  A fau l t  i s  often  the  resu l t  of a  fai lu re  of the  i tem  i tsel f,  bu t  may exi st  wi thout  pri or fai lure .  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -05-01 ]  

  2.1 3.1 0
smart grid   
in tel l igent g rid  
electric power system  that u ti l i zes  in formation  exchange and  control  technolog ies,  

d istribu ted  compu ting  and  associated  sensors  and  actuators,  for purposes  such  as :  

– to  in tegrate  the  behaviou r and  actions  of the  network users  and  other s takeholders ,  

– to  efficien tl y del i ver sustainable ,  econom ic and  secure  e lectrici ty suppl ies  

[SOURCE:  I EC 60050-61 7: 201 1 -1 0,  61 7-04-1 3]  
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  2.1 3.1 1
smart enabled  control  
control  that i s  in tended  to  i n teract wi th  the  smart grid  and  a l l ows  certain  functions  re lated  to  
power b i l l i ng  rate  or power demand  response  to  be  remotel y control l ed  or enabled  general l y 
by commun ication  wi th  the  power u ti l i ty or by user  remote  i n terface  

Note  1  to  en try:  For example,  remote  i n terface  i ncl udes  computer or smart  phone.  

 Defin i tions  relating  to  manufacturer and  user 2.1 4

  2.1 4.1
control  manufacturer 
manufacturer of the  control  

  2.1 4.2
equ ipment manufacturer 
manufacturer of equ ipment i n  wh ich ,  on  wh ich ,  or together wi th  wh ich  the  control  i s  used  

Note  1  to  en try:  I n  Canada  and  the  USA,  the  equ ipment manufacturer  i s  i nd icated  as  the  OEM  (ori g i nal  
equ ipment manufactu rer).  The  OEM  recei ves  con trol s  from  control  manufacturers  for i n teg rati on  or 
i ncorporation  i n to  equ ipment.  

  2.1 4.3
instal ler 
person  qual i fi ed  to  instal l  the  control  and  poss ib l y the  associated  equ ipment  

  2.1 4.4
user 
one who uses  the  control  wi th  the  a i d  of documentation  (user maintenance)  during  i ts  
normal  l i fe  

Note  1  to  en try:  The  user  i s  cons idered  a  l ayman .  

  2.1 4.5
low complexity safety-related  systems  or controls  
safety related  system  or control  i n  wh ich  

– the  fai lure  modes  of each  i nd ividual  componen t are  wel l  defi ned ;  

– the  behaviour of the  system  or control  under fau l t  cond i ti ons  can  be  completel y 
determ ined  

 Defin i tions  pertain ing  to  thermistors  2.1 5

See  Annex J .  

 Defin i tions  relating  to  the  structure  of controls  using  software  2.1 6

See  Annex H .  

 Defin i tions  relating  to  error avoidance in  controls  using  software  2.1 7

See  Annex H .  

 Defin i tions  relating  to  fau l t/error control  techn iques  for controls  using  software  2.1 8

See  Annex H .  
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 Defin i tions  relating  to  memory tests  for controls  using  software  2.1 9

See  Annex H .  

 Defin i tions  of software terminology – General  2.20

See  Annex H .  

 Void  2.21

 Defin i tions  relating  to  classes  of control  functions  2.22

See  Annex H .  

 Defin i tions  relating  to  functional  safety 2.23

See  Annex H .  

 Defin i tions  related  to  access  to  data  exchange  2.24

See  Annex H .  

3 General  requirements  

Controls  shal l  be  so  des igned  and  constructed  that  i n  normal  use ,  they function  so  as  not to  
cause  in j ury to  persons  or damage  to  surround ing  property,  even  i n  the  event of such  
care lessness  as  may occur i n  normal  use .  

In general,  compliance is checked by carrying out the relevant tests specified in this standard 
and the appropriate part 2.  

4 General  notes  on  tests  

Tests according to this standard are type tests.   

NOTE  1  I f the  resu l ts  of any of the  prescri bed  tests  can  be  determ ined  beyond  doubt  by assessment,  then  the  test  
or tests  need  not  be  performed .  

NOTE  2  See  a l so  Annex H .  The  requ i rements  of Annex H  are  not  appl i cable  to  non -el ectron ic controls ,  un l ess  
speci fi ed  i n  an  appropri ate  part  2  of th i s  standard .  

 Cond i tions  of test  4.1

4. 1 . 1  Unless otherwise specified in this standard,  the samples are tested as delivered,  
having been mounted as declared by the manufacturer,  but,  when significant,  in  the most 
unfavourable position.  

4.1 .2  If the test results are influenced by the room temperature,  this shall be maintained at 

(20 ±  5)  °C,  except that in cases of doubt,  it shall be maintained at (23 ±  2)  °C,  unless 
otherwise specified in  a  particular clause.   

4. 1 .3  Actuating members  are placed in the most unfavourably located position ,  
intermediate position  or position of setting  by the  user,  unless other instructions are given 
in a  particular clause.   
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4.1 .4  Unless otherwise specified in  this standard,  the tests are carried out in the order of the 
clauses of this standard.  

See also Annex H.  

4.1 .5  During the tests of this standard,  actuation  may be performed by test equipment if so 
desired,  except for the  high-speed tests of 17. 12.  

4.1 .6  During and for the purpose of the tests of this standard,  other than for the tests of 
17. 12,  the actuating means  can  be used to actuate the control,  if an actuating member is 
not supplied by the manufacturer.   

4.1 .7  The rates of temperature change declared in 7. 2 and used in Clause 17 (that is α1 ,  β1 ,  

α2  and β2)  shall have test tolerances of ±12 K/h.  

For other activating quantities,  the minimum and/or maximum rates of change declared in  

requirement 37 of Table 1  and used in  Clause 17 (that is α1 ,  β1 ,  α2  and β2)  shall have test 
tolerances as specified in  the  appropriate  part 2.  

4. 1 .8  In  all tests,  the measuring instruments or the measuring means shall be such as not to 
affect appreciably the value being measured.  

4. 1 .9  to  4. 1 .1 1  See  Annex H .  

 Samples  requ ired  4.2

4.2. 1  One sample is used for the tests in  Clauses 5 to 11  and 18 to 27,  including the relevant 
annexes.  A  set of three samples is subjected to the remaining tests.  

If one sample does not comply with  the tests of Clauses 12 to 17 inclusive,  the test which 
caused the non-compliance,  and those preceding which may have influenced the result of that 
test,  are repeated on another set of identical samples,  all of which shall then comply with the 
repeated tests.   

The manufacturer may submit,  together with the first set of samples,  the additional set or sets 
which may be wanted should one sample not comply.  The testing authority will then,  without 
further request,  test the additional samples,  and will only reject if a  further non-compliance 
occurs.  If the additional sets of samples are not submitted at the same time,  a  non-compliance 
of one sample may entail a  rejection.  

NOTE  I n  Canada  and  the  USA,  on ly  one  sample  i s  used  for the  tests  of Cl auses  1 2  to  1 7  i ncl us ive  and  the  sample  
tested  must  comply.  

4.2.2  Void  

4.2.3  Additional samples may be required for some destructive tests of this standard.   

4.2.4  Controls  which are intended to meet the requirements of more than one part 2 
document shall,  in  general,  be tested to  each part 2 separately.  

NOTE  By agreement between  manufacturer and  testi ng  au thori ty,  requ i rements  and  tests  wh ich  are  common  to  
more  than  one  part  2 ,  need  on l y be  checked  once,  un l ess  the  common  tests  can  i n fl uence  the  resu l ts  of any 
speci fi c  tests.   
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 I nstructions  for test  4.3

 Accord ing  to  submission  4.3.1

4.3. 1 . 1  Controls,  if submitted in or with an equipment,  may either be tested in or with the 
equipment,  in which case they are classified as for declared specific load or tested separately,  
in which case they may be classified as for declared specific load,  resistive load or resistive 
and inductive load.  In either of the latter two cases,  the current in the appropriate circuit when 
the equipment is operating under normal load is regarded as the rated current of the circuit.   

4.3. 1 .2  For all controls  submitted,  in,  on or with  an equipment,  all other relevant information 
as required by 7. 2 may be obtained by inspection and measurement of the submitted 
equipment.   

4.3. 1 .3  Integrated controls  are classified as for declared specific load and are tested in the 
equipment,  or part thereof,  for which they are  intended.  

4.3. 1 .4  Controls  not submitted in or with an equipment are tested separately.  

4.3. 1 .5  Controls  for use with non-detachable cords  are tested with the appropriate cord 
connected.  

 Accord ing  to  rating  4.3.2

4.3.2 .1  Controls  for a. c.  only are tested with a. c.  at rated frequency if declared; those for 
d. c.  only are tested with d. c.  and those for a. c. /d. c.  at the more unfavourable supply.   

4.3.2 .2  Controls  for a. c.  only,  which  are not declared for a  rated frequency,  are tested at 
either 50 Hz or 60 Hz,  whichever is the more unfavourable.  Controls  with  a  rated frequency 
within a  declared range other than 50 Hz to 60 Hz are tested at the most unfavourable 
frequency within the marked or declared range.  

4.3.2 .3  When testing controls  intended for d. c.  only,  the  possible influence of polarity on the 
operation  of the control is taken into consideration.   

4.3.2 .4  For controls  with  different a. c.  and d. c.  ratings,  the tests for Clauses 12,  13,  14 and 
17,  are made on two sets of samples,  one being tested according to the  a. c.  rating,  and the 
other according to  the d. c.  rating.   

NOTE  At  the  opti on  of the  testi ng  au thori ty,  a  reduced  number of tests  can  be  made  to  cover the  vari ous  rati ngs.   

4.3.2 .5  Unless otherwise specified,  controls  declared for one or more voltage ranges shall 
be tested at the most unfavourable voltage within the declared range,  and this voltage being 
multiplied by the factor indicated in  the appropriate clause (see 4. 3. 2. 7) .   

4.3.2 .6  For controls  marked or declared for more than one rated voltage or rated current,  
the tests of Clause 17 are made on sets of samples for each combination of rated voltage and 
rated current.  

NOTE  At  the  opti on  of the  testi ng  au thori ty,  a  reduced  number of tests  can  be  made  to  cover the  vari ous  rati ngs.  

4.3.2 .7  For controls  declared for a  voltage range,  tests are made on one set of samples at 
each limit of the range,  unless the difference between the limits does not exceed 10 % of the  
mean value of the range,  in which case the tests are made on one set of samples at the  upper 
limit of the range.  

4.3.2 .8  Controls  intended to be operated from a  specific supply are tested with that specific 
supply.   
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4.3.2 .9   A  circuit for connection to the  d. c.  mains supply is classified as either a  SELV/PELV 
circuit,  ELV circuit or mains voltage circuit depending on the maximum operating voltage of 
the supply.  This maximum operating voltage shall include consideration of the battery 
charging "float voltage" associated with the intended supply system,  regardless of the marked 
voltage rating of the  equipment.  

NOTE  F loat  vol tage  i s  the  constant  vol tage  that  i s  appl i ed  conti nuousl y to  a  vol ta ic  cel l  to  main tain  the  cel l  i n  a  
fu l l y charged  cond i ti on .  F l oat  vol tage  varies  s i gn i fi cantl y wi th  the  chem istry and  construction  of the  battery and  
ambient  temperature.  

4.3.2 . 1 0  Controls  powered by rechargeable batteries are additionally tested in accordance 
with Annex V.  

4.3.2 . 1 1  See  Annex J .  

 Accord ing  to  protection  against shock 4.3.3

4.3.3. 1  If in  class 0 control,  class 0I control or class I control,  or in  controls  for class 0,  
class 0I or class I equipment,  it is  necessary to  have parts with double insulation  or 
reinforced insulation ,  such parts are checked for compliance with the appropriate 
requirements specified for class II controls .  

4.3.3.2  In  any class I control,  and in any control used in a  class I equipment,  unearthed 
accessible metal or accessible insulating surfaces shall be provided with insulation complying 
with the requirements for a  class II control (see 9. 1 . 1 ) .   

4.3.3.3  If in  class 0 control,  class 0I control,  class I control or class II controls,  or 
controls  for class 0,  class 0I,  class I or class II equipment,  it is necessary to have parts using 
SELV-circuits,  such  parts are also checked for compliance with the appropriate requirements 
specified for protection by use of SELV in  11 . 2. 6.  

If in class I controls  or controls  for class I equipment it is necessary to have parts using 
PELV-circuits,  such parts are also checked for compliance with the appropriate requirements 
specified for protection by use of PELV in  11 . 2. 6.  

NOTE  By defi n i ti on  (2 . 7. 5)  class  I I  con trols  cannot  use  PELV-ci rcu i ts .   

 Accord ing  to  manufacturing  variants  4.3.4

4.3.4. 1  Controls  which are otherwise identical but which  may be set by the manufacturer,  or 
which may,  by the inclusion at the  manufacturing stage of alternative components or parts 
produce various operating values,  operating times  or operating sequences,  are for the 
purpose of this standard normally treated as a  single submission.  Normally,  controls  set to 
the most arduous condition will be sufficient.  However,  the testing authority may require extra  
samples,  set to other values,  where it can be clearly shown that these are necessary to allow 
approval of the whole  range.   

4.3.4.2  In  these cases,  due attention shall be paid to possible variations in manufacturing 
deviation  and drift of any operating value,  operating time  or operating sequence,  and,  for 
sensing  controls ,  to  the minimum and maximum acceptable rates of rise and fall of the 
appropriate  activating quantity which may be applicable  to different parts of the range.   

 Accord ing  to  purpose  4.3.5

4.3.5.1  Multi-purpose controls  shall,  according to 6. 3,  in  general be tested for each purpose 
separately.  During the  tests for any one purpose,  the activating quantities and prime movers  
applicable to all other purposes,  shall be maintained constant at the most arduous value or 
position within  the declared range or ranges.   
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4.3.5.2  Such controls  without an appropriate section of Clause 17 shall be tested in a  
manner agreed between the manufacturer and the testing authority so that the essential 
intended operating values ,  operating times  and operating sequences  are tested.   

4.3.5.3  Any control with  a  purpose not classified in  6. 3,  or in the appropriate part 2,  may be 
tested and approved to this standard,  except for Clause 17.  A  test schedule for Clause 17 
shall be based,  wherever possible,  on the intent of that clause and shall be agreed between 
the manufacturer and the testing authority.  

4.3.5.4  See  Annex J .  

5 Rating  

 Maximum rated  vol tage  5.1

The maximum  rated  vol tage  i s  690  V.   

 Void  5.2

 Compl iance  5.3

Compliance with  5. 1  and 5. 2 is checked by the information requirements in  Clause 7.  

6 Classification  

A control  i s  cl assi fied :   

 Accord ing  to  nature  of supply 6.1

 Control  for a . c.  on l y  6.1 .1

NOTE  1  A control  for a . c.  on l y can  be  used  on  a  d . c.  ci rcu i t  provi ded  that  the  cu rren t  d oes  not  exceed  1 0  %  of 
the  rated  cu rrent  for a. c. ,  or 0 , 1  A,  wh ichever i s  smal l er.   

NOTE  2  Add i ti ona l  tests  can  be  requ i red  to  establ i sh  the  d . c.  rati ng .   

 Control  for d . c.  on l y.  6.1 .2

 Control  for a . c.  and  d . c.  6.1 .3

 Control  for speci fic  suppl ies  or mu l tip le  suppl ies.  6.1 .4

 Battery powered  control .  6.1 .5

 Accord ing  to  type  of load  to  be  control led  by each  ci rcu i t of the  control   6.2

A control  h aving  more  than  one  ci rcu i t  need  not have  the  same class i fication  for each  ci rcu i t.  

6.2. 1  C i rcu i t for a  substan tia l l y res isti ve  load  wi th  a  power factor not  less  than  0, 95.   

NOTE  Such  ci rcu i ts  can  be  u sed  for an  i n ducti ve  l oad ,  provi ded  that  the  power factor i s  not  l ess  than  0 , 8,  and  the  
i nducti ve  l oad  does  not  exceed  60  %  of the  cu rrent  rati ng  for the  res i sti ve  l oad .  Such  ci rcu i ts  can  a l so  be  used  for 
other reacti ve  l oads  provided  that  the  reacti ve  cu rren t  d oes  not  exceed  5  %  of the  rated  res i sti ve  cu rrent,  and  that  
the  l oad  i s  not  g reater than  1 0  VA.   

6.2.2  C i rcu i t su i table  for ei ther a  res isti ve  l oad  or for an  i nductive  load  wi th  a  power factor 

not l ess  than  0 , 6  or a  combination  of both .  

NOTE  1  An  example  i s  a  ci rcu i t  i n  a  fan-heater wh ich  i ncorporates  both  a  heati ng  e l ement  and  a  motor.  
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NOTE  2  Ci rcu i ts  i n tended  for i nducti ve  l oads  on ly can  e i ther be  cl assi fi ed  under 6 . 2 . 2  by declari ng  that  the  
res i sti ve  l oad  i s  equal  to  the  i nducti ve  l oad ,  or may be  cl assi fi ed  as  for a  decl ared  speci fi c  l oad .  

6.2.3  C i rcu i t for declared  speci fic l oad .  

NOTE  Examples  are  ci rcu i ts  for tu ngsten  fi l ament  or fl uorescent l amp l oads,  h i gh l y i n ducti ve  l oads  wi th  a  power 
factor of l ess  than  0 , 6 ,  capaci ti ve  l oads,  and  contacts  i n tended  to  be  operated  off l oad .   

6.2.4  C i rcu i t for a  current  l ess  than  20  mA.  

NOTE  Examples  are  ci rcu i ts  for neon  i nd icators  and  other s i gnal  l amps.   

6.2.5  C i rcu i t for a . c.  motor load  whose  characteristics  are  defined  by the  control  
manufacturer's  declaration .  

6.2.6  C i rcu i t for p i l ot l oad .  

 Accord ing  to  thei r purpose  6.3

A control  may be  class i fied  for more  than  one  purpose,  i n  wh ich  case  i t  i s  referred  to  as  a  
mu l ti -purpose  control .  

NOTE  Any manual  action  of an  automatic control  o r a  separate  manual  action  be i ng  i n teg ral  wi th  an  
automatic  con trol  i s  not  cl ass i fi ed  accord ing  to  6 . 3.  

6.3. 1  –  thermostat;  

6.3.2  –  temperature  l im iter;  

6.3.3  –  thermal  cut-out ;   

6.3.4  Void  

6.3.5  –  energy regu lator;   

6.3.6  –  timer;   

6.3.7  –  time switch ;  

6.3.8  –  manual  control ;   

6.3.9  –  sensing  control  (other than  one  covered  by 6 . 3 . 1  through  6. 3. 4) ;  

6.3. 1 0  –  electrical ly operated  control ;   

6.3. 1 1  –  motor protector;   

6.3. 1 1 . 1   – thermal  motor protector;  

6.3. 1 2  –  electrical ly operated  valve ;  

6.3. 1 3  –  electrical ly operated  mechanism ;  

6.3. 1 4  –  protective  control ;  

6.3. 1 5  –  operating  control .  
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NOTE  Fu rther cl assi fi cation  can  be  found  i n  the  appropriate  part  2 .  

 Accord ing  to  features  of au tomatic  action  6.4

6.4. 1  –  Type 1  action ;   

6.4.2  –  Type 2  action .   

6.4.3  Type 1  actions  and  type 2  actions  are  fu rther classi fi ed  accord ing  to  one  or more  of 

the  fol lowing  constructional  or operational  features:   

NOTE  1  These  fu rther cl assi fi cations  are  on ly appl i cabl e  i f the  rel evant  declarations  have  been  made  and  any 
appropri ate  tests  completed .   

NOTE  2  An  action  provid i ng  more  than  one  featu re  may be  cl assi fi ed  by a  combinati on  of the  appropriate  l etters,  
for example,  type  1 . C. L.  or type  2 .A.E.   

NOTE  3  A manual  action  i s  not  cl ass i fi ed  accord i ng  to  6 . 4 . 3.  

6.4.3. 1  – fu l l  d isconnection  on  operation  ( type  1 .A or 2 .A);   

6.4.3.2  –  micro-disconnection  on  operation  ( type  1 . B  or 2 .B) ;  

6.4.3.3  –  micro-in terruption  on  operation  ( type  1 .C  or 2 .C);  

6.4.3.4  –  a  trip-free  mechan ism  wh ich  cannot even  momentari l y be  reclosed  against  the  
fau l t  ( type  1 .D  or 2 .D);  

6.4.3.5  –  a  trip-free  mechan ism  i n  wh ich  the  con tacts  cannot be  prevented  from  open ing  
or main tained  closed  against  a  con tinuation  of the  fau l t  ( type  1 . E  or 2 . E);   

NOTE  An  example  i s  a  current-sensing  con trol  wh ich  has  to  be  reclosed  or can  be  reclosed  momentari l y to  
detect  that  the  excess  current  fau l t  s ti l l  exi sts .  

6.4.3.6  –  an  action  wh ich  can  on l y be  reset by the  use  of a  tool  ( type  1 . F  or 2 .F);  

6.4.3.7  –  an  action  wh ich  is  not i n tended  to  be  reset under e lectrical l y l oaded  cond i ti ons  

(type  1 .G  or 2 .G);  

6.4.3.8  –  a  trip-free  mechan ism  i n  wh ich  the  con tacts  cannot be  prevented  from  open ing  
and  wh ich  may automatical l y be  reset to  the  "closed"  pos i tion  after normal  
operation  cond i tions  have  been  restored  i f the  reset means  i s  he ld  i n  the  

"reset"  posi tion  ( type  1 .H  or 2 .H );  

6.4.3.9  –  a  trip-free  mechan ism  i n  wh ich  the  con tacts  cannot be  prevented  from  open ing  
and  the  control  i s  not  perm i tted  to  function  as  an  au tomatic  reset device  i f the  

reset means  i s  he ld  i n  the  "reset"  or "on "  pos i tion  ( type  1 . J  or 2 . J );  

6.4.3.1 0  –  for sensing  actions,  no  i ncrease  i n  the  operating  value  as  the  resu l t  of a  
breakage in  the  sensing  element ,  or i n  parts  connecting  the  sensing  element  
to  the  switch  head  ( type  1 .K or 2 .K) ;  

6.4.3.1 1  –  an  action  that does  not requ i re  any external  auxi l i ary energy source  of 
e lectrical  supply for i ts  i n tended  operation  ( type  1 . L  or 2 . L);  

6.4.3.1 2  –  an  action  wh ich  operates  after a  declared  ageing  period  ( type  1 .M  or 2 .M).  

6.4.3.1 3  See  Annex H .  
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 Accord ing  to  the  degree of protection  and  control  pol lu tion  degree  6.5

6.5. 1  Accord ing  to  degrees  of protection  provided  by enclosures  against i ngress  of sol id  

obj ects  and  dust (see  I EC 60529):  

I P0X,  I P1 X,  I P2X,  I P3X,  I P4X,  I P5X,  I P6X.  

6.5.2  Accord ing  to  degree  of protection  provided  by enclosures  against  harmfu l  i ngress  of 
water (see  I EC 60529):  

I PX0,  I PX1 ,  I PX2,  I PX3,  I PX4,  I PX5,  I PX6,  I PX7,  I PX8.  

NOTE  1  A control  i n tended  for use  i n  a  parti cu lar environment  can  be  used  for a  d i fferent  envi ronment  i f the  
appropri ate  provis ions,  i f any,  are  made  i n  the  equ ipment.  

NOTE  2  Preferred  combinati ons  of deg rees  of protection  are  accord i ng  to  6 . 5. 1  and  6 . 5. 2 :  

First characteristic  
numeral  

Protection  against 
i ngress  of foreign  

bodies  

Second  characteristic  numeral  

Protection  against i ngress  of water 

 0  1  2  3  4  5  6  7  8  

0  I P00          

1           

2  I P20  I P21         

3           

4   I P41   I P43  I P44      

5      I P54  I P55     

6       I P65   I P67  I P68  

6.5.3  Accord ing  to  the  pol lution  degree  or pol lu tion  degrees  for wh ich  the  control  i s  

declared .  See  Annex N .  

NOTE  I t  i s  possib le  that  when  a  con trol  i s  mounted  i n  accordance  wi th  the  manufacturer’ s  declarati on ,  d i fferen t  
parts  of the  control  can  be  i n  macro-environments  having  d i fferen t  pol lu tion  degrees .  

 Accord ing  to  method  of connection  6.6

6.6. 1  Control  wi th  at l east  one  term inal  i n tended  for the  connection  of fixed  wiring .  

NOTE  I n  Canada  and  the  USA,  fl ying  l eads  are  a l l owed .  

6.6.2  Control  wi th  at l east one  term inal  in tended  for the  connection  of a  fl exib le  cord .  

A control  may be  classi fi ed  under both  6. 6 . 1  and  6. 6. 2 .  

6.6.3  Control  wi thou t any term inals  in tended  for the  connection  of an  external  conductor.  

Th is  type  of control  i s  i n tended  for the  connection  of on l y i n tegrated  or in ternal  conductors .  

6.6.4  Control  i n tended  for the  connection  of a  primary battery.  

6.6.5  Control  i n tended  for the  connection  of a  secondary battery (rechargeable  cel l ) .  
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 Accord ing  to  ambient temperature  l im i ts  of the  switch  head  6.7

6.7. 1  Control  wi th  a  switch  head  for use  i n  an  ambient temperature  between  a  m in imum  
value  (Tmin )  of 0  °C,  and  a  maximum  value  (Tmax)  of 55  °C.  

6.7.2  Control  wi th  a  switch  head  i n tended  to  be  used  i n  an  ambien t temperature  having  a  
maximum  value  (Tmax)  other than  55  °C  but  no  l ess  than  30  °C,  or a  m in imum  va lue  (Tmin )  

l ower than  0  °C,  or both .  

NOTE  Preferred  values  of Tmax  are  30  °C,  55  °C,  70  °C,  85  °C,  1 05  °C,  1 25  °C,  1 50  °C.  Preferred  val ues  of Tmi n  
are  0  °C,  –1 0  °C,  –20  °C,  –30  °C,  and  –40  °C.  

Values  d i fferi ng  from  these  preferred  val ues  are  possib le.  

 Accord ing  to  protection  against electric  shock  6.8

6.8. 1  For an  in tegrated  control :  

NOTE  An  i n tegrated  con trol  i s  not  cl ass i fi ed  bu t  takes  the  cl ass i fi cation  of the  equ i pment wi th  wh i ch  i t  i s  
i n teg rated .  

6.8.2  For an  incorporated  control  for use  i n :  

6.8.2 . 1  –  class  0  equ ipment;  

6.8.2 .2   –  cl ass  0I  equ ipment;  

6.8.2 .3  –  cl ass  I  equ ipment;  

6.8.2 .4  –  cl ass  I I  equ ipment;  

6.8.2 .5  –  cl ass  I I I  equ ipment.  

NOTE  1  For coord inati on  of e l ectri cal  equ i pment cl ass  0 ,  cl ass  I ,  cl ass  I I  and  cl ass  I I I ,  see  I EC 61 1 40,  and  for 
protecti ve  provis i ons  wi th i n  an  e l ectri cal  i nstal l ati on ,  see  I EC 60364.  

NOTE  2  A con trol  i n tended  for i ncorporati on  i n  a  parti cu l ar cl ass  of equ ipment may be  used  for a  d i fferen t  cl ass  i f 
appropri ate  provis ions  are  made  i n  the  equ ipment.  

6.8.3  For an  in -l ine  cord  control ,  a  freestand ing  control ,  or an  independently mounted  
control :  

6.8.3.1  –  of class  0 ;  

6.8.3.2  –  of class  0 I ;  

6.8.3.3  –  of class  I ;  

6.8.3.4  –  of class  I I ;  

6.8.3.5  –  of class  I I I .  

NOTE  1  For coord inati on  of e l ectri cal  equ i pment cl ass  0 ,  cl ass  I ,  cl ass  I I  and  cl ass  I I I ,  see  I EC 61 1 40,  and  for 
protecti ve  provis i ons  wi th i n  an  e l ectri cal  i nstal l ati on ,  see  I EC 60364.  

NOTE  2  A con trol  i n tended  for i ncorporati on  i n  a  parti cu l ar cl ass  of equ ipment may be  used  for a  d i fferen t  cl ass  i f 
appropri ate  provis ions  are  made  i n  the  equ ipment.  
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6.8.4  Controls  us ing  SELV  or PELV for protection  against  e lectric  shock  

6. 8.4. 1  Controls  us i ng  SELV-ci rcu i t(s) ,  and  i f appl icable ,  the  in formation  declared  in  

Table  1 ,  requ i rement 86  

6.8.4.2  Controls  us ing  PELV-circu i t(s) ,  and  i f appl icable,  the  i n formation  declared  i n  

Table  1 ,  requ i rement 86  

 Accord ing  to  ci rcu i t d isconnection  or i n terruption :  6.9

6.9. 1  –  fu l l  d isconnection ;  

6.9.2  –  micro-disconnection ;  

6.9.3  –  micro-in terruption ;  

6.9.4  –  al l -pole  d isconnection ;  

6.9.5  –  See  Annex H .  

NOTE  1  Some equ i pment standards  requ i re  fu l l  d i sconnection ,  others  perm i t  e i ther fu l l  d i sconnection  o r 
micro-d isconnection ;  some on ly requ i re  micro-in terruption .  

NOTE  2  Di fferent  actions  of a  control  can  provi de  d i fferent  ci rcu i t  d i sconnections  or i n terruptions.  

 Accord ing  to  number of cycles  of actuation  (M )  of each  manual  action  6.1 0

Preferred  values  are:  

6. 1 0. 1  –  1 00  000  cycles;  

6. 1 0.2  –  30  000  cycles;  

6.1 0.3  –  1 0  000  cycles;  

6.1 0.4  –  6  000  cycles;  

6.1 0.5  –  3  000  cycles  1 );  

6.1 0.6  –  300  cycles  1 ) ;  

6. 1 0.7  –  30  cycles  1 ) .  

1 )  Appl i cab le  on l y to  actions  of control s  for speci fi c  equ i pment  and  appl i cati ons  such  as  vol tage-tap  controls ,  
summer/wi n ter controls  for water heaters  and  where  perm i tted  by the  appropriate  equ ipment  s tandard .  

NOTE  For control s  wi th  more  than  one  manual  action ,  a  d i fferent  val ue  can  be  declared  for each .  I f a  control  
has  more  than  one  i n tended  "OFF"  posi tion ,  then  a  cycl e  of actuation  i s  regarded  as  a  movement  from  one  "OFF"  
pos i ti on  to  the  next  "OFF"  posi tion .  
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 Accord ing  to  number of automatic  cycles  (A)  of each  automatic action  6.1 1

Preferred  values  are:  

6.1 1 . 1  –  300  000  cycles;  

6.1 1 .2  –  200  000  cycles;  

6. 1 1 .3  –  1 00  000  cycles;  

6. 1 1 .4  –  30  000  cycles;  

6.1 1 .5  –  20  000  cycles;  

6.1 1 .6  –  1 0  000  cycles;  

6.1 1 .7  –  6  000  cycles;  

6.1 1 .8  –  3  000  cycles  
1 )

;  

6. 1 1 .9  –  1  000  cycles  
1 )

;  

6. 1 1 . 1 0  –  300  cycles  
2) ;  

6.1 1 . 1 1  –  30  cycles  
2)4) ;  

6. 1 1 . 1 2  –  1  cycle  
3) .  

1 )   Not  appl i cable  to  thermostats  or to  other fast  cycl i ng  acti ons.  

2)  Appl i cab le  on ly to  manual  reset.  

3)  Appl i cab le  on ly to  actions  wh ich  requ i re  the  replacement of a  part  after each  operation .   

4)  Can  on l y be  reset d uri ng  manufacturer servi cing .  

NOTE  For controls  h aving  more  than  one  automatic action ,  a  d i fferent  val ue  can  be  declared  for each .  

 Accord ing  to  temperature  l im its  of the  mounting  surface of the  control  6.1 2

6. 1 2. 1  Control  su i table  for mounting  on  a  surface  wh ich  is  not more  than  20  K above the  

ambien t temperature  classi fied  i n  6. 7.  

6.1 2.2  Control  su i tab le  for mounting  on  a  surface  wh ich  is  more  than  20  K above the  
ambien t temperature  classi fied  i n  6. 7.  

NOTE  An  example  of such  a  control  i s  one  mounted  on  a  compressor u n i t  i n  a  refri gerator,  where  the  mounti ng  
su rface  can  be  1 50  °C,  a l though  the  sensing  el ement  i s  at  a  temperatu re  of –1 0  °C,  and  the  ambien t  temperatu re  
i s  on l y 30  °C.  

 Accord ing  to  value  of proof tracking  index (PTI )  for the  insu lation  material  used  6.1 3

6. 1 3. 1   –  materia l  of materia l  g roup I I I b  wi th  a  PTI  of 1 00  and  up  to  bu t  exclud ing  1 75;  

6.1 3.2   –  materia l  of materia l  g roup I I I a  wi th  a  PTI  of 1 75  and  up  to  bu t  exclud ing  400;  

6.1 3.3   –  materia l  of materia l  g roup  I I  wi th  a  PTI  of 400  and  up  to  bu t exclud ing  600;  

6. 1 3.4   –  materia l  of materia l  g roup I  wi th  a  PTI  of 600  and  over.  
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 Accord ing  to  period  of electrical  stress  across  insu lating  parts  supporting  l ive  6.1 4
parts  and  between  l ive  parts  and  earthed  metal  

6. 1 4. 1  –  short period ;  

6.1 4.2  –  l ong  period .  

NOTE  Long  periods  of e l ectri cal  s tress  are  considered  to  exi st  i f the  control  i s  used  i n  equ ipment  for con ti nuous  
use;  and  a l so  for the  suppl y s i de  of a  control  i n  any other equ ipment un l i ke ly  to  be  d i sconnected  from  the  suppl y 
by the  removal  of a  p l ug  or by the  operation  of a  con trol  provid i ng  fu l l  d i sconnection .  

 Accord ing  to  construction:  6.1 5

6. 1 5. 1   –  in tegrated  control ;  

6. 1 5.2   –  incorporated  control ;  

6. 1 5.3   –  in -l ine  cord  control ;  

6.1 5.4   –  free-stand ing  control ;  

6.1 5.5   –  independently mounted  control  for:  

6.1 5.5. 1   –  surface  mounting ;  

6.1 5.5.2   –  flush  mounting ;  

6.1 5.5.3   –  panel  mounting .  

6. 1 5.6  See  Annex J .  

 Accord ing  to  ageing  requ irements  (Y)  of the  equ ipment in  wh ich ,  or wi th  wh ich ,  6.1 6
the control  i s  in tended  to  be  used  

6. 1 6. 1  –  60  000  h ;  

6. 1 6.2  –  30  000  h ;  

6. 1 6.3  –  1 0  000  h ;  

6. 1 6.4  –  3  000  h ;  

6.1 6.5  –  300  h ;  

6.1 6.6  –  1 5  h .  

NOTE  Controls  wh ich  operate  d uri ng  the  heati ng  or endurance  tests  of the  equ i pment  s tandard  are  not  cl assi fi ed  
accord i ng  to  6 . 1 6. 6.   

 Accord ing  to  use  of the  thermistor 6.1 7

See  Annex J .  

 Accord ing  to  classes  of control  functions  6.1 8

See  Annex H .  
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7 Information  

 General  requ irements   7.1

The control  manufacturer  shal l  provide  adequate  i n formation  to  confi rm :  

– that  a  su i table  control  can  be  selected ;  

– that  the  control  can  be  mounted  and  used  in  a  manner that  wi l l  enable  i t  to  meet the  
requ i rements  of th is  standard ;  and  

– that  the  re levant  tests  can  be  performed  to  determine  compl iance  wi th  th is  standard .  

 Methods  of provid ing  in formation  7.2

7.2. 1  I n formation  shal l  be  provided  using  one  or more  of the  fo l l owing  methods.  The  
i n formation  requ i red  for controls  and  the  appropriate  method  for provid ing  th is  i n formation  

shal l  be  as  i nd icated  in  Table  1 .  

NOTE  1  I t  i s  not  i n tended  that  Table  1  i tsel f necessari l y  be  the  actual  form  used  to  commun icate  between  
manufacturer and  test  house.  

–  By marking  (C)  – th is  i n formation  shal l  be  provided  by marking  on  the  control  i tse l f,  
except that,  i n  the  case  of an  in tegrated  control ,  such  marking  can  be  on  an  ad jacent 
part of the  equ ipment,  provided  that i t  i s  clear that  i t  refers  to  the  control .  

 NOTE  2  I n formation  provided  by marking  (C)  can  a l so  be  i ncl uded  i n  d ocumentation  (D, E).  

–  By documentation  on  hard  copy (D)  – th is  i n formation  shal l  be  provided  for the  user  or 
instal ler  of the  control ,  and  shal l  cons ist of l eg ible  instructions.  Each  control  shal l  be  
accompan ied  by such  i nstructions.  I nstruction  sheets  and  other texts  requ ired  by th is  
standard  shal l  be  wri tten  i n  the  official  l anguage(s)  of the  country in  wh ich  the  control  i s  to  
be  sold .  

 For controls  i n tended  to  be  exclus ivel y del i vered  to  the  equ ipment manufacturer,  the  
i nstruction  sheet  may be  replaced  by a  l eaflet,  l etter or d rawing ,  etc.  I t  i s  not  necessary for 
each  control  to  be  accompan ied  by such  a  document.  

– By documentation  on  e lectron ic med ia  on  in ternal  or external  memory (E)  – th is  
i n formation  is  as  al ternative  to  (D).  

–  By declaration  (X)  – th is  i n formation  shal l  be  provided  for the  testi ng  au thori ty for purposes  
of test and  in  a  manner agreed  between  testi ng  au thori ty and  manufacturer.  I t  may,  for 
example,  be  provided  by a  marking  on  the  control ,  by a  l eaflet,  l etter or d rawing  or,  i n  the  
case  of a  control  subm i tted  i n ,  on  or wi th  an  equ ipment,  by measurement or i nspection  of 
the  subm i tted  equ ipment.  Th is  i n formation  shou ld  a lso  be  provided  to  the  equ ipment  
manufacturer,  as  appropriate.  

7.2.2  I n formation  wh ich  is  i nd icated  as  be ing  requ i red  by marking  (C)  or by documentation  
(D,E)  shal l  a lso  be  provided  for the  testi ng  au thori ty i n  an  agreed  manner i f so  requested  by 
the  testi ng  au thori ty.  

7.2.3  For controls  subm itted  i n ,  on  or wi th  an  equ ipment,  the  requ i rement for documentation  

(D,E)  i s  replaced  by declaration  (X).  

7.2.4  For an  in tegrated  control  form ing  part  of a  more  complex control ,  the  marking  
re lating  to  the  in tegrated  control  may be  i ncluded  i n  the  marking  of the  more  complex 
control .  

7.2.5  The  requ i rement for documentation  (D ,E)  i s  cons idered  to  be  met i f such  in formation  
has  been  provided  by marking  (C) .  

7.2.5. 1  The  requ i rement for declaration  (X)  i s  considered  to  be  met i f such  i n formation  has  

been  provided  by e i ther documentation  (D ,E)  or by marking  (C) .  
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7.2.6  Except as  i nd icated  in  7. 4,  for integrated  controls  a l l  i n formation  i s  provided  by 
means  of declaration  (X) .  Un less  otherwise  ind icated  i n  a  part 2 ,  for incorporated  controls ,  
the  on l y marking  requ i red  i s  the  manufacturer's  name or trade  mark and  the  unique  type 
reference ,  i f other requ i red  marking  i s  provided  by documentation  (D,E) .  For incorporated  
controls  d eclared  under i tem  requ i rement 50 ,  see  the  explanation  of documentation  (D ,E)  

con tained  in  7. 2. 1 .  

7.2.7  For controls  that are  ne i ther i n tegrated  nor i ncorporated ,  where  lack of space prevents  
l eg ib le  marking  as  speci fied ,  the  control  shal l  be  marked  wi th  the  manu facturer's  name (or 
trade  mark)  and  the  unique type  reference  on l y.  The  other marking  requ i red  shal l  be  
i ncluded  i n  documentation  (D,E) .  

7.2.8  Add i ti onal  marking  or i n formation  i s  a l lowed ,  provided  that i t  does  not g i ve  rise  to  
m isunderstand ing .  

7.2.9  When  symbols  are  used ,  they shal l  be  as  fo l lows:  

Amperes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   A 

Vol ts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   V 

Watts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   W 

Vol ts-amperes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   VA 

Al ternating  current (s ing le-phase)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   ~  I EC 6041 7-5032  
(2002-1 0)

  

Al ternating  current (three-phase)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3~  

Al ternating  current (three-phase  wi th  neu tral )  . . . . . . . . . . . . . . . . . . . .   3N~  

Di rect curren t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    I EC  6041 7-5031  
(2002-1 0)

 

Class  I I  construction   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .       I EC 6041 7-51 72  
(2003-02)  

 

Class  I I I  control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .            I EC  6041 7-51 80  
(2003-02)

 

 
Ambient  temperature  l im i ts  of switch  head  . . . . . . . . . . . . . . . . . . . . .  T   (The  l etter T  preceded  by a  m inus  

s ign  and  the  numerical  va l ue  of 
the  l ower temperatu re  i f Tmi n  l ess  
than  0  °C,  or fo l l owed  by the  
numerical  va l ue  of the  h i gher 
temperatu re  i f Tmax  o ther than  
55  °C. )  

Rated  current  of the  appropriate  fuse  i n  amperes  . . . . . . . . . . . . . .    
I EC 6041 7-501 6  (2002-1 0)

 

Frequency  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   H z 

Earth ing  term inal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .        I EC  6041 7-501 9  
(2006-08)  

Functional  earth ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .       I EC  6041 7-501 8  
(201 1 -07)  
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For i den ti fication  of the  degree  of protection  provided  by enclosu res,  the  symbols  shown  i n  
6. 5  shal l  be  used .  

NOTE  1  I n formation  about  rated  current  and  rated  vol tage  can  be  provided  by us i ng  fi gu res  a lone,  the  fi gu re  for 
the  rated  current  preced ing  or above  that  for the  rated  vol tage  and  separated  from  i t  by a  l i ne.  For ci rcu i ts  for 
res i sti ve  l oad  and  i nducti ve  l oads,  the  rated  cu rrent  for i nducti ve  l oad  i s  p l aced  between  parentheses  and  
immed iately  fol l owi ng  the  rated  cu rrent  for res i sti ve  l oad .  The  symbol  for the  natu re  of the  suppl y i s  p l aced  after the  
current  and  vol tage.  

Current,  vo l tage  and  nature  of suppl y can  be  i n d icated  as  fol l ows:  

1 6  (3)  A 250  V ~  or 1 6  (3)  /  250  ~  or  1 6 3

250

( ) ~  

NOTE  2  The  fo l l owing  are  examples  of ways  to  provi de  i n formation  abou t the  temperatu re  l im i ts  of a  control :  

– 20T 30  (mean i ng  m inus  20  °C  up  to  p l us  30  °C);  

– T85  (mean ing  0  °C  up  to  p l u s  85  °C).  

NOTE  3  I n formation  concern i ng  declared  speci fi c  l oads  can  be  g i ven  by reference  to  d rawings  or to  types,  for 
example:  

"E lectri c  motor,  d rawing  No.  . . . ,  part  l i s t  No.  . . . ,  made  by. . . "  or "5  ×  80  W  fl uorescent" .  
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Table  1  (7.2  of ed i tion  3)  – Requ i red  information   
and  methods  of provid ing  i nformation  (1  of 4)  

In formation  
Clause  or 
subclause  

Method  

1  Manufactu rer’ s  name or trade  mark  7 . 2 . 6  C  

2  Unique  type  reference  a  2 . 1 1 . 1 ,  
2 . 1 3. 1 ,  7 . 2 . 6  

C  

3  Rated  vol tage  or rated  vol tage  range  i n  vol ts  (V)  2.1 .2,  4.3.2  
1 4.4,   

C  

4  Natu re  of suppl y un less  the  control  i s  for both  a . c.  and  d . c. ,  or u n less  the  
rati ng  i s  the  same  for a . c.  and  d . c.  

4 . 3. 2 ,  6 . 1  C  

5  Frequency i f other than  for range  50  Hz to  60  Hz i ncl us ive  4 . 3 . 2  C  

6  Purpose  of control  2.2,  4.2.4,  4.3.5,  
6.3,  1 7.1 6 

D  or E  

6a  Construction  of control  and  whether the  control  i s  e l ectron ic  6 . 1 5,  Annex 
H ,  H . 2 . 5. 7  

D  X 

7  The  type  of l oad  control l ed  by each  ci rcu i t  b  6 . 2 ,  1 4 ,  1 7,  
23. 1 . 1  

C  

1 5  Degree  of protection  provi ded  by enclosu re  c  6 . 5. 1 ,  6 . 5. 2  
1 1 . 5  

C  

1 7  Wh ich  of the  term inal s  are  su i table  for the  connection  of external  
conductors ,  and  i f they are  su i table  for l i ne  or neu tral  conductors,  or both  

6 . 6,  7 . 4 . 2  
7 . 4 . 3  

C  

1 8  Wh ich  of the  term inal s  for external  conductors  a re  for a  wi der range  of 
conductor s i zes  than  those  i n d i cated  i n  Table  3 .  

1 0. 1  D  or E  

1 9  For screwless  terminals ,  the  method  of connection  and  d i sconnection  d ,  i f 
not  read i l y i denti fi abl e  

1 0  D  

20  Detai l s  of any special  conductors  wh ich  are  i n tended  to  be  connected  to  the  
term inal s  for i n ternal  conductors  

1 0 . 2 . 1  D  or E  

21  Maximum  temperatu re  of term inal s  for i n ternal  conductors  and  term inals  for 
external  conductors  of i ncorporated  and  i n tegrated  controls ,  i f h i gher than  
85  °C  

1 4  X 

22  Temperatu re  l im i ts  of the  swi tch  head ,  i f Tmi n  l ower than  0  °C  or Tmax  o ther 
than  55  °C  

6. 7,  1 4. 5  
1 4 . 7 ,  1 7 . 3  

C  

23  Temperatu re  l im i ts  of mounti ng  su rfaces  (Ts )  6 . 1 2 . 2 ,  1 4 . 1 ,  
1 7 . 3  

C  

24  Classi fi cation  of control  accord ing  to  protection  against  e l ectri c  shock 6. 8  X 

25  For class  I I  con trols ,  the  symbol  for Cl ass  I I  construction  7. 3  C  

26  Number of cycl es  of actuation  (M )  for each  manual  action  6 . 1 0 ,  1 7. 1 0,  
1 7 . 1 1  

X 

27  Number of au tomatic  cycles  (A)  for each  automatic  action  6 . 1 1 ,  1 7 . 8,  
1 7 . 9  

X 

28  Ageing  period  (Y)  for control s  wi th  type  1 M  or 2M  acti on  6 . 1 6,  1 7 . 6  X 
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Table  1  (2 of 4)  

In formation  
Clause  or 
subclause  

Method  

29  Type  of d i sconnection  or i n terruption  provided  by each  ci rcu i t  2 . 4 . 1 ,  2 . 4 . 2 ,  
2 . 4 . 3 ,  2 . 4. 4 ,  

6 . 9  

X 

30  PTI  of material s  used  for i nsu l ation  6. 1 3,   
Table 23,  
Footnote b,   
Table 24,  
Footnote d ,  
21 .2.7 

X 

31  Method  of mounti ng  control  e  1 1 . 6  D  

31 a  Method  of provid i ng  earth i ng  of control  7 . 4 . 3 ,  9 ,  
9 . 1 . 1 ,  9 . 1 . 2  

D  

32  Method  of attachment for non-detachable  cords  f  1 0 . 1 ,  1 1 . 7  D  or E  

33  I n tended  transportation  cond i ti on  of con trol  g  1 6 . 1  X 

34  Detai l s  of any l im i tation  of operating  time  h  1 4,  1 7  D  or E  

35  Period  of e l ectri c  stress  across  i nsu lati ng  parts  6 . 1 4  X 

36  Lim i ts  of activating  quan ti ty  for any sensing  elemen t  over wh ich  micro-
d isconnection  i s  secure  (see  a l so  Cl ause  H . 7,  i tem36)  

1 1 . 3. 2  X 

37  M in imum  and/or maximum  rates  of change  of actuati ng  q uan ti ty,  or m in imum  
and /or maximum  cycl i ng  rates  for a  sensing  control  i  

4 . 1 . 7,  1 5,  1 7  X 

38  Values  of overshoot of activati ng  quanti ty  for sensing  con trols  wh ich  are  
necessary for correct  action ,  or wh ich  can  be  used  for test  pu rposes  

1 7  X 

39  Type  1  action  or type  2  action  6 . 4  D  or E  

40  Add i ti onal  features  of type  1  action  o r type  2  actions  6 . 4 . 3,  1 1 . 4  D  or E  

41  Manufactu ring  devi ation  and  cond i ti on  of test  appropriate  to  devi ation  2 . 1 1 . 1 ,  
1 1 . 4 . 3,  1 5,  
1 7 . 1 4  

X 

42  Dri ft  2 . 1 1 . 2 ,  
1 1 . 4 . 3,  1 5,  
1 6 . 2 . 4  

X 

43  Reset characteri sti cs  for cu t-ou t  action  j  6 . 4  D  or E  

44  I f a  control  i s  e i ther to  be  hand-held  or i s  i n tended  for a  hand-held  equ ipment   X 

45  Any l im i tation  to  the  number or d i stri bu ti on  of fl at  push -on  receptacles  wh ich  
can  be  fi tted  

1 0 . 2 . 4 . 4  D  or E  

46  Any type  2  action  shal l  be  so  designed  that  the  manufacturing  deviation  
and  dri ft  of i ts  operating  value ,  operating  time  o r operating  sequence  i s  
wi th i n  the  l im i t  declared  i n  requ i rements  41 ,  42,  and  46  of Table  1   

1 1 . 4 . 3  D  or E  

47  Extent  of any sensing  elemen t  2 . 8 . 1  D  X 

48  Operating  value  (or val ues)  or operating  time  2 . 3 . 1 1 ,  
2 . 3 . 1 2,  

6 . 4 . 3 . 1 0,  1 1 ,  
1 4 ,  1 5. 6 , 1 7  

D  

49  Control  pol lu tion  degree  6 . 5. 3  D  or E  

50  Control  i n tended  to  be  del i vered  exclusivel y to  the  equ ipment manufacturer  7 . 2 . 1 ,  7 . 2 . 6  X 

51  G low wi re  test  temperatu res  21 . 2 . 1 ,  
21 . 2 . 2 ,  

21 . 2 . 3,  and  
21 . 2 . 4   

X 

52  to  60  See  Annex H    

61  to  65  See  Annex J    

66  to  74  See  Annex H    
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Table  1  (3 of 4)  

In formation  
Clause  or 
subclause  

Method  

75  Rated  impu lse  vol tage  2 . 1 . 1 2 ,  20. 1  D  or E  

76  Type  of pri n ted  ci rcu i t  board  coati ng  Annex P  or 
Annex Q  

X 

77  Temperatu re  for the  bal l  pressure  test  21 .2.1 ,  21 .2.2,  
21 .2.3 and  
21 .2.4 

D  X 

78 Maximum  declared  torque  on  s ing l e  bush  mounti ng  us i ng  thermoplasti c  
materi al  

Table  20,  
Footnote  a  

D  or E  

79  Pol lu tion  degree  i n  the  micro-envi ronment  of the  creepage  d istance  o r 
clearance  i f cl eaner than  that  of the  con trol ,  and  how th i s  i s  designed  

Table  H . 24   D  X 

80  Rated  impu lse  vol tage  for the  creepage  d istance  or clearance  i f d i fferent  
from  that  of the  control ,  and  how th i s  i s  ensu red  

Table  H . 24   D  or E  

81  The  values  designed  for to lerances  of d i stances  for wh ich  the  exclus ion  
from  fau l t  mode  "short"  i s  cl a imed  

Table  H . 24   D  X 

82  See  Annex J    

85  For class  I I I  con trols ,  the  symbol  for Cl ass  I I I  construction  7. 4. 6  C  

86  For SELV  or PELV ci rcu i ts ,  the  ELV  l im i ts  real i zed  2 . 1 . 5,  T. 3. 2  D  X 

87  Value  of accessibl e  vol tage  of SELV/PELV ci rcu i t,  i f d i fferen t  from  8. 1 . 1 ,  
product standard  referred  to  for the  appl i cation  of the  con trol ,  i n  wh ich  
standard (s)  the  accessible  SELV/PELV l evel (s)  i s  (are)  g i ven  

2 . 1 . 4 ,  6 . 8. 4 . 1 ,  
6 . 8 . 4 . 2 ,  
8 . 1 . 1 . 1  

D  X 

88  See Annex U    

89  Em ission  tests  and  g roups  as  declared  accord ing  to  CI SPR 1 1  23. 2 ,  H . 23. 1 . 2  X 

90  Immun i ty tests  for protective  controls  for use  i n  accordance  wi th  I EC 60335  
appl i ances  

Table  H . 1 3   X 

91  to  94  See  Annex H    

95  Maximum  short  ci rcu i t  curren t  as  declared  1 1 . 3. 5. 2 . 1  b )  D  X 

96  Overcurren t  protecti ve  device  external  to  the  control  1 1 . 1 4  D  or E  

97  For i ncorporated  controls  o r i n tegrated  controls ,  whether the  overload  test  
shal l  be  done  at  con trol  l evel  

27. 5. 3  X 

98  Maximum  al ti tude  at  wh ich  the  control  can  be  used  i f g reater than  2  000  m  20. 1  X 

a
 The  un ique  type  reference  shal l  be  such  that,  when  i t  i s  q uoted  i n  fu l l ,  the  manufacturer of the  con trol  can  

suppl y a  repl acement  wh ich  wi l l  be  fu l l y i n terchangeabl e  wi th  the  ori g i nal  e l ectri cal l y,  mechan ical l y,  
d imensional l y,  and  functional l y.  

 I t  may comprise  a  series  type  reference  wi th  other marking ,  such  as  vol tage  rati ng  or an  ambien t  
temperatu re  marking ,  wh ich  together provide  a  un ique  type  reference .  

b
 For controls  wi th  more  than  one  ci rcu i t,  the  cu rren t  appl i cab le  to  each  ci rcu i t  and  to  each  term inal .  I f these 

are  d i fferent  from  each  other,  then  i t  shal l  be  made  cl ear to  wh ich  ci rcu i t  or term inal  the  i n formation  app l i es .  
For ci rcu i ts  for res i sti ve  and  i n ducti ve  l oads,  the  rated  cu rren t,  or the  rated  l oad  i n  VA,  at  power factors  as  
i nd icated  i n  the  appropriate  tab le  of 1 7. 2 .  

c
 The  marking  (C)  requ i rement  d oes  not  app ly to  con trols  or parts  thereof cl assi fi ed  as  I P00,  I P1 0,  I P20,  I P30  

and  I P40.  

d
 I n  Canada  and  the  USA,  marking  (C)  i s  requ i red  for the  method  of connection  and  d i sconnection  of 

screwless  terminals  for fi e l d  wi ri ng .  
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Table  1  (4 of 4)  

e
 I f,  for i ndependentl y moun ted  control s ,  i t  i s  necessary to  take  special  precau ti ons  when  i nstal l i n g  or us i ng  

the  con trol ,  these  detai l s  shal l  be  g i ven  i n  an  i nstruction  sheet accompanyi ng  the  control .  

 Specia l  precau tions  may be  necessary,  for example,  for fl ush  mounti ng  i ndependentl y mounted  controls .  
I n  order to  ensu re  that,  after bu i l d i ng -i n ,  the  cond i ti ons  necessary to  meet the  requ i rements  of th i s  standard  
are  ach ieved ,  the  i nstruction  sheet  for such  controls  shal l  i n cl ude  cl ear i n formation  concern ing :  

 – the  d imensions  of the  space  to  be  provided  for the  control ;  

 –  the  d imensions  and  pos i ti on  of the  means  for supporti ng  and  fi xi ng  the  control  wi th i n  th i s  space;  

 – a  m in imum  clearance  between  the  vari ous  parts  of the  control  and  the  su rround i ng  parts  of the  fi tment;  

 – the  m in imum  d imensions  of venti l ati ng  open i ngs  and  thei r correct  arrangements;  

 – the  connection  of the  control  to  the  suppl y and  the  i n terconnection  of separate  components ,  i f any.  

 I f the  suppl y conductors  of a  control  can  come  i n to  con tact  wi th  parts  of a  term inal  b l ock or a  compartment 
for fixed  wi ring ,  and  these  parts  have,  u nder cond i ti ons  of normal  use ,  a  temperatu re  exceed ing  that 
speci fi ed  i n  Tab le  1 3 ,  the  i nstruction  sheet  shal l  a l so  s tate  that  the  con trol  shal l  be  connected  by means  of 
conductors  having  the  appropri ate  T  rati ng  (see  Footnote  a  of Table  1 3).  

 For con trols  wi th  wi ri ng  between  a  sensor,  sens i ng  or actuati ng  e l ement and  the  rest  of the  control  where  
part  of th i s  wi ri ng  i s ,  or i s  i n tended  to  be,  a l so  part  of the  fi xed  i nstal l ati on  the  manufactu rer shal l  g i ve  i n  the  
documentation  the  re levant  i n formation  for proper i nsta l l ati on  and  the  appropriate  type  of cable  or cord  
requ i red  for that  part  of the  fi xed  i nstal l ati on .

 

f
 I n -l i ne  cord ,  free-stand ing  and  i ndependentl y mounted  control s ,  i f fi tted  wi th  non-detachable  cords  

u s i ng  type  Y attachments  or type  Z attachments ,  shal l  h ave  documentati on  (D)  con tai n i ng  the  substance 
of one  of the  fol l owi ng  statements ,  wh ichever i s  appropriate:  

 – "The  supply cord  of th i s  con trol  cannot be  replaced ;  i f the  cord  i s  damaged ,  the  con trol  shou l d  be  
d i scarded"  (Z)  

 or 

 – "The  suppl y cord  of th i s  con trol  can  be  repl aced  on l y by the  manufacturer or h i s  accred i ted  service  agen t"  
(Y).  

g
 The  method  of packag i ng  does  not  have  to  be  declared .  

h
 For i n -l ine  cord ,  free-standing  and  i ndependentl y mounted  controls ,  th i s  i n formation  shal l  be  provi ded  by 

method  C.  

i  α
1
 =  m in imum  ri s i ng  rate  

 β
1  =  m in imum  fa l l i ng  rate  

 The  rate  of change  (α
1
 and  β

1 )  of the  activating  quanti ty  a re  those  appl i cab le  to  normal  u se .  

 α
2
 =  maximum  ri s i ng  rate  (for type  2  actions  on ly)  

 β
2
 =  maximum  fal l i ng  rate  (for type  2  actions  on l y)  

For test  purposes,  α
1
 and  β

1
 shal l  be  as  d eclared  bu t  not  l ower than  the  l im i t(s)  i n d icated  i n  the  appropri ate  

Part  2  s tandards  for type  1  actions  and /or type  2  actions .  The  values  α
2
 and  β

2  are  for test  purposes  on ly,  
and  may a l ternati vely  be  decl ared  as  a  maximum  cycl i ng  rate.  The  rates  of change  for the  purpose  of th i s  
standard  sha l l  be  expressed  i n  the  un i ts  as  shown  i n  the  fol l owing  tabl e*:  

Acti vating  
quanti ty 

Un i t for rate  of 
change  

Pressure  Pa/s  

Temperatu re  K/h  

Posi ti on  mm/s  

I l l um ination  l u x/s  

Veloci ty  mm/s2  

L i qu id  l eve l  mm/s  

Current  A/s  

Hum id i ty  %/s  

Ai r fl ow m 3/s2  
 

 *  When  us ing  other acti vati ng  quan ti ti es ,  the  u n i ts  shal l  be  expressed  i n  S I -un i ts .  

 

j
 The  manufactu rer may declare  a  t ime  before  wh ich ,  or a  speci fi c  val ue  of activating  quanti ty  above  wh ich ,  

manual  reset  shal l  n ot  occur.  
k
 Void  
l
 Void  
m
  to  

t  
See Annex H .  
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 C lass  I I  symbol  7.3

7.3. 1  The symbol  for cl ass  I I  construction  shal l  be  used  on l y for controls  cl ass i fied  

accord ing  to  6 . 8. 3. 4.  

7.3.2  The d imension  of the  symbol  for cl ass  I I  construction  shal l  be  such  that the  length  of 

the  s i des  of the  ou ter square  i s  about twice  the  l ength  of the  s i des  of the  i nner square.  

7.3.2 .1  The  l eng th  of the  s i des  of the  ou ter square  of the  symbol  shal l  be  not l ess  than  
5  mm,  un less  the  largest  d imension  of the  control  i s  1 5  mm  in  l eng th  or l ess,  i n  wh ich  case  
the  d imension  of the  symbol  may be  reduced  but the  length  of the  s i des  of i ts  ou ter square  
shal l  be  not  l ess  than  3  mm.  

7.3.2 .2  Controls  provid ing  protection  against e lectric shock as  requ ired  for class  I I  bu t that 
i nclude  term inals  for earth ing  con tinu i ty for functional  pu rposes  shal l  not be  marked  wi th  the  
symbol  for cl ass  I I  construction ,  I EC  6041 7-51 72  (2003-02) ,  bu t shal l  be  regarded  as  class  I  
controls .   

 Addi tional  requ irements  for marking  7.4

7.4. 1  Requ i red  marking  on  a  control  sha l l  preferabl y be  on  the  main  body of the  control  bu t  
may be  p laced  on  non-detachable  parts .  

Requ i red  markings  shal l  be  leg ible  and  durable.  

Compliance is checked by inspection and by the tests of Annex A.  

7.4.2  Term inals  of controls  i n tended  for the  connection  of suppl y conductors  shal l  be  
i nd icated  by an  arrow poin ti ng  towards  the  term inal ,  un less  the  method  of connection  to  the  
supply mains  is  of no  importance  or i s  se l f-eviden t.  

Compliance is checked by inspection.  

7.4.3  Term inals  i n tended  exclus ivel y for a  neutral  external  conductor  sha l l  be  ind icated  by 

the  l etter "N " .  

NOTE I n  the  Un i ted  Kingdom,  term inal s  i n tended  exclus ivel y for a  l i ve  external  conductor  shal l  be  i n d icated  by 
the  l etter “L” .  

7.4.3. 1  Earth ing  term inals  for external  earth ing  conductors  or earth ing  conti nu i ty,  and  
term inals  for earth ing  for functional  purposes  (as  opposed  to  purposes  of protection  against 
e lectric shock)  shal l  be  i nd icated  

– for protecti ve  earth ,  by the  earth  symbol  for protective  earth ,  I EC  6041 7-501 9  (2006-08) ;  

– for functional  earth ,  by the  earth  symbol  for functional  earth ,  I EC  6041 7-501 8  (201 1 -07).  

7.4.3.2  Al l  other term inals  sha l l  be  su i tabl y i den ti fied ,  thei r purpose  sel f-eviden t or the  
control  ci rcu i try visual l y apparent.  The  arrow,  the  l etter "N "  or the  earth  symbol  shal l  not be  

used  except  as  ind icated  above.  

Compliance is checked by inspection.  

NOTE  1  I n  Canada  and  the  USA,  a  term inal  i n tended  for connection  of a  g rounded  supply conductor shal l  be  
fi n i shed  to  show a  wh i te  or natu ra l  g rey col ou r and  shal l  be  d i sti ngu ishabl e  from  the  other parts.  

NOTE  2  I n  Canada  and  the  USA,  a  wi re-bind ing  screw i n tended  for the  connecti on  of an  equ ipment  earth ing  
conductor sha l l  h ave  a  s l otted  or hexagonal  g reen -colou red  head .  A pressure  wi re  connector i n tended  for 
connection  of such  a  conductor shal l  be  i denti fi ed  by being  marked  GROUND,  GROUNDING,  EARTH  or by a  
marking  on  a  wi ri ng  d iagram  provided  on  the  con trol .  The  wi re-bind ing  screw or pressure  wi re  connector shal l  be  
so  l ocated  that  i t  i s  un l i kel y to  be  removed  du ri ng  servicing  o f the  control .  
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NOTE  3  Wi th  respect to  7 . 4 . 2  to  7 . 4. 3. 2  i ncl us ive,  i n  Canada  and  the  USA,  add i ti onal  or a l ternati ve  markings  are  
requ i red  i n  the  wi ri ng  ru l es.  

NOTE  4  I n  the  Un i ted  Kingdom,  the  l etter “L”  shal l  not  be  used  except  as  i n d icated  i n  7 . 4. 3 ,  above.  

7.4.4  Controls  i n tended  to  be  set by the  user  or by the  equ ipment manufacturer  d u ri ng  
i nstal lation  shal l  be  provided  wi th  an  i nd ication  of the  d i rection  to  i ncrease  or decrease  the  
response  value .  

NOTE  An  i n d ication  of "+"  or "–"  i s  su ffi cien t.  

Controls  i n tended  to  be  set by the  equ ipment manufacturer  or the  instal ler  shal l  be  
accompan ied  by documentation  (D)  i nd icati ng  the  proper method  for securing  the  setting .  

7.4.5 Parts  destroyed  during  the  normal  operation  of the  control  and  wh ich  have  to  be  
replaced  shal l  be  marked  so  as  to  enable  them  to  be  i denti fi ed  from  a  catalogue  or the  l ike,  
even  after they have  operated ,  un less  they are  i n tended  to  be  replaced  on l y during  
manufacturer servicing .  

7.4.6  Controls  i n tended  to  be  connected  on l y to  SELV systems  shal l  be  marked  wi th  the  
graph ic symbol  I EC 6041 7-51 80  (2003-02).  Th is  requ i rement does  not  appl y where  the  means 
of connection  to  the  supply i s  so  shaped  that  i t  can  on l y mate  wi th  a  particu larl y des igned  
SELV  or PELV arrangement.  

Controls  provid ing  protection  against e lectric shock as  requ ired  for class  I I I  controls  bu t that  
carry term inals  for earth ing  con tinu i ty for functional  purposes  shal l  not be  marked  wi th  the  
symbol  for class  I I I  construction ,  I EC  6041 7-51 80  (2003-02) .  

7.4.7  I f an  equ ipment i s  provided  wi th  a  replaceable  battery,  and  i f replacement by an  
i ncorrect type  cou ld  resu l t i n  an  explos ion  (for example,  wi th  some l i th i um  batteries),  the  
fol l owing  appl ies :  

– i f the  battery i s  i n tended  to  be  replaced  by the  user,  there  shal l  be  a  marking  close  to  the  
battery or a  s tatement i n  both  the  i nstructions  for use  and  the  service  i nstructions;  

– i f the  battery i s  not i n tended  to  be  replaced  by the  user,  there  shal l  be  a  marking  close  to  
the  battery or a  s tatement i n  the  service  i nstructions .  

Th is  marking  or statement shal l  i nclude  the  fo l lowing  or s im i l ar text:   

CAUTION  
RISK OF  EXPLOSION  IF  BATTERY IS  REPLACED BY AN  INCORRECT TYPE  

DISPOSE OF  USED  BATTERIES ACCORDING  TO THE  INSTRUCTIONS  

7.4.8  The battery compartmen t of controls  i ncorporating  batteries  that are  i n tended  to  be  
replaced  by the  user  sha l l  be  marked  wi th  the  battery vol tage  and  the  polari ty of the  

term inals .  

I f colours  are  used ,  the  pos i ti ve  term inal  i s  to  be  i den ti fied  i n  red  and  the  negative  term inal  i n  
b lack.  

Colour i s  not  to  be  used  as  the  on l y i nd ication  of polari ty.  

7.4.9  The i nstructions  for controls  i ncorporati ng  batteries  that are  i n tended  to  be  replaced  
by the  user  shal l  i ncl ude  the  fol l owing :  

– the  type  reference of the  battery;  

– the  orien tation  of the  battery wi th  regard  to  polari ty;  

– the  method  of replacing  batteries;  

– warn ing  against us ing  i ncorrect type  batteries;  
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– how to  deal  wi th  l eaking  batteries.  

The  i nstructions  for controls  i ncorporating  a  battery that conta ins  materia ls  wh ich  are  
hazardous  to  the  envi ronment shal l  g i ve  detai ls  on  how to  remove the  battery and  shal l  s tate  
that:  

– the  battery must be  removed  from  the  control  before  i t  i s  scrapped ;  

– the  control  must be  d isconnected  from  the  suppl y mains  when  removing  the  battery;  

– the  battery i s  to  be  d isposed  of safe l y.  

7.4. 1 0  See  Annex V.  

8 Protection  against electric shock 

 General  requ irements  8.1

8. 1 . 1  Controls  shal l  be  so  constructed  that there  is  adequate  protection  against accidental  
contact wi th  l ive  parts ,  i n  any unfavourable  pos i tion  wh ich  may occur i n  normal  use ,  and  
after any access ib le  detachable  parts ,  other than  l amps  l ocated  beh ind  a  detachable  cover  
have  been  removed .  However,  du ring  the  insertion  and  removal  of lamps,  protection  against 
accidenta l  con tact wi th  l ive  parts  of the  lamp cap  shal l  be  ensured .  

Un less  otherwise  speci fied ,  SELV-ci rcu i ts  or PELV-ci rcu i ts  suppl ied  at a  vol tage  not 
exceed ing  24  V are  not  cons idered  to  be  hazardous  l ive  parts .  

I f SELV-  or PELV-ci rcu i ts  suppl ied  at h igher than  24  V,  or h igher than  declared  accord ing  to  
requ irement 87  of Table  1 ,  are  access ib le,  the  curren t between  the  accessible  part(s)  and  
e i ther pole  of the  suppl y source  of the  SELV/PELV ci rcu i ts  shal l  comply wi th  H . 8. 1 . 1 0 . 1 .  

8. 1 . 1 . 1  The  value  of the  vol tage  of SELV/PELV ci rcu i ts  cons idered  to  be  not hazardous  may 
be  speci fi ed  at  a  d i fferent value  

– i f the  control  i s  i n tended  on l y to  be  used  i n  an  appl ication  governed  by another product 
standard  where  the  l im i t value  of the  vol tage  for accessib le  bare  conductors  of 
SELV/PELV is  d i fferen t  

and  

– i f the  manufacturer declares  the  appl ication ,  product s tandard  govern ing  the  appl ication  
and  level  of vol tage  for access ib le  SELV/PELV ci rcu i ts  cons idered  to  be  non-hazardous  by 

the  appl ication  standard  (Table  1 ,  requ i rement 86).   

NOTE  I n  Canada  and  the  USA,  parts  connected  to  ELV  suppl i ed  from  a  safety i sol ating  transformer  a t  a  vol tage  
not  exceed ing  42, 4  V peak or 30  V r.m . s.  when  d ry,  or 21 , 2  V peak or 1 5  V r.m . s.  when  wet contact  i s  l i kely to  
occur are  not  considered  to  be  hazardous  l ive  parts .  

8. 1 .2  For class  I I  controls  and  controls  for cl ass  I I  equ ipment,  th is  requ irement appl i es  
a lso  wi th  regard  to  acciden tal  con tact wi th  meta l  parts  separated  from  hazardous  l ive  parts  
by basic insu lation  on l y.  

8. 1 .3  The i nsu lati ng  properties  of l acquer,  enamel ,  paper,  cotton ,  oxide  fi lm  on  metal  parts,  
beads  and  seal i ng  compounds  shal l  not be  re l ied  upon  to  g i ve  the  requ ired  protection  against 
accidental  con tact wi th  hazardous  l ive  parts .  

NOTE  Seal i ng  compounds  of the  sel f-harden ing  types  can  be  touched .  

8. 1 .4  For those  class  I I  controls  and  controls  for cl ass  I I  equ ipment wh ich  are  connected  in  
normal  use  to  the  gas  suppl y mains  or to  the  water suppl y mains,  any metal  parts  
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conductivel y connected  to  the  gas  p ipes  or i n  e l ectrica l  contact wi th  the  water system  shal l  be  
separated  from  hazardous  l ive  parts  by double  i nsu lation  or reinforced  insu lation .  

8. 1 .5  Those  class  I I  controls  and  controls  for cl ass  I I  equ ipment wh ich  are  i n tended  to  be  
permanentl y connected  to  fixed  wi ring  shal l  be  so  designed  that the  requ ired  degree  of 
protection  against e lectric shock i s  not impaired  by the  i nstal l ation  of the  control .  

NOTE  The  protection  against  e l ectri c  shock of class  I I  i ndependen tl y moun ted  controls  can  be  affected ,  for 
example,  by the  i nstal l ati on  of metal  condu i ts  or of cables  provided  wi th  a  metal  sheath .  

8. 1 .6  For integrated and incorporated controls ,  the tests of 8. 1 . 9 to 8. 1 . 9. 5 inclusive is 
only applied to  those parts of the control which  are accessible when it is mounted in any 
position in  accordance with the  manufacturer's declarations and after removal of detachable 
parts .  

8. 1 .7  For in-line cord and free-standing controls,  the tests of 8. 1 . 9 to 8. 1 . 9. 5 inclusive,  
are made when the control is fitted with flexible cords either of the smallest,  or of the largest 
nominal cross-sectional area used in  10. 1 . 4,  whichever is more unfavourable.  Detachable 
parts  are removed,  and hinged covers which can be opened without the use of a  tool are 
opened.  

8. 1 .8  For independently mounted controls,  the test is made when the control is mounted 
as in normal use,  fitted with cable of the smallest or of the largest nominal cross-sectional 
area used in  10. 1 . 4,  whichever is more unfavourable,  or with a  rigid,  pliable or flexible 
conduit.  Detachable parts  are removed,  and hinged covers  which can be opened without the  
use of a  tool are opened.  

8. 1 .9  Compliance with 8. 1 . 1  to 8. 1 . 8 inclusive is checked by inspection and by the following 
tests:  

The standard test finger shown in Figure 2 is applied without force in  every possible position.  
Apertures preventing the entry of the finger are further tested by means of a  straight unjointed 
test finger of the same dimensions which is applied with a  force of 20 N; if this finger enters,  
the test with the finger shown in  Figure 2 is repeated,  the finger being pushed through the 
aperture if necessary.  If the  unjointed test finger does not enter,  the force applied is increased 
to 30 N.  If then the guard is so displaced or the aperture so distorted that the test finger 
shown in  Figure 2 can be inserted without force,  the test with  the latter finger is repeated.  An 
electrical contact indicator is used to show contact.  

NOTE  A l amp can  be  used  for the  i nd icati on  of contact,  wi th  the  vo l tage  not  l ess  than  40  V.  

8. 1 .9. 1  The standard test finger shall be so designed that each of the jointed sections can be 
turned through an angle of 90° with respect to  the axis of the finger in the  same direction only.  

8. 1 .9.2  In  addition,  openings in insulating material and in unearthed metal shall be  tested by 
applying the  test pin  shown in  Figure 1  without force in every possible position.  

8. 1 .9.3  It shall not be possible,  with either the standard test finger or the test pin,  to touch 
hazardous live parts.  

8. 1 .9.4  For controls  which have any parts of double insulation  construction,  it shall not be 
possible to touch metal parts with the standard test finger which are only separated from 
hazardous live parts  by basic insulation .  

8. 1 .9.5  If there is an instruction to remove a  part during normal use  or user maintenance  
and if there is no warning on the part which  indicates: "Disconnect from supply before 
removing",  that part is regarded as a  detachable part even if a  tool has to be used for its 
removal.  If there is such a  warning on the part,  it is permissible,  after removal,  to touch parts 
separated from hazardous live parts  by basic insulation .  

International  Electrotechnical  Commission

 



 – 60  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

8. 1 . 1 0  See  Annex H .  

8. 1 . 1 1  Between  class  I I I  ci rcu i ts  and  ci rcu i ts  connected  to  the  mains  or earth ,  i nsu lation  
external  to  the  safety i solating  transformer  sha l l  comply wi th  a l l  requ i rements  for cl ass  I I  
i nsu lation .  

NOTE  Where  a  ci rcu i t  i s  not  speci fi cal l y requ i red  to  be  cl ass  I I I ,  cl ass  I I  requ i rements  are  not  app l i cabl e  between  
the  cl ass  I I I  ci rcu i t  and  earth .  

8. 1 . 1 2  A l ive  part  sha l l  be  cons idered  to  be  hazardous  i f i t  exceeds  the  values  speci fied  i n  
8. 1 . 1  and  i t  i s  not separated  from  the  sou rce  by protective  impedance  complying  wi th  
H . 8. 1 . 1 0  and  is  not a  PEN  conductor or a  part of the  equ ipotential  bond ing  system .  

8. 1 . 1 3  Controls  having  battery compartments  that can  be  opened  wi thou t the  a i d  of a  tool ,  
or that accord ing  to  the  i nstructions  for use  may be  replaced  by the  user  need  on l y have 
basic i nsu lation  between  l ive  parts  and  the  i nner surface  of the  battery compartment.  I f the  
control  can  be  energ ized  wi thou t the  batteries,  double  insu lation  or reinforced  insu lation  

i s  requ ired .  

NOTE  I f a  part  has  to  be  removed  i n  order to  d i scard  the  battery before  scrapping  the  control ,  th i s  part  i s  not  
considered  to  be  detachabl e  even  i f the  i nstructions  state  that  i t  i s  to  be  removed .  

 Actuating  members  and  actuating  means  8.2

8.2. 1  An  actuating  member  shal l  not  be  l i ve.  

8.2.2  An  actuating  means  shal l  not be  l i ve,  un less  e i ther i t  i s  provided  wi th  an  i nsu lated  
actuating  member  wh ich  i s  adequatel y fixed  or the  actuating  means  i s  not  access ib le  when  
the  actuating  member  i s  removed .  

Compliance with  8. 2. 1  and 8. 2. 2 is checked by inspection and by the  tests of 8. 1 .  

NOTE  An  i nsu lated  actuating  member  i s  considered  to  be  adequatel y fi xed  i f i t  can  be  removed  on ly by breaking ,  
cu tti ng ,  or after bei ng  seriousl y damaged .  

8.2.3  For controls  other than  class  I I I  or controls  for equ ipment other than  those  of cl ass  
I I I ,  actuating  members  and  hand les  held  in  normal  use  sha l l  be  ei ther of insu lating  materia l ,  
or adequatel y covered  by i nsu lati ng  materia l ;  or,  i f of metal ,  thei r accessible  parts  shal l  be  
separated  from  their actuating  means ,  or fixings  by supplementary insu lation ,  i f such  wou ld  
be  l i kel y to  become l i ve  i n  the  event  of an  i nsu lation  fau l t .  

For controls  for connection  to  fixed  wiring ,  or for controls  for s tationary equ ipment,  th is  
requ i rement does  not appl y provided  that such  parts  are  e i ther:  

– re l i ab l y connected  to  an  earth ing  term inal  or earth ing  con tact;  or  

– sh ie lded  from  hazardous  l ive  parts  by earthed  meta l .  

Compliance is checked by inspection.  

NOTE  Parts  separated  from  hazardous  l i ve  parts  by double  i nsu lation  or reinforced  i nsu lation  are  not  
regarded  as  l i kel y to  become l i ve  i n  the  even t of an  i nsu l ation  fau l t.  

 Capacitors  8.3

8.3. 1  For class  I I  in -l ine  cord  controls  and  independently mounted  controls ,  capaci tors  
shal l  not  be  connected  to  access ib le  metal  parts .  For controls  for cl ass  I I  equ ipment,  
capaci tors  shal l  not be  connected  to  metal  l i kel y to  be  connected  to  accessible  metal  when  
the  control  i s  mounted  i n  accordance wi th  the  manufacturer's  declarations.  Metal  cas ings  of 
capaci tors  shal l  be  separated  by supplementary insu lation  from  access ible  meta l  parts ,  and  
from  other metal  parts  l i kel y to  be  connected  to  access ib le  metal ,  when  the  control  i s  
mounted  i n  accordance  wi th  the  manufacturer's  declarations.   
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Compliance is checked by inspection and by the requirements for supplementary insulation  
in  Clauses 13 and 20.  

8.3.2  Controls  i n tended  to  be  connected  to  the  suppl y by means  of a  p l ug  shal l  be  so  
des igned  that  i n  normal  use ,  there  i s  no  risk  of e l ectric shock from  charged  capaci tors  when  

touch ing  the  p ins  of the  p lug .  

Compliance is checked by the test of 8. 3. 2. 1  to  8. 3. 2. 4 inclusive,  which is made 10 times.  

8.3.2 .1  The control is supplied at rated voltage or at the upper limit of the rated voltage 
range.  

8.3.2 .2  The actuating member,  if any,  is then moved to the "OFF" position if one exists and 
the control  is  disconnected from the  supply by removing the plug from the  socket-outlet.  

8.3.2 .3  One second after disconnection,  the voltage between the pins of the plug is 
measured.  

8.3.2 .4  The voltage shall not exceed 34 V peak.  The test is only performed if the capacitor 

exceeds 0, 1µF.  

 Covers  and  un insu lated  l ive  or hazardous  parts  8.4

Controls  provided  wi th  a  cover  or cover plate  of non-meta l l ic materia l  sha l l  be  so  designed  
that the  cover  fi xing  screws are  not access ib le,  un less  they are  e i ther earthed  or separated  
from  hazardous  l ive  parts  by double  insu lation  or reinforced  insu lation  or not access ib le  
after mounting  i n  the  equ ipment.  

Compliance is checked by inspection.  

NOTE  1  I n  Canada  and  the  USA,  hazardous  l ive  parts  a re  requ i red  to  be  so  arranged ,  and  the  cover  so  l ocated ,  
that  persons  are  not  l i kel y to  be  exposed  to  shock hazard  whi le  removi ng  and  replacing  the  cover.  

NOTE  2  I n  Canada  and  the  USA,  hazardous  l i ve  parts  or h azardous  moving  parts  are  requ i red  to  be  so  l ocated ,  
guarded  or enclosed  so  as  to  reduce  the  l i kel i hood  of contact  of such  parts  by persons  wh i l e  chang ing  l amps,  
e l ectron  tubes  or fuses;  l u bri cati ng  parts ,  or d uri ng  other operations  carri ed  ou t  du ri ng  user maintenance  o r 
servicing .  

 See  Annex V.  8.5

9  Provision  for protective earthing  

 General  requ irements  9.1

9. 1 . 1  Accessible  metal  parts,  other than  actuating  members ,  of in -l ine  cord ,  free-standing  
and  independently mounted  controls  of cl ass  0 I  and  class  I  wh ich  may become l i ve  i n  the  
even t of an  i nsu lation  fau l t ,  sha l l  be  permanentl y and  re l iabl y connected  to  an  earth ing  
term inal  or termination  wi th in  the  control ,  or to  the  earth ing  contact  of an  equ ipment i n let.  

NOTE  1  The  ph rase  "permanentl y  and  re l i abl y connected  to  an  earth i ng  term inal "  i s  synonymous  wi th  the  term  
"bonded" .  

NOTE  2  Parts  separated  from  l i ve  parts  by double  i nsu lation  or reinforced  insu lation  and  parts  screened  from  
l i ve  parts  by metal  parts  connected  to  an  earth i ng  term inal ,  earth ing  termination  or earth ing  contact,  are  not  
regarded  as  l i kel y to  become l i ve  i n  the  event  of an  i nsu l ation  fau l t.   

NOTE  3  Requ i rements  for actuating  members  are  speci fi ed  i n  8 . 2 . 3 .  

9. 1 .2  Accessible  metal  parts ,  other than  actuating  members ,  of in tegrated  and  
incorporated  controls  for class  0 I  and  class  I  equ ipment wh ich  may become l i ve  i n  the  even t 
of an  i nsu lation  fau l t  sha l l  have  provis ion  for earth ing .  
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NOTE  1  In tegrated  con trols  and  i ncorporated  con trols  may be  connected  to  earth  th rough  thei r fi xi ng  means,  
provi ded  that  provis i on  i s  made  for cl ean  metal l i c  surfaces.  Th i s  a l so  app l i es,  for example,  to  con trols  wi th  metal l i c  
sensing  el ements  wh ich  are  connected  re l i abl y to  the  metal  parts  of the  equ i pment i f the  manufacturer has  
declared  th i s  to  be  a  method  of earth ing .  

NOTE  2  Parts  separated  from  l i ve  parts  by double  i nsu lati on  or reinforced  insu lation ,  and  parts  screened  from  
l i ve  parts  by metal  parts  connected  to  an  earth i ng  term inal ,  earth ing  termination  or earth ing  con tact,  are  not  
regarded  as  l i kel y to  become l i ve  i n  the  even t of an  i nsu l ation  fau l t.  

NOTE  3  Requ i rements  for actuating  members  are  speci fi ed  i n  8 . 2 . 3.  

9. 1 .3  Earth ing  term inals,  earth ing  terminations  and  earth ing  contacts  shal l  not be  
e lectrical l y connected  to  any neu tra l  term inal .  

Compliance with  9. 1 . 1  to 9. 1 . 3 inclusive is checked by inspection.  

 C lass  I I  and  class  I I I  controls   9.2

Class  I I  and  class  I I I  controls  shal l  have  no  provis ion  for protecti ve  earth ing .  

Compliance is checked by inspection.  

 Adequacy of earth  connections  9.3

 General  requ irements  9.3.1

The  connection  between  an  earth ing  term inal ,  earth ing  termination  or earth ing  contact,  and  

parts  requ i red  to  be  connected  thereto,  sha l l  be  of l ow res istance.  

Compliance is checked by the following test:  

– A  current of 1 , 5 times the rated current,  but not less than 25 A,  and derived from an a. c.  
source with a  no-load voltage not exceeding 12 V,  is passed between the earthing 
terminal,  earthing termination  or earthing contact,  and each  of the parts,  in  turn.  

– The voltage drop between the earthing terminal,  earthing termination  or earthing contact 
and the part is measured,  and the resistance calculated from the current and this voltage 

drop.  In no case shall the resistance exceed 0, 1  Ω .  The test is continued until steady 
conditions have been established.  

NOTE  1  Care  i s  taken  that  the  con tact  res i stance  between  the  ti p  of the  measuri ng  probe  and  the  metal  part 
under test  d oes  not  i n fl uence  the  test  resu l ts .  

NOTE  2  The  res i stance  of any external  conductor  o r i n ternal  conductor  i s  n ot  i ncl uded  i n  the  res i stance 
measurement,  bu t  the  res i stance  of any i n tegrated  conductor  i s  i ncl uded .  

 F ixed  wiring  and  methods  X and  M  9.3.2

Earth ing  term inals  for the  connection  of fixed  wiring  or for non-detachable  cords  us ing  

methods  X and  M  shal l  comply wi th  the  requ i rements  of 1 0. 1 .  

NOTE  1  I n  Canada  and  the  USA,  a  q u ick connect  term ina l  havi ng  the  d imensions  i n d icated  i n  Table  2  may be  
employed  as  a  non-access ible  earth ing  term inal  provided  i t  has  add i ti onal  means  for preventi ng  d i spl acement  i n  
use  and  i t  i s  used  on  a  ci rcu i t  having  a  protecti ve  device  as  speci fi ed  i n  the  tabl e.  

NOTE  2  I n  Canada,  Ch i na  and  the  USA,  an  earth ing  conductor i n  fixed  wi ring  or i n  a  suppl y cord  shal l  not  be  
term inated  by means  of a  qu i ck-connect term inal .  
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Table  2  (9.3.2  of ed i tion  3)  – Qu ick connect terminal  d imensions  (Canada and  USA)   

 
Nominal  s i zes  

mm  

Rating  of ci rcu i t  
protecti ve  device  

A  

Width  Th ickness  Length   

4 , 8  0 , 5  6 , 4  20  or l ess  

4 , 8  0 , 8  6 , 4  20  or l ess  

5 , 2  0 , 8  6 , 4  20  or l ess  

6 , 3  0 , 8  8 , 0  60  or l ess  

 

 External  conductors  9.3.3

Earth ing  connections  for external  conductors  shal l  not be  made  us ing  screwless  terminals ,  
however for type  Y attachment  and  type Z attachment ,  screwless-type  clamping  un i ts  
complying  wi th  I EC  60998-2-2  or 60998-2-3  or screwless-type  clamping  un i ts  accord ing  to  
I EC 60999-1  are  a l l owed .  

 S ize  of accessible  earth ing  terminals  9.3.4

Earth ing  term inals  wh ich  are  accessib le  i n  normal  use  shal l  a l l ow the  connection  of 
conductors  having  nom inal  cross-sectional  areas  of 2 , 5  mm 2  to  6  mm2  i ncl usive  and  i t  shal l  
not be  possib le  to  loosen  them  wi thou t the  a i d  of a  tool .  

NOTE  I n  Canada  and  the  USA,  conductors  of other nom inal  cross-sectional  area  are  perm i tted .  

 S ize  of non-accessible  earth ing  terminals  9.3.5

Earth ing  term inals  wh ich  are  not accessib le  i n  normal  use  for external  conductors  sha l l  
be  of a  s i ze  equal  to  or l arger than  that requ i red  for the  correspond ing  curren t-carrying  
term inal .  

 Locking  of earth ing  terminals  9.3.6

Clamping  means  of earth ing  term inals  for external  conductors  shal l  be  adequatel y l ocked  
against  acciden tal  l oosen ing .  

Compliance with  9. 3. 2 to  9. 3. 6 inclusive is checked by inspection,  by manual test and by the 
appropriate tests of 10. 1 .  

NOTE  I n  general ,  the  desi gns  common ly used  for cu rren t-carrying  term inal s  provi de  su ffi cien t  res i l i ence  to  compl y 
wi th  the  requ i rement for adequate  l ocking  agai nst  accidental  l oosen ing ,  provided  that  there  i s  no  excessi ve  
vibrati on  or temperature  cycl i ng .  I f the  term inal  i s  subj ected  to  excess ive  vibration  or temperature  cycl i ng ,  special  
provis ion  such  as  the  use  of an  adequate ly res i l i en t  part,  for example,  a  pressu re  pl ate  wh ich  i s  not  l i ke ly to  be  
removed  i nadvertentl y,  can  be  necessary when  pi l lar terminals  are  used .  

 Corrosion  resistance  9.4

Al l  parts  of an  earth ing  term inal  sha l l  be  res istan t to  corros ion  resu l ti ng  from  contact between  
those  parts  and  the  copper of the  earth ing  conductor or any other metal  that i s  in  contact wi th  
those  parts.  

 Materials  9.4.1

The body of an  earth ing  term inal  shal l  be  of brass,  or other metal  no  l ess  res istan t to  
corrosion ,  un less  i t  i s  a  part of the  metal  frame or enclosure.  Then  any screws  or nu ts  shal l  
be  of brass,  p lated  steel  or other metal  complyi ng  wi th  C lause  22 ,  or other metal  no  l ess  
resistan t to  corrosion .  

International  Electrotechnical  Commission

 



 – 64  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

 Frames  or enclosures  of alumin ium  9.4.2

I f the  body of an  earth ing  term inal  i s  a  part of a  frame or enclosure  of a l um in i um  or al um in ium  
a l l oy,  precautions  shal l  be  taken  to  avoid  the  risk  of corrosion  resu l ting  from  contact  between  

copper and  al um in ium  or i ts  a l l oys.  

Compliance with  9. 4,  9. 4. 1 ,  and 9. 4. 2 is checked by inspection,  and in cases of doubt by an 
analysis of the materials and their coatings.  

NOTE  Corrosion  res i stance  can  be  ach ieved  by pl ati ng  or s im i l ar process.  

 Other requ irements  9.5

 Detachable  parts  9.5.1

I f a  detachable  part  of a  control  h as  an  earth  connection ,  th is  connection  shal l  be  made  
before  any current-carryi ng  connections  are  establ ished  when  p lacing  the  part i n  posi tion ,  and  
any curren t-carrying  connections  shal l  be  separated  before  the  earth  connection  is  broken  
when  removing  the  part.  

Compliance is checked by inspection.  

 I ncorporated  control  9.5.2

I f an  incorporated  control  i s  l i ke l y to  be  separated  from  i ts  normal  earth ing  means  after 
mounting  i n  the  equ ipment for purposes  of testi ng ,  setting  or servicing  wh i l e  the  equ ipment 
i s  energ ized ,  i t  shal l  be  provided  wi th  an  earth ing  connection  or wi th  an  earth ing  conductor 
wh ich  does  not requ i re  removal  from  the  control  for such  testing ,  setting  or servicing .  

Compliance is checked by inspection.  

NOTE  1  Refri gerator temperature  sensing  controls  and  defrost  controls  a re  examples.  

NOTE  2  I n  the  coun tries  members  of CENELEC,  9 . 5. 2  d oes  not  appl y.  

1 0  Terminals  and  terminations   

See  a lso  Clause  20,  th i rd  paragraph .  

 Terminals  and  terminations  for external  copper conductors  1 0.1

1 0. 1 . 1  Term inals  for fixed  wiring  and  for non-detachable  cords  us ing  type X attachment  
and  type  M  attachment ,  except as  speci fi ed  i n  1 0. 1 . 3 ,  shal l  be  such  that  connection  is  made 
by means  of screws,  nu ts  or equal l y effecti ve  devices  or methods,  bu t wi thout requ i ring  a  
special  purpose  tool  for connection  or d isconnection .  

1 0. 1 . 1 . 1  Term inals  or terminations  for non-detachable  cords  us ing  type Y attachment  
and  type  Z attachment  sha l l  satisfy the  appropriate  requ i rements  for term inals  and  
terminations  for in ternal  conductors  and  may requ ire  the  use  of special  purpose  tools  for 

connection  or d isconnection .  

Compliance with  10. 1 . 1  and 10. 1 . 1 . 1  is checked by inspection and test.  

NOTE  1  Screw type  term ina l s  i n  accordance  wi th  I EC 60998-2-1 ,  screwless  terminals  i n  accordance  wi th  
I EC 60998-2-2  or I EC 60998-2-3  and  cl amping  u n i ts  i n  accordance  wi th  I EC 60999-1  are  considered  to  be  effecti ve  
devices.  

NOTE  2  F l at  push-on  term ina l s  are  deemed  to  requ i re  a  special  purpose tool  for effecti ng  the  crimp.  
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1 0. 1 .2   Screws and  nu ts  wh ich  clamp external  conductors  sha l l  have  a  metric I SO  thread  
or a  thread  of equ iva lent effecti veness.  They shal l  not serve  to  fix any other component,  
except that they may also  clamp in ternal  conductors  i f these  are  so  arranged  that  they are  
un l ikel y to  be  d isplaced  when  fi tti ng  the  external  conductors .  

Compliance is checked by inspection.  

NOTE  1  Provis ional l y,  S I ,  BA and  Un i fi ed  th reads  are  deemed  to  be  of equal  effecti veness  to  metri c  I SO  th read .  

NOTE  2  A test  for equ ivalent  effecti veness  i s  under considerati on .  Pend ing  agreement  to  such  a  test,  a l l  torque  
val ues  for th reads  other than  I SO,  S I ,  BA and  Un i fi ed  are  i ncreased  by 20  % .  

1 0. 1 .3  Soldered ,  welded,  crimped  or s imi lar terminations  

Soldered ,  welded ,  crimped  or s im i l ar terminations  shal l  not be  used  for the  connection  of 
non-detachable  cords  us ing  type  X attachment  and  type M  attachment  u n less  such  i s  
perm i tted  by the  appropriate  equ ipment standard .  When  such  terminations  are  used  for 
external  conductors ,  they shal l  a lso  comply wi th  the  requ irements  of 1 0. 2 . 2  and  1 0. 2 . 3.  

Compliance is checked by inspection.  

NOTE  I n  general ,  the  standards  for equ ipment  restri ct  the  use  of such  connections.  

1 0. 1 .4  Term inals  for fixed  wiring  or non-detachable  cords  us i ng  type X attachment  or 
type  M  attachment  sha l l  a l l ow at l east the  connection  of conductors  having  nom inal  

cross-sectional  areas  as  shown  i n  Table  3 .  

Compliance is checked by inspection,  by measurement and by fitting conductors of the  
smallest and largest cross-sectional areas specified or declared.  

Table  3  (1 0. 1 .4  of ed i tion  3)  – M in imum  cross-sectional  area of conductors  

 
Current carri ed  by terminal  

a
 

Nominal  cross-sectional  area  
b
 

mm
2
 

A Flexible  cord  conductor F ixed  wi ring  conductors  

Up to  6  and  i ncl ud ing  c
 

0 , 5  to  1
 

1  to  1 , 5
 

Over 6  u p  to  and  i ncl ud i ng  1 0  0 , 75  to  1 , 5  1  to  2 , 5  

Over 1 0  up  to  and  i ncl ud ing  1 6  1  to  2 , 5  1 , 5  to  4  

Over 1 6  up  to  and  i ncl ud ing  25  1 , 5  to  4  2 , 5  to  6  

Over 25  up  to  and  i ncl ud ing  32  2 , 5  to  6  4  to  1 0  

Over 32  up  to  and  i ncl ud ing  40  4  to  1 0  6  to  1 6  

Over 40  up  to  and  i ncl ud ing  63  6  to  1 6  1 0  to  25  

a  Requ i rements  for appl i cati ons  greater than  63  A are  u nder consideration .  

b  I n  the  USA,  other s i zes  of conductors  apply.  

c  The  nom inal  cross-sectional  areas  speci fi ed  do  not  appl y to  term inal s  i n  SELV-ci rcu i ts  or PELV-ci rcu i ts  
carrying  a  cu rren t  not  exceed i ng  3  A.  

 

1 0. 1 .4. 1  I f a  term inal  i s  designed  to  accommodate  a  wider range  of fixed  wiring  or flexib le  
cord  conductor s i zes  than  those  i nd icated  i n  columns  2  and  3  of Table  3 ,  then  th is  sha l l  be  
declared .  

NOTE  1  I n  Canada  and  the  USA,  creepage  distances  and  clearances  between  term inal s  declared  for external  
conductors  for fixed  wi ring  and  between  such  term inal s ,  other than  earth ing  term inal s ,  and  ad jacent metal  parts  
shal l  meet the  requ i rements  of Clause  20,  and  i n  add i ti on ,  when  measured  i n  accordance  wi th  Note  2  of 1 0. 1 . 4. 1 ,  
shal l  be  at  l east:  

International  Electrotechnical  Commission

 



 – 66  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

– 6 , 4  mm  for rated  vo l tages  not  exceed i ng  250  V;  

– 8 , 0  mm  for rated  vo l tages  exceed ing  250  V and  up  to  400  V;  

– 9 , 6  mm  for rated  vo l tages  exceed ing  400  V.  

NOTE  2  I n  Canada  and  the  USA,  the  measurements  of creepage d istance  and  cl earances  a t  term inal s  are  made  
twice,  once  wi th  conductors  of the  l argest  cross-sectional  area  to  be  used  and  once  wi thout  conductors  fi tted .  

1 0. 1 .5  Term inals  for fixed  wiring  or non-detachable  cords  us ing  type X attachment  or 
type  M  attachment  sha l l  be  so  fixed  that,  when  the  clamping  means  i s  t i gh tened  or l oosened ,  
the  term inal  does  not work l oose,  in ternal  conductors  are  not subj ected  to  stress,  and  
creepage d istances  and  clearances  are  not  reduced  below the  values  speci fi ed  i n   

Clause  20.  

Compliance is checked by inspection and by measurement after fastening and loosening a  
conductor of the largest cross-sectional area used in 10. 1 . 4 10 times,  the conductor being 
moved each time it is loosened.  For threaded parts,  the full torque applied is either that shown 
in Table 20,  or the torque specified in the relevant figure (see Figures 10 to  13) ,  whichever is 
greater.  

During the test,  terminals shall not work loose and there shall be no damage,  such as 
breakage of screws or damage to the head slots,  threads,  washers,  stirrups or other parts,  
that will impair the further use of the terminal.  

NOTE  1  Th i s  requ i rement does  not  imply that  the  term inal  must  be  so  des igned  that  rotation  or d i spl acement i s  
prevented ,  provi ded  that  i ts  movement does  not  bri ng  abou t non -compl iance  wi th  the  other requ i rements  of th i s  
standard .  

NOTE  2  Term inal s  can  be  prevented  from  worki ng  l oose  by fi xi ng  wi th  two  screws,  by fi xi ng  wi th  one  screw i n  a  
recess  or by other su i tab le  means.  

NOTE  3  Coveri ng  wi th  seal i ng  compound ,  or wi th  res ins ,  i s  on l y considered  to  be  a  su ffi cien t  means  for 
preventi ng  a  term inal  from  working  l oose  i f:  

– the  seal  i s  not  subject  to  mechan ical  s trai n  as  a  resu l t  of connection  or d i sconnection  of the  conductor or use  of 
the  equ ipment;  and  

– the  effecti veness  of the  seal i ng  compound  i s  not  impai red  by the  temperatu re  wh ich  i s  attai ned  by the  term inal  
under the  most  unfavourabl e  cond i ti ons  requ i red  by th i s  standard .  

1 0. 1 .6  Term inals  for fixed  wiring  or non-detachable  cords  us ing  type X attachment  or 
type  M  attachment  shal l  be  so  designed  that they clamp the  conductor between  meta l  
surfaces  wi th  sufficien t con tact pressure  and  wi thou t undue  damage to  the  conductor,  except 
that for screwless  terminals  i n tended  for ci rcu i ts  carrying  a  curren t not exceed ing  2  A,  one  of 

the  surfaces  may be  of non-meta l l ic materia l .  

Compliance is checked by inspection of the terminal and of the conductors after the test of 
10. 1 . 5.  

NOTE  Conductors  are  consi dered  to  be  undu l y d amaged  i f they show sharp  or deep  i n dentations.  

1 0. 1 .7  Term inals  for fixed  wiring  and  non-detachable  cords  u s i ng  type X attachment  
sha l l  not  requ i re  specia l  preparation  of the  conductor in  order to  effect correct connection .  

1 0. 1 .7. 1  Term inals  for type X  attachment  may a lso  have  a l ternative  means  of connection  i f 
at least one  of the  means  conforms to  th is  requ i rement,  even  i f the  ori g inal  factory-made 
connection  uses  another means.  I n  th is  case ,  the  orig inal  factory-made connection  shal l  
comply wi th  the  requ i rements  for term inals  and  terminations  for in ternal  conductors .  

Compliance is checked by inspection.  
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NOTE  The  term  "special  preparati on  of the  conductor"  covers  sol dering  of the  s trands,  use  of cable  l ugs,  
formation  of eyel ets ,  etc. ,  bu t  not  the  reshaping  of the  conductor before  i ts  i n troducti on  i n to  the  term inal  or the  
twisti ng  of a  s tranded  conductor to  consol i date  i ts  end .  

1 0. 1 .8  Term inals  for fixed  wiring  and  non-detachable  cords  u s i ng  type X  attachment  or 
type  M  attachment  shal l  be  so  des igned  or p laced  that nei ther the  conductor nor a  wire  of a  
stranded  conductor can  s l ip  ou t wh i le  any clamping  screws  or nu ts  are  be ing  tigh tened ,  or 
wh i l e  any equal l y effecti ve  device  i s  be ing  operated .  

1 0. 1 .8. 1  Compliance is checked by the following test.  

1 0. 1 .8.2  Terminals are fitted with conductors according to the use of the terminal,  in  
accordance with Table 4.  The wires of fixed wiring  conductors are  straightened before 
inserting into the terminal.  

1 0. 1 .8.3  The wires of flexible cables and cords are twisted so that there is an even twist of 
one complete turn in 20 mm.  The conductor is inserted into the terminal for the minimum 
distance prescribed,  or where no distance is prescribed,  until it just projects from the far side 
of the terminal.  The conductor is inserted into the terminal in the position most likely to assist 
a  wire to escape and then the screw is tightened with  a  torque equal to two-thirds of the 
torque specified in Table  20.  

1 0. 1 .8.4  For flexible cords,  the test is repeated using a  new conductor which is twisted as 
before,  but in the opposite direction.  After the  test,  no wire of the conductor shall have 
escaped into the gap between the clamping means and the retaining device.  

Table  4  (1 0. 1 .8  of ed i tion  3)  – Terminal  conductors   

Current carri ed  by terminal  
a
 

A  
Conductor to  be  fi tted  (number of wi res  and  
nominal  d iameter of each  wi re  i n  m i l l imetres)  

F lexible  cord   
conductors  

F ixed  wi ring  
conductors  

For fl exibl e  cord  
conductors  

For fi xed  wi ring  
conductors  

0  to  6  – 32  ×  0 , 20  – 

6  to  1 0  0  to  6  40  ×  0 , 25  7  ×  0 , 52  

1 0  to  1 6  6  to  1 0  50  ×  0 , 25  7  ×  0 , 67  

1 6  to  25  1 0  to  1 6  56  ×  0 , 30  7  ×  0 , 85  

25  to  32  1 6  to  25  84  ×  0 , 30  7  ×  1 , 04  

– 25  to  32  94  ×  0 , 30  7  ×  1 , 35  

32  to  40  32  to  40  80  ×  0 , 40  7  ×  1 , 70  

40  to  63  40  to  63  1 26  ×  0 , 40  7  ×  2 , 1 4  

a
 Requ i rements  for appl i cations  greater than  63  A are  under consideration .  

 

1 0. 1 .9  Term inals  shal l  be  so  des igned  that  they clamp the  conductor re l iabl y.  

Compliance is checked by the  following test.  

1 0. 1 .9. 1  The terminals are fitted with conductors of the smallest and largest nominal 
cross-sectional areas used in 10. 1 . 4,  fixed or flexible,  whichever is appropriate,  or the more 
unfavourable and the terminal screws are tightened,  the torque applied being equal to 
two-thirds of the torque specified in  Table 20.  Each conductor is subjected to a  pull of the  
value shown in  Table 5.  The pull is applied without jerks for 1  min,  in  the  direction of the axis 
of the conductor space.  
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1 0. 1 .9.2  This pull test is normally applied directly to the conductor adjacent to where it 
enters the terminal.  If,  however,  an additional crimping or clamping device holding the  
conductor or the insulation around the conductor exists not more than 30 mm from the entry 
point for the conductor into the terminal and measured along the length of the conductor,  this 
test should apply to the crimping or clamping device,  and not to the actual terminal.  

1 0. 1 .9.3  During  the  test  the  conductor shal l  not move  appreciabl y i n  the  term inal .  

Table  5  (1 0. 1 .9  of ed i tion  3)  – Conductor pu l l  test values   

 
Current carri ed  by terminal  

a
 

Pu l l  
N  

A Terminals  for fl exible  cord  
conductors  

Terminals  for fixed  wi ring  
conductors  

Up to  and  i ncl ud i ng  3   20  
b  

 20  
b
 

Over 3  u p  to  and  i ncl ud i ng  6   30   30  

Over 6  up  to  and  i ncl ud i ng  1 0   30   50  

Over 1 0  up  to  and  i ncl ud ing  1 6   50   50  

Over 1 6  up  to  and  i ncl ud ing  25   50   60  

Over 25  up  to  and  i ncl ud ing  32   60   80  

Over 32  up  to  and  i ncl ud ing  40   90   90  

Over 40  up  to  and  i ncl ud ing  63    1 00   1 00  

a   Requ i rements  for appl i cati ons  greater than  63  A are  u nder consideration .  

b  Appl i cab le  on l y to  SELV-ci rcu i ts  or PELV-ci rcu i ts ,  and  other appl i cati ons  where  parti cu lar conductors  are   
not  speci fi ed .   

 

1 0. 1 . 1 0  Term inals  sha l l  be  so  designed  that they do  not atta in  excessive  temperature  i n  
normal  use ,  so  as  to  damage the  material  of the  supporti ng  i nsu lation ,  or the  i nsu lating  

covering  of the  clamped  conductors.  

Compliance is checked during the heating tests of Clause 14.  

1 0. 1 . 1 1  Term inals  shal l  be  so  l ocated  that each  core  con tained  wi th in  any fixed  wiring  
sheath  or fl exib le  cord  sheath  can  be  term inated  i n  reasonable  proxim i ty to  the  other cores  
wi th in  the  same sheath ,  un less  there  i s  a  good  techn ica l  reason  for the  contrary.  

Compliance is checked by inspection.  

1 0. 1 . 1 2  Term inals  for non-detachable  cords  u s i ng  type  X attachment  or type  M  
attachment  sha l l  be  so  l ocated  or sh ie lded ,  that shou ld  a  wi re  escape  when  the  conductors  
are  fi tted ,  there  is  no  risk  of accidenta l  contact  between  l ive  parts  and  access ib le  metal  
parts,  and  for class  I I  controls  and  controls  for class  I I  equ ipment,  between  l ive  parts  and  
metal  parts  separated  from  accessib le  metal  parts  by supplementary insu lation  on l y.  
Furthermore,  there  shal l  be  no  risk  of short-ci rcu i ti ng  a  declared  action  provid ing  a  fu l l  
d isconnection  or a  micro-disconnection .  

Compliance is checked by inspection and by the following test:  

– An 8 mm length of insulation is removed from the end of a  stranded conductor having a 
nominal cross-sectional area equal to the minimum size used during the test of 10. 1 . 4.  
One wire of the stranded conductor is left free,  and the other wires are fully inserted into 
and clamped in the terminal.  The free wire is bent,  without tearing the insulation back,  in 
every direction,  but without making sharp bends around barriers.  
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– The free wire of a  conductor connected to a  live terminal shall not touch any metal part 
which is accessible or is connected to an accessible metal part,  or for class II controls  
and controls  of class II equipment,  any metal part which is separated from accessible 
metal parts by supplementary insulation  only.  

– The free wire of a  conductor connected to an earthing terminal shall not touch any live 
part.  

– The free wire of a  conductor connected to  a  live terminal shall not become accessible,  
nor shall it short-circuit a  declared action providing a  full disconnection  or a  micro-
disconnection .  

1 0. 1 . 1 3  Term inals  shal l  be  so  des igned  that ci rcu i t continu i ty i s  not main tained  by pressure  
transm itted  through  i nsu lati ng  materia l  other than  ceram ic,  or other i nsu lati ng  materia l  wi th  
characteristics  no  less  su i table,  un less  there  is  sufficient res i l ience  i n  the  appropriate  metal  
parts  to  compensate  for any shrinkage  or d is tortion .  

Compliance is checked by initial inspection and by further examination of the terminals when 
the samples have completed the  test of Clause 17.  

NOTE  The  su i tabi l i ty of the  material  i s  considered  i n  respect to  the  stabi l i ty of the  d imensions  wi th i n  the  
temperatu re  range  appl i cabl e  to  the  con trol .  

1 0. 1 . 1 4  Screws  and  threaded  parts  of term inals  sha l l  be  of meta l .   

Compliance is checked by inspection.  

NOTE  I n  Canada  and  the  USA,  national  s tandards  requ i re  that  when  screws  are  used  for conductors  of 2 , 5  mm  or 
smal l er d i ameter,  the  connecti on  shal l  consist  of cl amps  or b i nd ing  screws  wi th  term inal  p l ates  having  uptu rned  
l ugs,  or equ ivalent,  to  hol d  the  wi res  i n  posi ti on .  Term inal  p l a te  th i cknesses  are  1 , 27  mm  (0, 050  i n )  for wi re  s i ze  of 
more  than  1 , 6  mm  d iameter (#  1 4  AWG);  and  0 , 76  mm  th i ckness  m in imum  (0, 030  i n )  for wi re  s i zes  of 1 , 6  mm  or 
smal l er d i ameter.  The  term inal  screws  shal l  n ot  be  smal l er than  # 8  Un i fi ed ,  except  that  #  6  Un i fi ed  screw may be  
used  for connection  of a  1 , 29  mm  (# 1 6)  wi re  or a  1 , 02  mm  (# 1 8)  wi re  or a  s i ng le  1 , 6  mm  (# 1 4 )  wi re.  

1 0. 1 . 1 5  Terminals  of the  pi l l ar type  and  the  mantle  type  shal l  be  so  des igned  as  to  al l ow 
an  adequate  length  of conductor to  be  in troduced  i n to,  and  pass  beyond  the  edge  of the  
screw,  to  ensure  that the  conductor does  not fa l l  ou t.  

Compliance is checked for pillar terminals  by measurement of dimension "g" in  Figure 11  
and for mantle terminals  by the  minimum distance specified in  Figure 12.  

NOTE  I n  the  U . S .A.  and  Canada,  Subclauses  1 0 . 1 . 1 6  and  1 0. 1 . 1 6. 1  appl y:  

1 0. 1 . 1 6  Flying  l eads  (pig  tai l s)  

I n  Canada  and  the  U . S .A. ,  where  fl ying  l eads  (pig  tai l s )  may be  used  for wi ri ng  connecti ons  of i ndependen tl y 
mounted  controls ,  the  l ead  wi res  shal l  not  be  smal l er than  0 , 82  mm 2 .  The  i nsu lation  shal l  be  at  l east  0 , 8  mm  
th i ck,  i f thermoplasti c,  or at  l east  0 , 8  mm  th i ck rubber,  wi th  a  bra id  of 0 , 8  mm  th i ck thermopl asti c.  

The  l eads  shal l  have  a  m in imum  l ength  of 1 50  mm  and  shal l  be  arranged  so  that  they are  i naccess ible  when  
i nstal l ed  i n  accordance  wi th  national  wi ri ng  practi ces.  Add i ti onal l y,  the  con trol  end  connection  of such  a  l ead ,  i f 
l ocated  i n  the  same  wi ri ng  compartment,  shal l  not  be  to  a  th readed  term inal  construction  un l ess  the  means  of 
connection  i s  rendered  u nusab le  for connection  of an  external  conductor.  

The  th readed  term inal  construction  need  not  be  rendered  unusable  i f the  l ead  i s  i nsu l ated  at  the  connection  end ,  
and  a  marking  on  the  device  cl earl y i nd icates  the  i n tended  use  of the  l ead .  

Compl iance  i s  checked  by i nspection .  

1 0. 1 . 1 6. 1    I n  Canada  and  the  U .S .A. ,  fl ying  l eads  shal l  be  provi ded  wi th  strai n  re l i ef to  prevent mechan ical  
s tress  from  being  transm i tted  to  term inal ,  spl i ces  (for example,  twist-on  connections)  or i n terna l  wi ri ng .  

Compl iance  i s  checked  by i nspection  and  by appl ying  a  pu l l  of 44  N  on  the  l eads  for 1  m in .  

Duri ng  th i s  test,  the  l ead  shal l  not  be  damaged  and  shal l  not  be  d i spl aced  l ong i tud ina l l y by more  than  2  mm .  
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 Terminals  and  terminations  for in ternal  conductors  1 0.2

1 0.2. 1  Connection  of conductors  

Term inals  and  terminations  shal l  a l l ow the  connection  of conductors  having  nom inal  

cross-sectional  areas  as  shown  i n  Table  6 .  

Table  6  (1 0.2. 1  of ed i tion  3)  – Nominal  cross-sectional  areas  of conductors   

Current carri ed  by terminal  or terminations  
a
 

A 
Min imum  nominal  

b
 cross-sectional  area  of conductor  

mm 2  

Up  to  and  i ncl ud i ng  3  

Over 3  u p  to  and  i ncl ud i ng  6  

Over 6  up  to  and  i ncl ud i ng  1 0  

Over 1 0  up  to  and  i ncl ud ing  1 6   

Over 1 6  up  to  and  i ncl ud ing  25  

Over 25  up  to  and  i ncl ud ing  32   

Over 32  up  to  and  i ncl ud ing  40  

Over 40  up  to  and  i ncl ud ing  63   

–  c
 

0, 75  

1  

1 , 5  

2 , 5  

4  

6  

1 0  

a  Requ i rements  for appl i cati ons  greater than  63  A are  u nder consideration .  

b  I n  the  USA,  other s i zes  of conductors  apply.  

c  No  m in imum  speci fi ed ,  bu t  the  manufacturer shal l  declare  the  conductor s i ze  for test  pu rposes.
 

 
NOTE  The  requ i rements  of 1 0. 2 . 1  do  not  appl y to  term inal s  wh ich  are  not  i n tended  to  accept  standard  conductors  
wi thout  special  preparation ,  or wh ich ,  by thei r design  and  app l i cation ,  cannot accept standard  conductors;  or wh ich  
are  de l i beratel y d esigned  to  accept conductors  of a  d i fferent  s i ze  and  wh ich  are  for use  on ly i n  parti cu l ar types  of 
equ i pment.  An  example  i s  a  thermostat  i n tended  for use  wi th i n  the  fabric  of an  e l ectri c  b l anket.  

1 0.2.2  Su itabi l i ty for purpose  

Term inals  and  terminations  shal l  be  su i table  for thei r purpose.  Terminations  for making  
soldered ,  crimped  and  welded  connections  shal l  be  capable  of wi thstand ing  the  stresses  
wh ich  occur i n  normal  service.  

Compliance is checked by inspection.  

1 0.2.3  Soldered  terminals  

When  soldered  term inals  are  used ,  the  conductor shal l  be  so  pos i ti oned  or fixed  that rel i ance  
is  not p laced  upon  the  soldering  a lone  to  main tain  the  conductor i n  pos i tion ,  un less  barriers  
are  provided  such  that creepage d istances  and  clearances  between  l ive  parts  and  other 
metal  parts  cannot be  reduced  to  l ess  than  50  %  of the  values  speci fi ed  i n  C lause  20  shou ld  
the  conductor break away at  the  soldered  j o in t.  

Compliance is checked by inspection.  

NOTE  I n  general ,  "hooking -i n "  before  sol dering  i s  considered  to  be  a  su i tabl e  means  for main tai n i ng  a  conductor 
i n  posi ti on ,  provided  the  hole  th rough  wh ich  the  conductor i s  passed  i s  not  undu l y l arge,  and  provided  that  the  
conductor i s  not  part  of a  fl at-twin  t i nse l  cord .  

Other methods  of main tai n i ng  a  conductor i n  posi ti on ,  such  as  waisti ng  the  s i des  of a  sol der tag ,  are  a l so  
considered  acceptable.  

1 0.2.4 F lat push-on  connectors  

1 0 .2.4. 1  Tabs  form ing  part of a  control  shal l  comply wi th  the  d imensional  requ i rements  of 
F igure  1 4  or 1 5 .  
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Compliance is checked by measurement.  

Tabs  wi th  d imensions  other than  those  shown  i n  F igure  1 4  or 1 5  can  be  used ,  i f the 
d imensions  and  shapes  are  so  d i fferen t as  to  prevent any poss ible  m ismating  wi th  a  s tandard  
receptacle  (see  F igure  1 6).  

For the  d imensions  of F igures  1 4 ,  1 5  and  1 6,  the  phys ica l  d imensions  of I EC  61 21 0  may 
a l ternative l y be  used .  The  performance requ i rements  of I EC  61 21 0  do  not  appl y.  

Tabs  a l lowing  the  polari zed  acceptance  of receptacles  can  be  used  (see  F igure  1 6) .  

1 0.2.4.2  Tabs  form ing  part of a  control  sha l l  cons ist of materia l  and  plating  appropriate  to  
the  maximum  temperature  of the  tabs  as  i nd icated  i n  Table  7.  Materia ls  or coatings  other than  
those  speci fied  i n  the  table  can  be  used  provided  thei r e lectrical  and  mechan ical  
characteristics  are  no  less  rel iable,  particu larl y wi th  regard  to  res istance  to  corros ion  and  
mechan ical  s trength .  

Table  7  (1 0.2.4.2  of ed i tion  3)  – Material  and  plating  for tabs  

 
Material  and  plating  of tabs  

Maximum  temperature  
of the  tab  

°C  

Bare  copper 1 55  

Bare  brass  21 0  

Tin  p l ated  copper and  copper a l l oys  1 60  

N ickel  p l ated  copper and  copper a l l oys  1 85  

S i l ver p l ated  copper and  copper a l l oys  205  

N ickel  p l ated  steel  400  

S tain less  steel  400  

 

Compliance is checked by measuring the temperatures attained during the tests of Clause 14.  

NOTE   The  temperatures  speci fi ed  are  those  for conti nuous  use.  H igher transien t  temperatures  are  poss ible,  for 
example,  d uri ng  temperatu re  overshoot  of a  temperature  sensing  control .  

1 0.2.4.3  Tabs  form ing  part of a  control  shal l  have  adequate  s trength  to  a l l ow the  i nsertion  
and  wi thdrawal  of receptacles  wi thout damage to  the  control  such  as  to  impair compl iance  
wi th  th is  standard .  

Compliance is checked by applying,  without jerks,  axial forces equal to those shown in  
Table 8.  No significant displacement or damage shall occur.  

Table  8  (1 0 .2.4.3  of ed i tion  3)  – Axial  force  values  for tab  i nsertion  and  withdrawal   

Tab si ze  
(see  F i gure  1 6)  

Push  
a
 

N  
Pul l  

a
 

N  

2 , 8  50  40  

4 , 8  60  50  

6 , 3  80  70  

9 , 5  1 00  1 00  

a  The  val ues  i n  the  table  are  the  maximum  a l l owed  for the  i n sertion  and  the  wi thdrawal  of a  receptacl e  from  a  
tab .  
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1 0.2.4.4  Tabs  form ing  part of a  control  sha l l  be  adequatel y spaced  to  a l l ow the  connection  
of the  appropriate  receptacles .  

For the  d imensions  of F igures  1 4 ,  1 5  and  1 6,  the  phys ical  d imensions  of I EC  61 21 0  may 
a l ternativel y be  used .  The  performance  requ i rements  of I EC  61 21 0  do  not apply.  

Compliance is checked by applying an appropriate  receptacle  on each  tab  unless otherwise 
declared in 7. 2.  During this application,  no strain  nor distortion shall occur to any of the tabs  
nor to their adjacent parts,  nor shall the creepage distance  or clearance  values be reduced 
below those specified in Clause 20.  

NOTE  For tabs  complying  wi th  F i gu re  1 4  or 1 5,  the  appropri ate  receptacl e  i s  shown  i n  F i gure  1 6.  

 Terminals  and  terminations  for in tegrated  conductors  1 0.3

There  are  no  speci fic requ irements  or tests  for term inals  or term inations  for in tegrated  
conductors  u nder C lause  1 0,  bu t  the  re levant requ i rements  of the  other clauses  may appl y.  

1 1  Constructional  requirements  

 Materials  1 1 .1

 Insu lating  materials  – Impregnated  1 1 .1 .1

Wood,  cotton ,  s i lk,  ord inary paper and  s im i l ar fi brous  or h ygroscopic  materia l  sha l l  not  be  
used  as  i nsu lation  un less  impregnated .  

Compliance is checked by inspection.  

NOTE  I nsu lati ng  materia l  i s  cons idered  to  be  impregnated  i f the  i n tersti ces  between  the  fi bres  of the  materia l s  are  
substan tia l l y fi l l ed  wi th  a  su i table  i nsu lant.  

 Current-carrying  parts  1 1 .1 .2

I f brass  is  used  for curren t carrying  parts  other than  threaded  parts  of term inals,  i t  shal l  
con tain  at l east 50  %  copper i f the  part i s  cast or made from  bar,  or at l east 58  %  i f the  part i s  
made  from  rol l ed  sheet.  

Compliance is checked by inspection and by analysis of the material.  

 Non-detachable  cords  1 1 .1 .3

1 1 . 1 .3. 1  Non-detachable  cords  of class  I  controls  sha l l  have  a  green/yel l ow conductor 
i nsu lation  wh ich  is  connected  to  the  earth ing  term inal  or termination  of the  control ,  or to  the  

earth ing  contact of any equ ipment i n l et or socket-ou tlet,  i f provided .  

1 1 . 1 . 3.2  Conductor i nsu lation  i den ti fied  by the  colour combination  green/yel low shal l  not  be 
connected  to  term inals  or terminations  other than  earth ing  term inals  or terminations .  

Compliance with  11 . 1 . 3. 1  and 11 . 1 . 3. 2 is checked by inspection.  

 Protection  against  e lectric shock 1 1 .2

 Double  insu lation  1 1 .2.1

When  double  insu lation  i s  employed ,  the  des ign  shal l  be  such  that the  basic insu lation  and  
the  supplementary insu lation  can  be  tested  separatel y un less  satisfaction  wi th  regard  to  the  
properties  of both  i nsu lations  i s  provided  i n  another way.  
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1 1 .2. 1 . 1  I f the  basic i nsu lation  and  the  supplementary insu lation  cannot  be  tested  
separate l y,  or i f satisfaction  wi th  regard  to  the  properties  of both  i nsu lations  cannot be  
obtained  in  another way,  the  i nsu lation  is  regarded  as  reinforced  insu lation .  

Compliance is checked by inspection and by test.  

NOTE  Specia l l y prepared  samples,  or samples  of the  i nsu lati ng  parts ,  are  regarded  as  ways  of provid i ng  
sati sfaction .  

 I n fringement of double  insu lation  or reinforced  insu lation  1 1 .2.2

Class  I I  controls  and  controls  for use  i n  class  I I  equ ipment shal l  be  so  des igned  that  
creepage d istances  and  clearances  over supplementary insu lation  or reinforced  
insu lation  cannot,  as  a  resu l t of wear,  be  reduced  be low the  values  speci fied  i n  C lause  20.  
They shal l  be  so  constructed  that i f any wi re,  screw,  nu t,  washer,  spring ,  fl at  push-on  
receptacle  or s im i lar part becomes l oose  and  fal ls  ou t of pos i ti on ,  i t  cannot i n  normal  use  
become so  d isposed  that  creepage d istances  or clearances  over supplementary insu lation  
or reinforced  insu lation  are  reduced  to  l ess  than  50  %  of the  value  speci fied  i n  C lause  20 .  

Compliance is checked by inspection,  by measurement and/or by manual test.  

For the  purpose of this requirement:  

– it is not to be expected that two independent fixings will become loose at the same time;  

– parts fixed by screws or nuts provided with a  locking washer are regarded as not liable to 
become loose,  provided these screws or nuts are not required to be removed during user 
maintenance  or servicing;  

– springs and spring parts that do not become loose or fall out of position during the tests of 
Clauses 17 and 18 are deemed to comply;  

– wires connected by soldering are considered to be  not adequately fixed unless they are 
held in  place near to the termination ,  independently of the solder;  

– wires connected to terminals are considered to be  not adequately secured unless an 
additional fixing is provided near to the terminal.  This additional fixing,  in the case of 
stranded conductors,  shall clamp the  insulation and not the  conductor;  

– short rigid wires are regarded as not liable to come away from a  terminal if they remain in  
position when any one terminal screw or nut is loosened.  

 I n tegrated  conductors  1 1 .2.3

1 1 .2.3. 1  In tegrated  conductors  shal l  be  so  ri g id ,  so  fixed  or so  i nsu lated  that i n  normal  
use  creepage d istances  and  clearances  cannot be  reduced  below the  va lues  speci fi ed  i n   
Clause  20.  

1 1 .2.3.2  I nsu lation ,  i f any,  shal l  be  such  that i t  cannot be  damaged  during  mounting  or in  
normal  use .  

Compliance with 11 . 2. 3. 1  and 11 . 2. 3. 2 is checked by inspection,  by measurement and by 
manual test.  

NOTE  I f the  i nsu lati on  on  a  conductor i s  not  at  l east  e l ectri cal l y equ ivalen t  to  that  of cables  and  fl exi b le  cords  
complying  wi th  the  appropriate  I EC standard ,  or a l ternati ve ly  does  not  compl y wi th  the  e l ectri c  strength  test  made  
between  the  conductor and  metal  foi l  wrapped  around  the  i nsu lation  under the  cond i ti ons  speci fi ed  i n  Clause  1 3,  
the  conductor i s  cons i dered  to  be  a  bare  conductor.  

 F lexible  cord  sheaths  1 1 .2.4

I ns ide  a  control ,  the  sheath  ( j acket)  of a  fl exib le  cable  or cord  shal l  be  used  as  
supplementary insu lation  on l y where  i t  i s  not  subj ect to  undue  mechan ical  or thermal  
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stresses,  and  i f i ts  i nsu lati ng  properties  are  not l ess  than  those  speci fied  i n  I EC  60227-1  or 
I EC 60245-1 .   

Compliance is checked by inspection,  and,  if necessary,  by testing the sheaths of the flexible 
cords according to IEC 60227-1  or IEC 60245-1 .  

 Protective  impedance   1 1 .2.5

See  Annex H .  

1 1 .2.6  Protection  against electric  shock by use  of SELV or PELV 

See  Annex T.  

1 1 .2.7  Connections  between  in ternal  and  external  SELV/PELV ci rcu i ts  

Adequate  measures  shal l  be  provided  to  prevent the  i n terconnection  of an  i n tegrated  SELV  
ci rcu i t to  an  external  PELV ci rcu i t  and  vice  versa.   

The  suppl y of a  class  I I I  control  from  an  external  SELV  source  by means  of a  separable  
connection  shal l  on l y be  possib le  by means  of a  ded icated  p lug  and  socket system  wh ich  
cannot be  fi tted  or i n terconnected  wi th  other connecting  systems.  

Compliance is checked by inspection.  

1 1 .2.8  Overcurrent protection   

Controls  sha l l  be  capable  of carrying  the  curren ts  l i kel y to  fl ow i n  abnormal  cond i tions  for 
such  periods  of time as  are  determ ined  by the  characteristics  of the  protecti ve  device  i f 
declared  in  requ i rement 96  of Table  1 .   

Compliance is checked by the  test of 27. 5.   

 Actuation  and  operation  1 1 .3

 Fu l l  d isconnection  1 1 .3.1

Controls  wi th  pos i ti ons  declared  as  fu l l  d i sconnection  sha l l  be  so  des igned  that in  the  
declared  pos i tions  there  is  con tact separation  i n  a l l  suppl y poles  other than  earth ,  at  l east 
equal  to  the  re levan t va lues  speci fi ed  i n  C lause  20.  The  contact separation  may be  obtained  
by automatic action  or by manual  action ,  bu t  any subsequent  automatic action  shal l  not 
cause  any contact separation  to  be  reduced  below the  speci fied  m in imum.  

I f the  d isconnection  i s  a lso  declared  to  provide  al l -pole  d isconnection ,  the  con tact operation  
i n  each  suppl y pole  shal l  be  substan tia l l y together.  

Compliance is checked by inspection and by the tests of Clauses 13 and 20,  where 
necessary.  

 M icro-d isconnection  1 1 .3.2

Controls  wi th  posi tions  declared  as  micro-disconnection  shal l  be  so  des igned  that i n  
the  declared  pos i tions  there  is  contact separation  i n  at least one  suppl y pole  to  meet the  
e lectric streng th  requ i rements  of C lause  1 3  bu t no  clearance  d imension  is  speci fied .  
The  con tact separation  may be  obta ined  by automatic action  or by manual  action ,  bu t any 
subsequent change of activating  quanti ty  between  the  l im i ts  declared  in  Table  1 ,  
requ irement 36 ,  or at any swi tch  head  temperature  between  the  l im i ts  declared  in  Table  1 ,  
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requ irement 22 ,  shal l  not  cause  an  operation  wh ich  wou ld  reduce the  con tact separation  such  

that  the  requ i rements  of Clause  1 3  are  no  l onger met.  

Compliance is checked by inspection and,  where necessary,  by the tests of Clause 13 carried 
out at the temperature limits declared.  

 Reset buttons  1 1 .3.3

Reset bu ttons  of controls  sha l l  be  so  located  or protected  that they are  not l i kel y to  be  
accidental l y reset.  

Compliance is checked by inspection.  

NOTE  1  Th i s  requ i rement  precludes,  for example,  reset  bu ttons  mounted  i n  such  a  pos i ti on  that  they can  be  reset  
by push ing  the  control  against  a  wal l ,  or by push ing  a  p i ece  of fu rn i tu re  aga inst  the  con trol .   

NOTE  2  Th i s  requ i rement  d oes  not  appl y to  manual  reset  controls  wi th  trip-free  acti ons.  

 Setting  by the  manufacturer 1 1 .3.4

Parts  used  for the  setting  of controls  by the  manufacturer shal l  be  secured  to  preven t 
accidental  sh i fti ng  after setting .  

Compliance is checked by inspection.  

 Contacts  – General  1 1 .3.5

1 1 .3.5. 1  Contacts  wi th  a  d . c.  rating  greater than  0, 1  A,  wh ich  can  be  operated  by actuation ,  
sha l l  be  so  designed  that the  speeds  of approach  and  separation  of the  con tact surfaces  are  
i ndependent of the  speed  of actuation .  

Compliance is checked by inspection.  

NOTE  Th is  requ i rement  does  not  apply to  con tacts  excl uded  by 1 1 . 3. 7.  

1 1 .3.5.2  Systems  of class  C  control  functions  sha l l  i ncl ude  at l east two swi tch ing  
e lements  to  d i rectl y de-energ ize  the  safety re levant  term inals.   

NOTE  A s i ng le  re lay operati ng  two i n dependent contacts  i s  considered  to  be  on l y one  swi tch ing  e l ement.   

1 1 .3.5.2. 1  Measures  to  prevent common  cause errors    

Measures  shal l  be  taken  to  protect against fai lu re  of two (or more)  swi tch ing  e lements ,  due  to  
a  common  cause,  by an  external  short  ci rcu i t that  wou ld  prevent the  control  from  perform ing  
a  safety shut-down .  

Acceptable  methods  are,  for example,  

– overcurrent protection  device,   

– curren t l im i tation  or  

– i n ternal  fau l t  d etecti ng  means.  

The  su i tabi l i ty of measures  to  main tain  the  capabi l i ty to  i n terrupt the  energ ization  of the  safety 
re lated  output term inals  by means  of at  l east one  swi tch ing  e lement or the  i n terruption  of an  
overcurrent  protection  device  shal l  be  veri fi ed  by the  fol lowing  test.  

The safety related output terminals of the control are connected to a  switch that is intended 
to  switch the short-circuit current.  With  this switch opened,  the control is connected as 
described in H.27. 1 . 1 . 2 with the outputs energized to simulate normal operation  (contacts of 
the internal switching elements closed) .  
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The test equipment shall have the following characteristics:  

a)  when overcurrent protection devices are used as the protective measure,  the power supply 
to the control shall have the capability of supplying a  short-circuit current of at least 
500 A .  

b)  when current limitation techniques are used as the protective measure (for example,  
transformer)  the power supply to the control  shall not limit the declared (Table 1 ,  
requirement 95)  short-circuit current.  

1 1 .3.5.2. 1 . 1  A  short-circuit is applied between the safety related output terminals of the  
control by closing the switch.  

The test is operated for 1  h  or if there is no current flow through the switch.  

If an overcurrent protection device is replaceable and has operated during the test,  it shall be  
replaced and the test is repeated a  further two times by attempting to restart the control 
keeping the switch closed.  

The test is repeated using either the same or a  separate sample with the switch maintained in 
the closed position prior to the  first start-up sequence.  

1 1 .3.5.2. 1 .2  If an  internal fault detecting function of the control either opens the  switching 
elements or initiates a  safety shut-down ,  the test is repeated two times by attempting to 
restart the control while maintaining the external short circuit.  

Compliance is checked in accordance with  H. 27. 1 . 1 . 3 and Clause 15.  

After the test,  at least one switching element of the control shall be able to de-energize the 
safety related output terminals,  or a  non-replaceable overcurrent protection device has 
permanently interrupted the supply to the safety related output terminals.  

 Contacts  for fu l l  d isconnection  and  m icro-disconnection  1 1 .3.6

Contacts  for fu l l  d isconnection  and  contacts  for micro-disconnection ,  having  e i ther a  d . c.  
rati ng  not greater than  0 , 1  A,  or an  a . c.  rati ng ,  and  wh ich  can  be  operated  by actuation ,  shal l  

be  so  des igned  that they can  come to  rest  on l y i n  a  closed  pos i tion  or i n  an  open  pos i tion .  

Compliance is checked by inspection,  and for a  closed position by the temperature 
requirements of Clause 14,  and for open position by the requirements of Clause 13,  as 
specified for micro-disconnection .  However,  where an intermediate position  of the 
actuating member occurs adjacent to a  located position  declared as full disconnection ,  
then the tests of Clauses 13 and 20,  as specified for full disconnection ,  are made for this 
intermediate position .  

 Exclusions  for 1 1 .3.5  and  1 1 .3.6   1 1 .3.7

The requ i rements  of 1 1 . 3. 5  and  1 1 . 3. 6  shal l  not  appl y to  contacts  where  i nspection  shows 
they cannot be  operated  on - load  or are  not in tended  to  be  operated  on -load ,  nor to  con tacts  
wh ich  do  not arc  under cond i ti ons  of normal  use .  

1 1 .3.7. 1  Compliance is checked by inspection,  and if necessary by the test of 11 . 3.7. 2.  

1 1 .3.7.2  A  d. c.  voltage equal to the maximum working voltage  is applied to the contacts in  
series with a  resistor such that the current occurring in normal use  is obtained.  It shall not be 
possible  to  maintain an arc by slowly opening the contacts.  
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1 1 .3.8  Contacts  rest posi tion  

Contacts  shal l ,  i n  any rest posi tion  of the  actuating  member,  be  e i ther open  or closed  as  
i n tended ,  or such  that no  hazard  can  occur wi th in  the  control  or equ ipment.  

Compliance is checked by inspection.  

NOTE  1  The  term  " rest  posi ti on  of the  actuating  member"  i ncl udes  l ocated ,  i n termed i ate  and  posi ti on  of setting  
by the  user.  

NOTE  2  For the  pu rposes  of tryi ng  to  obtai n  an  i n termediate  posi tion  of an  actuating  member,  between  any 
i ndexed ,  marked ,  or i n tended  rest  posi ti ons,  the  actuating  member  can  be  actuated  as  i n  normal  use .  H old i ng  the  
actuating  member  i n  posi ti on  i s  not  actuation .  

1 1 .3.9  Pu l l -cord  actuated  control  

A pu l l -cord  actuated  control  shal l  be  so  designed  that when  the  pul l -cord  i s  re leased  after 
actuati ng  the  control ,  the  re levant parts  of the  mechan ism  normal l y cannot fa i l  to  return  to  a  
pos i tion  from  wh ich  they a l l ow the  immed iate  performance of the  next movement i n  the  cycle  
of actuation  of the  control .  

Compliance is checked by inspection and by the following test.  

NOTE  1  Pul l -cord  actuated  controls  can  be  actuated  from  any located  posi tion  to  the  next  located  posi tion  by  
the  appl i cati on  and  removal  of a  s teady pu l l  not  exceed ing  45  N  verti cal l y downwards,  or 70  N  at  45°  to  the  verti cal ,  
wi th  the  control  mounted  i n  any decl ared  manner.  

NOTE  2  The  actuati ng  forces  for controls  actuated  by other than  pu l l -cords ,  are  not  speci fi ed .  Atten ti on  i s  d rawn  
to  the  relevant  equ ipment  standard  where  such  requ i rements  may be  g i ven .  

 Actions  1 1 .4

 Combined  actions  1 1 .4.1

A control  h aving  more  than  one  action ,  wi th  one  of the  actions  designed  to  operate  after the  
fai lure  of the  other action(s),  shal l  be  so  constructed  that th is  action  remains  operative  after 
fai lure  of any portion  un ique  to  the  other action (s) .  

Compliance is checked by inspection and,  if necessary,  by tests after making all of the other 
action(s)  inoperative.  

 Setting  by the  manufacturer 1 1 .4.2

Type 2  action  wh ich  has  provis ion  for setting  by the  manufacturer of i ts  operating  value ,  
operating  time  or operating  sequence ,  sha l l  be  des igned  such  that i t  i s  cl earl y d iscern ib le  i f 
any subsequent  i n terference  wi th  the  setting  h as  been  made.  

Compliance is checked by inspection.  

 Type 2  action  1 1 .4.3

Any type 2  action  shal l  be  so  designed  that the  manufacturing  deviation  and  dri ft  of i ts  
operating  value ,  operating  time  or operating  sequence  i s  wi th in  the  l im i t  declared  in  
requ irements  41  and  42  of Table  1 .  

Compliance is checked by the  tests of Clauses 15 to 17 inclusive.  

 Type  1 .A or 2.A action  1 1 .4.4

A Type 1 .A or 2 .A action  shal l  operate  to  provide  the  clearances  and  e lectric strength  
requ i rements  speci fi ed  for fu l l  d isconnection .  
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Compliance is checked by the  tests of Clause 13 and the relevant requirements of Clause 20.  

 Type  1 .B  or 2.B  action  1 1 .4.5

A Type  1 . B  or 2 . B  action  shal l  operate  to  provide  the  e lectric s trength  requ irements  speci fi ed  
for micro-disconnection .  

Compliance is checked by the test of Clause 13 and the relevant requirements of Clause 20.  

 Type 1 .C  or 2.C  action  1 1 .4.6

A Type  1 .C  or 2 .C  action  shal l  operate  to  provide  ci rcu i t  i n terruption  by micro-interruption .  

Compliance is checked by the relevant requirements of Clause 20.  

 Type 1 .D  or 2 .D  action  1 1 .4.7

A Type 1 .D  or 2 .D  action  shal l  be  so  des igned  that d isconnection  can  nei ther be  preven ted  
nor i nh ib i ted ,  by any reset mechan ism  and  so  that after d isconnection ,  i t  i s  not possib le  to  
reclose  the  ci rcu i t even  momentari l y wh i l e  the  excess  or fau l t  cond i tion  pers ists .  

Compliance is checked by inspection and by test.  

 Type 1 .E  or 2 .E  action  1 1 .4.8

A Type 1 . E  or 2 . E  action  shal l  be  des igned  so  that d isconnection  can  nei ther be  prevented ,  
nor i nh ib i ted  by any reset mechan ism  and  so  that  the  contacts  can  ne i ther be  prevented  from  
open ing  nor be  main tained  closed  against a  conti nuation  of the  excess  or fau l t  cond i tion .  

Compliance is checked by inspection and by test.  

 Type 1 .F  or 2 .F  action  1 1 .4.9

A Type  1 .F  or 2 .F  action  shal l  be  designed  so  that after the  control  has  been  mounted  i n  
accordance  wi th  the  manufacturer's  i nstructions,  i t  can  on l y be  reset wi th  the  a id  of a  tool .  

Compliance is checked by inspection and by test.  

NOTE  Mounti ng  wi th i n  an  equ ipment such  that  a  tool  i s  requ i red  to  gain  access  to  the  control  i s  deemed  to  
sati sfy th i s  requ i rement.  

 Type 1 .G  or 2 .G  action  1 1 .4.1 0

A Type 1 .G  or 2 .G  action  shal l  be  designed  so  that after the  control  has  operated ,  i t  i s  
poss ib le  to  reset the  control  (a l though  not i n tended)  under e lectrical l y l oaded  cond i tions.  

Compliance is checked by inspection and by resetting once at rated voltage and rated current.  

 Type 1 .H  or 2.H  action  1 1 .4.1 1

A Type  1 .H  or 2 .H  action  shal l  be  so  des igned  that the  contacts  cannot be  prevented  from  
open ing  and  wh ich  may au tomatica l l y reset to  the  closed  posi tion  i f the  reset means  is  held  i n  
the  reset pos i ti on .  The  control  sha l l  not reset au tomatica l l y at any temperature  above –35 °C  

wi th  the  reset mechan ism  in  the  normal  pos i ti on .  

Compliance is checked by inspection and by test.  
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 Type 1 .J  or 2. J  action  1 1 .4.1 2

A Type 1 . J  or 2 . J  action  shal l  be  so  des igned  that the  contacts  cannot  be  prevented  from  
open ing ,  and  the  control  i s  not  perm i tted  to  function  as  an  au tomatic reset device  i f the  reset 
means  i s  held  i n  the  reset posi tion .  The  control  shal l  not  reset au tomatical l y at  any 

temperature  above  –35 °C.  

Compliance is checked by inspection and by test.  

 Type 1 .K or 2.K action  1 1 .4.1 3

A Type 1 .K or 2 .K action  shal l  be  so  des igned  that i n  the  event of a  break in  the  sensing  
element ,  or i n  any other part between  the  sensing  element  and  the  switch  head ,  the  
declared  d isconnection  i s  provided  before  the  declared  operating  value ,  operating  time  or 
operating  sequence  i s  exceeded .  

NOTE  The  test  i s  g i ven  i n  the  relevant part  2 .  

 Type 1 .L  or 2 .L  action  1 1 .4.1 4

A Type 1 . L  or 2 . L  action  shal l  be  so  designed  that i n  the  case  of fai lure  of the  e lectrical  
suppl y,  i t  performs  i ts  i n tended  function  i ndependentl y of any external  auxi l iary energy source  
or e lectrical  suppl y.  

Compliance is checked by inspection.  

NOTE  A s imple  d i rect  acti ng  spri ng  or wei gh t  i s  not  regarded  as  an  auxi l i ary energy sou rce  or e l ectri cal  suppl y.  

 Type 1 .M  or 2 .M  action  1 1 .4.1 5

A Type 1 .M  or 2 .M  action  shal l  be  so  designed  that i t  operates  in  i ts  i n tended  manner after the  
declared  ageing  procedure.  

Compliance is checked by the test of 17. 6.  

1 1 .4. 1 6  See  Annex H .  

1 1 .4. 1 7  See Annex J .  

 Open ings  in  enclosures  1 1 .5

Drain  holes,  i f any,  shal l  have  a  m in imum  area  of 20  mm 2 ,  a  maximum  area  of 40  mm 2  and  
m in imum  d imension  of 3  mm.  

Compliance is checked by inspection.  

NOTE  1  Add i ti ona l  requ i rements  for moi stu re  res i stance  are  contained  i n  Clause  1 2 .  

NOTE  2  Controls  c l assi fi ed  as  I PX7  can  have  a  faci l i ty for open i ng  a  d rain  hole.  

NOTE  3  I n  the  USA,  there  are  add i ti onal  requ i rements  for open ings  i n  enclosu res  provi ded  for venti l ati on ,  
d ra inage,  mounti ng  of components,  or cl earance  around  a  d i a l ,  knob,  l ever,  hand l e,  capi l l ary tube  or the  l i ke.  

 Mounting  of controls  1 1 .6

1 1 .6. 1  Controls  sha l l  be  so  des igned  that the  methods  of mounting  i n  accordance wi th  the  

manufacturer's  declaration  do  not adversel y affect  compl iance  wi th  th is  standard .  

1 1 .6.2  Declared  methods  of mounting  shal l  be  such  that the  control  cannot rotate  or be  
otherwise  d isplaced ,  and  cannot be  removed  from  an  equ ipment wi thou t the  ai d  of a  tool ,  i f 
such  movement or removal  cou ld  adversel y affect compl iance  wi th  th is  standard .  I f removal  or 
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partia l  removal  i s  necessary for correct use  of the  control ,  then  the  requ i rements  of 

Clauses  8,  1 3  and  20  shal l  be  satisfied  before  and  after removal .  

Compliance with  11 . 6. 1  and 11 . 6. 2 is checked by inspection and by manual test.  

NOTE  Controls ,  other than  those  wi th  rotary actuation ,  fi xed  by a  n u t  and  s i ng l e  bush i ng  concentri c  wi th  the  
actuating  means ,  a re  deemed  to  comply wi th  th i s  requ i rement,  provided  that  the  ti gh ten i ng  of the  nu t  requ i res  the  
use  of a  tool ,  and  that  the  parts  have  adequate  mechan i cal  s trength .  An  i ncorporated  control  mounted  by 
screwless  fi xi ng  i s  deemed  to  comply wi th  th i s  requ i rement  i f the  use  of a  tool  i s  requ i red  before  the  control  can  
be  removed  from  the  equ ipmen t.  

1 1 .6.3  Mounting  of i ndependently mounted  controls  

1 1 .6.3. 1  Independently mounted  controls  o ther than  those  declared  for panel  mounting  

shal l  e i ther:  

– fi t  a  s tandard  box as  declared ;  

– be  suppl ied  wi th  a  condu i t box i f a  specia l  condu i t  box i s  requ i red ;  or  

– be  su i table  for surface  mounting  on  a  p lane  surface.  

1 1 .6.3.2  I f a  specia l  condu i t box is  requ i red ,  i t  shal l  be  del i vered  together wi th  the  control  

and  the  box shal l  be  provided  wi th  the  en tries  for condu i t  speci fied  in  I EC  60423.  

1 1 .6.3.3  Independently mounted  controls  for surface  mounting  used  wi th  buried  
i nsta l l ation  (concealed  wi ri ng)  not  us ing  an  ou tlet box shal l  be  provided  wi th  su i table  holes  on  
the  back of the  control  a l lowing  easy i nstal l ation  and  connection  to  the  term inals.  

1 1 .6.3.4  Independently mounted  controls  for surface  mounting  used  wi th  exposed  wi ring  
shal l  be  provided  wi th  cable  or condu i t en tries ,  knock-ou ts,  or g l ands,  wh ich  al l ow connection  
of the  appropriate  type  of cable  or condu i t  complyi ng  wi th  the  re levant I EC standard .  

1 1 .6.3.5  Independently mounted  controls  for surface  mounting  or the  sub-bases  for such  
controls  sha l l  be  constructed  i n  such  a  manner that the  term inals  for external  conductors  
are  accessib le  and  can  be  used  when  the  control  or the  sub-base  is  correctl y fixed  to  i ts  
support  and  i ts  cover  (or the  control )  i s  removed .  

1 1 .6.3.6  Controls  i n tended  for mounting  on  an  ou tlet  box or s im i l ar enclosure  shal l  have  
wi ri ng  term inals,  other l i ve  parts  and  sharp-edged  metal  parts,  earthed  or not,  l ocated  or 
protected  so  that they wi l l  not be  forced  against wi ri ng  i n  the  box or enclosure  during  
i nstal lation  of the  control .  

1 1 .6.3.7  Where  back wi ring  term inals  are  used ,  they shal l  be  recessed  or be  protected  by 
close-fi tti ng  barriers  or i nsu lati ng  materia ls  or the  equ ivalent that  wi l l  prevent con tact wi th  
wi ri ng  i nstal led  i n  the  box.  

Compliance with  11 . 6. 3. 1  to 1 1 . 6. 3. 7,  inclusive,  is checked by inspection.  

Term inals  that do  not project i n to  the  box beyond  the  p lane  of the  fron t edge  of the  box are  
acceptable.  

Guards  provided  alongs ide  term inals  and  extend ing  at l east 6, 5  mm  beyond  the  term inals  
before  wiring ,  wi th  a  correspond ing  guard  between  double  pole  mechan ism ,  are  acceptable.  
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 Attachment of cords  1 1 .7

 Flexing  1 1 .7.1

1 1 .7. 1 . 1  The  fl exib le  cords  of in -l ine  cord  and  free-stand ing  controls  shal l  be  capable  of 
wi thstand ing  the  fl exing  l ikel y to  occur i n  normal  use .  I f a  cord-guard  is  provided  to  meet  th is  
requ irement i t  shal l  not  be  i n tegral  wi th  the  fl exible  cord  i f type X  attachment i s  used .  

1 1 .7. 1 . 2  Compliance is checked by subjecting the control,  fitted with  the  flexible cord or 
range of flexible  cords for which  it is  designed,  to  the following test.  

1 1 .7. 1 .2. 1  The control is mounted in the flexing apparatus shown in Figure 9.  The axis of 
oscillation is so chosen that the weight attached to the cord and the cord itself make the 
minimum lateral movement during the test.   

Samples with flat cords are  mounted so that the major axis of the cross-section is parallel to  
the axis of oscillation.  Each flexible cord passing through the inlet opening is loaded with a  
weight of 1  kg.  A  current equal to the current passing through that particular core when the 
control is operated at rated voltage is passed through each core,  the voltage between cores 
being maximum rated voltage.  The oscillating member is moved backwards and forwards 
through an angle of 90° (45° on either side of the vertical) .  The number of flexings (that is one 
movement through 90°)  being 5 000,  and the rate  of the flexing being 60 flexings per minute.  

1 1 .7. 1 .2.2  After the test,  the sample shall show no damage within the meaning of this 
standard.  During the test,  no interruption of the current and no short circuit between the 
individual conductors shall occur,  neither shall broken strands pierce the insulation to the 
outer surface of the accessory.  A  short circuit between individual conductors is considered to 
occur if the current reaches twice the value of the  test current.  

1 1 .7. 1 .2.3  Not more than 10 % of the total number of conductors of the flexible cord shall 
have been broken.  

 Cord  anchorages  1 1 .7.2

1 1 .7.2. 1  Controls  other than  those  in tegrated  and  i ncorporated ,  i n tended  to  be  connected  
by means  of a  non-detachable  cord ,  shal l  have  cord  anchorages  such  that the  conductors  
are  rel i eved  from  strain ,  i nclud ing  twisting ,  where  they are  connected  to  the  term inals,  and  
that  the ir covering  i s  protected  from  abrasion .  I t  shal l  be  clear how the  re l ief from  strain  and  
the  prevention  of twisti ng  is  i n tended  to  be  effected .  

1 1 .7.2.2  Cord  anchorages  of class  I I  controls  shal l  be  of i nsu lating  materia l  or,  i f of meta l ,  
be  i nsu lated  from  access ible  meta l  parts  or metal  foi l  over access ible  non-metal l ic  surfaces  by 
i nsu lation  complying  wi th  the  requ i rements  for supplementary insu lation .  

1 1 .7.2.3  Cord  anchorages  of controls  o ther than  those  of cl ass  I I  shal l  be  of i nsu lati ng  
materia l  or be  provided  wi th  an  i nsu lating  l i n ing ,  i f otherwise  an  i nsu lation  fau l t  on  the  cord  
cou ld  make  access ib le  metal  parts  l i ve.  Th is  l i n i ng ,  i f any,  sha l l  be  fixed  to  the  cord  
anchorage,  un less  i t  i s  a  bush ing  wh ich  forms  part of a  cord  guard  provided  to  meet the  
requ i rements  of 1 1 . 7 . 1 .  

1 1 .7.2.4 Cord  anchorages  shal l  be  so  des igned  that:  

– the  cord  cannot touch  clamping  screws  of the  cord  anchorage,  i f these  screws  are  
access ib le  metal  parts;  

– the  cord  i s  not  clamped  by a  metal  screw wh ich  bears  d i rectl y on  the  cord ;  

– for type X  attachment  or type M  attachment,  a t  l east one  part i s  securel y fixed  to  the  
control ;  
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– for type  X  attachment  or type  M  attachment ,  replacement of the  fl exib le  cord  does  not 
requ ire  the  use  of a  special  purpose  tool ;  

– for type X  attachment ,  they are  su i table  for the  d i fferent types  of fl exib le  cord  wh ich  may 
be  connected ;  

– for type  X  attachment,  the  design  and  l ocation  make  replacement of the  fl exib le  cord  
easi l y possib le.  

1 1 .7.2.5  For other than  type Z  attachment ,  makesh i ft  methods  such  as  tyi ng  the  cord  in to  a  

knot,  or tyi ng  the  ends  wi th  stri ng ,  sha l l  not be  used .  

1 1 .7.2.6  G lands  shal l  not  be  used  as  cord  anchorages  i n  in -l ine  cord  controls  us ing  type  X  
attachment  un less  they make provis ion  for cl amping  a l l  types  and  s i zes  of cords  used  i n  

1 0 . 1 . 4.  

1 1 .7.2.7  Screws,  i f any,  wh ich  have  to  be  operated  when  replacing  the  cord ,  shal l  not  serve  
to  fix any other componen t,  u n less  e i ther the  control  i s  rendered  i noperable  or man i festl y 
i ncomplete  i f they are  om i tted  or i ncorrectl y replaced ,  or the  component i n tended  to  be  fixed  
cannot be  removed  wi thout  the  a id  of a  tool  when  replacing  the  fl exible  cord .  

1 1 .7.2.8  Compliance with 11 .7. 2. 1  to 11 . 7. 2. 7,  inclusive,  is checked by inspection and by the 
tests of 11 . 7. 2. 9 to 11 . 7. 2. 15 inclusive.  Integrated and incorporated controls,  intended for 
the connection of flexible cords,  are tested according to the relevant standard for the 
equipment in  which  they are  integrated or incorporated.  

1 1 .7.2.9  The control is  fitted with a  flexible cord and the conductors are introduced into the 
terminals,  the terminal screws,  if any,  being tightened just sufficiently to prevent the 
conductors from easily changing their position.  The cord anchorage is used in the intended 
manner,  the  screws being tightened with a  torque equal to two-thirds of the torque specified in  
19. 1 .  

1 1 .7.2. 1 0  After this preparation,  it shall not be possible to push the cord into the control  to  
such an extent that the cord or internal parts of the control could be damaged,  or that internal 
parts are interfered with in a  way which might impair compliance with  this standard.  

1 1 .7.2. 1 1  The cord is then subjected to pulls of the value and number shown in Table 9.  The 
pulls are applied in the most unfavourable direction,  without jerks,  each  time for 1  s.  

1 1 .7.2. 1 2  Immediately afterwards,  the cord is subjected for 1  min to a  torque of the value 
shown in Table 9.  

Table  9  (1 1 .7.2  of ed i tion  3)  – Pu l l  and  torque values   

Control  Pul l  
a
 

N  
Torque  

a
 

Nm  
Number of pu l ls  

a
 

Free-standing  control s  and  
i ndependentl y mounted  con trols :  

   

Up  to  and  i ncl ud i ng  1  kg   30  0 , 1  25  

Over 1  kg  up  to  and  i ncl ud i ng  4  kg   60  0 , 25  25  

Over 4  kg  1 00  0 , 35  25  

I n -l ine  cord  controls  (other than  
free-standing  con trols )  

90  0 , 25  1 00  

a  Some  equ ipment standards  may requ i re  a  d i fferen t  val ue.  

 
1 1 . 7.2. 1 3  For type X attachment,  the tests are made first with  the lightest permissible type 
of flexible cord of the smallest cross-sectional area  used in  10. 1 . 4,  and then with  the next 
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heavier type of flexible cord of the largest cross-sectional area used.  For type M attachment,  
type Y attachment  or type Z attachment,  only declared or fitted cord is used.  

1 1 .7.2. 1 4  During the tests,  the cord shall not be damaged.  After the tests,  the cord shall not 
have been displaced longitudinally by more than 2 mm,  the conductors shall not have been 
moved over a  distance of more than 1  mm in the terminals,  and there shall be no appreciable 
strain at the connection.  Creepage distances  and clearances  shall not have been reduced 
below the value specified in  Clause 20.  

1 1 .7.2. 1 5  For the  measurement of the  long i tud ina l  d isp lacement,  a  mark is  made on  the  cord  
wh i l e  i t  i s  subjected  to  the  pu l l ,  at  a  d istance  of approximatel y 20  mm  from  the  cord  
anchorage,  before  s tarting  the  tests.  After the  tests,  the  d isp lacement of the  mark on  the  cord  
i n  re lation  to  the  cord  anchorage  i s  measured  wh i le  the  cord  i s  subj ected  to  the  pu l l .  

 S ize  of cords  – non-detachable  1 1 .8

1 1 .8. 1  Non-detachable  cords  shal l  not  be  l i ghter than  ord inary tough  rubber sheathed  
flexible  cord ,  designated  60245 I EC 53,  or ord inary pol yvinyl  ch lori de  sheathed  flexib le  cord ,  
des ignated  60227  I EC 53.  The  use  of a  l i gh ter flexible  cord  i s  perm issib le  i f a l lowed  i n  a  
particu lar equ ipment standard  or for connection  to  external  SELV  devices  (sensors/un i ts) .  

Compliance is checked by inspection.  

1 1 .8.2  Controls  fi tted  wi th  non-detachable  cords  sha l l  have  a  cord  wi th  conductors  of a  
s i ze  not l ess  than  that shown  i n  Table  1 0 .  

Table  1 0  (1 1 .8.2  of ed i tion  3)  – M in imum  cord  conductor sizes   

Current i n  rel evant ci rcu i t 
a
 

A 
Nominal  cross-sectional  area  

b
 

mm 2  

Up  to  and  i ncl ud i ng  6  
c
 0 , 75  

over 6  up  to  and  i ncl ud i ng  1 0  1  

over 1 0  up  to  and  i ncl ud ing  1 6  1 , 5  

over 1 6  up  to  and  i ncl ud ing  25  2 , 5  

over 25  up  to  and  i ncl ud ing  32  4  

over 32  up  to  and  i ncl ud ing  40  6  

over 40  up  to  and  i ncl ud ing  63  1 0  

a  Requ i rements  for appl i cati ons  greater than  63  A are  u nder considerati on .  

b  I n  the  USA,  other s i zes  of conductors  apply.  

c Lower values  than  0 , 75  mm 2  are  perm i tted  for class  I I I  controls  o r i f perm i tted  i n  a  parti cu lar equ ipment or 
i nstal l ati on  s tandard .  

Compliance is checked by inspection.  

1 1 .8.3  The  space for the  fl exib le  cord  i ns ide  the  control  shal l  be  adequate  to  a l l ow the  
conductors  to  be  easi l y i n troduced  and  connected ,  and  the  cover,  i f any,  fi tted  wi thou t risk  of 
damage to  the  conductors  or thei r i nsu lation .  I t  shal l  be  poss ib le  to  check that the  conductors  
are  correctl y connected  and  pos i ti oned  before  the  cover  i s  fi tted .  

Compliance is checked by inspection and by connecting cords of the largest cross-sectional 
area used in 10. 1 . 4.  

 I n let openings  1 1 .9

1 1 .9. 1  I n l et open ings  for flexible  external  cords  shal l  be  so  des igned  and  shaped ,  or shal l  be  
provided  wi th  an  i n l et bush ing ,  so  that the  covering  of the  cord  can  be  i n troduced  wi thou t risk  

of damage.  
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1 1 .9. 1 . 1  Condu i t  entries  and  knock-ou ts  of independently mounted  controls  shal l  be  so  
des igned  or l ocated  that i n troduction  of the  condu i t or condu i t  fi tti ng  does  not affect the  
protection  against e lectri c shock or reduce  creepage d istances  and  clearances  be low the  
values  speci fi ed  i n  C lause  20.  

Compliance is checked by inspection.  

1 1 .9.2  I f an  i n l et bush ing  is  not provided ,  then  the  i n l et open ing  shal l  be  of i nsu lati ng  

materia l .  

1 1 .9.3  I f an  i n let bush ing  is  provided ,  then  i t  sha l l  be  of i nsu lating  materia l ,  and   

– shal l  be  so  shaped  as  to  prevent damage  to  the  cord ,  

– shal l  be  re l i abl y fixed ,  

– sha l l  not  be  removable  wi thou t the  a i d  of a  tool ,  

– shal l ,  i f type X attachment  i s  used ,  not  be  i n tegra l  wi th  the  cord .  

1 1 .9.4  An  i n l et bush ing  shal l  not  be  of rubber,  wi th  the  exception  that for type  M  
attachment ,  type Y attachment  and  type  Z attachment  for class  0  control ,  class  0 I  control  
or class  I  control ,  rubber i s  a l l owed  i f the  bush ing  is  i n tegral  wi th  the  sheath  of a  cord  of 

rubber.  

Compliance with  11 . 9. 1  to 1 1 . 9. 4,  inclusive,  is checked by inspection and manual test.   

1 1 .9.5  Enclosures  of independently mounted  controls  i n tended  to  be  permanen tl y 
connected  to  fixed  wiring  shal l  have  cable  en tries,  condu i t en tries ,  knockou ts  or g lands  wh ich  

perm i t the  connection  of the  appropriate  condu i t,  cable  or cord ,  as  appl icable.  

 Equ ipment in lets  and  socket-outlets  1 1 .1 0

1 1 . 1 0 .1  The  des ign  of equ ipment i n lets  and  socket-outlets  i n tended  for use  by the  user  for 
the  i n terconnection  of controls  and  equ ipment shal l  be  such  as  to  render un l ikel y the ir 
engagement wi th  each  other or wi th  equ ipment i n l ets  or socket-outlets  i n tended  for other 
systems  i f such  engagement cou ld  resu l t i n  fi re ,  or i n j ury or e lectric shock to  persons  or 

damage  to  equ ipment or surround ings.  

Compliance is checked by inspection.  

1 1 . 1 0 .2  In -l ine  cord  controls  provided  wi th  an  equ ipment i n let or socket-outlet sha l l  be  so  
rated ,  or so  protected ,  that un in ten tional  overload ing  of ei ther the  control ,  equ ipment i n let or 
socket-ou tlet cannot occur i n  normal  use .  

Compliance is checked by inspection.  

1 1 . 1 0.3  Controls  provided  wi th  pi ns ,  b lades,  or other connecting /adapting  means,  i n  order 
to  be  i n troduced  i n to  fixed  socket ou tlets  shal l  comply wi th  the  requ i rements  of the  appropriate  
socket-ou tlet system .  

I f in -l ine  cord  controls  provided  wi th  a  p lug  and  a  socket  ou tlet,  where  the  p lug  can  be  
connected  to  a  socket ou tlet rated  for a  h igher load  curren t than  the  control ,  the  control  shal l  
be  provided  wi th  an  i ncorporated  fuse  or a  protecti ve  device  to  l im i t the  curren t to  the  
control ’ s  rating .  The  testi ng  of the  protective  function  i s  done  in  the  sequence of tests  

accord ing  to  27. 5.  

The  p lug  and  socket ou tlet  part of the  control  sha l l  comply wi th  the  appropriate  standard  for 
the  p l ug  and  socket system .  The  control  part sha l l  comply wi th  th is  standard .  
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NOTE  Th is  cl ause  i s  not  app l i cable  i n  Canada  and  the  USA.  

Compliance is checked by inspection and by carrying out tests based on those prescribed for 
the socket-outlet system.  

 Requ i rements  during  mounting,  maintenance and  servicing  1 1 .1 1

 Covers  and  thei r fixing  1 1 .1 1 .1

1 1 . 1 1 .1 . 1  For other than  in tegrated  controls ,  the  removal  of a  cover  or cover plate ,  
i nclud ing  battery compartment cover,  wh ich  i s  i n tended  to  be  removed  during  mounting ,  user 
maintenance  or servicing  of the  control  or equ ipment,  sha l l  not  affect the  setting  of the  
control  i f th is  m igh t impai r compl iance  wi th  th is  s tandard .  

1 1 . 1 1 .1 . 2  The  fixi ng  of covers  sha l l  be  such  that they cannot be  d isplaced ,  nor replaced  
i ncorrectl y i f th is  cou ld  m is lead  the  user  or wou ld  impair compl iance  wi th  th is  standard .  The  
fixing  of covers  wh ich  need  to  be  removed  for mounting  shal l  not serve  to  fix any parts,  other 
than  actuating  members  or gaskets .  

Compliance with  11 . 11 . 1 . 1  and 11 . 11 . 1 . 2 is checked by inspection.  

NOTE  1  I n  Canada  and  the  USA,  a  screwless  fi xed  cover  wh ich  g i ves  access  to  bare  l i ve  parts  and  wh ich  does  
not  requ i re  a  tool  for i ts  removal  shal l  wi thstand  the  fo l l owing  tests:  

A cover  shal l  n ot  become d i sengaged  from  the  case  when  a  d i rect  pu l l  of 60  N  i s  appl i ed .  For th i s  test,  the  cover  i s  
to  be  g ri pped  at  any two  conven ien t  po in ts .  The  test  shal l  be  performed  before  and  after 1 0  removal  and  
rep lacement  operations .  

A cover  sha l l  be  capable  of wi thstand i ng  an  impact of 1 , 35  Nm  appl i ed  to  the  accessible  faces  of the  cover  (one  
b low per face)  wi thout  being  d i splaced ,  and  there  shal l  be  no  damage  to  i n ternal  parts  nor mal function  of the  
control  as  a  resu l t  of th i s  test.  The  rad i us  of the  bal l  u sed  for th i s  test  shal l  be  not  l ess  than  25, 4  mm.  

NOTE  2  I n  Canada  and  the  USA,  the  con ti nu i ty of the  earth ing  means  for a  screwless  fi xed  cover  shal l  comply 
wi th  the  requ i rements  of 9 . 3  and  9. 5.  

1 1 . 1 1 . 1 . 3  Covers  of enclosures  

NOTE  I n  Canada  and  the  U .S .A. ,  there  are  add i ti onal  requ i rements  for doors  or covers  of enclosures  g i vi ng  
access  to  fuses  or any overl oad  protecti ve  device,  the  normal  function ing  of wh ich  requ i res  renewal ,  or i f i t  i s  
necessary to  open  the  cover  i n  connection  wi th  the  normal  operation  of the  overl oad  protecti ve  device.  

1 1 . 1 1 . 1 .4 G lass  covering  an  opening  

NOTE  I n  Canada  and  the  U . S .A. ,  there  are  add i ti onal  requ i rements  for g l ass  or g l ass-l i ke  materi al  covering  an  
observation  open ing .  

1 1 . 1 1 . 1 .5  Non-detachable  parts  

Non-detachable  parts  wh ich  provide  the  necessary degree  of protection  against e lectric  
shock,  moistu re  or contact wi th  moving  parts  shal l  be  fixed  i n  a  re l iab le  manner and  shal l  
wi thstand  the  mechan ical  stress  occurring  i n  normal  use .  

Snap-in  devices  used  for fixing  non -detachable  parts  shal l  have  an  obvious  locked  posi tion .  
The  fixing  properties  of snap- in  devices  used  i n  parts  wh ich  are  l i kel y to  be  removed  for 
i nsta l l ation  or during  servicing  shal l  not deteriorate.  

Compliance is checked by the tests of 11 . 11 . 1 . 5. 1  to 1 1 . 11 . 1 . 5. 3.  

1 1 . 1 1 .1 .5. 1  Parts which are likely to be removed for installation or during servicing  are 
disassembled and assembled 10 times before the test is carried out.  

NOTE  Servicing  i ncl udes  rep lacement  of the  supply cord .  
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1 1 . 1 1 .1 .5.2  For the tests of 1 1 . 11 . 1 . 5. 3,  the control shall be at room temperature.  However,  
in cases where compliance may be affected by temperature,  the test is also carried out 
immediately after the control has been operated under the conditions specified in Clause 14.  

1 1 . 1 1 . 1 .5.3  A force is applied for 10 s,  without jerks,  in the most unfavourable direction,  to  
those areas of the cover or part which are likely to be weak.  The force to be used shall be as 
follows: 

– Push  force 50 N 

– Pull force,  as follows: 

a)  If the  shape of the part is such that the fingertips   
cannot easily slip off 50 N 

b)  If the projection of the part which is gripped   
is less than 10 mm in the direction of removal 30 N 

The push force is applied by means of a  rigid test finger similar in  dimensions to the standard 
test finger shown in Figure 2.  

The pull force is applied by any suitable means (for example,  a  suction cup)  so that the test 
results are not affected.  

While the pull test of a)  or b)  is being applied,  the test fingernail shown in  Figure 3 is inserted 
in any aperture or joint with a  force of 10 N.  The fingernail is then slid sideways with a  force of 
10 N; it is  not twisted or used as a  lever.  

If the shape of the part is such that an axial pull is unlikely,  no pull force is applied but the test 
fingernail shown in Figure 3 is inserted in any aperture or joint with a  force of 10 N and is then 
pulled for 10 s by means of the loop with a  force of 30 N in  the direction or removal.  

If the cover or part is likely to be subjected to a  twisting force,  a  torque as detailed below 
shall be applied at the same time as the  pull or push force:  

– for major dimensions up to and including 50 mm 2 Nm 

– for major dimensions over 50 mm 4 Nm 

This torque is also applied when the test fingernail is pulled by means of the loop.  

If the projection of the part which  is gripped is less than 10 mm,  the above torque is reduced 
to 50 % of the value.  

1 1 . 1 1 .1 .5.4  During and after the tests of 11 . 11 . 1 . 5. 3,  parts shall not become detached and 
they shall remain in  the locked position,  otherwise they are deemed to be  detachable parts .  

1 1 . 1 1 . 1 .6  A cover,  wh ich  can  be  removed  wi th  one  hand ,  shal l  not  be  re leased  when  a  
squeezing  force  of up  to  45  N  combined  wi th  up  to  1 5  N  for the  pu l l  test i s  appl ied  at any two 
poin ts ,  the  d istance  between  wh ich  does  not exceed  1 25  mm,  as  measured  by a  tape  
stretched  tightl y over that portion  of the  surface  of the  cover  wh ich  wou ld  be  encompassed  by 
the  palm  of the  hand .  The  test i s  performed  before  and  after 1 0  removal  and  replacement 
operations .  

 Cover fixing  means  1 1 .1 1 .2

Fixing  screws of covers  or cover plates  wh ich  need  to  be  removed  during  mounting ,  user 
maintenance  or servicing  sha l l  be  captive.  

Compliance is checked by inspection.  
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NOTE  The  use  of ti gh t-fi tti ng  washers  of cardboard  or s im i l ar materi a l  i s  deemed  to  meet  th i s  requ i rement.  See  
1 9. 1 . 5.  

 Actuating  member 1 1 .1 1 .3

1 1 . 1 1 .3. 1  A control  shal l  not be  damaged  when  i ts  actuating  member  i s  moun ted  or 

removed  i n  the  i n tended  manner.  

1 1 . 1 1 .3.2  I f the  maximum  or m in imum  setting  by the  manufacturer or setting  by the  user  of 
a  type  2  action  i s  l im i ted  by mechan ical  means  associated  wi th  an  actuating  member,  such  
actuating  member  sha l l  not be  removable  wi thout  the  use  of a  tool .  

1 1 . 1 1 .3.3  I f an  actuating  member  of a  control  wi th  a  type  1  action  provid ing  an  "OFF"  
pos i tion ,  or the  actuating  member  of any control  wi th  a  type  2  action  i s  used  to  ind icate  the  
cond i ti on  of the  control ,  i t  shal l  not  be  possib le  to  fix  the  actuating  member  i n  an  i ncorrect 
pos i tion .  

Compliance with 11 . 11 . 3. 1  to 11 . 11 . 3. 3 inclusive is checked by inspection and,  for actuating 
members  which  do not require a  tool  for their removal,  by the test of 18. 9.  

NOTE  Standards  for equ i pment  may requ i re  that  an  actuating  member  u sed  to  i n d i cate  the  cond i ti on  of a  
control  not  be  capable  of bei ng  fi xed  i n  an  i ncorrect  posi ti on .  

 Parts  forming  supplementary insu lation  or reinforced  insu lation  1 1 .1 1 .4

Parts  of controls  wh ich  serve  as  supplementary insu lation  or reinforced  insu lation  and  
wh ich  m igh t be  om i tted  during  reassembly after user maintenance  or servicing ,  shal l  e i ther 
be  fixed  i n  such  a  way that they cannot be  removed  wi thou t being  seriousl y damaged ,  or be 
so  designed  that they cannot be  replaced  i n  an  i ncorrect pos i ti on ,  and  that,  i f they are  om i tted ,  
the  control  i s  rendered  i noperable  or man i festl y i ncomplete.  

Compliance is checked by inspection.  

NOTE  Li n i ng  metal  enclosu res  wi th  a  coati ng  of l acquer,  or wi th  other material  i n  the  form  of a  coati ng  wh ich  can  
be  easi l y removed  by scrapi ng ,  i s  not  deemed  to  meet  th i s  requ i rement.  

 S leeving  as  supplementary insu lation   1 1 .1 1 .5

Sleeving  used  as  supplementary insu lation  on  in tegrated  conductors  sha l l  be  retained  in  
posi tion  by a  posi ti ve  means.  

Compliance is checked by inspection and by manual test.  

NOTE  A s l eeve  i s  considered  to  be  fi xed  by a  pos i ti ve  means  i f i t  can  on l y be  removed  by breaking  or cu tti ng ,  or i f 
i t  i s  cl amped .  

 Pu l l -cords  1 1 .1 1 .6

Pu l l -cords  shal l  be  i nsu lated  from  l ive  parts  and  the  control  sha l l  be  so  des igned  that i t  i s  
poss ib le  to  fi t  or to  replace  the  pul l -cord  wi thou t l ive  parts  becom ing  accessible .  

Compliance is checked by inspection.  

 I nsu lating  l i n ings  1 1 .1 1 .7

I nsu lating  l i n i ngs,  barriers  and  the  l i ke  shal l  have  adequate  mechan ical  s treng th  and  shal l  be  
secured  i n  a  re l iable  manner.  

Compliance is checked by inspection.   
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 Controls  using  software  1 1 .1 2

See  Annex H .  

 Protective  controls  and  components  of protective  control  systems  1 1 .1 3

 Protective  controls  1 1 .1 3.1

Protective  controls  sha l l  

– be  so  designed  and  constructed  as  to  be  re l i able  and  su i table  for their i n tended  du ty and  
take  in to  account the  maintenance and  testi ng  requ irements  of the  devices,  where  
appl icable,  

– be  i ndependent of other functions,  un less  thei r safety function  cannot be  affected  by such  
other functions,  

– comply wi th  appropriate  des ign  principles  i n  order to  obtain  su i table  and  re l iab le  
protection .  

These  principles  i nclude,  i n  particu lar,  fa i l -safe  modes,  redundancy,  d ivers i ty,  and  sel f-
d iagnosis .  

Operating  controls  sha l l  not  be  used  as  protective  controls .  

Compliance is checked by carrying out the relevant tests specified in  this standard and the 
appropriate  part 2.  

 Pressure  l im iting  devices  1 1 .1 3.2

These devices  shal l  be  so  des igned  that the  pressure  wi l l  not permanen tl y exceed  the  
maximum  al l owable  pressure  of the  control led  appl ication ;  however,  a  short d uration  pressure  
surge  of no  more  than  1 0  %  of the  maximum  al lowable  pressure  i s  acceptable,  where  
appropriate,  or where  not speci fi ed  i n  the  re levant  standard  for the  control l ed  appl ication .  

 Temperature  moni toring  devices  1 1 .1 3.3

These devices  shal l  have  an  adequate  response time on  safety grounds,  cons istent wi th  
measurement function .  

1 1 . 1 3.4  Batteries  

1 1 . 1 3.4. 1  Controls  conta in ing  batteries  shal l  be  designed  to  reduce  the  risk  of fi re,  
explosion  and  chem ical  l eaks  under normal  cond i ti ons  and  after a  s ing le  fau l t  i n  the  control .  
For user-replaceable  batteries ,  the  design  shal l  reduce  the  l i ke l ihood  of reverse  polari ty 
i nsta l l ation  i f th is  wou ld  create  a  hazard .  

1 1 . 1 3.4.2  Battery ci rcu i ts  designed  for a  tota l  battery capaci ty >  1  000  mAh  shal l  be  
designed  so  that:  

– the  ou tput characteristics  of a  battery charg ing  ci rcu i t are  compatib le  wi th  i ts  rechargeable 
battery (see  Annex V);  and  

– for non-rechargeable  batteries,  d ischarg ing  at a  rate  exceed ing  the  battery manufacturer's  
recommendations,  and  un in ten tional  charg ing ,  are  prevented ;  and  

– for rechargeable  batteries  (see  Annex V),  charg ing  and  d ischarg ing  at a  rate  exceed ing  
the  battery manufacturer's  recommendations,  and  reversed  charg ing ,  are  prevented ;  and  

– replaceable  batteries  shal l  e i ther:   

•  have  contacts  that cannot be  shorted  wi th  the  test finger (F igu re  2) ;  or 

•  be  inheren tl y protected  to  avoid  creating  a  hazard  wi th in  the  mean ing  of the  standard .  
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NOTE  Reversed  charg i ng  of a  rechargeabl e  battery occurs  when  the  polari ty of the  charg ing  ci rcu i t  i s  reversed ,  
a i d i ng  the  d i scharge  of the  battery.  

1 1 . 1 3.4.3  I f a  battery wi th  a  capaci ty >  1  000  mAh  con tains  l i qu id  or ge l  e l ectrol yte,  a  battery 
tray shal l  be  provided  that i s  capable  of reta in ing  any l i qu id  that  cou ld  l eak as  a  resu l t  of 
i n ternal  pressure  bu i ld -up  i n  the  battery.  The  requ i rement to  provide  a  battery tray does  not 
appl y i f the  construction  of the  battery i s  such  that l eakage of the  e lectrol yte  from  the  battery 
is  un l ike l y.  

NOTE  An  example  of a  battery construction  where  l eakage  of the  e l ectrolyte  i s  considered  to  be  un l i kel y i s  the  
sealed  cel l  va l ve-regu l ated  type.  

1 1 . 1 3.4.3. 1  I f battery tray is  requ i red ,  i ts  capaci ty shal l  be  at l east equal  to  the  volume of 
e lectrol yte  of a l l  the  cel ls  of the  battery,  or the  volume of a  s ing le  cel l  i f the  des ign  of the  
battery i s  such  that  s imu l taneous  l eakage from  mu l ti p le  cel ls  i s  u n l ikel y.  

NOTE  I f several  cel l s  ( for example,  the  s i x cel ls  i n  a  1 2  V  l ead -acid  battery)  are  i n  a  s i ng le  cas ing ,  i ts  fracture  
cou ld  l ead  to  a  g reater vol ume of l eakage  than  from  a  s i ng le  cel l .  

1 1 . 1 3.4.4  Compliance with 11 . 13. 4. 1  to  1 1 . 13. 4. 3. 1  is checked by inspection and by 
evaluation of the data  provided by the equipment manufacturer and battery manufacturer.  

When appropriate data is not available,  compliance is checked by the test of 11 . 13. 4. 4. 1  to 
11 . 13. 4. 4. 4 and 11 . 13. 4. 5.  However,  batteries that are inherently safe for the conditions given 
are not tested under those conditions.  Consumer grade,  non-rechargeable carbon-zinc or 
alkaline batteries are considered safe under short-circuiting conditions and therefore are not 
tested for discharge; nor are such batteries tested for leakage under storage conditions.  The 
battery used for the following tests is a  new non-rechargeable battery or as provided with,  or 
recommended by the manufacturer for use with,  the  control.  

1 1 . 1 3.4.4. 1  Unintentional charging of a  non-rechargeable battery.  The battery is charged 
while briefly subjected to the  simulation of any single component failure  that is likely to occur 
in the charging circuit and that would result in unintentional charging of the battery.  To 
minimize testing time,  the failure  is chosen that causes the highest charging current.  The 
battery is then charged for a  single  period of 7 h  with that simulated failure  in  place.  

1 1 . 1 3.4.4.2  Excessive discharging rate.  The battery is subjected to rapid discharge by open-
circuiting or short-circuiting any current-limiting or voltage-limiting components in  the load 
circuit of the battery under test.  

NOTE  Some of the  tests  speci fi ed  can  be  hazardous  to  the  persons  carrying  them  ou t;  i t  i s  suggested  that  a l l  
appropri ate  measures  to  protect  personnel  agai nst  possibl e  chem ical  or expl os ion  hazards  be  taken .  

1 1 . 1 3.4.4.3  See Annex V.  

1 1 . 1 3.4.4.4  These tests shall not result in  any of the following:  

– chemical leaks caused by cracking,  rupturing or bursting of the battery jacket,  if such 
leakage could adversely affect required insulation;  or 

– spillage of liquid from any pressure relief device in  the battery,  unless such spillage is 
contained by the control without risk of damage to the insulation or harm  to the user;  or 

– explosion of the  battery,  if such  explosion could result in  injury to  a  user;  or 

– emission of flame or expulsion of molten metal to the outside of the control enclosure.  

1 1 . 1 3.4.5  After completion of the tests,  the equipment is subjected to the electric strength 
tests of 13. 2.  

1 1 . 1 3.5  Smart enabled  controls  
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1 1 . 1 3.5. 1  A smart enabled  control  sha l l  be  so  designed  that the  external  communication  
s i gnals  (data  or power demand )  do  not un in tentional l y override  the  operati ng  parameters  of a  
type  2  action  control  n or i n terfere  wi th  any protective  function  of the  control .  

A smart enabled  control  i s  perm i tted  to  a l ter the  operati ng  parameters  of a  type  2  control  
wi th in  defi ned  l im i ts  so  l ong  as  the  protective  functions  remain  i n tact.  

1 1 . 1 3.5.2  A smart enabled  control  that  in tegrates  operati ng  and  protecti ve  functions  shal l  
be  evaluated  as  a  protective  control .   

1 1 . 1 3.5.3  Any transm i tter or communication  modu le  that i s  external  to  the  control  and  acts  
as  the  in terface  between  the  control  and  the  te lecommun ication  network shal l  comply wi th  
I EC 621 51  or I EC 62368-1 .  Nevertheless  the  measures  to  ensure  protection  against e lectric  
shock in  th is  s tandard  (e. g .  Annex T)  shal l  be  met.  

1 1 . 1 3.5.4  Any transm itter or commun ication  modu le  that i s  part of the  smart enabled  
control  shal l  comply wi th  the  requ i rements  of th is  standard .   

1 1 . 1 3.5.5 Compliance of 11 . 13.5 is checked by evaluating the control  in  accordance with  
the requirements of H. 27. 1  and other relevant requirements of this standard.  

1 2  Moisture  and  dust resistance  

 Protection  against  ingress  of water and  dust  1 2.1

1 2. 1 . 1  Controls  shal l  provide  the  degree  of protection  against i ngress  of water and  d ust 
appropriate  to  the ir I P  cl assi fication  when  mounted  and  used  i n  the  declared  manner.  

1 2. 1 .2  Compliance is checked by first preparing the control as described in  12. 1 . 3 to 12. 1 . 6 
inclusive and then by carrying out the appropriate test specified in IEC 60529.  Immediately 
after the appropriate test the control shall withstand the electric strength test specified in 
13. 2,  and inspection shall show that any water which may have entered the  control has not 
impaired compliance with this standard: in particular,  there shall be no trace of water on 
insulation which could result in reduction of creepage distances  and clearances  below the 
values specified in  Clause 20.  

1 2 . 1 .3  Controls  are allowed to stand in normal test room atmosphere for 24 h  before being 
subjected to the appropriate test.  

1 2 . 1 .4  Controls  provided with a  detachable cord are fitted with an appropriate equipment 
inlet and flexible cord; controls  with  a  non-detachable cord using type X attachment are  
fitted with the appropriate conductors with  the smallest cross-sectional area specified in 
10. 1 . 4;  controls  provided with a  non-detachable cord using type M attachment,  type Y 
attachment or type Z attachment are tested with  the cord declared or delivered with the  
samples.  

1 2. 1 .5  Detachable parts  are removed and subjected,  if necessary,  to the tests with  the main 
part.  

1 2. 1 .6  Sealing rings of glands and other sealing means,  if any,  are aged in an atmosphere 
having the composition and pressure of the  ambient air,  by suspending them freely in  a  
heating cabinet,  ventilated by natural circulation.  They are kept in  the cabinet at a  

temperature of (70 ±  2)  °C,  for 10 days (240 h) .  

NOTE  I n  the  USA,  there  are  add i ti ona l  requ i rements  for gaskets ,  g l ands  and  seal i ng  compounds  employed  to  
prevent  harmfu l  i n gress  of water and  to  adhesives  used  for securement of such  gaskets  to  an  enclosu re  or cover  i n  
control s  to  be  i nstal l ed  where  exposed  to  ra i n  and  operati ng  at  or below 60  °C.  
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1 2. 1 .6. 1  Void  

1 2. 1 .6.2  Immediately after ageing,  the parts are taken out of the cabinet and left at room 
temperature,  avoiding direct daylight,  for at least 16 h,  before being reassembled.  The glands 
and other sealing means are then tightened with a  torque equal to two-thirds of that given in 
Table 20.  

 Protection  against  humid  condi tions   1 2.2

1 2.2. 1  Al l  controls  sha l l  wi thstand  hum id  cond i tions  wh ich  may occur in  normal  use .  

See  a lso  Annex J .  

1 2.2.2  Compliance is checked by the test sequence described in  12. 2. 3,  after the humidity 
treatment of 12. 2. 5 to 12. 2. 9,  inclusive.  

1 2.2.3  For in-line cord,  free-standing,  independently mounted controls ,  the test of 13. 2 
is conducted immediately after the humidity treatment.  For integrated and incorporated 
controls,  the test of 13. 2 is conducted immediately after the  humidity treatment.  These tests 
shall be conducted in such a  manner that condensation does not occur on  any surface of the 
test samples.   

1 2.2.4  The control shall show no damage so as to impair compliance with  this standard.  

1 2.2.5 Cable inlet openings,  if any,  and drain holes are  left open.  If a  drain hole is provided 
for an IPX7 control,  it is opened.  

1 2.2.6  Detachable parts  are removed and subjected,  if necessary,  to the humidity treatment 
with the main part.  

1 2.2.7  Before being placed in  the humidity cabinet,  the sample is brought to a  temperature 

between t and (t +  4)  °C.  The sample is then kept in  the humidity cabinet for:  

– 2 days (48 h)  for IPX0 controls;  

– 7 days (168 h)  for all other controls.  

1 2 .2.8  The humidity treatment is carried out in a  humidity cabinet containing air with a  
relative humidity between 91  % and 95 %.  The temperature of the air,  at all places where 
samples can be located,  is maintained within 1  K of any convenient value (t)  between 20 °C 
and 30 °C.  

1 2 .2.9  After this treatment,  the tests of Clause 13 are made either in the humidity cabinet,  or 
in the room in which  the  samples were brought to the prescribed temperature after the 
reassembly of any detached parts.  

NOTE  1  I n  most cases,  the  sample  can  be  brough t to  the  speci fi ed  temperatu re  by keeping  i t  at  th i s  temperature  
for at  l east  4  h  before  the  hum id i ty treatment.  

NOTE  2  A re lati ve  hum id i ty between  91  %  and  95  %  can  be  obtai ned  by pl acing  i n  the  hum id i ty cabinet  a  
satu rated  sol u ti on  of sod i um  su lphate  (Na

2
SO

4
)  or potassi um  n i trate  (KNO

3
)  i n  water havi ng  a  su ffi cien tl y l arge  

con tact  su rface  wi th  the  a i r.  I t  i s  important  that  care  be  taken  such  that  the  test  sample  i s  not  subjected  to  
condensate  or other contam inan ts  from  the  sal t  sol u ti on  or from  any part  of the  test  equ ipment.  

NOTE  3  I n  order to  ach ieve  the  speci fi ed  cond i ti ons  wi th i n  the  cabi net,  i t  i s  necessary to  provide  constan t 
ci rcu lation  of the  a i r wi th i n  and ,  i n  general ,  to  use  a  cabinet  wh ich  i s  thermal l y i nsu l ated .  

1 2.3  For in -l ine  cord  and  free-standing  controls ,  one  sample  i s  subj ected  to  the  test of 

1 2 . 3. 1  to  1 2 .3 . 7  i nclus ive  prior to  the  other tests  of C lause  1 2.   

Class  I I I  controls  are  not tested  under these  subclauses.  
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NOTE  I n  the  countri es  members  of CENELEC,  1 2 . 3  does  not  appl y.  

1 2.3. 1  The control is connected to a  supply voltage equal to 1 , 06 times the rated voltage.  
The test is conducted at the maximum rated current and the maximum declared ambient 
temperature.  

1 2.3.2  The leakage current is  measured between parts as indicated in  13. 3. 1 .   

1 2.3.3  Measuring circuits for controls  using different supplies are shown in the figures 
mentioned below:  

– for a  single-phase control having a  rated voltage not exceeding 250 V,  or three-phase 
control used as a  single-phase control,  if a  class II control,  see Figure 25; if other than a  
class II control,  see  Figure 26;  

– for a  single-phase control having a  rated voltage exceeding 250 V,  or a  three-phase 
control not suitable for use as a  single-phase control,  if a  class II control,  see 
Figure 27; if other than a  class II control,  see  Figure 28;  

– for a  two-phase control having a  rating not exceeding 250 V,  other than class II control,  
see Figure 29 or 30,  depending upon usage.  

Controls  for single-phase equipment having a  rated voltage exceeding 250 V shall be 
connected to two of the phase conductors,  the  remaining phase conductor not being used.  

A  suitable measuring circuit is shown in  Annex E.   

1 2.3.4 During measurement,  all control circuits shall be closed.  However,  controls  tested 
according to Figures 26,  29 and 30 shall have leakage currents  checked with switch  S1  in 
the open and the closed position.  

It is  permissible to short circuit contact points to simulate closed circuits.  

1 2.3.5  The measuring circuit shall have a  total impedance of (1  750 ±  250)  Ω  and be 

shunted by a  capacitor such that the time constant of the circuit is (225 ±  15)  µs.  

1 2.3.6  The measurement circuit shall not have an error of more than 5 % at an  indicated 
0, 75 mA of leakage and shall have an accuracy of within 5 % for all frequencies in the range 
of 20 Hz to 5 kHz.  

1 2.3.7  The maximum leakage current,  after the temperature of the control has stabilized,  
shall not exceed the values given in  13. 3. 4.  

1 3  Electric strength  and  insulation  resistance  

 I nsu lation  resistance  1 3.1

The i nsu lation  res istance  of in -l ine  cord ,  free  stand ing  and  independently mounted  
controls  sha l l  be  adequate.  

1 3. 1 . 1  Compliance is checked by the test of 13. 1 . 2 to 13. 1 . 4 inclusive.  This test is made 
when specified in  Clause 12.  

1 3. 1 . 2  When measuring reinforced insulation  or supplementary insulation  to other than 
metal parts,  each appropriate surface of the insulation is covered with a  metal foil to provide 
an electrode for the test.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 93  – 
© I EC  201 5  

1 3. 1 .3  The insulation resistance is measured with a  d. c.  voltage of approximately 500 V 
applied,  the measurement being made 1  min after application of the voltage.  

1 3. 1 .4  The insulation resistance shall not be  less than that shown in Table 11 .  

Table  1 1  (1 3.1  of ed i tion  3)  – M in imum  insu lation  resistance  

Insu lation  to  be  tested  I nsu lation  resistance  

MΩ  

Functional  i nsu lation  – 

Basic i nsu lation  2  

Supplementary insu lation  5  

Reinforced  insu lation  7  

 

 El ectric strength  1 3.2

The e lectric s trength  of a l l  controls  shal l  be  adequate.  

1 3.2. 1  Compliance is checked by the following test of 13. 2. 2 to 13. 2. 4 inclusive,  using 
insulation or disconnection test voltages as shown in Table  12.  This test is made when 
specified in Clause 12 and Clause 17.  

Table  1 2  (1 3.2  of ed i tion  3)  – Insu lation  or d isconnection  test  vol tages  
a  
(1  of 2)  

Insu lation  or d i sconnection   
to  be  tested  

c d  e
 

Test vol tage  for working  vol tages  
b
 

Up  to  
50  V 

f  

(Class  I I I )  

Up  to  
50  V 

f or g  

(Other 
than   

Class  I I I )  

Over 50  V 
up  to  and  
includ ing  
1 30  V 

g
 

Over 1 30  V 
up  to  and  
i nclud ing  
250  V 

g
 

Over 250  V 
up  to  and  
includ ing  
440  V 

g
 

Over 440  V 
up  to  and  
includ ing  
690  V 

g
 

Functional  i nsu lation  
h
 1 00  1 00  260  500  880  1  380  

Basi c i nsu lation  
i  j
 500  1  250  1  330  1  450  1  640  1  890  

Supplementary i nsu lation  
i  j  k  l

 -  1  250  1  330  1  450  1  640  1  890  

Reinforced  i nsu lation  
i  j  k  l  m

 -  2  500  2  660  2  900  3  280  3  780  

Electron ic  d i sconnection  
n  o
 1 00  1 00  260  500  880  1  380  

Micro-d isconnection  
p
 1 00  1 00  260  500  880  1  380  

Fu l l  d isconnection  
p
 500  1  250  1  330  1  450  1  640  1  890  

Micro-in terruption
 q
 -  -  -  -  -  -  

 

I nsu lation  or d i sconnection  to  be  
tested   c  d   

Test vol tage  for working  vol tage  (U )  b  q  

SELV e  
Working  vol tage   

≤  50  V   f  

Working  vol tage  f  

50  V  <  U ≤  690  V  

Functional  i nsu lation   g  1 00  1 00  2  ×  U 

Basic i nsu lation  h   i  500    1  250  1  200  +  U 

Supplementary insu lation   h   i   j   k  
l  

– 1  250  1  200  +  (U)    

Reinforced  insu lation   h   i   j   k  l  – 2  500  2  400  +  (2  ×  U)    

Fu l l  d i sconnection   o  N/A 1  250  1  200  +  U 

Micro-d isconnection   o  1 00  1 00  2  ×  U 

Electron ic d isconnection   m   n  1 00  1 00  – 
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Micro-in terruption   p  – – – 

NOTE  1  A DC potenti a l  equ i valen t  to  1 , 41 4  t imes  the  test  vo l tage  speci fi ed  i n  Tab le  1 2  may be  appl i ed .  

NOTE  2  For controls  i n tended  for i ncorporati ng  i n to  an  appl i ance  or i n  con junction  wi th  other equ i pment the  
h i gher e l ectri c  strength  test  val ues  of the  equ i pment  standard  can  be  considered .  

a
 I n  Canada  and  the  USA,  other val ues  are  appl i cable.  Voi d .  

b
 The  h i gh -vol tage  transformer used  for the  test  must  shal l  be  so  des igned  that  when  the  ou tpu t  term inal s  are  

short-ci rcu i ted  after the  ou tpu t  vo l tage  has  been  ad justed  to  the  test  vol tage,  the  ou tpu t  cu rrent  i s  at  l east  
200  mA.  The  overcu rren t  rel ay must  shal l  not  tri p  when  the  ou tpu t  cu rrent  i s  l ess  than  1 00  mA.  Care  shal l  be  

taken  that  the  r.m . s.  va l ue  of the  test  vo l tage  i s  measured  wi th i n  ±3  % .  See  a l so  Annex H .
 

c
 Specia l  components  wh ich  m ight  render the  test  impracti cal ,  such  as  e l ectron ic parts ,  neon  l amps,  coi l s  or 

wind ings  shal l  be  d i sconnected  at  one  pol e  or bri d ged  as  appropri ate  to  the  i nsu lat ion  being  tested .  
Capaci tors  shal l  be  bri d ged  except  for the  tests  for functional  i nsu lation  when  one  pole  i s  d i sconnected .  
Where  such  a  proceed ing  i s  not  practi cal ,  the  tests  of Cl auses  1 5  to  1 7  i ncl us i ve  are  considered  to  be  
su ffi cien t.

 

d
 For class  I  con trols  and  class  0I  controls  and  controls  for cl ass  I  s i tuations,  care  must  shal l  be  taken  that  

adequate  cl earance  i s  main tained  between  metal  fo i l  and  accessib le  metal  to  avoid  over-stressing  of 
i nsu lati on  between  l i ve  parts  and  earthed  metal  parts .

 

e  
Care  shou ld  be  taken  when  carryi ng  ou t  the  tests  to  avoi d  overstress ing  the  components  of electron ic  
control s .

 

f  e
 No  requ i rement  up  to  24  V a . c.  r.m . s.  i f the  ci rcu i t  i s  i nsu lated  from  the  mains  by double  i nsu lation  or 
reinforced  i nsu lation  (may be  earthed ).

 

g  f
 Appl i es  to  controls  ga l van ical l y connected  to  mains.

 

h  g
 
Functional  i nsu lation  on  pri n ted  wi ri ng  boards  subm i tted  i n  normal  use  to  a  vol tage  up  to  50  V i s  not  
subjected  to  the  tests  of 1 3 . 2 .

 

i  h
 See  1 3. 3. 1 .

 

j  i  
Any metal  i n  contact  wi th  accessib le  metal  i s  a l so  regarded  as  accessibl e.

 

k  j
 For the  tests  of supplementary i nsu lation  and  reinforced  i nsu lation ,  the  metal  foi l  i s  app l i ed  i n  such  a  way 
that  seal i ng  compound ,  i f any,  i s  effecti vel y tested  to  accessib le  i nsu lati ng  su rfaces.

 

l  k  For accessible  parts  wh ich  are  protected  by means  of protective  impedance ,  the  tests  are  carried  ou t  wi th  
the  components  d i sconnected ,  the  m id -poi n t  of the  two  impedances  bei ng  regarded  as  an  i n termed iate  metal  
part.

 

m  l
 For controls  i ncorporati ng  rei nforced  insu lation  as  wel l  as  double  i nsu lation ,  care  shou ld  be  taken  that  
the  vol tage  appl i ed  to  the  reinforced  i nsu lation  does  not  over-stress  the  basic  i nsu lation  or the  
supplementary parts  of the  double  i nsu lation .

 

n  m  
The  device  wh ich  actual l y performs  the  d i sconnection  i s  fi rst  removed  from  the  ci rcu i t.  I f necessary,  any 
control  i npu t  i s  connected  such  that  the  device  i s  provid i ng  the  d i sconnection .  The  test  vol tage  i s  then  
appl i ed  to  the  term inal s  and  terminations  of the  device  wh ich  carry the  l oad  current.  

o  n
 See  Cl ause  H . 28.  

 

p  o
 For the  test  of fu l l  d i sconnection  and  micro-d isconnection ,  contacts  are  opened  au tomatical l y or manual l y  
and  tested  as  soon  after open ing  as  possib le  to  ensure  that  the  contact  separati on  and  the  supporti ng  
i nsu lati on  are  sati sfactory.   

 I n  the  case  of temperature  sensing  controls ,  i t  may be  necessary to  provi de  specia l  samples  special l y  
cal i brated  to  open  between  1 5  °C  and  25  °C  to  enable  th i s  test  to  be  carri ed  ou t  at  room  temperatu re  
immed iately after removal  from  the  hum id i ty cabinet.  

 

q  p  
There  are  no  e l ectri c  strength  requ i rements  for micro-in terruption ,  s i nce  the  sati sfactory completi on  of the  
tests  of Clauses  1 5  to  1 7  i ncl u s ive  are  considered  to  be  su ffi cien t.  Fu rthermore,  for a  control  wh ich  has  no  
micro-d isconnection  i n  one  pos i ti on  of i ts  actuating  means  and  micro-in terruption  i n  other posi ti ons,  
there  are  no  requ i rements  for e l ectri c  strength  for those  posi ti ons  correspond i ng  to  micro-in terruption .  

q
 Al l  a . c.  vol tages  are  r.m . s.  at  50  Hz to  60  Hz.

 

 

1 3.2.2  When measuring reinforced insulation  or supplementary insulation  to  other than 
metal parts,  each appropriate surface of the insulation is covered with  a  metal foil to provide 
an electrode for the test.  

1 3.2.3  The insulation is subjected to a  voltage of substantially sine-wave form,  having 
frequency of 50 Hz or 60 Hz.  Voltage is applied for 1  min across the insulation or 
disconnection indicated in Table 12 and has the value shown in the  table.  
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1 3.2.4  Initially not more than half the prescribed voltage is applied,  then it is raised rapidly to 
the full value.  No flashover or breakdown shall occur.  Glow discharges without drop in voltage 
are neglected.  

 Addi tional  tests  for in -l ine  cord  and  free-standing  controls   1 3.3

For in -l ine  cord  and  free-standing  controls ,  after the  tests  of 1 3 . 1  or 1 3. 2,  as  appropriate,  
the  sample  that was  subjected  to  the  tests  of 1 2. 3  shal l  be  subj ected  to  the  tests  of 1 3 .3 . 1  to  
1 3 . 3. 4  i nclus ive.  

Class  I I I  controls  are  not tested  under these  subclauses.  

1 3.3. 1  A  test voltage,  d. c.  for controls  for d. c.  only and a. c.  for all other controls,  is applied 
between any live part and 

– accessible  metal parts;  

– metal foil with an area not exceeding 20 cm ×  10 cm in contact with accessible surfaces  
of insulating material,  connected together.  

Measurements shall be  done individually as well as collectively where surfaces are 
simultaneously accessible from one surface to another.  

Where a  surface is less than 20 cm ×  10 cm,  the metal foil is to be the same size as the 
surface.  The metal foil is  not to remain in place long enough to affect the temperature of the 
control.  

If the control is provided with  a  grounding pin or conductor,  the grounding conductor is to  be 
disconnected at the  supply source.  

1 3.3.2  The test voltage is  

– 1 , 06 times rated voltage,  or 1 , 06 times the upper limit of the rated voltage range,  for 
controls  for d. c.  only,  for single-phase controls  and for three-phase controls  which are 
also suitable  for single-phase supply,  if the rated voltage or the upper limit of the rated 
voltage range does not exceed 250 V;  

– 1 , 06 times rated voltage,  or 1 , 06 times the upper limit of the rated voltage range,  divided 

by 3 ,  for other controls .  

1 3.3.3  The leakage current is  measured within  5 s  after the application of the test voltage.  

1 3.3.4  The maximum leakage current to accessible metal parts and metal foil shall not 
exceed the following values:  

– for class 0 controls,  class 01  controls   0, 5 mA,  

– for class l controls    0, 75 mA,  and 

– for class ll controls     0, 25 mA.  

NOTE  I n  Canada  and  the  USA,  the  val ues  for controls  u s i ng  250  V or l ess  supply are  as  fol l ows:   

– for class  0  control ,  class  0 I  control  and  class  I  con trol   0 , 5  mA;  

– for class  I I  con trols      0 , 25  mA.  

1 4 Heating  

1 4. 1  Controls  and  the ir supporting  surfaces  shal l  not a tta in  excess ive  temperatures  i n  
normal  use .  
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1 4. 1 . 1  Compliance is checked by the test of 14. 2 to 14.7 inclusive.  

1 4. 1 .2  During this test,  the temperatures shall not exceed the values specified in Table 13,  
and the controls  shall not undergo any change so as to impair compliance with this standard 
and in  particular with Clauses 8,  13 and 20.  

1 4.2  Terminals and terminations  which  are intended for the  connection of external 
conductors,  other than those for non-detachable cords  using type M attachment,  type Y 
attachment or type Z attachment,  shall be fitted with conductors of the intermediate 
cross-sectional area appropriate  to the type of conductor and rating used in  10. 1 . 4.  

1 4.2. 1  If type M attachment,  type Y attachment or type Z attachment  are used then the 
cord declared or supplied shall be  used for the  test.  

1 4.2.2  If a  terminal is suitable for both flexible cords and for fixed conductors,  then the 
appropriate flexible cord is used.  

1 4.2.3  Terminals not intended for the connection of external conductors  shall be  fitted with 
conductors of the minimum cross-sectional area,  as specified in 10. 2. 1 ,  or with  a  special 
conductor if declared in 7. 2.  

1 4.3  In-line cord controls  are  stood or rested on a  dull black painted plywood surface.  

1 4.3. 1  Independently mounted controls  are mounted as in  normal use.  

1 4.4  Controls  shall be connected to a  supply having the most unfavourable voltage between 
0, 94 VR  and 1 , 06 VR.  Circuits which are not voltage sensitive may be connected to a  lower 
voltage (but not less than 10 % of VR  and loaded such that the most unfavourable current 
between 0, 94 and 1 , 06 times the rated current flows in the circuit) .  

NOTE  I n  the  USA,  the  test  i s  conducted  at  the  vol tages  speci fi ed  i n  1 7 . 2 . 3. 1  and  1 7. 2 . 3 . 2 .  

1 4.4. 1  Circuits and contacts not intended for external loads shall be specified by the 
manufacturer.  

1 4.4.2  Actuating members  are  placed in  the most unfavourable position.  

1 4.4.3  Contacts required to be closed initially for the purpose of this test are closed at the 
rated current and the rated voltage of the circuit.  

1 4.4.3. 1  For temperature sensing controls,  the  temperature sensing element is raised or 
lowered to a  temperature which differs from the measured operating temperature under the 

conditions of this clause (5 ±  1 )  K such that the contacts are then in  the closed position.  

1 4.4.3.2  For all other sensing controls,  the sensing element shall be maintained such that 
the contacts are in  the closed position,  but are  as near the point of opening as is practical.  

1 4.4.3.3  It may be necessary to raise or lower,  as appropriate,  the value of the activating 
quantity beyond the operating value  so as to cause operation  and then to return the value 
of activating quantity to  the required level.  

1 4.4.3.4  For other automatic  controls,  the most arduous operating sequence  or segment 
of the operating sequence  shall be selected.  

1 4.4.4  If the control starts to operate during this test,  the control is  reset so that the  
contacts will remain closed.  
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1 4.4.4. 1  If resetting to reclose the contacts is not practical,  then the test is discontinued.  A  
new operating value  is determined and the test repeated using this new operating value.  

1 4.5  Controls  are tested in an  appropriate heating and/or refrigerating apparatus such that 
the conditions in 14. 5. 1  and 14. 5. 2 are obtained.  

Except for controls  submitted in  or with appliances,  the test shall be conducted in an 
environment protected from drafts.  Natural convection is permitted.  

1 4.5. 1  The temperature of the switch head is maintained between Tmax  and either 

(Tmax  +  5)  °C or 1 , 05 times Tmax,  whichever is greater.  The temperature of any mounting 

surface is maintained between Ts  max  and either (Ts  max  +  5)  °C or 1 , 05 times Ts  max  
whichever is the greater if Ts  max  is different from Tmax.  

1 4.5.2  In-line cord controls,  independently mounted controls  and those parts of 
integrated and incorporated controls  which are accessible when the control is mounted as 
in normal use  shall be  in a  room temperature in  the range of 15 °C to 30 °C,  the resulting 
measured temperature being corrected to a  25 °C reference value.  

1 4.6  The temperatures specified for the switch head,  the mounting surfaces and sensing 
element shall be attained in approximately 1  h.   

1 4.6. 1  The electrical and thermal conditions are maintained for 4 h,  or for 1  h  after steady 
state,  whichever occurs first.   

1 4.6.2  For controls  designed for short-time or intermittent operation ,  the resting time(s)  
declared in  Table 1 ,  requirement 34,  shall be included in  the  4 h.  

1 4.7  The temperature of the medium in which the switch head is  located,  and the value of 
the activating quantity to which the sensing element is exposed,  shall be measured as near 
as possible to the centre of the space occupied by the samples and at a  distance of 
approximately 50 mm from the  control.  

1 4.7. 1  The temperature of the parts and surfaces indicated in  Table 13 shall be determined 
by means of fine wire thermocouples or other equivalent means,  so chosen and positioned 
that they have the minimum effect on the temperature of the part under test.  

1 4.7.2  Thermocouples used for determining the temperature of supporting surfaces are 
attached to the back of small blackened discs of copper or brass,  15 mm in diameter and 
1  mm thick,  which are flush with  the surface.  So far as is possible,  the control is positioned 
such  that parts likely to attain  the highest temperatures touch the discs.  

1 4.7.3  In  determining the temperature of actuating members  and other handles,  knobs,  
grips and the like,  consideration is given to other parts which are  gripped in normal use,  and 
if of non-metallic material to parts in  contact with hot metal.  

1 4.7.4  The temperature of electrical insulation,  other than that of windings,  is determined on 
the surface of the insulation at places where failure  could cause:  

– a  short circuit;  

– a  fire  hazard;  

– an  adverse effect on the protection against electric shock;  

– contact between live parts  and accessible  metal parts;  

– bridging of insulation;  

– reduction of creepage distances  or clearances  below the values specified in  Clause 20.  
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Table  1 3  (1 4.1  of ed i tion  3)  – Maximum heating  temperatures  (1  of 3)  

Parts  
Maximum  temperature  

permi tted  
°C  

Pins  of appl i ance  i n l ets  and  p l ug- i n  devices  a :   

–   for very hot  cond i ti ons   1 55  

–  for hot  cond i ti ons   1 20  

–  for col d  cond i ti ons     65  

Wind ings  b  c  d  e  and  core  l am inations  i n  con tact  therewi th ,  i f wind i ng  i nsu lation  i s :   

–  of cl ass  A material   1 00  [90]  

–  of cl ass  E  material   1 1 5  [1 05]  

–  of cl ass  B  material   1 20  [1 1 0]  

–  of cl ass  F  materia l   1 40  

–  of cl ass  H  materia l   1 65  

Term inal s  and  terminations  for external  conductors  a  f  g     85  

Other term inal s  and  terminati ons  a  h     85  

Rubber or pol yvinyl  ch l ori de  i n su lation  of conductors :  a   

–   i f fl exing  occurs  or i s  l i kel y to  occur    60  

–  i f no  fl exing  occurs  or i s  l i kely to  occur    75  

–  wi th  temperature  marking  or temperature  rati ng  val ue  marked  

Cord  sheath  used  as  supplementary insu l ation  i     60  

Rubber other than  syn theti c  when  used  for gaskets  or other parts ,  the  deteri oration  
of wh ich  cou ld  impai r compl i ance  wi th  th i s  s tandard :  

 

–  when  used  as  supplementary i nsu lation  o r as  rein forced  insu lation     65  

–  i n  other cases     75  

Materi al s  used  as  i nsu lati on  other than  for wi res  i  j  k:   

–   impregnated  or varn i shed  texti l e ,  paper or press  board     95  

–  l am inates  bonded  wi th :   

 melam ine  formaldehyde,  phenol -formaldehyde  or phenol -furfu ra l  res i ns   1 1 0  [200]  

 u rea-formaldehyde  resins     90  [1 75]  

– mou ld ings  of j   

 phenol -formaldehyde,  wi th  cel l u l ose  fi l l ers   1 1 0  [200]  

 phenol -formaldehyde,  wi th  m inera l  fi l l ers   1 25  [225]  

 melam ine-formaldehyde   1 00  [1 75]  

 u rea-formaldehyde     90  [1 75]  

 pol yester wi th  g l ass  fi bre  re in forcement   1 35  

 pure  m ica  and  ti gh tl y s i n tered  ceram ic  materia l  when  such  products  are  used  as  
supplementary i nsu lation  or reinforced  insu lation  

 425  

 other thermosetti ng  materia l s  and  a l l  thermo-plasti c  materia l  l  –  

Al l  accessibl e  surfaces  except  those  of actuating  members ,  hand les ,  knobs,  g ri ps   
and  the  l i ke  

   85  
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Table  1 3  (2 of 3)  

Parts  
Maximum  temperature  

permi tted  
°C  

Accessible  surfaces  of hand l es,  knobs,  g ri ps  and  the  l i ke  used  for carryi ng  and  
transporti ng  the  con trol :  

 

–   of metal  55  

–  of porcela i n  or vi treous  material  65  

–  of mou lded  materi a l ,  rubber or wood  75  

Accessible  surface  of actuati ng  members ,  or of other hand l es,  g ri ps  or the  l i ke  wh ich  
are  hel d  for short  peri ods  on ly:  

 

–  of metal  60  

–  of porcela i n  or vi treous  material  70  

–  of mou lded  materi a l ,  rubber or wood  85  

Wood  i n  genera l  90  

Supported  pai n ted  pl ywood  su rface  85  

Curren t-carryi ng  parts  made  of copper or brass  a  m  n  230  

Curren t-carryi ng  parts  made  of s teel  a  400  

Other cu rren t-carrying  parts  a  m  –  

a  For these  parts ,  the  tests  of 1 4 . 7  are  repeated  after C lause  1 7.   

b  The  classi fi cation  i s  i n  accordance  wi th  I EC 60085.  

 Examples  of cl ass  A materia l  are:  impregnated  cotton ,  s i l k,  arti fi cia l  s i l k  and  paper;  enamels  based  on  
ol eo-  or polyam ide  res i ns .   

 Examples  of cl ass  B  material  are:  g l ass  fi bre,  melam ine  and  phenol  formaldehyde  resi ns .  

 Examples  of cl ass  E  material  are:   

   – mou ld ings  wi th  cel l u l ose  fi l l ers ,  cotton  fabric  l am inates  and  paper l am inates,  bonded  wi th  
melam ine-  formaldehyde,  phenol -fu rfu ral  res ins;   

   – cross-l i nked  po lyester res ins,  cel l u l ose  tri acetate  fi lms,  polyethyl ene  terephthal ate  fi lms;  

   – varn i shed  pol yethylene  terephthalate  texti l e  bonded  wi th  o i l  mod i fi ed  a l kyd  res i n  varn i sh ;  

   – enamels  based  on  pol yvinyl formal ,  polyu rethane  or epoxy res ins.  

 More  extensi ve  accelerated  temperature  tests  and ,  i n  add i ti on ,  compatib i l i ty testi ng  i s  requ i red  for i nsu l ation  
systems  of cl ass  B  and  h i gher temperatu re  cl asses.  

 For tota l l y enclosed  motors  u s ing  cl ass  A,  E  and  B  materia l ,  the  temperatu res  may be  i ncreased  by 5  K.  
A total l y enclosed  motor i s  a  motor so  constructed  that  the  ci rcu lation  of the  a i r between  the  i ns i de  and  the  
ou ts i de  of the  case  i s  prevented  bu t  not  necessari l y su ffi ci en tl y encl osed  to  be  cal l ed  a i rti gh t.  

c  To  a l l ow for the  fact  that  the  temperatu re  of wi nd i ngs  of u n i versal  motors,  re lays,  solenoids,  etc. ,  i s  usual l y 
below the  average  at  the  poi n ts  accessible  to  thermo-couples,  the  fi gu res  wi thout  square  brackets  appl y 
when  the  res i stance  method  i s  used  and  those  wi th  square  brackets  appl y when  thermocouples  are  used .  For 
the  wi nd i ngs  of vi brator coi l s  and  a. c.  motors ,  the  fi gu res  wi thout  square  brackets  appl y i n  both  cases.  
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Table  1 3  (3 of 3)  

d  The  value  of the  temperatu re  ri se  of a  copper wind ing  i s  cal cu lated  from  the  formu la:  

( ) ( )121
1

12 234,5 ttt
R

RR
t −−+

−
=Δ�  

 where     

 Δt  i s  the  temperatu re  ri se;  

 R
1  i s  the  res i stance  at  the  beg i nn ing  of the  test;  

 R
2  i s  the  res i stance  at  the  end  of the  test;  

 t
1
 i s  the  worki ng  ambien t  temperature  at  the  beg i nn i ng  of the  test,  to  be  set  at  T

max
;  

 t
2
 i s  the  worki ng  ambien t  temperature  at  the  end  of the  test;  

 At  the  beg i nn i ng  of the  test,  the  wind ings  are  to  be  at  T
max

.  

 I t  i s  recommended  that  the  res i stance  of wi nd i ngs  at  the  end  of the  test  be  determ ined  by taking  res i stance  
measurements  as  soon  as  possible  after swi tch ing  off,  and  then  at  short  i n terval s  so  that  a  cu rve  of 
res i stance  agai nst  t ime  can  be  p lotted  for ascertai n i ng  the  res i stance  at  the  i nstan t  of swi tch i ng  off.   

 The  maximum  temperatu re  atta ined  for the  purposes  of Clause  1 4  i s  deri ved  by add ing  the  temperature  ri se  
to  T

max
.  

e  For smal l  wi nd i ngs  wi th  a  cross  section ,  the  m inor d imension  of wh ich  i s  no  g reater than  5  mm ,  the  maximum  
temperatu re  perm i tted  when  measured  by the  res i stance  method  i s :  

 

 Class °C  

 A 1 05  

 E 1 20  

 B 1 30  

 F 1 55  

 H  1 80  

 

f  For controls  subm i tted  i n  or on  equ i pment,  on l y the  temperatu res  of term inal s  for fi xed  conductors  are  
veri fi ed ,  as  such  equ i pment  are  not  usual l y del i vered  wi th  external  conductors .  For equ i pment  wi th  other 
than  term inal s  for fi xed  conductors ,  the  temperatu re  of the  i nsu lation  of the  external  conductor  i s  
determ ined  i nstead  of the  temperature  of the  term inal s .  

 I n  the  USA,  the  maximum  temperature  perm i tted  i s  75  °C.  H igher temperatures  are  perm i tted  i f the  con trol  i s  
marked  wi th  the  requ i red  T  rati ng  for the  external  conductors .  

g
  For i ncorporated  and  in tegrated  control s ,  no  temperature  l im i t  i s  appl i cabl e,  bu t  atten ti on  i s  d rawn  to  the  

fact  that  most  equ ipment standards  l im i t  the  temperatu re  of term inal s  of fi xed  appl i ances  to  85  °C,  wh ich  i s  
the  maximum  al l owable  temperatu re  for ord i nary PVC cabl e  i nsu lati on .  The  maximum  temperature  recorded  
shou ld  not  exceed  the  val ue  declared  i n  Table  1 ,  requ i rement 21 .  

 When  a  control  i s  i ncorporated/i n tegrated  i n to  an  appl i ance,  the  term inal s  for external  conductors  wi l l ,  as  
part  of the  app l i ance,  be  subject  to  the  speci fi ed  tests  of the  appl i ance  standard  and  assessed  for 
compl iance  wi th  the  temperatu re  l im i ts  of that  s tandard .  

h  The  temperatu re  measu red  shal l  not  exceed  85  °C  un l ess  a  h i gher val ue  has  been  declared  by the  
manufacturer.  

i
 The  temperatu re  val ues  g i ven ,  wh ich  are  related  to  heat  res i stant  properties  of the  materia l ,  may be  

exceeded  where  parti cu lar materi al s  have  been  i n vesti gated  and  recogn i zed  as  having  specia l  heat  res i stant  
properties.  

j  The  values  i n  square  brackets  appl y to  those  parts  of a  materi a l  used  for actuating  members ,  hand l es,  
knobs,  g ri ps  and  the  l i ke  and  wh ich  are  i n  con tact  wi th  hot  metal ,  bu t  are  not  accessib le.  

k  Where  a  metal  part  i s  i n  con tact  wi th  a  part  made  of i nsu lati ng  material  i t  i s  assumed  that  the  temperatu re  of 
the  i nsu l ati ng  material  at  the  poin t  of con tact  i s  the  same as  the  temperature  of the  metal  part.  

l  The  maximum  perm iss ible  temperatures  shal l  n ot  exceed  those  wh ich  can  be  shown  to  be  acceptab le  i n  
service  for these  material s .  The  temperatu res  sha l l  be  recorded  for the  purposes  of Cl ause  21 .  

m  The  maximum  perm issib le  temperatu re  shal l  n ot  exceed  those  wh ich  have  been  shown  to  be  acceptable  i n  
service  for these  material s .  

n
 H i gher temperatures  are  acceptabl e  for speci fi c  copper a l l oys  i f substanti ated  by test  data  from  the  a l l oy 

manufacturer to  a  recogn i zed  metal l u rg ica l  s tandard .  See  a l so  footnote  m .  
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1 5  Manufacturing  deviation  and  dri ft  

1 5. 1  Those  parts  of controls  provid ing  a  type  2  action  sha l l  have  adequate  consistency of 
manufacture  wi th  regard  to  their declared  operating  value ,  operating  time ,  or operating  
sequence .  

NOTE  I n  Canada  and  the  USA,  manufactu ring  deviation  and  dri ft  are  expressed  as  separate  to lerances  to  the  
declared  operating  value .  For some  controls  wi th  type  2  action ,  a l l owable  values  of manufacturing  deviation  
and  dri ft  a re  speci fi ed .  The  consistency i s  then  determ ined ,  us i ng  prescribed  apparatus,  by measurement of the  
operating  value  of the  sample  and  compari son  to  the  declared  operating  value .  

1 5.2  Compliance is checked by the appropriate tests of this clause .  

1 5.3  For those controls  which are completely or partially destroyed during their normal 
operation ,  the  tests of the appropriate subclauses of Clause 17 are  deemed to be sufficient.  

1 5.4  For those controls  which  are dependent on the method of mounting on,  or 
incorporation in  an equipment for their operation  the manufacturing deviation  and the drift 
shall be declared separately and be comparative values.  The declared manufacturing 
deviation  should be expressed as a  bandwidth or spread (for example,  10 K)  and the drift by 

an alteration of value (for example,  ±10 K or +5 K,  –10 K) .  

1 5.5  The consistency shall be determined as follows:  

1 5.5. 1  Test apparatus used shall be such that the control is mounted in the manner 
declared by the manufacturer.  

1 5.5.2  For sensing controls,  the apparatus shall preferably be such that the normal 
operation  of the control is used to control  the apparatus.  

1 5.5.3  However,  because this test is made to determine comparative values rather than 
response values,  the form of the apparatus is not critical.  It should,  however,  simulate as 
nearly as is practicable the conditions of service.  

1 5.5.4  The electrical conditions of the test shall normally be  VR max  and IR max  unless 
different conditions have been declared in requirement 41  of Table 1 .  

However,  the operation  of the control  shall be  sensed by a  suitable device with  a  sensing 
current not exceeding 0, 05 A.  

1 5.5.5  For sensing controls ,  the rate of change of activating quantity shall be any suitable 
value unless specific values have been declared in requirement 37 of Table 1 .  

1 5.5.6  The appropriate operating value ,  operating time  or operating sequence  shall be 
recorded for each sample.  No two samples shall differ from each other by an  amount 
exceeding the declared manufacturing deviation .  

1 5.5.7  The recorded values are also used as reference values for each sample,  so that the 
repeat tests after the environmental tests of Clause 16 and the endurance test of Clause 17 
will enable drift to be  determined.  

1 5.6  For those controls  which are not dependent for their operation  on the method of 
mounting on,  or incorporation in,  an equipment (for example,  timers,  current sensing 
controls ,  voltage sensing controls,  energy regulators  or the drop-out current of 
electrically operated controls) ,  the  determination of consistency shall be  as follows:  
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1 5.6. 1  The manufacturing deviation ,  and/or the drift may be an absolute value.  In this 
case,  a  single declaration combining both the manufacturing deviation  and the drift may be 
made.  

1 5.6.2  The appropriate  operating value ,  operating time  or operating sequence  shall be 
initially measured for all samples and be within the limits declared by the manufacturer.  

1 5.6.3  Test apparatus shall be such as to simulate the most arduous conditions of normal 
use  declared.  

1 5.6.4  If a  drift value has been declared separately in requirement 42 of Table 1 ,  the 
measured values for each sample  shall be recorded as a  reference value,  so that the repeat 
tests after the environmental tests of Clause 16 and the endurance tests of Clause 17 will 
enable the drift to  be  determined.   

1 5.7  See  Annex J .  

1 5.8  See  Annex J .  

1 6  Environmental  stress  

 Transportation  and  storage  1 6.1

Controls  wh ich  are  sens i ti ve  to  the  envi ronmental  stresses  of temperature  shal l  wi thstand  the  
l evel  of the  appropriate  s tress  l i ke l y to  occur i n  transportation  and  s torage.  

1 6. 1 . 1  Compliance is checked by the appropriate tests of 16. 2,  carried out with the control 
being left in the same condition declared as a  transportation condition.  If no transportation 
condition is declared,  the  control is  tested with an actuating member or actuating means  in  
the most unfavourable position.  

 Environmental  stress  of temperature  1 6.2

1 6.2. 1  The effect of temperature is tested as follows:  

– The entire control shall be maintained at a  temperature of (–10 ±  2)  °C for a  period of 
24 h.  

– The entire control shall then be maintained at a  temperature of (60 ±  5)  °C for a  period 
of 4 h.  

NOTE  I n  F i n l and ,  Norway,  and  Sweden ,  d i fferent  val ues  of temperatu re  and  time  may app l y.   

1 6.2.2  The control is  not energized during either test.  

1 6.2.3  After each test,  a  control with  an actuating member or actuating means  shall be 
capable of being actuated to provide correctly the class of circuit disconnection declared,  in 
so far as this can be determined without dismantling the control.  This test is carried out at 
normal room temperature.  

The control is  held at room temperature for 8 h  prior to actuation .  

1 6.2.4  In  addition,  for controls  with  type 2 actions ,  the appropriate test of Clause 15 shall 
be  repeated after each of the above tests.  The value measured in  these tests shall not differ 
from the value recorded in Clause 15 for the same sample,  by an amount greater than the 
drift declared in requirement 42 of Table 1 .  
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1 7  Endurance  

 General  requ irements  1 7.1

1 7. 1 . 1  Controls ,  i ncl ud ing  those  subm i tted  i n  or wi th  an  equ ipment,  sha l l  wi thstand  the  
mechan ical ,  e lectrical  and  thermal  stresses  that occur i n  normal  use .  

1 7. 1 . 2  Controls  wi th  type  2  actions  sha l l  operate  such  that any operating  value ,  
operating  time  or operating  sequence  d oes  not change by an  amount g reater than  the  
declared  dri ft .  

1 7. 1 . 2. 1  Compliance with  17. 1 . 1  and 17. 1 . 2 is checked by the tests of 17. 1 . 3 as indicated 
in 17. 16.  

1 7. 1 .3  Test sequence  and  cond itions   

1 7. 1 . 3. 1  In  general,  the  sequence of tests is:  

– an  ageing test specified in 17.6 (this test applies only to those actions classified as 
type 1 .M or 2.M) ;  

– an overvoltage test of automatic action  at accelerated rate specified in 17.7.  (In the USA 
and Canada and all countries using an overload test,  this test is replaced by an overload 
test) ;  

– a  test of automatic action  at accelerated rate specified in 17. 8;  

– a  test of automatic action  at slow rate specified in 17. 9 (this test applies only to 
slow-make slow-break automatic actions) ;  

– an overvoltage test of manual action  at accelerated speed specified in 17. 10.  (In the USA 
and Canada and all countries using an overload test,  this test is replaced by an overload 
test) ;  

– a  test of manual action  at slow speed specified in 17. 11 ;  

– a  test of manual action  at high speed specified in 17. 12 (this test applies only to actions 
with  more than one pole,  and where polarity reversal occurs during the operation) ;  

– a  test of manual action  at accelerated speed specified in  17. 13.  

1 7. 1 .3.2  The electrical,  thermal and mechanical conditions of test shall in general be those 
specified in 17.2,  17. 3 and 17. 4.  The general test requirements are given in  17. 6 to 17. 14 
inclusive.  The particular test requirements are given in  the appropriate part 2.  

1 7. 1 .3.3  Tests for a  manual action  forming part of an automatic action  are normally 
specified in the subclause appropriate to the automatic action .  If,  however,  tests are not 
specified,  then 17. 10 to 17. 13 inclusive apply to such manual actions.  

1 7. 1 .3.4  After a l l  the  tests  speci fied  the  samples  shal l  meet the  requ i rements  of 1 7 . 1 4 ,  

un less  otherwise  speci fied  i n  the  appropriate  part  2 .  

1 7. 1 .4  See  Annex H .  

 E l ectrical  condi tions  for the  tests  1 7.2

1 7.2. 1  Each  circuit of the  control  shall be loaded according to the  ratings declared by the  
manufacturer.  Circuits and contacts which are not intended for external loads are operated 
with  the designed load.  Some changeover circuits may require  testing separately for each part 
if such a  manner has been declared by the manufacturer,  particularly if the rating of one part 
of the changeover circuit depends upon the current carried by the other part.  
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1 7.2.2  In  all countries which use an overvoltage test,  the electrical loads to be used are 
those specified in  Table 14 at rated voltage VR,  with this voltage then being increased to  
1 , 15 VR  for the overvoltage test of 17.7 and 17. 10.  Canada,  and the USA do not use the 
overvoltage test.  

1 7.2.3  I n  Canada,  the  USA,  and  a l l  countries  wh ich  use  an  overl oad  test,  the  cond i ti ons  speci fi ed  i n  Tabl e  1 5  

and  Tabl e  1 6  app ly.  The  overl oad  tests  are  performed  on  a  s i ng le  pole  or th row at  a  t ime,  wi th  a l l  other poles  or 
th rows  at  normal  l oad .  

1 7.2.3. 1  I n  Canada,  the  USA,  and  a l l  countries  us ing  an  overl oad  test,  test  vol tages  (VT)  are:   

– 1 20  V for controls  rated  at  any vol tage  between  1 1 0  V to  1 20  V;   

– 240  V for controls  rated  at  any vol tage  between  220  V to  240  V;   

– 277  V for controls  rated  at  any vol tage  between  254  V to  277  V;   

– 480  V for controls  rated  at  any vol tage  between  440  V to  480  V;   

– 600  V for controls  rated  at  any vol tage  between  550  V to  600  V.  

1 7.2.3.2  If the rating of the control does not fall within any of the indicated voltage ranges,  it 
is to be tested at its rated voltage.  

1 7.2.4  When there is an earthed neutral system,  the enclosure shall be connected through a  
3 A  cartridge fuse to the  protective conductor of the circuit,  and for other than an earthed 
neutral system,  the enclosure shall be connected through such  a  fuse to the live pole least 
likely to break down to  earth.  

1 7.2.5  For type 1 .G or 2.G actions,  or other off-load actions,  auxiliary switches are used to 
simulate the  intended operation  during the test.  
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Table  1 4  (1 7.2 . 1  of ed i tion  3)  – E lectrical  cond i tions  for the  overvoltage test  
(th i s  tabl e  appl i es  i n  a l l  coun tri es  except Canada,  and  the  USA)  

Type of ci rcu i t   AC  ci rcu i t  DC  ci rcu i t  

as  classi fied  i n  6. 2  Operation  V A Power factor 

(±0, 05)  a  

V A Time  constant  

(±1  ms)  

Substantia l l y  
res i sti ve  

(classi fi ed  6 . 2 . 1 )  

Maki ng  and  
breaking  

V
R  

 

I
R
 0 , 95  V

R
 I

R
 

 

Non -i nducti ve  

Resisti ve  
or i n ducti ve  

(classi fi ed  6 . 2 . 2)  

Maki ng  b  V
R
 6 , 0  I

X   
or I

R  
i f ari thmetical l y  
the  greater 

0 , 6  
0 , 95  

V
R
 2 , 5  I

X  
or I

R  
i f ari thmetical l y  
the  greater 

7 , 5  

 B reaking  V
R

 I
X   

or I
R  

i f ari thmetical l y  
the  greater 

0 , 95   I
X  

or I
R  

i f ari thmetical l y  
the  greater 

Non -i nducti ve  

Declared  speci fi c  
l oad  

(cl ass i fi ed  6. 2 . 3)  

Maki ng  and  
breaking  

V
R
 As  determ ined  by l oad  V

R
 As  determ ined  by l oad  

20  mA l oad  
(classi fi ed  6. 2 . 4)  

Maki ng  and  
breaking  

V
R
 20  mA 0, 95  V

R
 20  mA Non -i nducti ve  

Declared  motor 
l oad  

(cl ass i fi ed  6. 2 . 5)  

Maki ng  and  
breaking  

V
R
 As  declared  V

R
 As  declared  

Pi lot duty  l oad  
(classi fi ed  6. 2 . 6)  

Maki ng  b  

B reaking  

V
R  

V
R
 

1 0  VA/ V
R  

VA/ V
R
 

0 , 35  

0 , 95  

 c  

a  Res i stors  and  i nductors  are  not  connected  i n  paral l e l  except that  i f any a i r-core  i n ductor i s  u sed ,  a  res i stor taki ng  approximately  1  %  of the  cu rren t  th rough  the  i nductor i s  connected  
i n  paral l e l  wi th  i t.  I ron-core  i nductors  may be  used  provided  that  the  cu rrent  h as  a  substan ti al l y s i ne  waveform .  For th ree-phase  tests,  th ree-core  i nductors  are  used .  

b   The  speci fi ed  making  cond i ti ons  are  main tai ned  for a  period  between  50  ms  and  1 00  ms,  and  are  then  reduced  by an  auxi l i ary swi tch  to  the  speci fi ed  breaking  cond i ti ons.  I f du ri ng  
any test  to  th i s  cl ause,  con tact  break occurs  wi th i n  2  s  of contact  make,  the  cond i ti ons  speci fi ed  for making  are  a l so  used  for breaking .   

c  These  values  are  not  app l i cabl e.  
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Table  1 5  (1 7.2 .2  of ed i tion  3)  – E lectrical  cond i tions  for the  overload  tests  of 1 7.7  and  1 7. 1 0  
(th i s  tabl e  appl i es  i n  Canada,  USA,  and  a l l  coun tries  wh i ch  u se  an  overload  test)  

  AC  ci rcu i t  DC  ci rcu i t  

Type  of ci rcu i t  Operation  V A Power factor V A 

Substan tia l l y res i sti ve  
(classi fi ed  6 . 2 . 1 )  

Maki ng  and  breaking  V
T
 1 , 5I

R
 1 , 0  V

T
 1 , 5I

R
 

I nducti ve  
(non-motor)  

Maki ng  and  breaking  V
T
 1 , 5I

X
 0 , 75-0, 8  V

T
 1 , 5I

X
 

Declared  motor l oad  
(class i fi ed  6. 2 . 5)  

Maki ng  and  breaking  V
T
 6I

m  
or as  d eclared  

0 , 4-0, 5  
or as  d eclared  

V
T
 1 0I

m  
or as  d eclared  

Pi lot duty  l oad  Maki ng  1 , 1  V
T
 1 1  VA/ V

T
 0 , 35  maximum   

(cl assi fi ed  6 . 2 . 6)  Breaking  1 , 1  V
T
 1 , 1  VA/ V

T  
or as  d eclared  

or as  d eclared  As  declared  

The  fol l owi ng  abbreviati ons  are  used :   

V
R  i s  the  rated  vol tage,  VT  i s  the  test  vol tage  (see  1 7. 2 . 3. 1 ).  A ci rcu i t  i n  wh ich  the  cl osed -ci rcu i t  vol tage  i s  1 00  %  to  1 1 0  %  of VT  i s  acceptable  for the  tests.  

I
m  i s  the  rated  cu rren t  or motor l oad ,  IR  i s  the  rated  cu rren t  for res i sti ve  l oad ,  IX  i s  the  rated  cu rren t  for i nduction  l oad .  

For test  pu rposes,  a  pi lot duty  l oad  consists  of an  e l ectromagnet  representati ve  of the  magnet coi l  wh ich  i s  to  be  con tro l l ed .  The  normal  cu rrent  i s  that  d eterm ined  from  the  vol tage  
and  vol t-ampere  rati ngs  of the  e l ectromagnet.  The  test  cu rren t  i s  the  normal  cu rrent  and ,  for an  a l ternati ng  cu rrent,  the  power factor i s  to  be  0 , 35  or l ess  and  the  i nrush  curren t  i s  
to  be  1 0  times  the  normal  cu rren t.  The  test  con tactor i s  to  be  free  to  operate  i . e. ,  not  b l ocked  i n  e i ther the  open  or the  cl osed  posi ti on .  

An  a l ternati ng -current  pi lot du ty  rati ng  may be  determ ined  for a  control  wh ich  has  been  tes ted  for con tro l l i n g  an  a l ternati ng -cu rrent  motor on  the  fol l owi ng  bas is :  

– du ri ng  the  overl oad  test,  the  control  was  caused  to  make  and  break,  for 50  cycl es  at  a  rate  of 6  cycles  per m inu te,  a  cu rrent  havi ng  a  val ue  equ i valen t  to  s i x times  the  fu l l - l oad  
motor curren t  at  a  power factor of 0 , 5  or l ess ,  and  

–  the pi lot duty inrush  current  rati ng  ( 1 0  t imes  the  normal  current  rati ng)  i s  to  be  not  more  than  67  %  of the  cu rrent  val ue  for the  overload  test  descri bed  above.  

For control s  that  may make  a  motor ci rcu i t  under l ocked  rotor cond i ti ons  bu t  that  are  never requ i red  to  break the  ci rcu i t  under such  cond i ti ons,  the  fol l owi ng  appl i es  

–  for Table  1 5:  

 a)  1 00  %  V
T
 for a . c.  and  0 , 5  V

T
 for d . c.  for 1 , 5  rated  current  

 b)  1 00  %  V
T
 for l ocked-rotor cu rren t  (make  on l y)  

–  for Table  1 6:  

 1 00  %  V
T
 for a . c.  and  0 , 5  V

T
 for d . c.  

A swi tch  that  i s  not  i n tended  primari l y to  make  and  break motor cu rren t  under l ocked -rotor cond i ti ons,  bu t  which  has  a  manual  ad j usti ng  or regu l ati ng  means  that  may cause  i t  to  be  
so  used ,  shal l  comply wi th  the  requ i rements  of 1 7. 7  for a  l ocked-rotor test.  

For a  swi tch  i n tended  for d . c.  operation ,  the  number of operations  shal l  be  fi ve  (5),  conducted  at  i n terval s  of 30  s  and  the  device  shal l  a l so  comply wi th  the  requ i rements  of a)  
above.  
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Table  1 6  (1 7.2 .3  of ed i tion  3)  – E lectrical  cond itions  for the  overload  tests  of 1 7 .8,  1 7.9,  1 7.1 1 ,  1 7. 1 2  and  1 7. 1 3  
(th i s  tabl e  appl i es  i n  Canada,  USA,  and all countries which use an overload test)  

  AC  ci rcu i t  DC  ci rcu i t  

Type  of ci rcu i t  Operation  V A Power factor V A 

Substantia l l y res i sti ve  

(classi fi ed  6 . 2 . 1 )  

Maki ng  and  breaking  V
T
 I

R
 1  V

T
 I

R
 

I nducti ve  
(non-motor)  

Maki ng  and  breaking  V
T
 I

X
 0 , 75-0, 8  V

T
 I

X
 

Declared  motor l oad  
(classi fi ed  6 . 2 . 5)  

Maki ng  and  breaking  V
T
 I

m  
or as  d eterm ined  by l oad  

0 , 75-0, 8  
or as  d eclared  

V
T
 I

m
 

Pi lot duty  l oad  Maki ng  1 , 1  V
T
 1 0  VA/ V

T
 0 , 35  maximum   

(cl assi fi ed  6 . 2 . 6)  Breaking  1 , 1  V
T
 VA/ V

T 
or as  declared  or as  d eclared  As  declared  

The  fol l owi ng  abbreviati ons  are  used :   

V
R  i s  the  rated  vol tage,  VT  i s  the  test  vol tage  (see  1 7. 2 . 3. 1 ).  

I
m   i s  the  rated  current  for motor l oad ,  IR  i s  the  rated  curren t  for res i sti ve  l oad ,  IX  i s  the  rated  current  for i n duction  l oad .  

NOTE  For test  pu rposes  a  pi lot duty  l oad  consists  of an  e l ectromagnet representati ve  of the  magnet  coi l  wh ich  i s  to  be  con trol l ed .  The  normal  cu rrent  i s  that  determ ined  from  the  
vol tage  and  vol t-ampere  rati ngs  of the  e l ectromagnet.  The  test  cu rrent  i s  the  normal  cu rren t  and  for an  a l ternati ng  cu rren t  the  power factor i s  to  be  0 , 35  or l ess  and  the  i nrush  
curren t  i s  to  be  1 0  times  the  normal  cu rren t.  The  test  con tactor i s  to  be  free  to  operate  i . e. ,  not  b l ocked  i n  e i ther the  open  or the  cl osed  pos i ti on .  

An  a l ternati ng -curren t  pi lot du ty  rati ng  may be  determ ined  for a  con trol  wh ich  has  been  tested  for contro l l i ng  an  a l ternati ng-cu rren t  motor on  the  fol l owi ng  basis :  

– du ri ng  the  overl oad  test  the  control  was  caused  to  make  and  break,  for 50  cycles  at  a  rate  of 6  cycl es  per m inu te,  a  cu rren t  having  a  val ue  equ i val en t  to  s i x t imes  the  fu l l - l oad  
motor cu rren t  at  a  power factor of 0 , 5  or l ess,  and  

–  the  pi lot duty  i nrush  current  rati ng  (1 0  t imes  the  normal  cu rrent  rati ng )  i s  to  be  not  more  than  67  %  of the  cu rren t  val ue  for the  overl oad  test  d escribed  above.  
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 Thermal  cond i tions  for the  tests   1 7.3

1 7.3. 1  For parts of the control other than any temperature sensing element,  the following 
shall apply:  

– those parts which are accessible when the  control is mounted in a  declared manner shall 
be  exposed to normal room temperature (see 4. 1 ) ;  

– the mounting surface of the control shall be maintained between Ts  max,  and either 

(Ts  max  +  5)  °C,  or 1 , 05 times Ts  max,  whichever is greater;  

– the remainder of the switch head shall be  maintained between Tmax  and either 

(Tmax  +  5)  °C or 1 , 05 times Tmax,  whichever is greater.  If Tmin  is less than 0 °C,  additional 
tests shall be  carried out with the switch head maintained between Tmin  and (Tmin  – 5)  °C.  

1 7.3.2  During the tests of 17. 8 and 17. 13,  the temperatures of 17. 3. 1  are applied for the last 
50 %  of each test.  For the  first 50 % of each test the switch head is  maintained at normal 
room temperature.  

Additional samples will be required if tests have to be performed at both temperatures (Tmax  
and Tmin ) .  

 Manual  and  mechan ical  conditions  for the  tests   1 7.4

1 7.4. 1  For all manual actions ,  each cycle of actuation  shall consist of a  movement of the 
actuating member such  that the control is successively moved into all positions appropriate 
to that action and then returned to its starting point; except that if a  control  has more than 
one intended OFF position ,  then each manual action  shall be a  movement from one OFF 
position  to  the next OFF position .  

1 7.4.2  The speed of movement of the  actuating member shall be:  

– for slow speed: 

 (9 ±  1 )° per s for rotary actions;  

 (5 ±  0, 5)  mm/s for linear actions;  

– for high speed:  

 the actuating member shall be actuated by hand as fast as possible.  If an actuating 
member is  not supplied with  a  control then a  suitable  actuating member shall be fitted 
by the  testing authority for the  purpose of this test;  

– for accelerated speed:  

 (45 ±  5) ° per s for rotary actions;  

 (25 ±  2, 5)  mm/s for linear actions.  

1 7.4.3  During the slow speed test of 17. 4. 2:  

care is taken that the test apparatus drives the actuating member positively,  without 
significant backlash  between the  apparatus and the actuating member.  

1 7.4.4  During the accelerated speed test of 17. 4. 2:  

– care is taken to determine that the test apparatus allows the actuating member to operate 
freely,  so that it does not interfere with  the normal action  of the mechanism; 

– for controls  where the movement of the actuating member is  limited:  

•  there shall be  a  dwell period of not less than 2 s at each reversal of direction;  

•  a torque (for rotary controls) ,  or a  force (for non-rotary controls)  shall be applied at 
the extreme of each movement to verify the strength of the limiting end stops.  The 
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torque shall be either five times the normal actuating torque,  or 1 , 0 Nm,  whichever is 
the smaller,  but with a  minimum of 0, 2 Nm.  The force shall be either five times the 
normal actuating force,  or 45 N,  whichever is the smaller,  but with a  minimum of 9 N.  If 
the normal actuating torque exceeds 1 , 0 Nm,  or the normal actuating force exceeds  
45 N,  then the torque or force applied shall be the same as the normal actuating torque 
or force;  

– for controls  designed for a  rotary actuation  where the movement is not limited in either 
direction,  three quarters of the number of cycles of actuation  in  each test shall be made in 
a  clockwise direction,  and one quarter in  an anti-clockwise direction.  

– for controls  which are designed for actuation  in  one direction only,  the test shall be in the 
designed direction,  provided that it is not possible to rotate the actuating member in  the 
reverse direction using the torques specified above.  

1 7.4.5  Additional lubrication shall not be applied during these tests.  

 D ielectric  strength  requ irements  1 7.5

1 7.5. 1  After all the tests of this clause,  the requirements of 13. 2 shall apply,  with the  
exception that the samples are not subjected to the humidity treatment before the application 
of the test voltage.  The test voltages shall be 75 % of the corresponding test voltages shown 
in 13. 2.  

NOTE  I n  Canada  and  the  USA,  the  test  vol tage  sha l l  be  that  g i ven  i n  1 3. 2 .  

 Ageing  test  1 7.6

1 7.6. 1  During this test,  the sensing element shall be maintained at that value of the 
activating quantity determined and used in Clause 14.  Other parts shall be maintained as 
specified in  17. 3.  Controls  are electrically loaded as specified in 17. 2 for the appropriate 

breaking condition.  The duration of the test is (100 +  0, 02 y)  h  where "y" is the  value declared 
in  7. 2.  The test applies to  controls  with  actions classified as type 1 .M or 2.M.  

1 7.6.2  If during this test,  the action being tested operates,  the value of the activating 
quantity is increased or decreased to cause reverse operation  and then returned to a  value 
differing by a  quantity "x" from the original to enable the test to be resumed.  This procedure 
may be repeated as many times as is necessary to complete the test,  or until,  when repeating 
the appropriate procedure of Clause 15,  the drift limits declared in 7. 2 are exceeded.  The 
value of "x" is given in the appropriate part 2.   

 Overvol tage  test  (or overload  test  in  Canada,  the  USA,  and  al l  countries  using  an  1 7.7
overload  test)  of automatic action  at  accelerated  rate  

1 7.7. 1  The electrical conditions shall be those specified for overvoltage (or overload 
conditions)  in 17. 2.  

1 7.7.2  The thermal conditions shall be those specified in  17. 3.  

1 7.7.3  The method and rate of operation  is:  

– for type 1  actions,  the rate of operation  and the method of operation  shall be agreed 
between the testing authority and the manufacturer;  

– for type 2 actions,  the method of operation  shall be that intended by design.  For type 2 
sensing actions  the rate of operation  can be increased,  either to the maximum cycling 
rate declared in Table 1 ,  or so that the rates of change of activating quantity do not 

exceed α2  and β2  declared in  the same subclause.  

NOTE  1  Examples  of such  methods  are  the  repl acement of the  cap i l l ary of a  h yd rau l i c  system  wi th  an  a i r pressu re  
device  or the  fi tt i ng  of a  prime  mover  of a  d i fferen t  speed .  
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– Type 2 controls  are tested at the most unfavourable  operating value  declared in  
Table 1 ,  requirement 48.  

NOTE  2  For temperature  and  pressu re  operated  con trols ,  th i s  i s  normal l y the  maximum  val ue.  

1 7.7.4  For type 2 sensing actions,  overshoot at each operation  shall be  between the values 
declared in  7. 2.  

1 7.7.5  It is  permissible in the case of sensing actions to increase the rates of change of 
activating quantity,  or for other type 1  actions  to override the prime mover between 
operations,  provided that this does not significantly affect the results.  

1 7.7.6  The number of automatic cycles for the test is either one tenth of the number declared 
in  7. 2,  or 200,  whichever is the  smaller.  

1 7.7.7  During the test,  actuating members  are placed in their most unfavourable position.  

NOTE  I n  Canada  and  the  USA where  the  overl oad  test  app l i es,  the  number of cycles  i s  50.  

 Test of automatic action  at  accelerated  rate  1 7.8

1 7.8. 1  The electrical conditions shall be  those specified in  17.2.   

1 7.8.2  The thermal conditions shall be those specified in  17. 3.   

1 7.8.3  The method and rate of operation  shall be as used during the test of 17.7.3.  

1 7.8.4  The number of automatic cycles (except as shown below for slow-make slow-break 
automatic actions)  shall be that declared in 7. 2 less the number of cycles actually made 
during the test of 17. 7.  During the test,  actuating members  shall be placed in their most 
unfavourable position.  During the test,  the failure  of any component part of a  type 1  action  
which is not significant according to the requirements of the test,  and which is considered to 
have failed as a  result of the acceleration of the test,  shall not be a  cause of rejection,  
provided that it can be repaired or replaced,  or that the test can be continued in an agreed 
alternative manner,  such  that the total number of automatic cycles referred to in 7. 2 can be 
completed.   

1 7.8.4. 1  For slow-make slow-break automatic actions,  only 75 % of the number of 
automatic cycles referred to in 17. 8. 4 shall be  carried out during this test.  The remaining 25 %  
are carried out as specified in  17. 9.  

NOTE  I n  Canada  and  the  USA,  the  number of cycl es  i s  speci fi ed  for type  2  actions  and  some  type  1  actions .  

 Test of automatic action  at  slow rate  1 7.9

1 7.9. 1  Slow-make slow-break automatic actions  shall be tested for the 25 % remainder of 
the number of automatic cycles specified in  17. 8.  

1 7.9.2  The electrical and thermal conditions shall be as specified in  17.2 and 17. 3.  

1 7.9.3  The method of operation  is either by imposing a  change of value of activating 
quantity on  the sensing element,  or by the prime mover.  For sensing controls,  the rates of 

change of activating quantity shall be α1  and β1  as declared in 7. 2.  It is  permissible,  in  the 
case of a  sensing control to increase the rates of change of activating quantity,  or for other 
automatic  controls  to override the prime mover,  between operations,  provided that this 
does not significantly affect the results.  For sensing controls,  overshoot at each operation  
shall be between the values declared in 7. 2.  During this test for a  type 2 action ,  continuous 
monitoring is essential to provide a  record of operating value,  overshoots or operating 
sequences.  
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1 7.9.3. 1  Such monitoring is also recommended for other controls  to determine consistency 
of testing.  

1 7.9.4  If only the make or the break is a  slow automatic action ,  then it may,  by agreement 
between the  testing authority and the manufacturer,  be possible  to accelerate the rest of the 
action,  to which the details of 17. 8 apply.  

 Overvoltage  test  (or overload  test  in  Canada USA and  al l  countries  that use  the  1 7.1 0
overload  test)  of manual  action  at accelerated  speed  

1 7. 1 0.1  The electrical conditions shall be those specified for overvoltage (or overload)  in  
17. 2.  

1 7. 1 0.2  The thermal conditions shall be  those specified in  17. 3.   

1 7. 1 0.3  The method of operation  shall be that specified in 17. 4 for accelerated speed.  The 
number of cycles of actuation  shall be either one tenth of the number declared in  7. 2 or 100,  
whichever is smaller.  During the test,  sensing elements  are  maintained at suitable values of 
activating quantity,  and prime movers  are so positioned as to ensure that actuation  causes 
the appropriate operation .  

1 7. 1 0.4  I n  Canada  and  the  USA where  the  overload  test  appl i es,  the  number of cycles  i s  50.   

 Test of manual  action  at s low speed  1 7.1 1

1 7. 1 1 . 1  The electrical conditions shall be those specified in  17. 2.  

1 7. 1 1 .2  The thermal conditions shall be  those specified in  17.3.  

1 7. 1 1 .3  The method of operation  shall be  that specified in 17. 4 for slow speed.  

1 7. 1 1 .4  The number of cycles of actuations  shall be either one tenth of the number declared 
in 7. 2 or 100,  whichever is smaller.  During the test,  sensing elements  are maintained at 
suitable values of activating quantity,  and prime movers  are so positioned,  to ensure that 
actuation  causes the appropriate operation .  

 Test of manual  action  at h igh  speed  1 7.1 2

NOTE  Th is  test  appl i es  on l y to  actions  wh ich  have  more  than  one  po le,  and  where  pol ari ty  reversal  occurs  d u ri ng  
the  action .  

1 7. 1 2. 1  The electrical conditions are those specified in 17. 2.  

1 7. 1 2.2  The thermal conditions are those specified in  17.3.  

1 7. 1 2 .3  The method of operation  is that specified in 17. 4 for high speed.   

1 7. 1 2 .4  The number of cycles of actuation  is  100.  During the tests,  sensing elements  are 
maintained at suitable values of activating quantity,  and prime movers  are so positioned as 
to ensure that actuation  causes the  appropriate operation .  

1 7. 1 2 .5  I n  Canada  and  the  USA where  the  overload  test  appl i es,  the  number of cycles  i s  50.   

 Test of manual  action  at accelerated  speed  1 7.1 3

1 7. 1 3.1  The electrical conditions are those specified in  17. 2.  
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1 7. 1 3.2  The thermal conditions are those specified in  17. 3.  

1 7. 1 3.3  The method of operation  is that specified in 17. 4 for accelerated speed.  

1 7. 1 3.4  The number of cycles of actuation  is that number declared in 7. 2 less the number 
actually made during the tests of 17. 10,  17. 11  and 17. 12.  During the test,  sensing elements  
are maintained at a  suitable value of activating quantity,  and prime movers  are so 
positioned as to ensure that actuation  causes the  appropriate operation .  

1 7. 1 3.5  During the test,  the failure  of any component part of a  type 1  action  other than a  
protective control which is not significant according to the  requirements of the test,  shall not 
be a  cause of rejection providing that it can be repaired or replaced,  or that the test can be 
continued in  an agreed alternative manner such that the total required number of cycles of 
actuation  can be completed.  

 Evaluation  of compl iance  1 7.1 4

After all the appropriate tests of 17. 6 to 17. 13 inclusive,  modified as specified in the 
appropriate part 2,  the control  shall be  deemed to comply if:  

– all actions function automatically and manually in  the intended and declared manner within 
the meaning of this standard;  

–  the requirements of Clause 14 with  regard to those items designated by Footnote a  of 
Table 13,  that is,  terminals,  current-carrying parts and supporting surfaces,  are  still met;  

– the requirements of Clause 8,  17. 5 and Clause 20 are still met.  For the tests of 17. 5 and 
Clause 20,  controls  for which special samples were submitted for Clause 13,  are tested at 
an  appropriate  condition to  ensure that the contacts are open;  

– for type 2 actions,  the appropriate test of Clause 15 is repeated and the operating value,  
operating time  or operating sequence  shall still be within the value of drift,  or within the 
values of combined drift and manufacturing deviation ,  whichever was declared;  

– the circuit disconnection declared for each manual action  can  still be obtained;  

– there is no evidence that any transient fault between live parts  and earthed metal,  
accessible metal parts or actuating members  has occurred.  

See  a lso  Annex H .  

 Void  1 7.1 5

 Test for particu lar purpose controls  1 7.1 6

The tests for particular purpose controls  are specified in  the appropriate Part 2s.  

1 7. 1 7  to  1 7. 1 8  See  Annex J .  

1 8  Mechanical  strength  

 General  requ irements  1 8.1

1 8. 1 . 1  Controls  shal l  be  so  constructed  as  to  wi thstand  the  mechan ical  s tress  that occurs  i n  
normal  use .  

1 8. 1 .2  Actuating  members  of class  I  controls  and  class  I I  control ,  and  actuating  
members  of controls  for cl ass  I  and  class  I I  equ ipment,  sha l l  e i ther have  adequate  
mechan ical  strength  or be  such  that adequate  protection  against e lectric shock is  main tained  
i f the  actuating  member  i s  broken.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 1 1 3  –  
© I EC  201 5  

1 8. 1 .3  In tegrated  controls  and  incorporated  controls  are  not tested  as  i n  1 8. 2  as  their 

impact  res istance  wi l l  be  tested  by the  equ ipment standard .  

1 8. 1 .4 Compliance is checked by the tests of the appropriate Subclauses 18. 2 to 18. 8 
inclusive,  carried out sequentially on one sample.  

1 8. 1 .5  After the appropriate tests,  the control shall show no damage to  impair compliance 
with this standard and in  particular with Clauses 8,  13,  and 20.  Insulating linings,  barriers and 
the like shall not have worked loose.  

It shall still be possible to remove and to replace detachable and other external parts such as 
covers  without such  parts or their insulating linings breaking.  

It shall still be possible to actuate a  control to any position which is intended to provide full 
disconnection  and micro-disconnection .  

In  case of doubt,  supplementary insulation  or reinforced insulation  is subject to an electric 
strength test as specified in  Clause 13.  

Damage to the finish,  small dents which do not reduce creepage distances  or clearances  
below the values specified in Clause 20,  and small chips which do not adversely affect the 
protection against electric shock or moisture are neglected.  Cracks not visible to the naked 
eye,  and surface cracks in fibre reinforced mouldings and the like are ignored.  If a  decorative 
cover is backed by an inner cover,  fracture of the decorative cover is  neglected,  if the inner 
cover withstands the test after removal of the decorative cover.  

1 8. 1 .6  I n  Canada  and  the  USA,  i f th reads  for the  connecti on  of metal  condu i t  are  tapped  a l l  the  way th rough  a  
hole  i n  an  enclosu re  wal l  or i f an  equ i va lent  construction  i s  employed ,  there  shal l  n ot  be  any sharp  edges,  not  l ess  
than  th ree  nor more  than  fi ve  fu l l  th reads  i n  the  metal  and  the  construction  of the  device  shal l  be  such  that  a  
su i table  condu i t  bush ing  can  be  properl y attached .  

1 8. 1 .6. 1  I n  Canada  and  the  USA,  i f th reads  for the  connection  of metal  condu i t  are  not  tapped  a l l  the  way 
th rough  a  hole  i n  an  enclosure  wal l ,  condu i t  hub  or the  l i ke,  there  shal l  n ot  be  l ess  than  3 , 5  fu l l  th reads  i n  the  metal  
wi th  a  condu i t  s top,  and  a  smooth  wel l -rounded  i n l et  hole  havi ng  an  i n terna l  d i ameter approximately the  same  as  
that  of the  correspond ing  s i ze  of ri g i d  metal  condu i t,  wh ich  shal l  afford  protecti on  to  the  conductors  equ i val ent  to  
that  provided  by a  s tandard  condu i t  bush i ng .  

1 8. 1 .6.2  I n  the  USA,  an  enclosure  threaded  for support  by ri g i d  metal  condu i t  shal l  provide  at  l east  fi ve  fu l l  
th reads  for engag i ng  the  condu i t.  

Compliance with  18. 1 . 6,  18. 1 . 6. 1  and 18. 1 . 6. 2 is checked by inspection.  

1 8. 1 .6.3  I n  Canada  and  the  USA,  a  condu i t  h ub  or n i pp le  attached  to  the  encl osure  by swag ing ,  s taking  or 
s im i l ar means  shal l  wi thstand  wi thout  pu l l i ng  apart  the  fol l owi ng  tests:  

– a  d i rect  pu l l  of 890  N  for 5  m in .  For th i s  test,  the  device  i s  to  be  supported  by a  ri g i d  condu i t  i n  the  i n tended  
manner and  i s  to  support  a  suspended  wei gh t  of 90, 8  kg ;  

– the  device  i s  to  be  ri g i d l y supported  by means  other than  the  condu i t  fi tti ngs.  A bend i ng  force  of 67, 8  Nm  i s  to  
be  appl i ed  for 5  m in  to  the  condu i t  at  ri gh t  ang les  to  i ts  axi s  and  the  l ever arm  i s  measured  from  the  wal l  of the  
enclosu re  i n  wh ich  the  hub  i s  l ocated  to  the  poin t  of appl i cati on  of the  bend i ng  force;  

– a  torque  of 67, 8  Nm  i s  to  be  appl i ed  to  the  condu i t  for 5  m in  i n  a  d i rection  tend i ng  to  ti gh ten  the  connection  and  
the  l ever arm  i s  to  be  measured  from  the  cen tre  of the  condu i t.  

Some d i storti on  of the  enclosure  under test  may resu l t.  Such  d i storti on  does  not  consti tu te  a  fai lure .  

 Impact resistance  1 8.2

1 8.2. 1  In-line cord,  free-standing  and independently mounted controls,  except as 
provided in 18. 4,  are checked by applying blows to the sample  by means of the apparatus in 
IEC 60068-2-75.  

1 8.2.2  A ll surfaces which are accessible when the control is mounted as in normal use  are 
tested with  the  apparatus.  
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1 8.2.3  The control is held in  contact with a  vertical sheet of plywood 8 mm thick and 
175 mm square without any metallic back plate,  the plywood being mounted on a  rigid frame 
which is fixed to a  solid wall of brick,  concrete or the like.  

1 8.2.4  Blows are applied to  all accessible surfaces,  including actuating members,  at any 

angle,  the test apparatus being calibrated to deliver an energy of (0, 5 ±  0, 04)  Nm.  

1 8.2.4. 1  Foot actuated controls  shall be subject to the same test,  but using a  test apparatus 

calibrated to deliver an energy of (1 , 0 ±  0, 05)  Nm.  

1 8.2.5  For all such surfaces,  three blows are  applied to every point that is likely to be weak.  

1 8.2.5. 1  Care must be taken that the results from one series of three blows does not 
influence subsequent series.  

1 8.2.5.2  If there is a  doubt whether a  defect has been caused by the application of 
preceding blows,  this defect is neglected and the group of three blows which led to the defect 
is applied to the same place of a  new sample,  which shall then withstand the test.  

1 8.2.6  Signal lamps and their covers  are  only tested if they protrude from the enclosure by 
more than 10 mm or if their area exceeds 4 cm²,  unless they form part of an actuating 
member,  in  which case they shall be tested in  the  same manner as an actuating member.  

 Void  1 8.3

 Al ternate  compl iance – Impact resistance  1 8.4

NOTE  I n  Canada  and  the  USA,  the  m in imum  th i cknesses  of sheet  metal  or case  metal  shown  i n  Tabl es  1 7  and  1 8  
are  considered  to  meet the  requ i rements  of 1 8. 2  and  the  tests  speci fi ed  are  not  requ i red .  
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Table  1 7  (1 8.4. 1  of ed i tion  3)  – M in imum  th ickness  of sheet metal  for enclosures  made  
of carbon  steel  or stain less  steel  

Without supporting  frame a  Wi th  supporting  frame or 
equ ivalent reinforcing  a  

M in imum  th ickness  
i n  i nches  (mm)  

Maximum 
width  b  

i n  i nches  (cm)  

Maximum  
length  c  

i n  i nches  (cm)  

Maximum 
width  b  

i n  i nches  (cm)  

Maximum 
length  c  

i n  i nches  (cm)  

Uncoated  Metal  coated  

 4 , 0  (1 0 , 2)  Not  l im i ted   6 , 25  (1 5, 9)  Not  l im i ted  0 , 020  d  (0 , 51 )  0 , 023  d   (0 , 58)  

 4 , 75  (1 2 , 1 )   5 , 75  (1 4, 6)   6 , 75  (1 7, 1 )   8 , 25   (21 , 0)    

 6 , 0  (1 5, 2)  Not  l im i ted   9 , 5  (24, 1 )  Not  l im i ted  0 , 026d  (0 , 66)  0 , 029  d   (0 , 74)  

 7 , 0  (1 7, 8)   8 , 75  (22, 2)   1 0 , 0  (25, 4)   1 2 , 5  (31 , 8)    

 8 , 0  (20, 3)  Not  l im i ted   1 2 , 0  (30, 5)  Not  l im i ted  0 , 032   (0 , 81 )  0 , 034   (0 , 86)  

 9 , 0  (22 , 9)   1 1 , 5   (29, 2)   1 3, 0  (33, 0)   1 6 , 0  (40, 6)    

 1 2 , 5  (31 , 8)  Not  l im i ted   1 9, 5  (49, 5)  Not  l im i ted  0 , 042   (1 , 07)  0 , 045   (1 , 1 4)  

 1 4 , 0  (35, 6)   1 8, 0   (45, 7)   21 , 0  (53, 3)   25, 0  (63, 5)    

 1 8 , 0  (45, 7)  Not  l im i ted   27, 0  (68, 6)  Not  l im i ted  0 , 053   (1 , 35)  0 , 056   (1 , 42)  

 20 , 0  (50, 8)   25, 0   (63, 5)   29, 0  (73, 7)   36 , 0  (91 , 4)    

 22 , 0  (55, 9)  Not  l im i ted   33, 0  (83, 8)  Not  l im i ted  0 , 060   (1 , 52)  0 , 063   (1 , 60)  

 25, 0  (63, 5)   31 , 0   (78, 7)   35, 0  (88, 9)   43 , 0  (1 09, 2 )    

 25, 0  (63, 5)  Not  l im i ted   39, 0  (99, 1 )  Not  l im i ted  0 , 067   (1 , 70)  0 , 070   (1 , 78)  

 29, 0  (73, 7)   36, 0   (91 , 4)   41 , 0  (1 04, 1 )   51 , 0  (1 29, 5)    

 33 , 0  (83, 8)  Not  l im i ted   51 , 0  (1 29, 5)  Not  l im i ted  0 , 080   (2 , 03)  0 , 084   (2 , 1 3)  

 38, 0  (96, 5)   47, 0   (1 1 9, 4)   54 , 0  (1 37, 2 )   66, 0  (1 67, 6)    

 42 , 0  (1 06, 7)  Not  l im i ted   64 , 0  (1 62, 6)  Not  l im i ted  0 , 093   (2 , 36)  0 , 097   (2 , 46)  

 47 , 0  (1 1 9, 4)   59, 0   (1 49, 9)   68, 0  (1 72, 7)   84, 0  (21 3, 4)    

 52 , 0  (1 32, 1 )  Not  l im i ted   80 , 0  (203, 2 )  Not  l im i ted  0 , 1 08   (2 , 74)  0 , 1 1 1   (2 , 82)  

 60 , 0  (1 52, 4)   74 , 0   (1 88, 0)   84 , 0  (21 3, 4)   1 03, 0  (261 , 6)    

 63 , 0  (1 60, 0)  Not  l im i ted   97, 0  (246, 4)  Not  l im i ted  0 , 1 23   (3 , 1 2)  0 , 1 26   (3 , 20)  

 73, 0  (1 85, 4)   90 , 0   (228, 6)   1 03, 0  (261 , 6)   1 27, 0   (322, 6)    

a  With  reference  to  Tabl es  1 7  and  1 8,  a  supporti ng  frame  i s  a  s tructu re  of ang l e  or channe l  or a  fo l ded  ri g i d  
section  of sheet  metal  that  i s  ri g i d l y attached  to  and  has  essential l y the  same  ou ts ide  d imensions  as  the  
enclosu re  su rface,  and  that  has  su ffi cien t  tors ional  ri g i d i ty to  res i st  the  bend ing  moments  that  may be  appl i ed  
via  the  encl osure  su rface  when  i t  i s  defl ected .  Construction  that  i s  cons i dered  to  have  equ ival en t  rei n forci ng  
may be  accompl i shed  by desi gns  that  wi l l  produce  a  structu re  that  i s  as  ri g i d  as  one  bu i l t  wi th  a  frame of 
ang l es  or channels .  Construction  cons idered  to  be  wi thout  supporti ng  frame i ncl udes:  a)  s i ng le  sheet wi th  
s i ng le  formed  fl anges  or formed  edges,  b)  a  s i ng le  sheet  that  i s  corrugated  or ri bbed ,  c)  an  enclosu re  su rface  
l oosel y attached  to  a  frame,  for example,  wi th  spri ng  cl i ps.  

b   The  wid th  i s  the  smal l er d imension  of a  rectangu lar p iece  of sheet  metal  that  i s  part  of an  enclosure.  Ad jacent 
surfaces  of an  enclosu re  may have  supports  i n  common  and  be  made  of a  s i ng le  sheet.  

c   "Not  l im i ted"  appl i es  on l y i f the  edge  of the  su rface  i s  fl anged  at  l east  0 , 5  i n  (1 2 , 7  mm)  or fastened  to  
ad jacent surfaces  not  normal l y  removed  i n  use.  

d   Sheet  metal  for an  enclosu re  i n tended  for ou tdoor use  shal l  be  not  l ess  than  0 , 034  i n  (0 , 86  mm)  th i ck i f zi nc 
coated  and  not  l ess  than  0 , 032  i n  (0 , 81  mm)  th i ck i f uncoated .  
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Table  1 8  (1 8.4.2  of ed i tion  3)  – M in imum  th ickness  of sheet metal  for enclosures  
of alumin ium,  copper or brass  

Without supporting  frame a  Wi th  supporting  frame or equ ivalen t rein forcing  a  

Maximum 
width  b  

i n  i nches  (cm)  

Maximum 
length  c  

i n  i nches  (cm)  

Maximum 
width  b  

i n  i nches  (cm)  

Maximum  
l ength  c  

i n  i nches  (cm)  

Maximum 
th ickness  

i n  i nches  (mm)  

 3 , 0  (7, 6)  Not  l im i ted   7 , 0  (1 7, 8)  Not  l im i ted  0 , 023  d    (0 , 58)  

 3 , 5  (8, 9)  4 , 0   (1 0 , 2 )   8 , 5  (21 , 6)  9 , 5    (24 , 1 )   

 4 , 0  (1 0, 2)  Not  l im i ted   1 0 , 0  (25, 4)  Not  l im i ted  0 , 029    (0 , 74)  

 5 , 0  (1 2 , 7)  6 , 0   (1 5, 2 )   1 0 , 5  (26, 7)  1 3 , 5    (34, 3)   

 6 , 0  (1 5, 2)  Not  l im i ted   1 4 , 0  (35, 6)  Not  l im i ted  0 , 036    (0 , 91 )  

 6 , 5  (1 6, 5)  8 , 0   (20, 3)   1 5, 0  (38, 1 )  1 8 , 0    (45, 7)   

 8 , 0  (20, 3)  Not  l im i ted   1 9, 0  (48, 3)  Not  l im i ted  0 , 045    (1 , 1 4)  

 9 , 5  (24, 1 )  1 1 , 5   (29, 2 )   21 , 0  (53, 3)  25, 0    (63, 5)   

 1 2 , 0  (30, 5)  Not  l im i ted   28, 0  (71 , 1 )  Not  l im i ted  0 , 058    (1 , 47)  

 1 4 , 0  (35, 6)  1 6, 0   (40, 6)   30, 0  (76, 2)  37, 0    (94, 0)   

 1 8 , 0  (45, 7)  Not  l im i ted   42 , 0  (1 06, 7)  Not  l im i ted  0 , 075    (1 , 91 )  

 20 , 0  (50, 8)  25, 0  (63, 4)   45, 0  (1 1 4 , 3)    55, 0    (1 39, 7)   

 25, 0  (63, 5)  Not  l im i ted   60, 0  (1 52, 4)  Not  l im i ted  0 , 095    (2 , 41 )  

 29, 0  (73, 7)  36, 0  (91 , 4)   64, 0  (1 62, 6)   70 , 0    (1 98, 1 )   

 37 , 0  (94, 0)  Not  l im i ted   87, 0  (221 , 0)  Not  l im i ted  0 , 1 22    (3 , 1 0)  

 42 , 0  (1 06, 7)  53, 0   (1 34, 6)   93, 0  (236, 2 )    1 1 4 , 0    (289, 6)   

 52 , 0  (1 32, 1 )  Not  l im i ted   1 23, 0  (31 2 , 4)  Not  l im i ted  0 , 1 53    (3 , 89)  

 60 , 0  (1 52, 4)  74, 0   (1 88, 0)   1 30, 0  (330, 2 )  1 60, 0    (406, 4)   

a  Wi th  reference  to  Tables  1 7  and  1 8,  a  supporti ng  frame i s  a  s tructure  of ang l e  or channel  or a  fo l ded  ri g i d  
section  of sheet metal  that  i s  ri g i d l y attached  to  and  has  essential l y the  same  ou ts ide  d imensions  as  the  
enclosu re  su rface,  and  that  has  su ffi cien t  tors iona l  ri g i d i ty to  res i st  the  bend ing  moments  that  may be  appl i ed  
via  the  enclosu re  su rface  when  i t  i s  defl ected .  Construction  that  i s  considered  to  have  equ ivalent  rei n forci ng  
may be  accompl i shed  by designs  that  wi l l  produce  a  s tructure  that  i s  as  ri g i d  as  one  bu i l t  wi th  a  frame of 
ang l es  or channe ls .  Construction  considered  to  be  wi thout  supporti ng  frame  i ncl udes:  a)  s i ng le  sheet  wi th  
s i ng le  formed  fl anges  or formed  edges,  b)  a  s i ng le  sheet  that  i s  corrugated  or ri bbed ,  c)  an  enclosu re  su rface  
l oosel y attached  to  a  frame,  for example,  wi th  spri ng  cl i ps.  

b  The  wid th  i s  the  smal l er d imension  of a  rectangu lar p iece  of sheet metal  that  i s  part  of an  enclosure.  Ad j acent 
su rfaces  of an  enclosu re  may have  supports  i n  common  and  be  made  of a  s i ng le  sheet.  

c   "Not  l im i ted "  appl i es  on l y i f the  edge  of the  surface  i s  fl anged  at  l east  0 , 5  i n  (1 2 , 7  mm)  or fastened  to  ad j acent 
surfaces  not  normal l y removed  i n  use.  

d  Sheet copper,  brass,  or a l um in ium  for an  enclosu re  i n tended  for ou tdoor use  (ra in ti gh t  or rai nproof)  shal l  be  
not  l ess  than  0 , 029  i n  (0 , 74  mm)  th i ck.  

 

1 8.4. 1  Cast meta l  sha l l  be  not l ess  than  3  mm  th ick bu t  not more  than  6  mm  th ick at 
threaded  holes  for condu i t;  except that,  other than  at p la in  or threaded  holes  for condu i t,  
d ie-cast meta l  may be  not l ess  than  1 , 6  mm  th ick for an  area  not greater than  1 50  cm²,  and  
having  no  d imension  greater than  1 50  mm,  and  may be  not l ess  than  2 , 4  mm  th ick for larger 
areas.  

 Free-stand ing  controls  1 8.5

1 8.5. 1  Free-standing controls  shall be  additionally checked by the test of 18. 5. 2 and 18. 5. 3 
using the apparatus shown in  Figure 4.  

1 8.5.2  Two metres of flexible cord of the lightest type used in 10. 1 . 4 shall be connected to 
the input terminals and secured as intended.  Controls  intended for use with  a  flexible cored 
connected to the output terminals shall have 2 m of the lightest intended type similarly 
connected and arranged as shown in Figure 4.  
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The sample shall be stood or rested on the glass surface as shown and the cord shall be 
subjected to a  steady pull gradually increasing up to,  but not exceeding,  that shown in  
Table 9.  If the sample moves,  it is pulled off the glass surface as slowly as possible and 
allowed to fall onto the concrete  backed hard wood base.  

The height of the surface above the base is 0, 5 m.  The size of the hard wood and concrete 
base shall be  sufficient for the control  to remain  on  the base  after falling.  

The test is repeated three times.  

1 8.5.3  After the test,  the sample shall be  evaluated as in  18. 1 . 5.  

 I n -l ine  cord  controls  1 8.6

1 8.6. 1  In-line cord controls  other than free-standing controls  shall be additionally tested 
in a  tumbling barrel as shown in Figure 5.  The width of the barrel shall not be less than 
200 mm,  and shall be as wide as is necessary to  ensure the uninterrupted fall of the control  
when fitted with the  cords as required in  18. 6. 2.  

1 8.6.2  Controls  with  non-detachable cords  using type X attachment  shall be fitted with 
the flexible cord or cords having the smallest cross-sectional area specified in 10. 1 . 4 and a  
free length of approximately 50 mm.  Terminal screws are tightened with two-thirds of the 
torque specified in 19. 1 .  Controls  with  non-detachable cords  using type M attachment,  
type Y attachment or type Z attachment  shall be tested with cord or cords declared or 
supplied,  the cord or cords being cut so that a  free length of about 50 mm projects from the 
control.  

1 8.6.3  The sample falls from a  height of 50 cm onto a  steel plate,  3 mm thick,  the number of 
falls being:  

– 1  000 if the mass of the sample without cord does not exceed 100 g;  

– 500 if the mass of the sample without cord exceeds 100 g,  but does not exceed 200 g.  

1 8.6.4  In-line cord controls  with  a  mass exceeding 200 g are not tested in the tumbling 
barrel,  but shall be  subjected to the test of 18. 5.  

1 8.6.5  The barrel is turned at a  rate of five revolutions per min,  10 falls per min thus taking 
place.  

1 8.6.6  After this test,  the control shall be evaluated as in 18. 1 . 5.  Special attention is paid to 
the connection of flexible  cord or cords.  

 Pu l l -cord  actuated  controls  1 8.7

1 8.7. 1  Pull-cord actuated controls  shall be  additionally tested as in  18. 7. 2 and 18. 7. 3.  

1 8.7.2  The control shall be mounted as declared by the manufacturer,  and the pull-cord 
shall be subjected to a  force,  applied without jerks,  first for 1  min in  the  normal direction,  and 
then for 1  min in the  most unfavourable direction,  but not exceeding 45° from the normal 
direction.  

1 8.7.3  The values of the force are shown in  Table 19.  
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Table  1 9  (1 8.7  of ed i tion  3)  – Pu l l -cord  force  test values   

 
Rated  cu rren t  

Force  
N  

A  Normal  
d i rection  

Most unfavourable  
d i rection  

Up to  and  i ncl ud i ng  4  50  25  

Over 4  1 00  50  

 

1 8.7.4 After this test,  the control shall be  evaluated as in  18. 1 . 5.  

 Foot actuated  controls  1 8.8

1 8.8. 1  Controls  actuated by foot shall be additionally tested as follows:  

1 8.8.2  The control is subjected to a  force applied by means of a  circular steel pressure 
plate with a  diameter of 50 mm.  The force is increased continuously from an initial value of 
about 250 N,  up to 750 N,  within  1  min,  after which it is maintained at this value for 1  min.  

1 8.8.3  The control is placed on a  flat horizontal steel support with  the appropriate flexible 
cord fitted.  The force is applied three times with the sample placed in different positions,  the 
most unfavourable positions being chosen.  

1 8.8.4  After the test,  the control shall be  evaluated as in  18. 1 . 5.  

 Actuating  member and  actuating  means  1 8.9

1 8.9. 1  Controls  supplied with,  or intended to be fitted with actuating members  shall be 
tested as follows.  

– First an axial pull shall be applied for 1  min to try to pull off the  actuating member.  

– If the shape is such that it is  not possible to apply an axial pull in normal use,  this first 
test does not apply.  

–  If the shape of the actuating member is  such that an axial pull is unlikely to be applied in 
normal use,  the force is 15 N.  

– If the shape is such that an axial pull is likely to be applied,  the force is 30 N.  

– Secondly,  an axial push of 30 N for 1  min is then applied to all actuating members.  

1 8.9.2  If a  control is intended to have an actuating member but is submitted for approval 
without,  or is intended to have an easily removable actuating member then a  pull and push of 
30 N are  applied to the actuating means.  

NOTE  Seal i ng  compound  and  the  l i ke,  other than  sel f-harden ing  res i ns,  i s  not  deemed  to  be  adequate  to  prevent 
l oosen ing .  

1 8.9.3  During and after each of these tests,  the control shall show no damage,  nor shall an 
actuating member have moved so as to impair compliance with  this standard.  
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1 9  Threaded  parts  and  connections  

 Threaded  parts  moved  during  mounting  or servicing  1 9.1

1 9. 1 . 1  Threaded  parts,  e l ectrica l  or otherwise  wh ich  are  l i kel y to  be  operated  wh i l e  the  
control  i s  being  mounted  or during  servicing  shal l  wi thstand  the  mechan ical  s tresses  
occurring  i n  normal  use .   

NOTE  Th readed  parts  wh ich  are  operated  wh i l e  the  control  i s  being  mounted ,  or d uri ng  servicing ,  i ncl ude  i tems 
such  as  term inal  screws,  cord  anchorage  screws,  fi xi ng  and  mounti ng  screws,  n u ts,  th readed  ri ngs  and  cover plate  
screws.  

1 9. 1 .2  Such  parts  shal l  be  easi l y replaceable  i f complete l y removed .  

NOTE  Constructions  wh ich  restri ct  the  complete  removal  of a  th readed  part  are  deemed  to  meet  th i s  requ i rement.  

1 9. 1 .3  Such  threaded  parts  shal l  have  a  metric I SO thread  or a  th read  of equ ivalent 
effecti veness.  

NOTE  Provis ional l y S I ,  BA and  Un i fi ed  threads  are  deemed  to  be  of equ i val ent  effecti veness  to  a  metri c  I SO 
th read .  A test  for equ i va len t  effecti veness  i s  under considerati on .  Pend ing  agreement to  a  test,  a l l  torque  values  for 
th reads  other than  I SO,  BA,  S I  or Un i fi ed  are  i ncreased  by 20  % .  

1 9. 1 .4  I f such  a  th readed  part i s  a  screw and  i f i t  generates  a  thread  i n  another part,  i t  shal l  
not be  of the  thread  cu tti ng  type.  I t  may be  of the  thread  form ing  (swag ing )  type.  There  i s  no  
requ irement for the  type  of th read  so  produced .  

1 9. 1 .5  Such  screws may be  of the  space threaded  type,  (sheet metal )  i f they are  provided  

wi th  a  su i table  means  to  prevent loosen ing .  

NOTE  Su i table  means  to  prevent  l oosen ing  of space  th readed  screws  i ncl ude  a  spri ng  nu t,  or other component of 
s im i l ar res i l i ence,  or a  th read  of res i l i en t  material .  

1 9. 1 .6  Such  threaded  parts  shal l  not be  of non-metal l ic  materia l  i f thei r replacement by a  
d imensional l y s im i l ar metal  screw cou ld  impair compl iance  wi th  C lause  1 3  or 20.  

1 9. 1 .7  Such  screws  shal l  not be  of metal  wh ich  i s  soft or l i able  to  creep such  as  zi nc or 

a lum in ium .  

Th is  requ i rement i s  not appl icable  to  parts  used  e i ther as  a  cover  to  l im i t  access  to  setting  
means,  or as  setting  means  such  as  fl ow or pressure  ad j usters  i n  gas  controls .  

1 9. 1 .8  Such  screws operating  i n  a  thread  of non-metal l ic  material  shal l  be  such  that the  

correct  i n troduction  of the  screw in to  i ts  counterpart  shal l  be  ensured .  

NOTE  The  requ i rement for the  correct  i n troduction  of a  metal  screw i n to  a  th read  of non -metal l i c  material  can  be  
met  i f the  i n troduction  of the  screw i n  a  s l an ti ng  manner i s  prevented ,  for example,  by gu i d i ng  the  screw or part  to  
be  fi xed  by a  recess  i n  the  female  th read ,  or by the  use  of a  screw wi th  the  l ead ing  th read  removed .  

1 9. 1 .9  Such  threaded  parts,  when  used  for i n -l ine  cord  controls ,  i f they are  transm itti ng  
con tact pressure  and  i f they have  a  nom inal  d iameter l ess  than  3  mm ,  shal l  screw i n to  metal .  
I f they are  of non-metal l i c  materia l ,  they shal l  have  a  nom inal  d iameter of at  l east 3  mm,  and  
shal l  not  be  used  for any e lectrical  connection .  

1 9. 1 . 1 0  Compliance with 19. 1 . 1  to 19. 1 . 9 inclusive is checked by inspection and by the test 
of 19. 1 . 11  to 19. 1 . 15,  inclusive.  
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1 9. 1 . 1 1  Threaded parts are  tightened and loosened:  

– 10 times if one of the threaded parts is of non-metallic material,  or 

– five times if both  parts are of metallic material.  

1 9. 1 . 1 2  Screws in engagement with a  thread of non-metallic material are completely 
removed and reinserted each time.  When testing terminal screws and nuts,  a  conductor of the 
largest cross-sectional area used in 10. 1 . 4 or of the minimum cross-sectional area specified in 
10. 2. 1  is placed in  the terminal.  

1 9. 1 . 1 3  The shape of the screwdriver should suit the  head of the screw to be tested.   

1 9. 1 . 1 4  The conductor is moved each time the threaded part is loosened.  During the test,  no 
damage impairing the further use of the threaded parts shall occur,  such as breakage of 
screws or damage to the  slot head or washers.  

1 9. 1 . 1 5  The test is made by means of a  suitable test screwdriver,  spanner or key,  applying a  
torque,  without jerks,  as shown in Table  20.  

Table  20  (1 9 .1  of ed i tion  3)  – Threaded  parts  torque  test  values   

Nominal  d iameter of thread  
mm  

Torque  
Nm  

 I  I I  I I I  

Up to  and  i ncl ud i ng  1 , 7  0 , 1  0 , 2  0 , 2  

Over 1 , 7  up  to  and  i ncl ud i ng  2 , 2   0 , 1 5  0 , 3  0 , 3  

Over 2 , 2  up  to  and  i ncl ud i ng  2 , 8   0 , 2  0 , 4  0 , 4  

Over 2 , 8  up  to  and  i ncl ud i ng  3 , 0   0 , 25  0 , 5  0 , 5  

Over 3 , 0  up  to  and  i ncl ud i ng  3 , 2   0 , 3  0 , 6  0 , 6  

Over 3 , 2  up  to  and  i ncl ud i ng  3 , 6   0 , 4  0 , 8  0 , 6  

Over 3 , 6  up  to  and  i ncl ud i ng  4 , 1   0 , 7  1 , 2  0 , 6  

Over 4 , 1  up  to  and  i ncl ud i ng  4 , 7   0 , 8  1 , 8  0 , 9  

Over 4 , 7  up  to  and  i ncl ud i ng  5, 3  a  0 , 8  2 , 0  1 , 0  

Over 5 , 3  a  – 2 , 5  1 , 25  

Use  column  I  – for metal  screws  wi thout  heads  i f the  screw when  ti gh tened  does  not  
protrude  from  the  hole,  or i f the  screwdri ver access  i s  l im i ted  to  the  
major d i ameter of the  screw.  

Use  col umn  I I   – for other metal  screws  and  for nu ts:  

•  wi th  a  cyl i nd ri cal  h ead  and  a  socket for a  special  purpose  tool ,  the  
socket  having  a  cross-corner d imension  exceed i ng  the  overal l  th read  
d iameter;   

•  wi th  a  head  having  a  s l ot  or s l ots ,  the  l ength  of wh ich  exceeds  
1 , 5  t imes  the  overal l  th read  d iameter.  

  – for screws  of non -metal l i c  materia l  having  a  hexagonal  head  wi th  the  
d imension  across  fl ats  exceed i ng  the  overal l  th read  d i ameter.  

    U se  column  I I I  – for other screws  of non-metal l i c  material .  

a  N u ts  and  th readed  ri ngs  of g reater than  4 , 7  mm  i n  d i ameter wh ich  are  used  for s i ng l e-bush  
mounti ng  are  tested  wi th  a  torque  of 1 , 8  Nm ,  except that,  for controls  for s i ng le-bush  
mounti ng  us i ng  thermopl asti c  material s  and  where  there  i s  no  torque  effected  on  the  
mounti ng  for setting  or resetti ng  ( i . e.  for thermal  cut-outs) ,  the  thread  for mounti ng  i s  
tested  wi th  the  maximum  torque  as  decl ared  by the  manufacturer wh ich  i n  no  case  shal l  be  
l ess  than  0 , 5  Nm .  
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 Current-carrying  connections  1 9.2

1 9.2. 1  Current-carrying  connections  wh ich  are  not d isturbed  during  moun ting  or servicing  
and  the  efficiency or securi ty of wh ich  is  main ta ined  by the  pressure  of a  screw,  th readed  part,  
ri vet or the  l i ke  shal l  wi thstand  the  mechan ical ,  thermal  and  e lectrica l  s tresses  occurring  i n  
normal  use .  

1 9.2.2  Such  curren t-carrying  connections  wh ich  are  a lso  subject to  tors ion  i n  normal  use ,  
(that  i s ,  having  parts  in tegral  wi th  or connected  ri g i d l y to  screw terminals ,  e tc. )  sha l l  be  

l ocked  against  any movement wh ich  cou ld  impair compl iance  wi th  C lauses  1 3  or 20.  

NOTE  1  The  requ i rement  regard ing  being  l ocked  against  movement  does  not  imply that  the  cu rrent-carrying  
connection  shal l  be  so  designed  that  rotation  or d i splacement  i s  prevented ,  provided  that  any movement  i s  
appropri atel y l im i ted  and  does  not  bri ng  abou t non-compl iance  wi th  th i s  standard .  

NOTE  2  Connections  made  wi th  one  screw,  ri vet  or the  l i ke  are  su ffi cien t  i f the  parts  are  themselves  prevented  
from  making  such  movement by mechan ical  i n teraction  between  parts  or by the  provis ion  of spri ng  washers  or the  
l i ke.  

NOTE  3  Connections  made  wi th  one  ri vet  wi th  a  non -ci rcu lar or notched  shank correspond ing  to  appropri atel y 
shaped  holes  i n  the  cu rren t-carrying  parts  are  cons i dered  to  meet th i s  requ i rement.  Connections  made  wi th  two  or 
more  screws  or ri vets  a l so  meet  th i s  requ i rement.  

NOTE  4  Seal i ng  compound  can  be  used  i f the  parts  so  seal ed  are  not  subjected  to  stress  du ri ng  normal  use .  

1 9.2.3  Such  curren t-carrying  connections  shal l  be  so  des igned  that con tact pressure  i s  not 
transm i tted  through  non-metal l ic material  other than  ceram ic or other non-meta l l ic materia l  
having  characteristics  no  l ess  su i table,  un less  there  i s  sufficient res i l i ence  i n  the  
correspond ing  metal  parts  to  compensate  for any shrinkage or d is tortion  of the  non-metal l ic 
materia l .  

NOTE  The  su i tabi l i ty of non-metal l i c  material  i s  cons idered  wi th  respect to  the  stabi l i ty of the  d imensions  wi th i n  
the  temperature  range  appl i cable  to  the  control .  

1 9.2.4  Such  curren t-carrying  connections  shal l  not make  use  of space threaded  screws,  
un less  the  screws  clamp the  curren t-carrying  parts  d i rectl y i n  contact wi th  each  other,  and  are  
provided  wi th  a  su i table  means  of locking .  

1 9.2.4. 1  Space  th readed  screws  may be  used  to  provide  earth ing  conti nu i ty i f at  l east two  

such  screws  are  used  for each  connection .  

NOTE  I n  Canada  and  the  USA,  to  provide  earth ing  con ti nu i ty (bond ing),  the  use  of one  screw i s  perm i tted  i f at  
l east  two  fu l l  th reads  are  engaged .  I f two  screws  are  used ,  each  screw sha l l  engage  at  l east  one  fu l l  th read .  

1 9.2.5  Such  current-carrying  connections  may make  use  of thread  cu tting  screws i f these  

produce a  fu l l -form  standard  mach ine  screw thread .  

1 9.2.5. 1  Thread  cu tti ng  screws may be  used  to  provide  earth ing  con ti nu i ty i f at  l east two  
such  screws  are  used  for each  connection .  

NOTE  I n  Canada  and  the  USA,  to  provide  earth ing  con ti nu i ty (bond ing),  the  use  of one  screw i s  perm i tted  i f at  
l east  two  fu l l  th reads  are  engaged .  I f two  screws  are  used ,  each  screw sha l l  engage  at  l east  one  fu l l  th read .  

1 9.2.6  Such  current-carrying  connections,  whose parts  rel y on  pressure  for their correct 
function ,  shal l  have  res istance  to  corrosion  over the  area  of contact not  i n ferior to  that of 
brass.  Th is  requ i rement does  not appl y to  parts  whose essentia l  characteristics  may be  
adversel y affected  by p lating  such  as  b imetal l ic  b lades,  wh ich  i f not p l ated  shal l  be  clamped  
i n to  con tact wi th  parts  wh ich  have  adequate  res istance  to  corrosion .  Su i table  corrosion  
res istance  may be  ach ieved  by p lating  or a  s im i l ar process.   

1 9.2.7  Compliance with  19. 2. 1  to 19. 2.6 inclusive is checked by inspection.  In addition,  
compliance with 19. 2. 3 and 19. 2. 6 is checked by an inspection of the metallic resilient parts 
after the tests of Clause 17 have been completed.  
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20  Creepage d istances,  clearances  and  d istances  through  sol id  insulation  

Controls  shal l  be  constructed  so  that the  clearances ,  creepage d istances  and  d istances  
through  sol id  i nsu lation  are  adequate  to  wi thstand  the  e lectrica l  s tresses  that can  be  
expected .  

Pri n ted  wi ri ng  boards  conform ing  wi th  a l l  of the  requ i rements  for type  2  coating  as  speci fi ed  i n  
I EC 60664-3  shal l  comply wi th  the  m in imum  requ i rements  of 20. 3  for sol id  i nsu lation .  The  
spacing  between  the  conductors  before  the  protection  is  appl i ed  shal l  not be  l ess  than  the  
va lues  as  speci fi ed  i n  Table  1  of I EC  60664-3:2003.  See  a lso  Annex Q.  

Creepage  d istances  and  clearances  between  term inals  for the  connection  of external  
conductors  shal l  be  not l ess  than  2  mm,  or the  speci fied  l im i t,  wh ichever i s  the  h ighest.  Th is  
requ i rement does  not appl y to  such  term inals  i f they are  on l y used  for factory attachment of 
conductors  or i f they are  used  for connection  i n  ELV  ci rcu i ts.  

Creepage d istances ,  clearances  and  d istances  through  sol i d  i nsu lation  i n  swi tch  mode  
power suppl ies  and  other h i gh  frequency swi tch ing  ci rcu i ts  where  the  fundamental  frequency 
is  above  30  kHz and  less  than  1 0  MHz shal l  be  d imensioned  i n  accordance wi th  I EC  60664-4.  

The  tabu lated  values  of Clause  20  are  absolu te  m in imum  va lues  that must be  maintained  for 
a l l  manufacturing  cond i ti ons  and  th rough  the  l i fetime of the  equ ipment.  

Compliance is checked by inspection,  by measurement and by the tests of this clause.  

NOTE  1  The  requ i rements  and  tests  are  based  on  I EC 60664-1  from  wh ich  fu rther i n formation  can  be  obtai ned .  

NOTE  2  A creepage  d istance  cannot be  l ess  than  the  associated  cl earance .  The  shortest  creepage  d istance  
possib le  i s  equa l  to  the  requ i red  clearance .   

NOTE  3  See  Annex S  for g u i dance.  

 C learances  20.1

Clearances  sha l l  not be  l ess  than  the  values  shown  i n  Table  22  for case  A,  taking  in to  
account the  pol lu tion  degree  and  the  rated  impu lse  vol tage  requ i red  to  serve  the  
overvol tage  categories  of Table  21 ,  except that,  for basic insu lation  and  functional  
insulation ,  smal l er d is tances  may be  used  i f the  control  meets  the  impu lse  wi thstand  test of 
20. 1 . 1 2  and  the  parts  are  ri g i d  or held  by mou ld ings,  or i f the  construction  i s  such  that there  i s  
no  l ikel i hood  of the  d istances  be ing  reduced  by d istortion  or by movement of the  parts  ( for 
example,  du ring  operation  or d uring  assembly) ,  bu t i n  no  case  shal l  the  clearances  be  l ess  

than  the  va lues  for case  B.  

Compliance is checked by inspection,  by measurement and,  if necessary,  by the test of 
20. 1 . 12.  

NOTE  1  Controls  normal l y are  expected  to  comply wi th  the  requ i rements  for the  overvol tage  category  of 
equ i pment  i n  wh ich  they are  used  un l ess  specia l  ci rcumstances  determ ine  other categories  to  be  appropriate.  
Annex L  provides  gu i dance.  

NOTE  2  Controls  wh ich  are  constructed  i n  accordance  wi th  the  m in imum  d imensions  of Tab le  22,  for case  A,  
need  not  be  subjected  to  the  impu lse  test  of 20. 1 . 1 2 .  For fu rther i n formation  on  case  A and  case  B ,  see  5. 1 . 3. 2  and   
5 . 1 . 3. 3  of I EC 60664-1 : 2007.  

Detachable parts  are removed.  Clearances are measured with movable parts and parts such 
as hexagon nuts which  can be assembled in  different orientations placed in the most 
unfavourable position.  

A  force is applied to bare conductors and accessible surfaces  in  order to attempt to reduce 
clearances  when making the measurement.  
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The force is:  2 N for bare conductors;    
 30 N for accessible surfaces.  

The force is applied by means of the test finger of Figure 2.  Apertures are  assumed to be 
covered by a  piece of flat metal.  

NOTE  Clearances  are  measured  as  speci fi ed  i n  Annex B .  

Table  21  (20 .1  of ed i tion  3)  – Rated  impu lse  vol tage  for equ ipment energized  d irectly  
from  the  supply mains  (from  IEC  60664-1 : 2007,  Table  F . 1 )  

Nominal  vol tage  of the  supply 
based  on  IEC  60038  a  b  

V  

Vol tage  l i ne-to-
neutral  derived  
from  nominal  

vol tages  a. c.  or  

Rated  impu lse  vol tage  requ i red  
accord ing  to  overvol tage  category c  

V  

Three-phase 
four-wi re  
systems a  

S ing le-phase d  
systems  

d .c.  up  to  and  
i nclud ing   

V 

I  I I  I I I  IV 

  50  330  500  800  1  500  

  1 00  500  800  1  500  2  500  

 1 20/240  1 50  800  1  500  2  500  4  000  

230/400  

277/480  

 300  1  500  2  500  4  000  6  000  

400/690   600  2  500  4  000  6  000  8  000  

a   The  fi rst  va l ue  l i s ted  i s  the  l i ne-to-neu tral  or the  l i ne-to-earth  vol tage  and  the  second  va l ue  l i s ted  i s  the  
l i ne-to- l i ne  vol tage.  

b  For controls  capabl e  of generati ng  an  overvol tage  at  the  control  term inal s ,  for example,  swi tch i ng  
devices,  the  rated  impu lse  vol tage  impl i es  that  the  control  shal l  n ot  generate  overvol tage  i n  excess  of 
th i s  val ue  when  used  i n  accordance  wi th  the  re l evant  s tandard  and  i nstructions  of the  manufacturer.  

c   See  Annex L  for an  expl anation  of overvol tage  categories  and  Annex M  for appl i cation  gu idance.  
Overvol tage  category  may be  speci fi ed  i n  a  part  2  or i n  the  fi nal  equ i pment standard .  

d   See Annex K for other suppl y systems  (for example,  note  that  some three-phase,  th ree-wi re  systems 
requ i re  h i gher rated  impu lse  vol tage  th an  th ree-phase  fou r-wi re  systems  of s im i l ar vol tage).  
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Table  22  (20.2  of ed i tion  3)  – Clearances  for insu lation  co-ordination  
(from  IEC  60664-1 : 2007,  Table  F.2)  

Rated  
impu lse  
vol tage  
from  

Table  21  a  

C learances  in  ai r up  to  2  000  m  above  sea-l evel  b  
mm 

Case A 
Case  B  

( impu lse  test requ i red  – see  20. 1 . 1 2)  

Pol lu tion  degree  c   Pol lu tion  degree  c   

kV 1  2  3  4  1  2  3  4  

0, 33  0 , 01  

0 , 20  
0 , 8  

1 , 6  

0 , 01  

0 , 2  

0 , 8  
1 , 6  

0 , 50  0 , 04  0 , 04  

0 , 80  0 , 1 0  0 , 1  

1 , 5  0 , 5  0 , 5  0 , 3  0 , 3  

2 , 5  1 , 5  1 , 5  1 , 5  0 , 6  0 , 6  

4 , 0  3  3  3  3  1 , 2  1 , 2  1 , 2  

6 , 0  5 , 5  5, 5  5 , 5  5, 5  2  2  2  2  

8 , 0  8  8  8  8  3  3  3  3  

  NOTE  For smal l  va l ues  of cl earances ,  the  u n i form i ty of the  e l ectri c  fi e l d  can  deteriorate  i n  the  presence  of 
pol lu tion ,  making  i t  necessary to  i ncrease  the  cl earance  va l ues  above  the  val ues  of case  B .  

a  For functional  i nsu lation ,  the  rated  impu lse  vol tage  i s  d eri ved  from  the  value  i n  col umn  3  of Table  21   
wh ich  covers  the  measured  vol tage  across  the  clearance ,  un less  otherwise  declared  and  j usti fi ed  by the  
manufacturer.  I f the  secondary wind ing  of the  s tepdown  transformer i s  earthed ,  or i f there  i s  an  earthed  
screen  between  the  primary and  secondary wi nd i ngs,  the  reference  for the  rated  impu lse  vol tage  for the  
clearances  of basic  i nsu lation  on  the  secondary s i de  shal l  be  one  step  l ower than  that  wh ich  covers  the  
rated  i npu t  vol tage  of the  primary s i de  of the  transformer.  

 The  use  of an  i sol ati ng  transformer wi thout  an  earthed  protecti ve  screen  does  not  a l l ow a  reduction  i n  the  
rated  impu lse  vol tage .  

b  For a l ti tu des  of more  than  2  000  m  above  sea- level ,  the  val ues  for clearances  shal l  be  mu l ti pl i ed  wi th  the  
correction  factor speci fi ed  i n  I EC 60664-1 : 2007,  Table  A. 2.  

c  An  explanation  of pol lu tion  degree  i s  g i ven  i n  Annex N .  

 

20. 1 . 1  The  clearances  of basic insu lation  shal l  be  sufficien t to  wi thstand  the  overvol tages  
that can  be  expected  i n  use,  taking  i n to  account  the  rated  impulse  vol tage .  The  va lues  of 

Table  22,  case  A appl y except as  perm i tted  by 20. 1 . 7.  

Compliance is checked by measurement.  

20. 1 . 1 . 1  I f the  control  i s  suppl ied  from  a  ded icated  battery wh ich  has  no  provis ion  for 
charg ing  from  an  external  mains  suppl y,  the  rated  impu lse  vol tage  shal l  be  assumed  to  be  

71  V peak.  

20. 1 .2  For functional  i nsu lation ,  Table  22 ,  case  A appl ies  

−  except as  perm i tted  by 20. 1 . 7 ;  

or 

−  except that clearances  for electron ic  controls  are  not speci fi ed  i f the  requ irements  of 
H . 27. 1 . 1 . 3  are  met  wi th  the  clearances  short-ci rcu i ted .  

20. 1 .3  Compliance with  20. 1  is checked by measurement using the methods of measurement 
as given in  Annex B and Figure 17.  
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20. 1 .3. 1  For controls  provided with an equipment inlet or socket-outlet,  the measurements 
are made twice,  once with an appropriate connector or plug inserted,  and once without a  
connector or plug inserted.  

20. 1 .3.2  For terminals intended for the connection of external conductors,  the  
measurements of such terminals are made twice,  once with  conductors of the largest 
cross-sectional area  used in 10. 1 . 4 fitted,  and once without conductors fitted.  

20. 1 .3.3  For terminals intended for the connection of internal conductors,  the 
measurements of such terminals are made twice,  once with  conductors of the minimum 
cross-sectional area  used in 10. 2. 1  fitted,  and once without conductors fitted.  

20. 1 .4  Distances through slots or openings in surfaces of insulating material are measured 
to metal foil in contact with the surface.  The foil is  pushed into corners and the like by means 
of the standard test finger shown in  Figure 2,  but is not pressed into openings.   

20. 1 .5  The standard test finger is applied to apertures as specified in  8. 1 ,  the distance 
through insulation between live parts  and the metal foil shall then not be  reduced below the 
values specified.  

20. 1 .6  If necessary,  a  force is applied to any point on bare live parts  which are accessible 
before the control is mounted,  and to the outside of surfaces which are accessible after the 
control is mounted,  in  an  endeavour to reduce the creepage distances ,  clearances  and 
distances through insulation while  taking the measurements.  

20. 1 .6. 1  The force is applied by means of the  standard test finger and has a  value of:  

– 2 N for bare live parts;  

– 30 N for accessible surfaces.  

Compliance is checked by measurement and by test if necessary.  

20. 1 .7  For basic insu lation  and  functional  insu lation ,  smal ler d istances  may be  perm i tted  
i f the  control  meets  the  impu lse  wi thstand  test of 20. 1 . 1 2  and  the  parts  are  ri g id  or held  by 
mou ld ings,  or i f the  construction  is  such  that there  is  no  l i kel i hood  of the  d istances  be ing  
reduced  by d istortion ,  by movement of the  parts ,  or d uring  assembly,  bu t i n  no  case  shal l  the  
clearances  be  l ess  than  the  va lues  for case  B .  

Compliance is checked by the test of 20. 1 . 12.  

When  testi ng  functional  insu lation ,  the  impu lse  vol tage  is  appl ied  across  the  clearance .  

NOTE  When  carryi ng  ou t  the  impu lse  test,  parts  or components  of the  con trol  can  be  d i sconnected  i f necessary.  

20. 1 .7. 1  For micro-d isconnection  and  micro-interruption ,  there  is  no  speci fied  m in imum  
d istance  for the  clearance  between  the  contacts  and  between  those  cu rrent-carrying  parts  
where  the  clearance  varies  wi th  the  movement of the  con tacts.  For other parts  separated  by 
the  action  of the  con tacts,  clearances  may be  smal ler than  those  of Table  22 ,  bu t  sha l l  not be  

l ess  than  the  d istance  between  the  con tacts.  

20. 1 .7.2  For fu l l  d isconnection ,  the  values  speci fi ed  i n  Table  22,  case  A appl y to  parts  
separated  by the  swi tch ing  elemen t i nclud ing  the  contacts,  when  the  con tacts  are  i n  the  fu l l y 
open  posi tion .  

20. 1 .8  Clearances  of supplementary insu lation  shal l  be  not l ess  than  those  speci fied  for 
basic insu lation  i n  Table  22,  case  A.  

Compliance is checked by measurement.  
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20. 1 .9  Clearances  of reinforced  insu lation  shal l  be  not l ess  than  those  in  Table  22,  case  A 
bu t us ing  the  next h i gher step  for rated  impu lse  vol tage  as  a  reference.  

NOTE  For double  i nsu lation ,  where  there  i s  no  i n termed iate  conducti ve  part  between  the  basic i nsu lation  and  
supplementary i nsu lation ,  clearances  are  measured  between  l i ve  parts  and  the  accessibl e  surface  or 
accessible  metal  parts .  The  i nsu lation  system  i s  treated  as  rei nforced  i nsu lation .  

Compliance is checked by measurement.  

20. 1 . 1 0  For controls  or portions  of controls  suppl i ed  from  a  transformer wi th  double  
insu lation ,  clearances  of functional  insu lation  and  basic insu lation  on  the  secondary s ide  
are  based  on  the  secondary vol tage  of the  transformer wh ich  i s  used  as  the  nom inal  vo l tage 
of Table  21 .   

NOTE  1  The  use  of a  transformer wi th  separate  wind ings  a lone  does  not  a l l ow a  change  of overvol tage  
category.  

I n  the  case  of suppl y vol tages  derived  from  transformers  wi thout separate  wind ings,  the  rated  
impu lse  vol tage  sha l l  be  determ ined  from  Table  21  based  on  the  primary vol tage  for s tep-
down  transformers,  and  based  on  the  maximum  measured  r.m . s.  value  of the  secondary 
vol tage  for s tep-up  transformers.  

Part 2s  may speci fy a l ternative  cri teria  for some si tuations,  for example,  h i gh  vol tage  i gn i tion  
sources.  

Annex F ,  Table  F . 2  of I EC 60664-1 : 2007  g ives  clearance  d imensions  for h i gher impu lse  

wi thstand  vol tages.  

NOTE  2  See  a l so  references  i n  Clause  24.  

Compliance is checked by measurement or test if necessary.  

20. 1 . 1 1  For ci rcu i ts  having  ELV  l evels  wh ich  are  derived  from  the  supply by means  of 
protective  impedance ,  clearances  of functional  insu lation  are  determ ined  from  Table  21  
based  on  the  maximum  measured  value  of the  working  vol tage  i n  the  ELV  c i rcu i t.  

20. 1 . 1 2  The  impu lse  vol tage  test,  when  requ ired ,  i s  appl ied  i n  accordance wi th  6. 1 . 2 . 2 . 1  of 

I EC 60664-1 : 2007.  

Part  2s  may speci fy environmenta l  test cond i ti ons.  

The impulse voltage is applied between live parts  and metal parts separated by basic 
insulation  or functional insulation .  

NOTE  I n  the  case  of functional  i nsu lation ,  parts  or components  of the  con trol  can  be  d i sconnected  i f 
necessary.  

20. 1 . 1 3  I f the  secondary of a  transformer is  earthed ,  or i f there  is  an  earthed  screen  between  
the  primary and  secondary wind ings,  the  clearances  of basic insu lation  on  the  secondary 
s i de  shal l  not be  less  than  those  speci fied  i n  Table  22  bu t us ing  the  next l ower s tep  for rated  
impu lse  vol tage  as  a  reference.  

NOTE  The  use  of an  i sol ati ng  transformer wi thou t  an  earthed  protecti ve  screen  or earthed  secondary does  not  
a l l ow a  reducti on  i n  the  rated  impu lse  vol tage .  

For ci rcu i ts  suppl ied  wi th  a  vol tage  lower than  rated  vol tage,  for example,  on  the  secondary 
s i de  of a  transformer,  clearances  of functional  insu lation  are  based  on  the  working  
vol tage ,  wh ich  i s  used  as  the  rated  vol tage  for Table  21 .  
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20. 1 . 1 4  See Annex J .  

20. 1 . 1 5  See Annex H .  

 Creepage  d istances  20.2

20.2. 1  Controls  shal l  be  constructed  so  that creepage  d istances  for basic i nsu lation  are  
not l ess  than  those  speci fied  in  Table  23  for the  rated  vol tage,  taking  i n to  accoun t the  materia l  
g roup and  the  pol lution  degree .  

Creepage  d istances  a re  not speci fied  for electronic controls  i f the  requ i rements  of 
H . 27. 1 . 1 . 3  are  met  wi th  the  creepage d istance  short-ci rcu i ted .  

Compliance is checked by inspection and measurement.  

Detachable parts  are removed.  Creepage distances  are measured with  movable parts and 
parts which can be assembled in different orientations placed in the most unfavourable 
position.  

A  force is applied to bare conductors and accessible surfaces  in  order to attempt to reduce 
creepage distances  when making the  measurement.  

The force is:  2 N for bare conductors;    
 30 N for accessible surfaces.  

The force is applied by means of the test finger of Figure 2.  Apertures are assumed to be 
covered by a  piece of flat metal.  

NOTE  Creepage  d istances  a re  measured  as  speci fi ed  i n  Annex B .  

20.2.2  Controls  sha l l  be  constructed  so  that creepage d istances  for functional  insu lation  
are  not l ess  than  those  speci fied  i n  Table  24  for working  vol tage ,  taking  i n to  account the  
materia l  g roup  and  the  pol lu tion  degree .  

Part 2s  may speci fy a l ternative  cri teria  for some s i tuations,  for example,  h i gh  vol tage  i gn i tion  
sources.  

Compliance is checked by inspection and measurement.  

Detachable parts  are removed.  Creepage distances  are measured with  movable parts and 
parts which can be assembled in different orientations placed in the most unfavourable 
position.  

A  force is applied to bare conductors and accessible surfaces  in  order to attempt to reduce 
creepage distances  when making the measurement.  

The force is:  2 N for bare conductors;    
 30 N for accessible surfaces.  

The force is applied by means of the test finger of Figure 2.  Apertures are  assumed to be 
covered by a  piece of flat metal.  

NOTE  1  Creepage  d istances  are  measured  as  speci fi ed  i n  Annex B .  

NOTE  2  The  re l ati onsh ip  between  material  g roup  and  proof tracking  i ndex (PTI )  val ues  i s  found  i n  6 . 1 3.  

The  PTI  va l ues  refer to  val ues  obtai ned  i n  accordance  wi th  I EC 601 1 2 ,  and  tested  wi th  sol u ti on  A.  

Materi a l s ,  the  PTI  va l ues  of wh ich  have  previously been  found  to  comply wi th  these  materia l  g roups,  are  acceptabl e  
wi thout  fu rther testi ng .  
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NOTE  3  For g l ass,  ceram ics,  or other i norgan ic i nsu lati ng  materi a l s  wh ich  do  not  track,  creepage d istances  n eed  
not  be  g reater than  thei r associated  clearance  for the  purpose  of i nsu l ation  co-ord i nati on .  

Table  23  (20 .3  of ed i tion  3)  – M in imum  creepage d istances  for basic  insu lation  

 
Rated  

Creepage  d istances  a  

mm  

vol tage  Pol lu tion  degree  

up to  and  
includ ing   

Printed  wi ring  
materi al  b  

 
1  

 
2  

 
3  

 
4  

 Pol lu tion  degree   Material  group  Material  group  Material  group  

V 1 c  2  d   I  I I  I I I  e  I  I I  I I I  e  I  I I  I I I  e  

50  0 , 025  0 , 04  0 , 2  0 , 6  0 , 9  1 , 2  1 , 5  1 , 7  1 , 9  2 , 0  2 , 5  3 , 2  

1 25  0 , 1 6  0 , 25  0 , 3  0 , 8  1 , 1  1 , 5  1 , 9  2 , 1  2 , 4  2 , 5  3 , 2  4 , 0  

250  0 , 56  1  0 , 6  1 , 3  1 , 8  2 , 5  3 , 2  3 , 6  4 , 0  5, 0  6 , 3  8, 0  

400  1  2  1 , 0  2 , 0  2 , 8  4 , 0  5, 0  5 , 6  6 , 3  8 , 0  1 0, 0  1 2 , 5  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5, 0  6 , 3  7 , 1  8 , 0  1 0, 0  1 2 , 5  1 6, 0  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8 , 0  9 , 0  1 0, 0  1 2 , 5  1 6, 0  20, 0  

800  2 , 4  4  2 , 4  4 , 0  5, 6  8, 0  1 0 , 0  1 1 , 0  1 2 , 5  1 6, 0  20, 0  25, 0  

a  Lacquered  conductors  of wi nd ings  are  cons idered  to  be  bare  conductors  bu t  creepage  d istances  are  not  
requ i red  to  be  l arger than  the  associated  clearance  speci fi ed  i n  Tabl e  22 .  

b   When  pri n ted  ci rcu i t  boards  are  coated  i n  accordance  wi th  Annex P  or Cl ause  Q. 1  and  the  coati ng  has  a  PTI  of 
at  l east  1 75,  the  val ues  speci fi ed  for pol lu tion  degree  1  are  perm i tted .  The  PTI  shal l  be  measured  i n  
accordance  wi th  I EC 601 1 2.  

c  Materi a l  g roups  I ,  I I ,  I I I a  and  I I I b .  

d  Materi al  g roups  I ,  I I  and  I I I a .  

e  Materi a l  g roup  I I I  i ncl udes  I I I a  and  I I I b.  Materia l  g roup  I I I b  i s  not  perm i tted  for appl i cation  above  630  V or for 
appl i cation  i n  pol lu tion  degree  4 .  

 

Compliance is checked by measurement.  
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Table  24 (20.4  of ed i tion  3)  – M in imum  creepage d istances  
for functional  insu lation  

 
Working  

Creepage d istances  b  c  

mm  

vol tage  Pol lu tion  degree  

r.m .s.  a  Printed  wi ring  
materi al  d  

 
1  

 
2  

 
3  

 
4  

V Pol lu tion  degree   Material  group  Material  group  Material  group  

 1  e  2  f   I  I I  I I I  I  I I  I I I  g  I  I I  I I I  g  

1 0  0 , 025  0 , 04  0 , 08  0 , 40  0 , 40  0 , 40  1  1  1  1 , 6  1 , 6  1 , 6  

1 2 , 5  0 , 025  0 , 04  0 , 09  0 , 42  0 , 42  0 , 42  1 , 05  1 , 05  1 , 05  1 , 6  1 , 6  1 , 6  

1 6  0 , 025  0 , 04  0 , 1  0 , 45  0 , 45  0 , 45  1 , 1  1 , 1  1 , 1  1 , 6  1 , 6  1 , 6  

20  0 , 025  0 , 04  0 , 1 1  0 , 48  0 , 48  0 , 48  1 , 2  1 , 2  1 , 2  1 , 6  1 , 6  1 , 6  

25  0 , 025  0 , 04  0 , 1 25  0 , 5  0 , 5  0 , 5  1 , 25  1 , 25  1 , 25  1 , 7  1 , 7  1 , 7  

32  0 , 025  0 , 04  0 , 1 4  0 , 53  0 , 53  0 , 53  1 , 3  1 , 3  1 , 3  1 , 8  1 , 8  1 , 8  

40  0 , 025  0 , 04  0 , 1 6  0 , 56  0 , 8  1 , 1  1 , 4  1 , 6  1 , 8  1 , 9  2 , 4  3  

50  0 , 025  0 , 04  0 , 1 8  0 , 6  0 , 85  1 , 2  1 , 5  1 , 7  1 , 9  2  2 , 5  3 , 2  

63  0 , 04  0 , 063  0 , 2  0 , 63  0 , 9  1 , 25  1 , 6  1 , 8  2  2 , 1  2 , 6  3 , 4  

80  0 , 063  0 , 1  0 , 22  0 , 67  0 , 95  1 , 3  1 , 7  1 , 9  2 , 1  2 , 2  2 , 8  3 , 6  

1 00  0 , 1  0 , 1 6  0 , 25  0 , 71  1  1 , 4  1 , 8  2  2 , 2  2 , 4  3  3 , 8  

1 25  0 , 1 6  0 , 25  0 , 28  0 , 75  1 , 05  1 , 5  1 , 9  2 , 1  2 , 4  2 , 5  3 , 2  4  

1 60  0 , 25  0 , 4  0 , 32  0 , 8  1 , 1  1 , 6  2  2 , 2  2 , 5  3 , 2  4  5  

200  0 , 4  0 , 63  0 , 42  1  1 , 4  2  2 , 5  2 , 8  3 , 2  4  5  6 , 3  

250  0 , 56  1  0 , 56  1 , 25  1 , 8  2 , 5  3 , 2  3 , 6  4  5  6 , 3  8  

320  0 , 75  1 , 6  0 , 75  1 , 6  2 , 2  3 , 2  4  4 , 5  5  6 , 3  8  1 0  

400  1  2  1  2  2 , 8  4  5  5 , 6  6 , 3  8  1 0  1 2 , 5  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5  6 , 3  7 , 1  8  1 0  1 2 , 5  1 6  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8  9  1 0  1 2 , 5  1 6  21  

800  2 , 4  4  2 , 4  4  5 , 6  8  1 0  1 1  1 2 , 5  1 6  20  25  

a    For h i gher working  vol tages ,  the  values  of Tabl e  F . 4  of I EC 60664-1 : 2007  appl y.  

b  For g l ass,  ceram ics  and  other i norgan ic materi al s  wh ich  do  not  track,  creepage  d i stances  need  not  be  
g reater than  thei r associated  clearance .  

c  There  are  no  requ i rements  across  micro-in terruption  other than  between  term inal s  and  terminations .  
Between  term inal s  and  terminations ,  the  requ i rements  are  as  speci fi ed  i n  th i s  table.  

d  When  pri n ted  ci rcu i t  boards  are  coated  i n  accordance  wi th  Annex P  or Clause  Q. 1  and  the  coati ng  has  a  PTI  
of at  l east  1 75,  the  val ues  speci fi ed  for pol lu tion  degree  1  are  perm i tted .  The  PTI  shal l  be  measu red  i n  
accordance  wi th  I EC 601 1 2 .  

e    Materi a l  g roups  I ,  I I ,  I I I a  and  I I I b.  

f  Materi a l  g roups  I ,  I I  and  I I I a .  

g  Materi al  g roup  I I I  i ncl udes  I I I a  and  I I I b .  Materia l  g roup  I I I b  i s  not  perm i tted  for appl i cati on  above  630  V or for 
appl i cation  i n  pol lu tion  degree  4 .  

 

Compliance is checked by inspection.  

20.2.3  Creepage d istances  of supplementary insu lation  shal l  be  not l ess  than  those 
appropriate  for basic insu lation  taking  i n to  accoun t the  materia l  g roup  and  the  pol lution  
degree .  

Compliance is checked by inspection and measurement.  
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20.2.4  Creepage d istances  of rein forced  insu lation  shal l  be  not l ess  than  double  those  
appropriate  for basic insu lation ,  taking  in to  accoun t the  materia l  g roup  and  the  pol lution  
degree .  

Compliance is checked by inspection and measurement.  

20.2.5 See  Annex J .  

 Sol id  insu lation  20.3

Sol i d  insu lation  shal l  be  capable  of du rabl y wi thstand i ng  e lectrical  and  mechan ical  s tresses  as  
wel l  as  thermal  and  envi ronmenta l  i n fl uences  wh ich  may occur during  the  an ticipated  l i fe  of 
the  equ ipment.  

20.3. 1  There  is  no  d imensional  requ irement for the  th ickness  of basic i nsu lation  or 
functional  i nsu lation .   

20.3.2  The  d istance  through  i nsu lation  for supplementary insu lation  and  reinforced  
insu lation ,  for working  vol tages  u p  to  and  includ ing  300  V,  between  meta l  parts  shal l  not  be  

l ess  than  0, 7  mm .  

NOTE  Th is  does  not  imply that  the  d i stance  has  to  be  th rough  i nsu lati on  on l y.  The  i nsu l ati on  can  consist  of sol i d  
materia l  p l us  one  or more  a i r l ayers.  

For controls  h aving  parts  wi th  double  insu lation  where  there  i s  no  meta l  between  basic  
insu lation  and  supplementary insu lation ,  the  measurements  are  made as  though  there  i s  a  

metal  fo i l  between  the  two l ayers  of i nsu lation .  

20.3.2. 1  The requ i rement of 20. 3. 2  does  not appl y i f the  i nsu lation  i s  appl ied  i n  th i n  sheet 

form ,  other than  m ica  or s im i l ar sca l y materia l .   

–  For supplementary insu lation ,  i t  cons ists  of at  l east two l ayers,  provided  that each  of the  
l ayers  wi thstands  the  e lectric  strength  test of 1 3 . 2  for supplementary insu lation .  

– For reinforced  insu lation ,  i t  consists  of at  l east three  l ayers,  provided  that any two layers  
together wi thstand  the  e lectric  streng th  test of 1 3 . 2  for reinforced  insu lation .  

Compliance is checked by inspection and by test.  

20.3.2.2  The requ i rement of 20. 3. 2  does  not appl y i f the  supplementary insu lation  or the  
reinforced  insu lation  i s  i naccessib le  and  meets  one  of the  fol lowing  cri teria.  

– The  maximum  temperatu re  determ ined  during  the  tests  of C lauses  27  and  H . 27  does  not  
exceed  the  perm issib le  va lue  speci fi ed  i n  Table  1 3.  

– The  insu lation ,  after having  been  cond i ti oned  for 1 68  h  in  an  oven  main tained  at a  
temperature  equal  to  25  K in  excess  of the  maximum  temperature  determ ined  during  the  
tests  of C lause  1 4,  wi thstands  the  e lectric strength  test of 1 3 . 2 ,  th is  test  be ing  made on  
the  i nsu lation  both  at the  temperature  occurring  i n  the  oven  and  after cool i ng  to  
approximatel y room  temperature.  

For optocouplers ,  the  cond i tion ing  procedure  is  carried  ou t at  a  temperature  of 25  K i n  excess  
of the  maximum  temperature  measured  on  the  optocoupler during  the  tests  of C lauses  1 4,  27  
and  H . 27,  the  optocoupler be ing  operated  under the  most unfavourable  cond i tions  wh ich  
occur during  these  tests.  

Compliance is checked by inspection and by test.  
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21  Resistance to  heat,  fi re  and  tracking  

 General  requ irements  21 .1

Al l  non-metal l ic  parts  of a  control  shal l  be  resistant  to  heat,  fi re  and  tracking .  

Compliance is checked by the tests of 21 . 2,  except that independently mounted controls  
are  checked by the tests of 21 . 3.  

No requirements exist for small parts as defined in  3. 1  of IEC 60695-2-11:2000.  

NOTE  I n  the  USA,  compl iance  i s  checked  by the  procedu re  g i ven  i n  Annex D.   

 I n tegrated ,  incorporated  and  in -l ine  cord  controls  21 .2

The fol lowing  test sequences  shal l  be  conducted  as  appropriate  to  the  posi ti on  or function  of 
the  non-metal l ic part  and  the  declared  bal l  pressure  and  g low-wire  test temperatures.  

NOTE  Controls  can  be  used  i n  widel y d i fferent  end  appl i cati ons.  Sel ecti on  of test  l eve l s  from  the  requ i rements  
below can  be  i n fl uenced  by cons ideration  of the  end -appl i cati on  s tandard ’s  requ i rements.  

21 .2. 1   For parts which are accessible when the control is mounted in its manner of intended 
use,  and the deterioration of which may result in the  control becoming unsafe:  

–  ball pressure test 1  of G. 5. 1 ;  

–  the  glow-wire test of Clause G. 2 carried out at 550 °C.  

21 .2.2   For parts which retain in  position current-carrying parts other than electrical 
connections:  

–  ball pressure test 2 of G. 5. 2;  

–  the glow-wire test of Clause G.2 carried out at 550 °C.  

NOTE  The  tests  are  not  app l i cable  to  parts  retain i ng  i n  pos i ti on  cu rrent-carrying  parts  i n  l ow-power ci rcu i ts  as  
described  i n  H . 27. 1 . 1 . 1  

21 .2.3   For parts which  maintain or retain in position electrical connections,   

–  ball pressure test 2 of G. 5. 2,  

followed by the glow-wire test at the temperature appropriate for the application and as 
declared for the  control:  

NOTE  1  See  Annex F  for fu rther i n formation .  

Glow-wire test at 650 °C  

– the glow-wire test of Clause G.2 carried out at 650 °C.  

Glow-wire test at 750 °C 

– the glow-wire test of Clause G.2 carried out at 750 °C.  

Glow-wire test at 850 °C  

–  the glow-wire test of Clause G.2 carried out at 850 °C.  

The tests  are  not appl icable  to  parts  reta in ing  i n  pos i ti on  cu rrent-carrying  parts  i n  l ow-power 
ci rcu i ts  as  described  i n  H . 27. 1 . 1 . 1 .  

NOTE  2  Controls  can  be  used  i n  wide ly d i fferent  end  appl i cations.  Sel ection  of test  l evel s  from  the  requ i rements  
below can  be  i n fl uenced  by consideration  of the  end-appl i cati on  s tandard ’s  requ i rements.  
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NOTE  3  For controls  i n tended  for i ncorporation  i n to  appl i ances  wi th i n  the  scope  of I EC 60335-1  parts  wi th i n  
3  mm  of e l ectri cal  connections  can  be  evaluated  as  per 30. 2  of that  s tandard .  

21 .2.4   For all other parts,  (except decorative trim,  knobs,  etc. )  

–  the glow-wire test of Clause G.2 carried out at 550 °C.  

shall be carried out.  

NOTE  Un l ess  otherwise  i n d icated  i n  a  part  2 ,  d i aph ragms,  gaskets  and  seal i ng  ri ngs  of g l ands  are  not  subjected  
to  the  tests  of 21 . 2 . 4 .  

21 .2.5  Void  

21 .2.6  Void  

21 .2.7  Resistance  to  tracking  

Al l  non-meta l l ic parts  for wh ich  a  creepage d istance  i s  speci fied  i n  20. 2  shal l  have  a  
res istance  to  tracking  as  declared .  

NOTE  1  Requ i red  values  of res i stance  to  tracking  are  g i ven  e i ther i n  the  Part  2s  of I EC  60730  or i n  the  re l evant 
equ i pment  s tandard .  

Controls  d es igned  for operation  at  ELV  l evels  are  not subjected  to  a  tracking  test.  

NOTE  2  Wi th in  a  control ,  d i fferent  parts  can  have  d i fferent  PTI  va l ues  appropri ate  to  the  micro-environment  of 
the  part.  

Compliance is checked by the tests of Clause G.4 carried out at one of the following PTI 
values as declared in  Table 1 ,  requirement 30:  

– 100 V;  

– 175 V;  

– 250 V;  

– 400 V;  

– 600 V.  

NOTE  3  For the  pu rposes  of 21 . 2 . 7 ,  the  proxim i ty of arcing  contacts  i s  not  considered  to  i ncrease  the  deposi ti on  
of external  conducti ve  materi al  as  the  endurance  tests  of Clause  1 7,  fol l owed  by the  e l ectri c  strength  tests  of 
Clause  1 3,  are  deemed  suffi cien t  to  determ ine  the  effect  of pol lu tion  ari s i ng  from  wi th i n  the  control .  

 I ndependently mounted  controls  21 .3

The test sequence  of 21 . 2. 1  th rough  21 . 2 .7  appl ies,  preceded  by the  precond i tion ing  of 
21 . 3. 1 .  

 Precondition ing  21 .3.1

Preconditioning shall be carried out in  a  heating cabinet as follows:  

–  without T rating: 1  ×  24 h  at (80 ±  2)  °C,  the circuit of the switching part and the driving 
mechanism not being connected,  with  detachable covers  removed;  

–  with T rating for temperatures not exceeding 85 °C: 1  ×  24 h  at (80 ±  2)  °C,  the switching 
part of the control and the driving mechanism not being connected and without covers 

and subsequently 6 ×  24 h  at (Tmax  ±  2)  K with covers,  with the circuit of the switching 
part and driving mechanism being connected;  

–  with T rating for temperatures exceeding 85 °C: 6 ×  24 h  at (Tmax  ±  2)  K with covers,  with 
the circuit of the switching part and driving mechanism being connected.  
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   Controls  with  mercury-tube  switch  21 .4

Controls  employing  a  mercury-tube  swi tch  i n tended  for connection  to  a  working-vol tage  
ci rcu i t  as  defined  in  2 . 1 . 3  shal l  perform  acceptabl y when  tested  in  series  wi th  a  standard  
non-renewable  cartri dge  fuse  on  a  d . c.  ci rcu i t  of the  vol tage  speci fied  for test i n  1 7 . 1 . 1 ,  except 
that  a . c.  wi th  a  non- inductive  l oad  may be  employed  i f the  device  is  i n tended  for use  on  
a. c.  on l y.  The  fuse  rati ng  and  capaci ty of the  test ci rcu i t shal l  be  as  speci fi ed  in  Table  25.  

The enclosure and any other exposed metal are to be grounded and cotton is to be placed 
around all openings in the enclosure.  

There shall be no ignition of the cotton or insulation on circuit conductors nor emission of 
flame or molten metal except mercury from the enclosure housing the switch.  Wiring attached 
to the device,  except tube leads,  shall not be damaged.  Successive operations  are to be 
conducted by alternately closing the mercury-tube switch on the short circuit and closing the 
short circuit on  the mercury tube by means of any suitable switching device.  

NOTE  I n  the  countri es  members  of CENELEC,  21 . 4  does  not  appl y.  

Table  25  (21 .4  of ed i tion  3)  – Mercury switch  short-circu i t conditions  

V  Maximum  rating  a  S .C.  curren t  
A  

M in imum  fuse  rating  b  c  

   0–1 25  1 26–250  251 –660  

0–250  2  000  VA 1  000  20  1 5  – 

0–250  30  A 3  500  30  30  – 

0–250  63  A 3  500  70  70  – 

251 –660  63  A 5  000  – – 30  

a  Requ i rements  for appl i cati ons  greater than  63  A are  u nder considerati on .  

b  Min imum  fuse  rati ng  shal l  be  a t  l east  equal  to  swi tch  ampere  rati ng  or the  nearest  standard  fuse  not  exceed ing  
four times  motor fu l l - l oad  ampere  rati ng  and  i n  any case  not  l ess  than  that  shown .  

c  For the  purpose  of th i s  test,  ampere  rati ngs  for fuses  are  1 5 ,  20,  25,  30,  35,  40,  45,  50,  60,  70,  80,  90,  1 00,  
1 1 0,  1 25,  1 50,  1 75,  200,  225,  250.  I n termed iate  s i ze  fuses  may be  used .  

 
Cotton  used  shal l  be  as  speci fied  i n  Annex C.  

The switch need not be operative after the  tests.  

22  Resistance to  corrosion  

 Resistance  to  rusting  22.1

22. 1 . 1  Ferrous  parts ,  i nclud ing  covers  and  enclosures,  the  corros ion  of wh ich  m igh t impai r 

compl iance  wi th  th is  standard ,  sha l l  be  protected  against  corros ion .  

22. 1 .2  Th is  requ irement does  not appl y to  temperature  sensing  elements  or to  other 
component parts  whose performance  wou ld  be  adversel y affected  by protecti ve  treatment.  

22. 1 .3  Compliance is checked by the following test:  

22. 1 .4  The parts are subjected to a  test of 14 days duration at 93 % to 97 % relative 

humidity at (40 ±  2)  °C.  

22. 1 .5  After the parts have been dried for 10 min in a  heating cabinet at a  temperature of 

(100 ±  5)  °C,  their surfaces shall show no corrosion which might impair compliance with  
Clauses 8,  13,  and 20.  
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22. 1 .6  Traces of rust on sharp edges and a  yellowish  film removable by rubbing are ignored.  

NOTE  1  Parts  protected  by  enamel l i ng ,  ga l van i zi ng ,  sherard i zi ng ,  p l ati ng  or other recogn i zed  equ i val en t  
protecti on  are  deemed  to  meet  th i s  requ i rement.  

NOTE  2  For smal l  he l i cal  spri ngs  and  the  l i ke,  and  for parts  exposed  to  abras ion ,  a  l ayer of g rease  can  provide  
su ffi cien t  protection  against  rusti ng .  Such  parts  are  subjected  to  the  test  on l y i f there  i s  doubt  abou t the  
effecti veness  of the  g rease  fi lm ,  and  the  test  i s  then  made  wi thout  removal  of the  g rease.  

23  Electromagnetic compatibi l i ty (EMC)  requi rements  – Emission  

See also Clause H. 23.  

23. 1  Free-stand ing  and  independently mounted  controls ,  wh ich  cycle  during  normal  
operation ,  shal l  be  so  constructed  that they do  not generate  excess ive  rad io  i n terference.  
In tegrated  and  incorporated  controls  are  not subjected  to  the  tests  of 23 . 1 ,  as  the  resu l t  of 
these  tests  can  be  affected  by the  i ncorporation  of the  control  i n  equ ipment.  They may,  
however,  be  carried  ou t on  such  controls  i f requested  by the  manufacturer.  

Equ ipment that uses  i n tegrated  or incorporated  controls  shou ld  comply wi th  i ts  re levan t 
product EMC standard .  In tegrated  and  incorporated  controls  are  tested  i n  the  end  use  
equ ipment.  

Compliance is checked by one of the following methods:  

a)  Testing in  accordance with CISPR 14-1 ,  with  the following modification and/or CISPR 22,  
class B.  In  4. 2. 3. 3 of CISPR 14-1 :2005,  the  value of 200 ms is replaced by 20 ms.  

b)  Testing as detailed in  23. 1 . 1  and 23. 1 . 2,  resulting in a  maximum duration of radio 
frequency emission of 20 ms.  Where such controls  have a  click rate greater than 5,  
method a)  shall be followed.  

c)  Examination and/or tests to show that the minimum time between contact operations  
during normal operation  cannot be less than 10 min.  

Compliance with  method b)  or c)  shows compliance with method a) .   

23. 1 . 1  Test condi tions  

Three One previously untested samples are is subjected to the  test.  

The electrical and thermal conditions are as specified in 17. 2 and 17. 3,  except as follows:  

–  for sensing controls,  the rate  of change of activating quantities is α1  and β 1 ;  

–  for non-sensing controls,  the controls  are  caused to operate at the lowest contact 
operating speed possible  during normal operation ;  

– for controls  declared for use with  inductive loads,  the power factor is 0, 6,  unless declared 
otherwise in Table 1 ,  requirement 7.  For controls  declared with purely resistive loads,  the 
power factor is 1 , 0.  

23. 1 .2  Test procedure  

The control is  operated for five  cycles of contact operation .  

The duration of radio interference is measured by an oscilloscope connected to the control so 
as to measure the voltage drop across the contacts.  

NOTE  For the  purpose  of th i s  test,  rad i o  i n terference  i s  any observed  fl uctuation  of vol tage  across  the  contacts  
wh ich  i s  superimposed  on  the  suppl y waveform  as  a  resu l t  of con tact  operation .  
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23.2  Controls  for I SM  ( I ndustria l ,  Scien ti fic and  Med ica l )  equ ipment and  free-stand ing ,  
i ndependentl y mounted  and  in -l ine  cord  controls  for use  wi th  I SM  equ ipments  shal l  comply 

wi th  the  requ irements  of CI SPR 1 1 .  

NOTE  See  al so  Tabl e  1 ,  requ i rement 89.  

24 Components  

24. 1  Transformers  i n tended  to  suppl y power to  a  SELV-ci rcu i t or PELV-ci rcu i t shal l  be  of the  
safety i solati ng  type  and  shal l  comply wi th  the  re levant requ irements  of I EC  61 558-2-6.   

Capaci tors  used  to  provide  rad io  in terference suppression  shal l  comply wi th  the  requ i rements  
of I EC  60384-1 4.  Capaci tors  connected  between  two  l i ne  conductors  or between  a  l i ne  
conductor and  the  neu tra l  or between  hazardous  l ive  parts  and  protective  earth  shal l  be  i n  

accordance  wi th  I EC 60384-1 4  and  shal l  be  used  i n  accordance  wi th  i ts  rated  values.  

Fuses  shal l  comply wi th  the  requ i rements  of I EC  601 27-1  or I EC  60269-1 ,  as  appropriate.  

24.1 . 1  Controls  that i ncorporate  a  transformer as  the  source  of suppl y to  a  SELV-ci rcu i t  or 
PELV-ci rcu i t are  subj ected  to  an  ou tput test wi th  the  primary energ ized  at the  upper l im i t of 
the  rated  vol tage  as  i nd icated  i n  1 7 . 2. 2,  1 7 . 2 .3 . 1  and  1 7.2 . 3. 2.  

Swi tch  mode  power suppl ies  or transformers  used  i n  converters  shal l  comply wi th  the  
requ irements  of I EC  61 558-2-1 6.  

Under any non-capaci tive  cond i tions  of l oad ing  (from  no  l oad  to  the  short-ci rcu i ting  of any or 
a l l  secondary SELV-  or PELV-ci rcu i t  term inals)  and  wi thout d isturbing  i n ternal  connections,  

the  secondary ou tpu t vol tage  shal l  not be  g reater than  that defined  i n  2 . 1 . 5.  

I f a  converter or swi tch  mode  power supply i s  used  as  the  source  of suppl y to  a  SELV-ci rcu i t  

or PELV-ci rcu i t,  C lause  T. 3  appl i es.  

The  secondary ou tpu t power at the  term inals  to  an  isolated  l imited  secondary ci rcu i t  shal l  
not exceed  1 00  VA and  the  secondary output curren t sha l l  not exceed  8  A after 1  m in  of 
operation  wi th  overcurrent protection ,  i f provided ,  bypassed .  

24.2  Components  other than  those  deta i led  i n  24. 1  are  checked  when  carrying  ou t the  tests  

of th is  s tandard .  

24.2. 1  However,  for componen ts  wh ich  have  previous l y been  found  to  comply wi th  a  relevant 
I EC safety s tandard ,  to  reduce  the  testi ng  necessary,  assessment is  l im i ted  to  the  fol l owing :  

a)  the  appl ication  of the  componen t wi th in  the  control  i s  checked  to  ensure  that i t  i s  covered  
by previous  testi ng  to  the  I EC  safety standard ;  

b)  testing  accord ing  to  th is  standard  of any cond i ti ons  not covered  by the  previous  testi ng  to  
the  I EC  safety standard .  

See  a lso  Annex J .  

24.3  Annex U  i s  not appl icable  to  relays  used  as  components  in  a  control .  

24.4  Swi tch  mode  power suppl ies  not covered  by 24. 2. 1 ,  i nclud ing  the ir peripheral  ci rcu i try,  
used  i n  electron ic  controls  sha l l  comply wi th  the  tests  of 24 . 4. 1  and  a l l  of the  appl icable  

requ irements  of th is  standard .   

NOTE  Subclause  24. 4. 1 . 1 1  g i ves  the  compl iance  cri teria  for the  tests.  
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24.4. 1  Overload  tests  for swi tch  mode power suppl ies  

24.4. 1 . 1  Each output winding,  or section of a  tapped winding,  is overloaded in turn,  one at a  
time,  while the other windings are kept loaded or unloaded,  whichever load conditions of 
normal use  is  the least favourable.  

24.4. 1 . 2  The overload is carried out by connecting a  variable resistor (or an electronic load)  
across the winding or the rectified output.  The resistor is adjusted as quickly as possible and 
readjusted,  if necessary,  after 1  min to maintain the applicable overload.  No further 
readjustments are then permitted.  

24.4. 1 .3  For this test,  any protective devices such as a  fuse,  manual reset circuit protector,  
thermal protector,  etc.  are allowed to remain in  the circuit.  

24.4. 1 .4  If overcurrent protection is provided by a  current-breaking device,  the overload test 
current is the maximum current which the overcurrent protection device is just capable of 
passing for 1  h.  If this value cannot be derived from the specification,  it is to be established by 
test.  

24.4. 1 .5  If no overcurrent protection is provided,  the maximum overload is the maximum 
power output obtainable  from the power supply.  

24.4. 1 .6  In case of voltage foldback,  the overload is slowly increased to the point which 
causes the output voltage to drop by 5 %.  The overload is then established at the point where 
the output voltage recovers and held for the duration of the test.  

24.4. 1 .7  The duration of the test is to  be for 1  h  or until ultimate results are reached.  

24.4. 1 .8  The maximum open-circuit voltage of each winding (directly at the winding of the 
transformer)  and the maximum load current are measured and recorded such that the 
maximum output power may be determined.  

24.4. 1 .9  The maximum open circuit voltage measurements shall be made during normal 
operation  and under single  component failure,  see Table H. 24.  

24.4. 1 . 1 0  For SELV applications,  where the maximum open circuit voltage measured directly 
at the secondary of the transformer exceeds the limits specified in 2. 1 . 5,  the measurement of 
the maximum output voltage of each winding may be made after certain protective 
impedances .  In  this case,  the limits shall be  in  accordance with H. 8. 1 . 10. 1 .   

24.4. 1 . 1 1  Following each test (while still in  a  heated condition) ,  the transformer is to  
be subjected to  the electric strength  test of 13. 2.  

24.4. 1 . 1 2  Compliance shall be in accordance with items a) ,  b) ,  c) ,  d) ,  e)  and f)  of H. 27. 1 . 1 . 3.  

24.5 Annex J  i s  not appl icable  to  thermistors  used  i n  a  ci rcu i t wh ich  meets  a l l  of the  

fol l owing  requ irements :  

– type  1  control  as  declared  in  Table  1 ,  requ i rement 39;   

– connected  to  a  SELV/PELV ci rcu i t  as  speci fied  i n  Clause  T. 1 ;  

– l ow power ci rcu i t as  speci fi ed  i n  H . 27. 1 . 1 . 1 ;  

– the  control  or fi nal  equ ipment compl ies  wi th  C lause  H . 27  when  the  thermistor  i s  open  or 
short ci rcu i ted ;  

– control  wi th  class  A control  functions  as  declared  i n  Table  1 ,  requ i rement 92.  
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25 Normal  operation  

 General  25.1

See  Annex H .  

 Overvoltage  and  undervoltage  test  25.2

A control  i ncorporati ng  an  e lectro-magnet shal l  operate  as  i n tended  at any vol tage  wi th in  the  
range  of 85  %  of the  m in imum  rated  vol tage  and  1 1 0  %  of the  maximum  rated  vol tage,  
i nclus ive.  

Compliance is checked by subjecting the  control to the following tests at the maximum and 
minimum operating conditions declared,  except that only a  control having Tmin  less than 0 °C 
is tested at Tmin:   

The control is  subjected to  1 , 1  VR max  until equilibrium temperature is reached and then 
tested immediately for operation  at 1 , 1  VR max  and at rated voltage.  

The control is  also subjected to 0, 85 VR min  until equilibrium temperature is reached and then 
tested immediately for operation  at 0, 85 VR min .  

26 Electromagnetic compatibi l i ty (EMC)  requi rements  – Immunity 

See  Clause  H .26.  

NOTE  I n  general ,  the  tests  of Clause  H . 26  are  not  appl i cabl e  to  non -e lectron i c controls  because  of the i r 
to l erance  to  such  perturbati ons.  The  appropriate  tests  for speci fi c  types  of non -e lectron ic  controls  a re  typical l y 
i ncl uded  i n  other cl auses  of the  appropriate  part  2 .  

27  Abnormal  operation  

27. 1  See  Annex H  and  Annex J .  

27.2  Burnout test  

Controls  i ncorporati ng  e lectro-magnets  shal l  wi thstand  the  effects  of b locking  of the  control  

mechan ism .  

Compliance is checked by the tests of 27. 2. 1  and 27. 2. 2.  

NOTE  For relays  and  con tactors ,  compl iance  wi th  th i s  requ i rement  i s  establ i shed  by successfu l  completion  of the  
tests  of Clause  1 7.  

27.2. 1  The control mechanism is blocked in the position assumed when the control is  
de-energized.  The control is then energized at rated frequency and rated voltage as indicated 
in 17. 2. 2,  17. 2. 3. 1  and 17. 2. 3. 2.  

The duration of the test is either 7 h; or until an internal protective device,  if any,  operates; or 
until burnout,  whichever occurs first.  

27.2.2  After this test,  the control shall be  deemed to  comply if:  

– there has been no emission of flame or molten metal,  and there is no evidence of damage 
to  the control which would impair compliance with  this standard;  

– the requirements of 13. 2 are  still met.  

NOTE  The  control  need  not  be  operati ve  fol l owi ng  the  test.  
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27.2.3  Blocked  mechanical  output test  (abnormal  temperature  test)  

Controls  wi th  motors,  such  as  e lectric actuators,  shal l  wi thstand  the  effects  of b locked  output 
wi thout exceed ing  the  temperatures  i nd icated  in  Table  26.  Temperatures  are  measured  by the  
method  speci fied  i n  1 4 . 7. 1 .  Th is  test i s  not conducted  on  controls  wi th  motors,  such  as  
e lectric actuators,  where,  when  tested  under b locked  output  cond i tions  for 7  h ,  any protecti ve 
device,  i f provided ,  does  not cycle  under sta l led  cond i ti ons,  and  wh ich  do  not exceed  
temperature  l im i ts  in  Table  1 3.  

27.2.3. 1  Controls  with  motors,  such as electric actuators,  are tested for 24 h  with the output 
blocked at rated voltage and in a  room temperature in the range of 15 °C to 30 °C,  the 
resulting measured temperature being corrected to a  25 °C reference value.  

NOTE  I n  Canada  and  the  USA,  the  test  i s  conducted  at  the  vol tages  i n d icated  i n  1 7 . 2 . 3 . 1  and  1 7. 2 . 3. 2 .  

For controls  wi th  motors  declared  for three-phase  operation ,  the  test i s  to  be  carried  ou t  wi th  
any one  phase  d isconnected .  

Table  26  (27.2 .3  of ed i tion  3)  – Maximum  winding  temperature   
(for test  of mechan ical  blocked  output condi tions)  

Condi tion  Temperature  of i nsu lation  by class
 

°C  

 A E  B  F  H  200  220  250  

 

I f impedance  protected :  

 

I f protected  by protecti ve  devices:  

 

Duri ng  fi rst  hou r 

    −  maximum  value
 

 

After fi rst  hou r 

   –  maximum  value   

   – ari thmetic  average  
 

 

 

1 50  

 

 

 

200  

 

 

 

1 75  

1 50  

 

1 65  

 

 

 

2 1 5  

 

 

 

1 90  

1 65  

 

1 75  

 

 

 

225  

 

 

 

200  

1 75  

 

1 90  

 

 

 

240  

 

 

 

2 1 5  

1 90  

 

 

21 0  

 

 

 

260  

 

 

 

235  

21 0  

 

230  

 

 

 

280  

 

 

 

255  

230  

 

250  

 

 

 

300  

 

 

 

275  

250  

 

280  

 

 

 

330  

 

 

 

305  

280  

 

27.2.3.2  The  average  temperature  shal l  be  wi th in  the  l im i ts  during  both  the  second  and  the  
twenty-fourth  hours  of the  test.  

NOTE  The  average  temperature  of a  wi nd i ng  i s  the  ari thmetic  average  of the  maximum  and  m in imum  val ues  of 
the  wi nd i ng  temperatu re  d uri ng  the  1  h  peri od .  

27.2.3.3  During  the  test,  power shal l  be  continual l y suppl ied  to  the  motor.  

27.2.3.4  Immed iate l y upon  completion  of the  test,  the  motor shal l  be  capable  of wi thstand ing  
the  e lectric s trength  test  speci fi ed  i n  C lause  1 3,  wi thout fi rst appl ying  the  hum id i ty treatment 
of 1 2 . 2 .  

27.3  Overvoltage  and  undervoltage  test  

A control  i ncorporating  an  e lectro-magnet shal l  operate  as  i n tended  at any vol tage  wi th in  the  
range  of 85  %  of the  m in imum  rated  vol tage  and  1 1 0  %  of the  maximum  rated  vol tage,  
i nclus ive.  
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Compliance is checked by subjecting the  control to the following tests at the maximum and 
minimum operating conditions declared,  except that only a  control  having T

min
 less than 0 °C 

is tested at T
min

:  

The control is  subjected to 1 , 1  V
R max

 until equilibrium temperature is reached and then 
tested immediately for operation  at 1 , 1  V

R max
 and at rated voltage.  

The control is also subjected to  0, 85 V
R m in

 until equilibrium temperature is reached and then 
tested immediately for operation  at 0, 85 V

R m in
.  

Void .  

27.4 See  Annex H .  

27.5 Overload  tests  on  in -l ine  cords  controls  

27.5. 1  General   

The following overload tests are carried out on in-line cord controls  as indicated in 11 . 10. 2 
and provided with a  plug and socket outlet:  The tests are  conducted as follows.  

– Controls  as specified without protective devices and without incorporated fuses are 
loaded for 1  h  with the conventional tripping current for the fuse which in  the installation 
will protect the control.  

– Controls  protected by protective devices (including fuses)  are loaded in such a  way that 
the current through the control is 0, 95 times the current with which the protective device 
releases after 1  h.  The temperature rise is measured after a  steady state has been 
reached or after 4 h,  whichever is the shorter time.  

– Controls  protected by incorporated fuses complying with IEC 60127-1  shall have those 
fuses replaced by links of negligible impedance and shall be loaded in such a  manner that 
the current through the links shall be 2, 1  times the rated current of the fuse.  The 
temperature rise is measured after the electronic control has been loaded for 30 min.  
The value 2, 1  times can be de-rated by 0, 5 %/K,  if the overload test is carried out at a  
higher temperature compared to normal room temperature.   

– Controls  protected both by incorporated fuses and by protective devices are loaded either 
as described above with  incorporated fuses or with another protective device,  choosing 
the test requiring the lower load.  

– Controls  protected by protective devices which will short-circuit only in case of overload 
shall be tested both as controls  with  protective devices and as controls  without 
protective devices.   

27.5.2   Overload  tests  carried  out on  in -l ine  cord  controls  as  ind icated  i n  1 1 . 1 0 .2  and  
 provided  with  a  plug  and  socket outlet  

The tests according to 27. 5. 1  shall be carried out.  

The temperature shall not exceed those indicated in Table  13.  

27.5.3  For controls  not covered  by 27.5.2  

The tests according to 27. 5. 1  shall be carried out at ambient temperature (20 ±  5)  °C.  If 
declared in requirement 97 of Table 1 ,  the test will not be done for incorporated controls  
and integrated controls.  

The compliance with  items a)  to g)  of H. 27. 1 . 1 . 3,  where applicable,  is verified.  
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27.6  Battery short-ci rcu i t test  

For controls  having batteries that can be removed without the aid of a  tool  and having 
terminals that can be short-circuited by a  thin straight bar,  the terminals of the battery are  
short-circuited with  the battery being fully charged.  

The duration of the test is either 1  h  or until ultimate condition exists,  whichever occurs first.  

27.6. 1  After this test,  the control shall be  deemed to  comply if:  

– there has been no emission of flame or molten metal,  and there is no evidence of damage 
to  the control which would impair compliance with  this standard;  

– the requirements of 13. 2 are still met.  

NOTE  The  control  need  not  be  operati ve  fol l owi ng  the  test.  

28  Guidance on  the use of electronic d isconnection  

See  Annex H .  

Dimensions in  millimetres  

 
20  4  1 5    0  –0,1  

 ∅
3
  0
 

–
0
,0
5
 

 

 ∅
2
5
 ±
 0
,2
 

∅
1
0
 

 ∅
4
 0 –
0
,0
5
 

IEC   2475/13 
 

Figure  1  – Test  pin  
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Linear dimensions in  millimetres  

 
Handle 

Guard  

Insulating 
material  

Joints 

Stop face 

Chamfer 
al l  edges 

∅75  

∅50  

(1
0
) 

(2
0
) 3
0
 

6
0
 

8
0
 

1
8
0
 

∅1 2  

2
0
 ±
 0
,2
 

5
 ±
 0
,5
 

1 4°  
37°  

A A 

B B 

R4 ± 0,05 

Cyl indrical  

R2 ± 0,05 

Spherical  

Section A-A 

Section B-B 

IEC   2476/13 

 
 

Tolerances  on  d imensions  wi thout  speci fi c  tolerance:  

 on  ang les  
0
1 0−

°  

 on  l i near d imensions:  

  up  to  25  mm :  
0

050 ,−
 

  over 25  mm:  ±0, 2  

Materi al  of fi n ger:  for example,  heat-treated  s teel .  

Both  j oi n ts  of th i s  fi n ger may be  ben t  th rough  an  ang le  of 90°  bu t  i n  one  and  the  same d i recti on  on ly.  

Us ing  the  pi n  and  groove  sol u t i on  i s  on l y one  of the  possib l e  approaches  i n  order to  l im i t  the  bend ing  ang le  to  90° .  
For th i s  reason ,  d imensions  and  tolerances  of these  detai l s  are  not  g i ven  i n  the  d rawi ng .  The  actua l  des ign  must 
ensure  a  90°  bend i ng  ang le  wi th  a  0°  to  1 0°  to lerance.  

Figure  2  – Standard  test finger 
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Figure 3  – Test  nai l  
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2  
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27  

35  

X 
X 
2:1  

1 0  
25  

Insulating material  

Spring diameter 

           ∅1 8 mm 

Loop 

80  
M
3
 ∅
7
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∅
1
4
 

∅
1
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∅
1
2
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–
0
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5
 

1
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3
7
° 

3
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Pull  equal  to that 
given in  Table 9 

23 mm 

500 mm 

Input flexible 2 m Output flexible 2 m 
Sample 

Glass surface 

Concrete 
(thickness) 250 mm 

Hardwood  
(thickness) 

IEC   2478/13 

 

Figure  4 – Impact test  for free-standing  controls  

Dimensions in  millimetres  

 

B 

B 

200 min.  

Adjustable automatic 

counting device for 
recording  the number 
of drops and  stopping  
the barrel  at the required 
number of revolutions 

Method of drive can  be “V”  
belt between barrel  and  
electric motor or any other 
suitable method  Shelf faced  with  

non  grip material  

1 9 mm thick blockboard  

or suitable alternative 

Impact base 
3 mm thick 
steel  plate 

Transparent sheets for 
observation purposes.  
May be removable for 

loading  

Centre 

of axis 

To suit width  

of barrel  

Barrel  to rotate 

clockwise 

1 9 mm thick blockboard  
or suitable alternative.  

Can be removable for 
the replacement of 

the impact plates 

425 

380 

375 

275 

A 

A 

1
0
 

1
7
5
 

5
0
0
 

1
5
0
 

45°  

1
7
5
 

IEC   2479/13 

 

Figure 5  – Tumbl ing  barrel  
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R 2,5 mm 
Spherical  

Specimen 

IEC   2480/13 
 

Figure  6  – Bal l -pressure apparatus  

Figure  7  – Void  

       Dimensions in  millimetres  

 

1 0 

48 r/min 

6
0
 

450 centres 

Guide for strip 

Mi ld  steel  strip 

1 5 ×  5 

Sl iding  weight 

Sample 

Hook for spring  balance 
Brass washers 

60 ×  2,5 

Hard  white buffing felt 

65 ×  7,5 

Wing nut 
IEC   2481/13 

 

Figure  8  – Apparatus  for testing  durabi l i ty of markings  on  rating  labels  
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Dimensions in  millimetres  

 

45°  45°  

Sample 

Device for fixing  
the sample 

X 

Axis of osci l lation 

Edges wel l  rounded 

Guide 

40 

1
5
 

R7,5 

Shape of hole in  guide 

Weight 

2
5
0
 

IEC   2482/13 

 

Figure 9  – Apparatus  for fl exing  test  
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Screws  not  requ i ri ng  washer,  cl amping  p l ate  or an ti -
spread  device   

Screws  requ i ri ng  washer,  cl amping  pl ate  or an ti -spread  
device  

 
Optional  

D A 

Optional  
Optional  

Optional  

Optional  Optional  

A 

C D 

D 

B 

A E 

C 

A E D 

D 

C 

A 

A 

B 

D 

Screw terminals 

Stud terminals 

e e 

e 

e 

e 

e 

IEC   2483/13 
 

A   fi xed  part  

B    washer or cl amping  pl ate  

C    an ti -spread  device  

D    conductor space  

E    s tud  

Figure  1 0  – Screw terminals  and  stud  terminals  (1  of 2)  
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Dimensions in  millimetres 

Current carri ed   
by terminal  

a
 

M in imum  
d iameter 

Maximum  gap 
between  

M in imum  torque  
Nm  

For fl exibl e  For fi xed  conductor conductor S lotted  screws  Other screws  

conductor conductor space  restrain ing  
parts  

One  
screw 

Two 
screws  

One   
screw 

Two 
screws  

A A  D e  g g   

0 -6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

– 

32-40  

40-63  

0-6  

0-6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

32-40  

40-63  

1 , 4  

1 , 7  

2 , 0  

2 , 7  

3 , 6  

4 , 3  

5 , 5  

7 , 0  

1 , 0  

1 , 0  

1 , 5  

1 , 5  

1 , 5  

2 , 0  

2 , 0  

2 , 0  

0 , 4  

0 , 5  

0 , 8  

1 , 2  

2 , 0  

2 , 0  

2 , 0  

2 , 0  

– 

– 

– 

0 , 5  

1 , 2  

1 , 2  

1 , 2  

2 , 0  

0 , 4  

0 , 5  

0 , 8  

1 , 2  

2 , 0  

2 , 0  

2 , 0  

3 , 0  

– 

– 

– 

0 , 5  

1 , 2  

1 , 2  

1 , 2  

2 , 0  

The  part  wh ich  reta ins  the  conductor i n  pos i ti on  may be  of i nsu lati ng  materia l ,  provi ded  that  the  pressu re  
necessary to  cl amp the  conductor i s  not  transm i tted  through  the  i nsu l ati ng  materia l .  

The  sketches  are  not  i n tended  to  govern  design  except as  regards  the  d imensions  shown.  

a  Requ i rements  for appl i cati ons  g reater than  63  A are  under cons ideration .  

 

Figure 1 0  – Screw terminals  and  stud  terminals  (2 of 2)  
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D 

g 

e 

D 

e 

Terminal  without 
pressure plate 

Terminal  with  pressure plate 

IEC   2484/13 
 

Dimensions in  millimetres 

Current carri ed   
by terminal  

a
 

M in imum  
d iameter  

Maximum  
gap   

M in imum  d istance 
between  cl amping  

M in imum  torque 
Nm  

For 
fl exible  
con-

ductor 

For  
fi xed  
con-

ductor 

con-
ductor 
space  

between  
conductor 
restrain ing  

parts  

screw and  end  of 
conductor when  
fu l l y i nserted  

Screws  wi thout 
heads  

S lotted  screws  
 

Other screws  
 

A A D e  One 
screw 

g 

Two 
screws  

g 

One 
screw 

 

Two 
screws  

 

One 
screw 

 

Two 
screws  

 

One 
screw 

 

Two 
screws  

 

0 -1 0  

1 0-1 6  

1 6-25  

25-32  

-  

32-40  

40-63  

0-6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

32-40  

40-63  

2 , 5  

3 , 0  

3 , 6  

4 , 0  

4 , 5  

5 , 5  

7 , 0  

0 , 5  

0 , 5  

0 , 5  

0 , 6  

1 , 0  

1 , 3  

1 , 5  

1 , 5  

1 , 5  

1 , 8  

1 , 8  

2 , 0  

2 , 5  

3 , 0  

1 , 5  

1 , 5  

1 , 5  

1 , 5  

1 , 5  

2 , 0  

2 , 0  

0 , 2  

0 , 25  

0 , 4  

0 , 4  

0 , 7  

0 , 8  

1 , 2  

0 , 2  

0 , 2  

0 , 2  

0 , 25  

0 , 25  

0 , 7  

0 , 7  

0 , 4  

0 , 5  

0 , 8  

0 , 8  

1 , 2  

2 , 0  

2 , 5  

0 , 4  

0 , 4  

0 , 4  

0 , 5  

0 , 5  

1 , 2  

1 , 2  

0 , 4  

0 , 5  

0 , 8  

0 , 8  

1 , 2  

2 , 0  

3 , 0  

0 , 4  

0 , 4  

0 , 4  

0 , 5  

0 , 5  

1 , 2  

1 , 2  

The  part  of the  term inal  contain i ng  the  th readed  ho le  and  the  part  of the  term inal  agai nst  wh ich  the  conductor i s  
cl amped  by the  screw may be  two separate  parts ;  as  i n  the  case  of term inal s  provided  wi th  a  s ti rrup.  

The  shape  of the  conductor space  may d i ffer from  those  shown  i n  the  fi gu res,  provided  a  ci rcl e  wi th  a  d i ameter equal  to  
the  m in imum  value  speci fi ed  for D  can  be  i nscri bed .  

The  m in imum  d i stance  between  the  cl amping  screw and  the  end  of the  conductor when  fu l l y i nserted  appl i es  on l y  to  the  
term inal s  i n  wh ich  the  conductor cannot  pass  ri gh t  th rough .  

The  sketches  are  not  i n tended  to  govern  des ign  except as  regards  the  d imensions  shown .  

a  Requ i rements  for appl i cati ons  greater than  63  A are  under consideration .  

Figure 1 1  – Pi l lar terminals  
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A A 

D D 

IEC   2485/13 
 

A   fi xed  part  

D    conductor space  

 

The  bottom  of the  conductor space  must  be  s l i gh tl y rounded ,  
i n  order to  obtain  a  re l i able  connection .  

Terminal  s i ze  M in imum  d iameter of 
conductor space a  

 

 
mm  

M in imum  d istance  
between  fi xed  part and  
end  of conductor when  

fu l l y i nserted  
mm  

0  1 , 4  1 , 5  

1  1 , 7  1 , 5  

2  2 , 0  1 , 5  

3  2 , 7  1 , 8  

4  3 , 6  1 , 8  

5  4 , 3  2 , 0  

6  5, 0  2 , 5  

7  7 , 0  3 , 0  

8  8 , 5  4 , 0  

a  The  value  of the  torque  to  be  appl i ed  i s  that  speci fi ed  i n  Table  20.  

 

Figure  1 2  – Mantle  terminals  
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 A A 

B B 
C 

D D 

IEC   2486/13 
 

A sadd le  

B  fi xed  part  

C  stud  

D  conductor space  

a)  Sadd le  terminals  

 
A 

B 

E E 

B 

A 

g g g g 

F 

IEC   2487/13 
 

A l ocking  means  

B  cable  l ug  or bar 

E  fi xed  part  

F  s tud  

b)  Lug  terminals  

Figure  1 3  – Sadd le  and  lug  terminals  
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1 0°  to 50°  

b3  b1  b2  

I5  

I4  

I3  

I2  

I1  

t 

I6  

End  shaped to faci l itate 
appl ication of receptacle 

IEC   2488/13 
Dimensions in  millimetres 

 

Dimension  for 
F igures  1 4   
and  1 5  

a
 

Connector s ize  

2 ,8  4, 8  6, 3  9 ,5  

I1  (m in . )  
b  7 , 7  6 , 9  8, 6  1 4, 0  

I2  (m in ).  
b  7 , 0  6 , 2  7 , 9  1 2 , 0  

I3  (max. )  
c  3 , 0  5 , 2  6 , 7  8, 2  

I4  1 , 0  ±  0 , 2  2 , 5  ±  0 , 25  3 , 2  ±  0 , 3  4 , 2  ±  0 , 3  

I5  (max. )  0 , 7  1 , 2  1 , 3  1 , 7  

I6  (max. )  0 , 7  1 , 2  1 , 3  1 , 7  

b1  (hol e)  
a  

1 , 2
10

0
,+
 1 , 4

20
0

,+
 1 , 6  

02
0

,+ d  2 , 1
02

0
,+
 d  

b1  (s l ot)  
a  

1 , 2
10

0
,+
 1 , 4

20
0

,+
 1 , 6

10
0

,+
 2 , 1

02
0

,+
 

b2  
2 , 8  ±  0 , 1  4 , 75  ±  0 , 2  6 , 3

1 50
10
,
,

+
−  9 , 5

1 50
10
,
,

+
−  

b3  (m in . )  
e  2 , 0  2 , 0  2 , 5  2 , 5  

t  f  0 , 5  ±  0 , 025  0 , 8  ±  0 , 03  0 , 8  ±  0 , 03  1 , 2  ±  0 , 03  

p  (max. )  g  0 , 8  1 , 2  1 , 2  1 , 7  

k  

– 0, 7
0
10 ,−  1 , 0

0
10 ,−  1 , 5

0
10 ,−  

x  – 1 , 0  ±  0 , 2  1 , 0  ±  0 , 2  1 , 4  ±  0 , 2  

NOTE  The  sketches  are  not  i n tended  to  govern  des ign  except  as  regards  the  d imensions  shown.  

a  Tabs  may have  an  opti onal  d etent  for l atch ing .  Round  d imple  detents,  rectangu lar d imple  detents  and  hol d  
detents  shal l  be  l ocated  i n  the  area  bounded  by d imensions  b

1
,  l
3
 and  l

4  
along  the  centre  l i ne  of the  tab .  

 Tabs  may be  manufactu red  from  more  than  one  l ayer of materia l s ,  provided  that  the  resu l ti ng  tab  compl ies  
wi th  th i s  s tandard .  

 Detai l s  for tabs  h aving  corrugations  or depressions  are  under consi deration .  

b  I n  order to  provide  su ffi cien t  clearance  for receptacles  i n tended  to  be  provi ded  wi th  a  s l eeve,  i t  may be  
necessary to  i ncrease  th i s  d imension  by 0 , 5  mm  to  ensure  that  the  means  of l ocati on  operates  correctl y.  

c  The  l eng th  of the  s l ot  (l
3
-l
4
)  must  be  at  l east  equal  to  i ts  wi d th  (b

1
) .  

d  These  tol erances  are  chosen  so  as  to  a l l ow the  tabs  to  be  used  as  a  part  of a  term inal  wi th  screw clamping .  

e  Over the  double-hatched  area,  the  th i ckness  shal l  not  exceed  the  upper l im i t  of the  materia l  th i ckness  
speci fi ed .  

f  Wi th  the  excepti on  of the  d imple  or hol e  and  the  area  i n d icated  by d imension  “b”,  the  th i ckness  “t”  shal l  be  
main tained  over the  whole  connecti ng  area.  Compl iance  shal l  be  determ ined  by measurement  over any 

section  (3, 2  ±  0 , 2 )  mm
2
,  i n  a  ci rcu lar area.  I n  add i ti on ,  the  overa l l  fl atness  shal l  have  a  to lerance  of 0 , 03  mm.  

g  Th i s  d imension  appl i es  on l y to  the  rai sed  s i de  of the  tab ;  on  the  reverse  s i de,  the  fl atness  tolerance  extends  
across  the  fu l l  wid th  of the  tab .  

Figure 1 4 – Tabs   
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For dimensions,  see Figure 14  

 

p  

x  

x  

k p  

k p  k p  

x  

t 

Flatness tolerance 

t 

Flatness tolerance 

IEC   2489/13 
 

Figure 1 5  – Tabs  for non-reversible  connectors  
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x  b  
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z 

IEC   2490/13 
 

Dimensions in  millimetres 

Dimension  
Connector si ze  

2,8 4,8 6,3 9,5 

b  (max. ) 4 6  8  1 2 , 5  

e  (max. )  1 2  1 2  1 5  20  

h  (max. )
a  

1  2  2 , 5  3 , 2  

l  (max.)
 

1 8  1 8  22  27  

s  (m in . )  4 , 5  5  6  1 0  

x  (m in . )
b  

-  0 , 9  1 , 2  1 , 7  

y  (max. )  0 , 5  0 , 5  0 , 5  1 , 0  

z  (max. )  1 , 5  1 , 5  2 , 0  2 , 0  

The  d imensions  shown  apply to  the  crimped  cond i ti on .  

D imensions  for receptacles  provi ded  wi th  a  s l eeve  and  for receptacl es  wi th  a  pre-i nsu l ated  barrel  are  under 
consideration .  

The  sketches  are  not  i n tended  to  govern  design  except  as  regards  the  d imensions  shown .  

a  
Maximum  offset  d imension  from  the  cen tre  l i ne  of the  tab  b l ade.  

b  
Appl i es  on l y to  receptacles  for non -reversib le  connectors .  

 

Figure 1 6  – Receptacles  
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4 

2 3 
a 

Isolated dead 
metal  part 

Live part  

 a  +  b  = 1  

5 

Integral  mounting 
means (metal) 

Mounting surface 

Metal  enclosure (cover) 

Isolating barrier 

Insulating  material  
IEC   2491/13 

 

1   =   between  l i ve  parts  and  other metal  parts  ( i ncl ud i ng  physical l y exposed  e l ectri cal  i sol ated  metal  parts)  

2   =   between  l i ve  parts  requ i red  to  be  i nsu lated  from  each  other (functional  i nsu lation ),  except between  
con tacts.  

3   =   between  l i ve  parts  separated  by the  action  of the  con trol  (same polari ty)   
a  fu l l  d isconnection   
b  these  d i stances  do  not  apply between  term inal s  i n tended  for connection  to  fi xed  wi ring  

4   =   between  l i ve  parts  and  metal  enclosu re  of enclosed  con trol s  ( these  d i stances  do  not  appl y to  the  housi ng ,  
frame  or i n teg ral  mounti ng  means  of a  control  i n tended  for i nsta l l ati on  wi th i n  an  enclosu re  of the  equ i pment  
control l ed ).  

5   =   between  l i ve  parts  i n  recesses  of i ndependentl y moun ted  control s  and  the  surface  to  wh ich  the  control  i s  
mounted .  Th i s  d i stance  may be  reduced  wi th  the  add i ti on  of an  appropriate  seal  or barri er.  

 

Figure  1 7  – Measurement of creepage  d istance  and  clearance  
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Figures  1 8  to  24 Void  

 

b  a  
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1  
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4 
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Key 

C ci rcu i t  of F i gu re  E . 1  

1  accessibl e  part  

2  i naccessib le  metal  part  

3  basic i nsu l ation  

4  supplementary i nsu lation  

5  double  i nsu lation  

6  reinforced  i nsu lation  

 

Figure 25 – Diagram  for l eakage current measurement at  operating  temperature  
for s ing le-phase connection  of class  I I  controls  
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b  a  

C 

IEC   2493/13 
 

Key 

C ci rcu i t  of F i gu re  E . 1  

Figure 26  – Diagram  for l eakage current measurement at  operating  temperature  
for s ing le-phase connection  of controls  other than  class  I I  
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1  
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N  

L1  

L2  

L3  

IEC   2494/13 

 

Key 

C ci rcu i t  of F i gu re  E . 1  

1  accessibl e  part  

2  i naccessib le  metal  part  

3  basic i nsu l ation  

4  supplementary i nsu lation  

5  double  i nsu lation  

 

Connections  and  suppl ies  

L
1
,  L

2
,  L

3
,  N  suppl y vol tage  wi th  neu tral  

 

Figure 27  – Diagram  for l eakage current measurement at  operating  temperature  
for three-phase connection  of class  I I  controls  
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c a b 

C 

N  

L1  

L2  

L3  

IEC   2495/13 

 

Key 

C ci rcu i t  of F i gu re  E . 1  

 

Connections  and  suppl ies  

L
1
,  L

2
,  L

3
,  N  suppl y vol tage  wi th  neu tral  

 

Figure 28  – Diagram  for l eakage current measurement at  operating  temperature  
for three-phase connection  of controls  other than  class  I I  

 

mA 

S1  

1 20 V 

240 V 
1 20 V 

IEC   2496/13 
 

Figure 29  – Diagram  for l eakage current measurement at  operating  temperature  
for s ing le-phase connection  of controls  other than  class  I I  
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mA 

S1  

1 20 V 

240 V 
1 20 V 

N-grounded  

IEC   2497/13  

Figure 30  – Diagram  for l eakage current measurement at  operating  temperature  
for two-phase  connection  of controls  to  th ree-wire,  g round  neutral  supply 

other than  class  I I  
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Annex A  
(normative)  

 
Indel ibi l i ty of markings  

 

A.1  Markings  on  controls  shal l  be  adequate l y i ndel i b le  for safety and  are  therefore  

classi fied  accord ing  to  the  requ i rements  for i ndel i b i l i ty:  

A.1 . 1  Markings  wh ich  are  not  mandatory wi th in  the  requ i rements  of th is  standard .  

A.1 .2  Markings  wh ich  are  mandatory wi th in  the  requ i rements  of th is  standard  bu t wh ich  are  
not accessib le  to  the  final  user  when  the  control  i s  moun ted  or i nstal l ed  i n  the  equ ipment.  

These  markings  have  to  be  su fficien tl y res istant  to  removal  to  wi thstand  the  manual  hand l ing  
i n  the  control  manufacturer's  factory after final  i nspection ,  being  packed  and  transported  to  
the  equipment manufacturer's  factory,  and  hand led  du ring  i nsta l l ation .  Add i tional l y,  the  
marking  shal l  remain  leg ible  i n  the  presence of any vapour or other contam inant l ikel y to  be  
present.  

A.1 .3  Markings  wh ich  are  mandatory wi th in  the  requ irements  of th is  standard  and  wh ich  are  
accessib le  to  the  final  user  of the  equ ipment after the  control  i s  mounted  or i nsta l led  as  for 
normal  use .  

These  markings,  i n  add i ti on  to  being  res istan t to  the  hand l ing ,  etc. ,  described  i n  A. 1 . 2,  have  
a lso  to  wi thstand  the  rubbing  and  hand l i ng  expected  during  the  use  of the  equ ipment.  
Markings  on  knobs,  etc. ,  sha l l  survive  the  conti nual  hand l ing  and  rubbing  as  a  resu l t  of 
manual  actuation .  Other markings  shou ld  be  res istant to  cl ean ing ,  pol ish ing  and  the  l i ke.  

A.1 .4  Compliance with the requirements for indelibility of markings classified according to 
A. 1 . 2 and A. 1 . 3 is checked by the  tests of Clause A. 2 or A . 3 using the apparatus shown in 
Figure 8.  

The principal part consists of a  disc of hard white buffing felt,  65 mm in diameter and 7, 5 mm 
thick.  This is locked against rotation and is arranged to move across the surface to be tested 
with a  stroke of 20 mm and to exert a  measurable force on this surface.  The standard test 
shall be 12 strokes (i. e. ,  rotations of the eccentric)  and shall take approximately 15 s.  

During the tests,  the appropriate part of the buffing disc is covered with one layer of white  
absorbent lint with  the  nap surface external.  

The solvents used are:  

– neutral liquid detergent blended from alkyl benzene sulphonate and non-ionic detergents 
or 2 % of a  solvent in  deionized (distilled)  water where the solvent consists of:  

•  70 % (with volume)  Natriumdodecylbenzylsulfonat,  (Isomere) ,  formula: C18H29NaO3S,  
CAS-No.  25155-30-0,  and 

•  30 % (with volume)  Glycerin (other names: Glycerol,  1 , 2, 3-Propantriol,  
Propantriol, E 422) ,  formula: C3H8O3,  CAS-No.  56-81-5;  

– petroleum spirit n-hexane (aliphatic solvent hexane with a  content of aromatics of 
maximum 0, 1  volume %,  a  Kauributanol value of 29,  initial boiling point of approximately 
65 69 °C and dry point approximately 69 °C,  and specific gravity of approximately 0, 68  
0, 66 g/cm3,  CAS-No.  110-54-3) ,  and 

– deionized (distilled)  water.   
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A.2  Compliance with  the requirements for indelibility of markings classified according to  
A. 1 . 2 is checked by the  following tests:  

A.2. 1  The markings under consideration shall withstand drops of detergent standing on the 
marked surface for a  period of 4 h.  At the end of this period,  the detergent "scab(s)" shall be  

removed by a  very fine spray of warm water (40 ±  5)  °C or by lightly wiping with  a  damp cloth.  

A.2.2  The sample shall then be allowed to dry completely in an ambient room temperature of 

(25 ±  5)  °C.  

A.2.3  The sample shall then be rubbed in  the apparatus of Figure 8,  using dry lint and a  
weight of 250 g measured as indicated.  

A.2.4  The sample shall then be  rubbed using water-soaked lint and a  weight of 250 g.  

A.2.5  If the shape or position of marking is such that it cannot be bleached or rubbed with  
this apparatus (for example,  by recessing the marked surface)  then the tests of A . 2. 3 and 
A. 2. 4 are not applied.  

A.2.6  At the conclusion of these tests,  the  marking shall still be legible.  

A.3  Compliance with the requirements for indelibility of markings classified according to  
A. 1 . 3 is checked by the  following tests:  

A.3. 1  The marking under consideration shall be  rubbed in the apparatus of Figure 8 using a  
dry lint and a  weight of 750 g.  

A.3.2  The marking shall then be rubbed in the apparatus using a  water-soaked lint and a  
weight of 750 g.  

A.3.3  The marking under consideration shall then withstand drops of detergent standing on 
the marked surface for a  period of 4 h.  At the end of this period,  the detergent "scab(s)" shall 

be removed by a  very fine spray of warm water (40 ±  5)  °C
 
or by lightly wiping with a  damp 

cloth.  

A.3.4  After being allowed to dry it shall be rubbed in  the apparatus using a  detergent soaked 
lint and a  weight of 750 g.  

A.3.5  After surplus detergent has been shaken off it shall be rubbed in  the apparatus,  using 
a  petroleum spirit soaked lint and a  weight of 750 g.  

A.3.6  For the tests of A. 3. 1  to  A . 3. 5 the thickness of the buffing disc may be progressively 
reduced from 7, 5 mm in  order that the marking may be reached and rubbed.  However,  the  
minimum thickness of the buffing disc shall be not less than 2, 5 mm.  If the  thickness of the  
buffing disc is reduced the weight of 750 g shall be reduced in  linear proportion.  

A.3.7  At the conclusion of these tests,  the marking shall still be legible.  
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Annex B   
(normative)  

 
Measurement of creepage distances  and  clearances  in  air 

 

When determining and measuring creepage distances  and clearances ,  the following 
assumptions are made,  where D  is equal to the clearance  in  air prescribed for the distance 
under consideration (see Figures B. 1  to B. 11  for examples of methods of measurement of 
creepage distance  and clearances) :  

– a  groove may have parallel,  converging or diverging side walls;  

– if a  groove has diverging side walls,  it is regarded as an air gap if its minimum width 
exceeds D/12,  its depth exceeds D/2 and its width  at the bottom of the groove is at least 
equal to D/3 (see Figure B. 8)  but in no case smaller than the minimum value X as 
permitted in  the tabulation below; 

– any corner having an angle less than 80 ° is assumed to be bridged by an insulating link 
having a  width equal to  D/3 or 1  mm,  whichever is less,  which is placed in  the most 
unfavourable position (see Figure B. 3) ;  

– if the distance across the top of a  groove is a  least equal to D/3,  or 1  mm,  whichever is  
less,  the creepage distance  path follows the contour of the groove unless otherwise 
specified immediately above (see Figure B. 2) ;  

– for creepage distances  and clearances  in  air between parts moving relatively one to 
another,  these parts are considered to be in  their most unfavourable position to  each 
other;  

– creepage distances  determined according to these rules are not less than the  
corresponding (measured)  clearances in air;  

– any air gap having a  width  less than D/3 or 1  mm,  whichever is less,  is ignored in  
calculating the total clearance  in  air;  

– for inserted or set-up barriers,  the creepage distances  are measured through the joint 
unless the parts are so cemented or heat-sealed together that ingress of humidity or dirt 
into the joint is not liable to occur.  

In  the examples shown in  Figures B. 1  to B. 10,  the following identification is used:  

. . . . . . . . . . .  i s  a  creepage  d istance ;  

_______ i s  a  clearance  i n  a i r.  

 

See Table B. 1  for the value of X.  

Table  B. 1  – Value  of X 

Pollution degree Width X of grooves:  
minimum values 

mm  

1   0, 25 

2  1 , 0 

3  1 , 5 

4  2, 5 
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If the associated clearance  is less than 3 mm,  the minimum groove width may be reduced to  
one-third of this clearance.  

 <X  

IEC   2498/13 
 

 

 The  path  u nder considerati on  i ncl udes  a  g roove  of any depth ,  havi ng  a  wid th  l ess  than  X.  

Ru le:  The  clearance  path  i s  the  " l i ne  of s i gh t"  path .  

Figure B. 1  – Narrow groove  

 
≥X 

IEC   2499/13 
 

 

 The  path  u nder considerati on  i ncl udes  a  g roove  of any depth ,  havi ng  a  wid th  equal  to  or more  than  X.  

Ru le:  The  clearance  path  i s  the  " l i ne  of s i gh t"  path .  

 The  creepage  d istance  path  fol l ows  the  contour of the  g roove.  

Figure B.2  – Wide groove 

 

 ≥X  

IEC   2500/13 

 

 

 The  path  u nder cons ideration  i ncl udes  a  V-shaped  g roove  having  a  wi d th  g reater or equal  to  X.  

Ru le:  The  clearance  path  i s  the  " l i ne  of s i gh t"  path .  

 The  creepage d istance  path  fol l ows  the  contou r of the  g roove  except that  i t  bri d ges  the  g roove  where  i ts  
wid th  i s  equa l  to  X.  

Figure B.3  – V-shaped  groove  

 
Clearance  Creepage distance     
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IEC   2501/13 
 

 

 The  path  u nder cons ideration  i ncl udes  a  ri b .  

Ru le:  The  clearance  path  i s  the  shortest  a i r path  over the  top  of the  ri b.  

 The  creepage  d istance  path  fol l ows  the  contour of the  ri b .  

Figure  B.4 – Rib  

 

 <X <X 

IEC   2502/13 
 

 The  path  under consideration  i ncl udes  an  uncemented  j o i n t  and  g rooves  having  a  wid th  l ess  than  X on  
e i ther s i de.  

Ru le:  The  creepage  d istance  path  and  the  clearance  path  i s  the  " l i ne  of s i gh t"  path  as  shown.  

Figure B.5  – Uncemented  join t  wi th  narrow groove  

 ≥X ≥X 

IEC   2503/13 

 

 

 The  path  under consi deration  i ncl udes  an  uncemented  j o i n t  and  g rooves  having  a  wid th  equal  to  or more  
than  X.  

Ru le:  The  clearance  path  i s  the  " l i ne  of s i gh t"  path  as  shown.  

 The  creepage d istance  path  fol l ows  the  con tour of the  g rooves.  

Figure B.6  – Uncemented  join t  wi th  wide  groove  

 
Clearance  Creepage distance     
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 ≥X <X 

IEC   2504/13 
 

 The  path  under consi deration  i ncl udes  an  uncemented  j oi n t,  a  g roove  on  one  s i de  having  a  wid th  l ess  than  
X,  and  a  g roove  on  the  other havi ng  a  wid th  equal  to  or more  than  X.  

Ru le:  The  clearance  path  and  the  creepage d istance  path  are  as  shown .  

Figure B.7  – Uncemented  join t  wi th  narrow and  wide grooves  

 
>D/1 2 

≥D/2 

≥D/3 
IEC   2505/13 

 

 The  path  under cons iderati on  i ncl udes  a  g roove  havi ng  d i verg i ng  s i de  wal l s ,  a  depth  equal  to  or g reater 
than  D/2  and  a  wid th  exceed i ng  D/1 2  at  the  narrowest  part  and  equal  to  or g reater than  D/3  at  the  bottom .  

Ru le:  The  clearance  path  i s  equal  to  the  " l i ne  of s i gh t"  path .  

 The  creepage d istance  path  fol l ows  the  con tour of the  g roove.  

 The  ru le  for F i gure  B . 3  appl i es  as  wel l  to  the  i n ternal  corners  i f they are  l ess  than  80° .  

Figure B.8  – Diverging  side  wal ls  

 
Clearance  Creepage distance     
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 <X 

<X  
a 

b 

≥X 

≥X  

a 

b IEC   2507/13 IEC   2506/13 
 

Gap  between  head  of screw and  wal l  of recess  too  
narrow to  be  taken  i n to  account  for the  creepage  
d i stance  path .  

Gap  between  head  of screw and  wal l  of recess  wide  
enough  to  be  taken  i n to  account for the  creepage  
d i stance  path .  

  

Figure B.9  – Narrow recess  Figure  B. 1 0  – Wide recess  

 
Clearance  Creepage distance     

 

 

 
d C’  

≥X ≥X 
D  

C’  Floating part  IEC   2508/13 
 

 

Clearance  i s  the  d i stance  d +  D  Creepage d istance  i s  a l so  d +  D  

 

  

 
Clearance  Creepage distance     

 

Figure B. 1 1  – Conductive  floating  part  
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Annex C   
(normative)  

 
Cotton  used  for mercury switch  test 

(not appl icable  in  the  countries  members  of CENELEC)  
 

C.1  Classi fication   

Non-steri l e.  

C.2  General  requirements  

Absorbent cotton  shal l  be  made from  corded  fi bres,  b leached  wh i te,  free  from  adhering  
impuri ti es  and  fatty material .  

C.3  Fibre length  

Not l ess  than  60  %  of the  fibres  by mass  shal l  be  at l east 1 2  mm  in  l ength ;  not more  than  
1 0  %  by mass  may be  6  mm  or l ess  i n  l eng th .  

C.4 Absorbency 

A specimen  of cotton  shal l  be  completel y submerged  i n  water wi th in  1 0  s.  The  specimen  shal l  
reta in  not l ess  than  24  times  i ts  mass  of water.  

C.5  Acidi ty and  alkal in i ty 

A water extract of the  cotton  shal l  be  neutral .  

C.6  Residue on  igni tion  

There  shal l  be  not  more  than  0 , 2  %  of res idue.  

C.7  Water soluble  material  

There  shal l  be  not  more  than  0 , 25  %  of res idue.  

C.8  Fatty material  

There  shal l  be  no  trace  of b lue,  green  or brown ish  colour i n  the  ether solu tion  and  the  amoun t 
of res idue  shal l  not  exceed  0, 7  % .  

C.9  Dyes  

There  shal l  be  no  evidence of a  b lue  or green  ti n t.  A s l igh t  yel l ow i s  acceptable.  

C.1 0  Other foreign  matter 

The  p inches  of cotton  taken  for determ ination  of fi bre  length  shal l  not contain  o i l  sta ins  or 
metal l ic  particles.  
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Annex D   
(informative)  

 
Heat,  fire  and  tracking  

 

UL 746C  is  appl icable  i n  Canada  and  the  USA.  Revis ion  is  under consideration .  
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Annex E   
(normative)  

 
Ci rcui t for measuring  leakage current 

 

A su i table  ci rcu i t for measuring  leakage  current  i n  accordance wi th  H . 8. 1 . 1 0  i s  shown  in  

F igure  E. 1 .  

 

Test terminals 

A 

B 

C 

S  
R  

S  

R  

B  U 

1  

Weighted  touch current 
(perception/reaction) 

U 

2  
500 

= (peak value) 

U 

2  

R  

1  

C 

1  

IEC   2509/13 
 

 RS  1  500  Ω  

 RB  500  Ω  

 CS  0 , 22  µF  

R1  1 0  000  Ω  

C1  0 , 022  µF  
 

NOTE  Th is  fi gu re  i s  taken  from  IEC 60990: 1 999,  F i gu re  4 .  

 

F igure  E.1  – C i rcu i t  for measuring  l eakage  currents  
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Annex F   
(informative)  

 
F i re  hazard  testing  

 

I n formation  for controls  to  be  i n tegrated  or i ncorporated  in to  appl iances  accord ing  to  the  

I EC 60335  series  i s  g i ven  by a  reference  to  I EC 60335-1 .   
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Annex G   
(normative)  

 
Heat and  fi re  resistance tests  

 

G.1  Void  

G.2  Glow-wire  test 

The glow-wire test is carried out in accordance with IEC 60695-2-10 and IEC 60695-2-11 .  

The glow-wire test shall be carried out on the complete control.  If this is not possible: on  
parts removed from the control.  If this is not possible: on test plaques of similar thickness but 
not thicker than the  part.  

G.3  Void  

G.4 Proof tracking  test  

The proof tracking test is made in  accordance with  IEC 60112.  

For the purpose of this standard,  the following applies:  

– In Clause 5 of IEC 60112:2003,  Test specimen,  Note 3 also applies to the proof tracking 
tests of Clause 10 of IEC 60112:2003.  

– In Clause 7 of IEC 60112:2003,  Test apparatus,  Note 1  in 7. 1  does not apply.  The test 
solution A  described in  7. 3 of IEC 60112:2003,  Amendment 1 :2009 is used.  

– In 7. 3 of IEC 60112:2003,  Amendment 1 :2009,  Test solutions,  Solution A  shall be used 
generally.  

– In 8. 2 of IEC 60112:2003,  "Preparation",  the voltage referred to in  the last sentence is set 
in 21 . 2.7 of this standard.  The proof tracking test of Clause 10 of IEC 60112:2003 is 
carried out,  five times.   

G.5 Bal l  pressure test  

The ball pressure test is carried out in accordance with IEC 60695-10-2 (see Figure 6 for test 
apparatus) .   

G.5.1  Bal l  pressure  test  1  

For the purpose of this standard,  the temperature in the  heating oven is the  highest of:  

– 20 °C  ±  2 K in excess of the maximum temperature measured during the tests of 
Clause 14,  

– 75 °C ±  2 °C,  

– as declared.  

NOTE  1  For controls  i n tended  for i ncorporati on  i n to  appl i ances  wi th i n  the  scope  of I EC 60335-1  the  temperatu re  
m ight  d i ffer as  per 30. 1  of that  s tandard .  

The support and the ball shall be at the prescribed test temperature before the test is started.  

NOTE  2  The  test  i s  not  made  on  parts  of ceram ic  materia l  and  g l ass.  
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G.5.2  Bal l  pressure  test  2  

The ball pressure test is carried out as described in G. 5. 1  except that the temperature in the  

heating oven shall be Tb  ±  2  °C where Tb  is equal to  the higher of:  

– 100 °C when Tmax  is  30 °C and up to,  but excluding,  55 °C;  

–  125 °C when Tmax  is  55 °C and up to,  but excluding,  85 °C;  

– Tmax  +  40 °C if Tmax  is 85 °C or above;  

–  20 K in excess of the maximum temperature recorded during the heating test of Clause 14;  

–  the temperature achieved during the  test of H. 27. 1 . 1 . 3,  if this is higher than the  
temperature given in  the preceding four dashed paragraphs.  

NOTE  For control s  i n tended  for i ncorporati on  i n to  appl i ances  wi th i n  the  scope  of I EC 60335-1 ,  the  temperature  
m ight  d i ffer as  per 30. 1  of that  s tandard .  
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Annex H   
(normative)  

 
Requirements  for electronic controls  

 

Annex H  supplements  or mod i fies  the  correspond ing  clauses  of th is  standard .  

H.2  Terms and  defin i tions  

H.2.4 Defin i tions  relating  to  d isconnection  and  in terruption  

H .2.4.2  Addition:  

NOTE  An  electron ic  device  d oes  not  provi de  th i s  d i sconnection .  

H.2.4.3  Addition :  

NOTE  An  electron ic  device  d oes  not  provi de  th i s  d i sconnection .  

H.2.4.4 Addition:  

NOTE  An  electron ic  device  d oes  not  provi de  th i s  d i sconnection .  

Add the following definition:  

H.2.4.6  
electronic  d isconnection  
non-cycl ing  i n terruption  by an  electron ic  device  of a  ci rcu i t for functional  d isconnection  and  
wh ich  provides  a  d isconnection  other than  by means  of an  a i r gap  by satisfying  certain  
e lectrical  requ i rements  i n  at  l east one  pole  

Note  1  to  en try:  Electron ic  d isconnection  ensu res  that,  for a l l  n on -sensing  controls ,  the  function  con trol l ed  by 
the  d i sconnection  i s  secure  and  that,  for a l l  sensing  con trol s ,  the  function  control l ed  i s  secure  between  the  l im i ts  
of the  activating  quanti ty  d eclared  i n  Table  1 ,  requ i rement 36.  

The  d i sconnection  may be  obta ined  by an  automati c action  o r a  manual  action .  

Some  controls  may i ncorporate  ci rcu i t  d i sconnections  of more  than  one  form .  

Electron ic d isconnection  may not  be  su i table  for some  appl i cations.  See  C lause  H . 28.  

H.2.5 Defin i tions  of type of control  according  to  construction  

Add the following definitions:  

H.2.5.7  
electronic  control  
control  wh ich  i ncorporates  at  least one  electron ic device  

H.2.5.8  
electronic  device  

device  wh ich  produces  a  d ynam ic imbalance  of e lectrons  

Note  1  to  en try:  The  essential  function  and  constructi on  are  based  on  sem i -conductor device,  vacuum  tube  or gas  
d i scharge  tube  technol ogy.  
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H.2.5.9  
electronic  assembly 
group of components,  at  l east one  of wh ich  i s  an  electronic device ,  bu t  i n  wh ich  i nd ividual  

parts  may be  replaced  wi thout  damage to  the  assembly 

Note  1  to  en try:  An  example  of th i s  i s  a  g roup  of components  mounted  on  a  pri n ted  ci rcu i t  board .  

H.2.5. 1 0  
in tegrated  ci rcu i t  
electronic device  con tained  wi th in  the  bu lk of a  sem i -conductor materia l  and  in terconnected  

at  or near the  surface  of that material  

Note  1  to  en try:   The  sem i -conductor materi a l  i s  normal l y enclosed  wi th i n  some  form  of encapsu l ation .  

H.2.5. 1 1  
hybrid  ci rcu i t  
ci rcu i t produced  on  ceram ic substrate  by means  of th ick fi lm ,  th in  fi lm  or surface-mounted  
devices  (SMD)  technology,  wi thout accessib le  e lectri cal  connections  except for I /O  poin ts,  
and  wi th  a l l  i n ternal  connections  constructed  as  part  of a  l ead  frame or other i n tegral  
construction  

H.2.7  Defin i tions  relating  to  protection  against electric  shock 

Add the following definition:  

H.2.7. 1 4  
protective  impedance  
impedance connected  between  l ive  parts  and  access ib le  conductive  parts,  of such  value  that  
the  current,  i n  normal  use  and  under l i kel y fau l t  cond i tions  in  the  equ ipment,  i s  l im i ted  to  a  

safe  va lue  

Add the following definitions:  

H.2. 1 6  Defin i tions  relating  to  the  structure  of controls  using  software  

H .2. 1 6. 1  
dual  channel  
structu re  wh ich  conta ins  two mutual l y independent  functional  means  to  execu te  speci fied  
operations  

Note  1  to  en try:  Speci al  provi s ion  may be  made  for control  of common  mode  fau l t/errors .  I t  i s  not  requ i red  that  
the  two  channels  each  be  a l gori thm ic or l og ical  i n  natu re.  

H.2. 1 6.2  
dual  channel  (d iverse)  wi th  comparison  
dual  channel  s tructure  con tain ing  two d i fferen t and  mutual l y independent  functional  means,  
each  capable  of provid ing  a  declared  response,  i n  wh ich  comparison  of ou tpu t s i gnals  i s  
performed  for fau l t/error recogn i ti on  

H.2. 1 6.3  
dual  channel  (homogeneous)  wi th  comparison  
dual  channel  s tructure  con tain ing  two i den tical  and  mutual l y independent  functional  means,  
each  capable  of provid ing  a  declared  response,  in  wh ich  comparison  of i n ternal  s i gnals  or 
ou tpu t s i gnals  i s  performed  for fau l t/error recogn i ti on  

H.2. 1 6.4  
single  channel  
structu re  in  wh ich  a  s i ng le  functional  means  is  used  to  execute  speci fied  operations  
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H.2. 1 6.5  
single  channel  wi th  functional  test  
single  channel  s tructure  i n  wh ich  test data  is  i n troduced  to  the  functional  u n i t  prior to  i ts  
operation  

H.2. 1 6.6  
single  channel  wi th  periodic  sel f-test  
single  channel  s tructure  in  wh ich  components  of the  control  a re  period ical l y tested  during  
operation  

H.2. 1 6.7  
single  channel  wi th  periodic  sel f-test  and  mon i toring  
single  channel  structure  wi th  periodic self-test  i n  wh ich  independent means,  each  
capable  of provid ing  a  declared  response,  mon i tor such  aspects  as  safety-related  tim ing ,  
sequences  and  software  operations  

H.2. 1 7  Defin i tions  relating  to  error avoidance in  controls  using  software  

H .2. 1 7. 1  
dynamic  analysis  
method  of analys is  i n  wh ich  i npu ts  to  a  control  a re  s imu lated  and  l og ic s i gnals  at the  ci rcu i t  

nodes  are  exam ined  for correct va lue  and  tim ing  

H.2. 1 7.2  
fai lure  rate  calcu lation  
calcu lation  of the  theoretical  number of fai lures  of a  g iven  kind  per un i t   

Note  1  to  en try:  For example,  fai lures  per hou r or fai lures  per cycle  of operation .  

H.2. 1 7.3  
hardware  analysis  
evaluation  process  in  wh ich  the  ci rcu i try and  components  of a  control  are  exam ined  for 

correct  function  wi th in  thei r speci fied  to lerances  and  ratings  

H.2. 1 7.4  
hardware  s imulation  
method  of analysis  i n  wh ich  ci rcu i t function  and  componen t tolerances  are  exam ined  by use  of 
a  computer model  

H.2. 1 7.5  
inspection  
evaluation  process  i n  wh ich  the  hardware  or the  software  speci fication ,  des ign  or code  i s  
exam ined  in  detai l  by a  person  or group other than  the  des igner or programmer in  order to  
i denti fy possib le  errors  

Note  1  to  en try:  I n  contrast  to  the  walk-through ,  the  des igner or prog rammer i s  passive  d u ri ng  th i s  evaluation .  

H.2. 1 7.6  
operational  test  
evaluation  process  in  wh ich  a  control  i s  operated  under the  extremes  of i ts  in tended  
operati ng  cond i tions  (for example,  cycle  rate,  temperature,  vol tage)  to  detect errors  i n  design  
or construction  

H.2. 1 7.7  Static analysis  

H .2. 1 7.7. 1  
static analysis  – hardware  

evaluation  process  i n  wh ich  a  hardware  model  i s  systematical l y assessed  
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Note  1  to  en try:  The  evaluati on  may typical l y be  computer-aided  and  may i ncl ude  exam ination  of parts  l i s ts  and  
ci rcu i t  l ayou ts ,  an  i n terface  analys i s  and  functional  checks.  

H.2. 1 7.7.2  
static analysis  – software  
evaluation  process  i n  wh ich  a  software  programme is  systematical l y assessed  wi thout 
necessari l y execu ting  the  programme 

Note  1  to  en try:  The  evaluati on  may typical l y be  computer-aided  and  usual l y i ncl udes  anal ys i s  of such  featu res  as  
programme l og ic,  data  paths,  i n terfaces  and  variables .  

H.2. 1 7.8  
systematic  test  
method  of anal ys is  i n  wh ich  a  system  or a  software  programme is  assessed  for correct 

execu tion  by the  i n troduction  of selected  test  data  

Note  1  to  en try:  For example  see  black box test  and  whi te  box test.  

H.2. 1 7.8. 1  
black box test  
systematic test  i n  wh ich  test data  derived  from  the  functional  speci fication  i s  i n troduced  to  a  
functional  u n i t  to  assess  i ts  correct operation  

H.2. 1 7.8.2  
white  box test  
systematic test  i n  wh ich  test data  based  on  the  software  speci fication  i s  i n troduced  to  a  
programme to  assess  the  correct operation  of subparts  of the  programme 

Note  1  to  en try:  For exampl e,  data  may be  se lected  to  execute  as  many i nstructions  as  possib le,  as  many 
branches  as  possib le,  as  many subrouti nes  as  poss ible,  etc.  

H.2. 1 7.9  
walk-through  
evaluation  process  in  wh ich  a  des igner or programmer leads  members  of an  evaluation  team  
through  the  hardware  des ign ,  software  des ign  and /or software  code  the  designer or 
programmer has  developed  in  order to  i den ti fy possible  errors  

Note  1  to  en try:  I n  con trast  to  the  i nspection ,  the  designer or programmer i s  acti ve  d u ri ng  th i s  review.  

H.2. 1 7. 1 0  
software  fau l t/error detection  time  
the  period  of t ime between  the  occurrence of a  fau l t/error and  the  in i ti ation  by the  software  of 
a  declared  control  response  

H.2. 1 8  Defin i tions  relating  to  fau l t/error control  techn iques  for controls  using  software  

H .2. 1 8. 1  Bus  redundancy 

H .2. 1 8. 1 . 1  
fu l l  bus  redundancy 
fau l t/error control  techn ique  i n  wh ich  fu l l  redundant data  and/or address  are  provided  by 

means  of redundant bus  structu re  

H.2. 1 8. 1 . 2  
mul ti -bi t  bus  pari ty 
fau l t/error control  techn ique  i n  wh ich  the  bus  i s  extended  by two  or more  bi ts  and  these  
add i ti onal  b i ts  are  used  for error detection  
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H.2. 1 8. 1 .3  
single  bi t  bus  pari ty 
fau l t/error control  techn ique  in  wh ich  the  bus  is  extended  by one  b i t  and  th is  add i ti onal  b i t  i s  

used  for error detection  

H.2. 1 8.2  
code  safety 
fau l t/error control  techn iques  in  wh ich  protection  against coincidental  and /or systematic  
errors  i n  i nput and  ou tput i n formation  i s  provided  by the  use  of data  redundancy  and /or 
transfer redundancy  (see  a lso  H . 2. 1 8. 2 . 1  and  H . 2 . 1 8. 2. 2)  

H.2. 1 8.2. 1  
data redundancy 
form  of code safety  i n  wh ich  the  s torage  of redundan t data  occurs  

H.2. 1 8.2.2  
transfer redundancy 
form  of code safety  i n  wh ich  data  is  transferred  at l east twice  i n  success ion  and  then  

compared  

Note  1  to  en try:  Th i s  techn i que  wi l l  recogn i ze  i n term i tten t  errors.  

H.2. 1 8.3  
comparator 
device  used  for fau l t/error control  i n  dual  channel  s tructures  

Note  1  to  en try:  The  device  compares  data  from  the  two  channels  and  i n i ti ates  a  declared  response  i f a  d i fference  
i s  detected .  

H.2. 1 8.4  
d .c.  fau l t  mode  
stuck-at  fau l t  mode  incorporating  short  ci rcu i ts  between  s i gnal  l i nes  

Note  1  to  en try:  Because  of the  number of poss ible  shorts  i n  the  device  under test,  usual l y on l y shorts  between  
re l ated  s i gnal  l i nes  wi l l  be  considered .  A l og ical  s i gnal  l evel  i s  defi ned ,  wh ich  dom inates  i n  cases  where  the  l i nes  
try to  d ri ve  to  the  opposi te  l eve l .  

H.2. 1 8.5  
equ ivalence class  test  
systematic test  i n tended  to  determ ine  whether the  i nstruction  decod ing  and  execution  are  
performed  correctl y 

Note  1  to  en try:  The  test  data  i s  deri ved  from  the  CPU  i nstruction  speci fi cation .  

Note  2  to  en try:  S im i l ar i nstructions  are  g rouped  and  the  i npu t  data  set  i s  subd ivi ded  i n to  speci fi c  d ata  i n terval s  
(equ i val ence  cl asses).  Each  i nstruction  wi th i n  a  g roup  processes  at  l east  one  set  of test  data,  so  that  the  en ti re  
g roup  processes  the  en ti re  test  data  set.  The  test  d ata  can  be  formed  from  the  fol l owing :  

– data  from  val i d  range;  

– data  from  i nval i d  range;  

– data  from  the  bounds;  

– extreme val ues  and  the i r combinati ons.  

The  tests  wi th i n  a  g roup  are  run  wi th  d i fferen t  add ressing  modes,  so  that  the  en ti re  g roup  execu tes  a l l  add ressing  
modes.  

H.2. 1 8.6  
error recognizing  means  
independent  means  provided  for the  purpose  of recogn izing  errors  i n ternal  to  the  system  

Note  1  to  en try:  Examples  are  mon i tori ng  devices,  comparators ,  and  code  generators .  
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H.2. 1 8.7  
Hamming  d istance  

statistical  measure,  representing  the  capabi l i ty of a  code  to  detect and  correct errors  

Note  1  to  en try:  The  Hamming  distance  of two  code  words  i s  equal  to  the  number of posi ti ons  d i fferent  i n  the  two  
code  words.  

Note  2  to  en try:  See  H .  Hol scher and  J .  Rader;  "M icrocomputers  i n  safety techn i ques. "  Verl ag  TUV Bayern .  TUV 
Rhei n land .  ( I SBN  3-88585-31 5-9).  

H.2. 1 8.8  
input comparison  
fau l t/error control  techn ique  by wh ich  i npu ts  that are  des igned  to  be  wi th in  speci fied  

to lerances  are  compared  

H.2. 1 8.9  
in ternal  error detection  
fau l t/error control  techn ique  in  wh ich  specia l  ci rcu i try i s  i ncorporated  to  detect or correct 

errors  

H.2. 1 8. 1 0  Programme sequence  

H .2. 1 8. 1 0. 1  
frequency monitoring  
fau l t/error control  techn ique  in  wh ich  the  clock frequency i s  compared  wi th  an  independent  
fixed  frequency 

Note  1  to  en try:  An  example  i s  compari son  wi th  the  l i ne  supply frequency.  

H.2. 1 8. 1 0.2  
log ical  monitoring  of the  programme sequence  
fau l t/error control  techn ique  i n  wh ich  the  l og ica l  execu tion  of the  programme sequence  is  

mon i tored  

Note  1  to  en try:  Examples  are  the  use  of coun ti ng  rou ti nes  or sel ected  data  i n  the  programme i tsel f or by 
i ndependent  mon i tori ng  devices.  

H.2. 1 8. 1 0.3  
time-slot  and  log ical  monitoring  

th is  i s  a  combination  of H . 2 . 1 8. 1 0. 2  and  H . 2. 1 8. 1 0. 4  

H.2. 1 8. 1 0.4  
time-slot  monitoring  of the  programme sequence  
fau l t/error control  techn ique  i n  wh ich  tim ing  devices  wi th  an  independent time  base  are  

period ica l l y triggered  in  order to  mon i tor the  programme function  and  sequence  

Note  1  to  en try:  An  example  i s  a  watchdog  timer.  

H.2. 1 8. 1 1  
multiple  paral lel  outputs  
fau l t/error control  techn ique  in  wh ich  independent  ou tpu ts  are  provided  for operational  error 
detection  or for independent  comparators  

H.2. 1 8. 1 2  
output verification  
fau l t/error control  techn ique  i n  wh ich  ou tputs  are  compared  to  independent  i nputs  

Note  1  to  en try:  Th i s  techn i que  may or may not  re l ate  an  error to  the  ou tpu t  wh ich  i s  defecti ve.  
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H.2. 1 8. 1 3  
plausibi l i ty check 
fau l t/error control  techn ique  in  wh ich  programme execution ,  i npu ts  or ou tputs  are  checked  

for i nadm issib le  programme sequence,  t im ing  or data  

Note  1  to  en try:  Examples  are  the  i n troduction  of an  add i ti onal  i n terrupt  after completion  of a  certa in  number of 
cycles  or checks  for d i vi s i on  by  zero.  

H.2. 1 8. 1 4  
protocol  test  
fau l t/error control  techn ique  i n  wh ich  data  is  transferred  to  and  from  computer components  to  

detect errors  i n  the  i n ternal  communications  protocol  

H.2. 1 8. 1 5  
reciprocal  comparison  
fau l t/error control  techn ique  used  i n  dual  channel  (homogeneous)  structures  i n  wh ich  a  
comparison  i s  performed  on  data  reciprocal l y exchanged  between  the  two processing  un i ts  

Note  1  to  en try:  Reciprocal  refers  to  an  exchange  of s im i l ar data.  

H.2. 1 8. 1 6  
redundant  data generation  
avai labi l i ty of two or more  independent  means,  such  as  code  generators,  to  perform  the  

same task 

H.2. 1 8. 1 7  
redundant  monitoring  
avai labi l i ty of two or more  independent means  such  as  watchdog  devices  and  comparators  

to  perform  the  same task 

H.2. 1 8. 1 8  
scheduled  transmission  
communication  procedure  i n  wh ich  i n formation  from  a  particu lar transm i tter i s  a l lowed  to  be  
sen t on l y at  a  predefined  poin t  i n  t ime and  sequence,  otherwise  the  receiver wi l l  treat i t  as  a  
communication  error 

H.2. 1 8. 1 9  
software  d iversi ty 
fau l t/error control  techn ique  i n  wh ich  a l l  or parts  of the  software  are  i ncorporated  twice  i n  the  

form  of a l ternate  software  code  

Note  1  to  en try:  For example ,  the  a l ternate  forms  of software  code  may be  produced  by d i fferent  prog rammers,  
d i fferent  l anguages  or d i fferen t  compi l i ng  schemes  and  may reside  i n  d i fferent  hardware  channels  or i n  d i fferen t  
areas  of memory wi th i n  a  sing l e  channel .  

H.2. 1 8.20  
stuck-at  fau l t  mode  
fau l t  mode  representing  an  open  ci rcu i t  or a  non-varying  s ignal  l evel  

Note  1  to  en try:  These  are  usual l y referred  to  as  "stuck open " ,  "s tuck at  1 "  or "stuck at  0" .  

H.2. 1 8.21  
tested  monitoring  
the  provis ion  of independent means  such  as  watchdog  devices  and  comparators  wh ich  are  
tested  at s tart-up  or period ical l y during  operation  
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H.2. 1 8.22  
testing  pattern  
fau l t/error control  techn ique  used  for period ic  testing  of i nput un i ts ,  ou tpu t un i ts  and  
i n terfaces  of the  control  

Note  1  to  en try:  A test  pattern  i s  i n troduced  to  the  un i t  and  the  resu l ts  compared  to  expected  val ues.  Mu tual l y  
i ndependent  means  for i n troducing  the  test  pattern  and  eva luati ng  the  resu l ts  are  used .  The  test  pattern  i s  
constructed  so  as  not  to  i n fl uence  the  correct  operation  of the  control .  

H.2. 1 9  Defin i tions  relating  to  memory tests  for controls  using  software  

H .2. 1 9. 1  
Abraham  test  
speci fic form  of a  variable  memory  pattern  test i n  wh ich  a l l  stuck-at and  coupl ing  fau l ts  

between  memory cel l s  are  i den ti fied  

Note  1  to  en try:  The  number of operations  requ i red  to  perform  the  en ti re  memory test  i s  about  30  n ,  where  n  i s  
the  number of cel l s  i n  the  memory.  The  test  can  be  made  transparen t for use  du ri ng  the  operati ng  cycl e,  by  
parti t i on i ng  the  memory and  testi ng  each  parti t i on  i n  d i fferen t  time  segments.  

Note  2  to  en try:  See  Abraham,  J . A. ;  Thatte,  S .M. ;  "Fau l t  coverage  of test  prog rams  for a  m i croprocessor" ,  
Proceed ings  of the  I EEE  Test  Conference  1 979,  pp  1 8-22.  

H.2. 1 9.2  
GALPAT memory test  
fau l t/error control  techn ique  i n  wh ich  a  s i ng le  cel l  i n  a  fie l d  of un i form ly wri tten  memory cel ls  

i s  i nversel y wri tten ,  after wh ich  the  remain ing  memory under test i s  inspected  

Note  1  to  en try:  After each  read  operation  to  one  of the  remain ing  ce l l s  i n  the  fi e l d ,  the  i nverse ly wri tten  ce l l  i s  
a l so  i nspected  and  read .  Th i s  process  i s  repeated  for a l l  memory cel l s  u nder test.  A second  test  i s  then  performed  
as  above  on  the  same  memory range  wi thout  i n verse  wri ti ng  to  the  test  cel l .  

Note  2  to  en try:  The  test  can  be  made  transparent  for use  du ri ng  the  operati ng  cycl e,  by parti ti on i ng  the  memory 
and  testi ng  each  parti t i on  i n  d i fferent  t ime  segments  (see  transparent GALPAT test) .  

H.2. 1 9.2. 1  
transparent GALPAT test  
GALPAT memory test  i n  wh ich  fi rst a  s i gnature  word  i s  formed  representing  the  con ten t of 

the  memory range  to  be  tested  and  th is  word  is  saved  

Note  1  to  en try:  The  ce l l  to  be  tested  i s  i nverse ly wri tten  and  the  test  i s  performed  as  above.  However,  the  
remain ing  cel l s  are  not  i nspected  i n d ivi dual l y,  bu t  by formati on  of and  compari son  to  a  second  s i gnatu re  word .  A 
second  test  i s  then  performed  as  above  by i nversel y wri ti ng  the  previously i nverted  value  to  the  test  cel l .  

Note  2  to  en try:  Th i s  techn ique  recogn i zes  a l l  s tati c  b i t  errors  as  wel l  as  errors  i n  i n terfaces  between  memory 
cel l s .  

H.2. 1 9.3  Checksum  

H .2. 1 9.3. 1  
modified  checksum  
fau l t/error control  techn ique  i n  wh ich  a  s i ng le  word  representing  the  con ten ts  of a l l  words  i n  

memory is  generated  and  saved  

Note  1  to  en try:  Duri ng  se l f-test,  a  checksum  i s  formed  from  the  same  a l gori thm  and  compared  wi th  the  saved  
checksum .  

Note  2  to  en try:  Th i s  techn i que  recogn i zes  a l l  the  odd  errors  and  some of the  even  errors.  
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H.2. 1 9.3.2  
multiple  checksum  
fau l t/error control  techn ique  i n  wh ich  a  separate  words  represen ting  the  contents  of the  

memory areas  to  be  tested  are  generated  and  saved  

Note  1  to  en try:  Duri ng  se l f-test,  a  checksum  i s  formed  from  the  same  a l gori thm  and  compared  wi th  the  saved  
checksum  for that  area.  

Note  2  to  en try:  Th i s  techn i que  recogn i zes  a l l  the  odd  errors  and  some  of the  even  errors.  

H.2. 1 9.4 Cycl ic redundancy check (CRC)  

H .2. 1 9.4. 1  
CRC – single  word  
fau l t/error control  techn ique  i n  wh ich  a  s i ng le  word  is  generated  to  represent the  con ten ts  of 
memory  

Note  1  to  en try:  Duri ng  sel f-test,  the  same  a l gori thm  i s  used  to  generate  another s i gnature  word  wh ich  i s  
compared  wi th  the  saved  word .  

Note  2  to  en try:  Th i s  techn i que  recogn i zes  a l l  one-bi t,  and  a  h i gh  percentage  of mu l ti -b i t,  errors.  

H.2. 1 9.4.2  
CRC – double  word  
fau l t/error control  techn ique  in  wh ich  at l east two  words  are  generated  to  represent the  

con ten ts  of memory 

Note  1  to  en try:  Du ri ng  sel f-test,  the  same  al gori thm  i s  used  to  generate  the  same number of s i gnatu re  words  
wh ich  are  compared  wi th  the  saved  words.  

Note  2  to  en try:  Th i s  techn ique  can  recogn i ze  one-bi t  and  mu l ti -b i t  errors  wi th  a  g reater accuracy than  i n  CRC – 
sing le  word .   

H.2. 1 9.5  
redundant  memory with  comparison  
structu re  i n  wh ich  the  safety-related  conten ts  of memory are  stored  twice  i n  d i fferen t format i n  
separate  areas  so  that they can  be  compared  for error con trol  

H.2. 1 9.6  
static  memory test  
fau l t/error control  techn ique  wh ich  is  i n tended  to  detect on l y static errors  

H.2. 1 9.6. 1  
checkerboard  memory test  
static  memory test  i n  wh ich  a  checkerboard  pattern  of zeros  and  ones  i s  wri tten  to  the  

memory area  under test  and  the  cel ls  are  i nspected  in  pa i rs   

Note  1  to  en try:  The  address  of the  fi rst  cel l  i n  each  pai r i s  variable  and  the  add ress  of the  second  ce l l  i s  deri ved  
from  a  b i t  i nvers ion  of the  fi rst  add ress.  I n  the  fi rst  i nspection ,  the  variable  add ress  i s  fi rst  i ncremented  to  the  end  
of the  address  space  of the  memory and  then  decremented  to  i ts  ori g i nal  va l ue.  The  test  i s  repeated  wi th  the  
checkerboard  pattern  i n versed .  

H.2. 1 9.6.2  
marching  memory test  
static memory test  i n  wh ich  data  is  wri tten  to  the  memory area  under test as  i n  normal  
operation   

Note  1  to  en try:  Every cel l  i s  then  i nspected  i n  ascend i ng  order and  a  b i t  i n vers ion  performed  on  the  con ten ts .  
The  i nspection  and  b i t  i n vers i on  are  then  repeated  i n  descend ing  order.  Then  th i s  process  i s  repeated  after fi rst  
perform ing  a  b i t  i n vers ion  on  a l l  the  memory cel l s  under test.  
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H.2. 1 9.7  
walkpat  memory test  
fau l t/error con trol  techn ique  i n  wh ich  a  s tandard  data  pattern  i s  wri tten  to  the  memory area  
under test as  i n  normal  operation  

Note  1  to  en try:  A b i t  i n vers i on  i s  performed  on  the  fi rst  ce l l  and  the  remain i ng  memory area  i s  i nspected .  Then  
the  fi rst  cel l  i s  again  i n verted  and  the  memory i nspected .  Th i s  process  i s  repeated  for a l l  memory cel l s  under test.  
A second  test  i s  conducted  by perform ing  a  b i t  i n vers ion  of a l l  ce l l s  i n  memory u nder test  and  proceed ing  as  above.  

Note  2  to  en try:  Th i s  techn ique  recogn i zes  a l l  s tati c  b i t  errors  as  wel l  as  errors  i n  i n terfaces  between  memory 
cel l s .  

H.2. 1 9.8  Word  protection  

H.2. 1 9.8. 1  
word  protection  wi th  multi -bi t  redundancy 
a fau l t/error control  techn ique  i n  wh ich  redundant  b i ts  are  generated  and  saved  for each  word  

i n  the  memory area  under test  

Note  1  to  en try:  As  each  word  i s  read ,  a  pari ty check i s  conducted .  

Note  2  to  en try:  An  example  i s  a  Hamming  code  wh ich  recogn i zes  a l l  one  and  two b i t  errors  as  wel l  as  some th ree  
bi t  and  mu l ti -b i t  errors .  

H.2. 1 9.8.2  
word  protection  wi th  s ingle  bi t  redundancy 
a fau l t/error con trol  techn ique  i n  wh ich  a  s ing le  b i t  i s  added  to  each  word  i n  the  memory area  

under test and  saved ,  creating  e i ther even  pari ty or odd  pari ty  

Note  1  to  en try:  As  each  word  i s  read ,  a  pari ty check i s  conducted .  

Note  2  to  en try:  Th i s  techn i que  recogn i zes  a l l  odd  b i t  errors.  

H.2.20  Defin i tions  of software  terminology – General  

H.2.20. 1  
common  mode  error 
error(s)  i n  a  dual  channel  or other redundant s tructure  such  that  each  channel  or structure  i s  

affected  s imu l taneousl y and  i n  the  same manner 

H.2.20.2  
common  cause  error 
errors  of d i fferen t i tems,  resu l ti ng  from  a  s i ng le  even t,  where  these  errors  are  not 
consequences  of each  other 

Note  1  to  en try:  Common  cause  errors  shou l d  not  be  confused  wi th  common  mode  errors .  

H.2.20.3  
fai lure  modes  and  effects  analysis   
FMEA 
anal ytical  techn ique  i n  wh ich  the  fai lu re  modes  of each  hardware  component are  i denti fi ed  
and  exam ined  for thei r effects  on  the  safety-related  functions  of the  control  

H.2.20.4  
independent  
not being  adversel y i n fl uenced  by the  control  data  flow and  not be ing  impaired  by fai lure  of 
other control  functions,  or by common  mode  effects  
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H.2.20.5  
invariable  memory 
memory ranges  i n  a  processor system  contain ing  data  wh ich  is  not in tended  to  vary during  
programme execution  

Note  1  to  en try:  Invari able  memory  may i ncl ude  RAM  construction  where  the  data  i s  not  i n tended  to  vary du ri n g  
programme executi on .  

H.2.20.6  
variable  memory 
memory ranges  i n  a  processor system  conta in ing  data  wh ich  i s  i n tended  to  vary during  
programme execution  

H.2.21  Void   

H .2.22  Defin i tions  relating  to  classes  of control  functions  

For the  evaluation  of protecti ve  measures  for fau l t  to lerance  and  avoidance  of hazards ,  i t  i s  
necessary to  classi fy control  functions  wi th  regard  to  thei r fau l t  behaviou r.  

At the  class i fication  of control  functions ,  thei r i n tegration  in to  the  complete  safety concept of 

the  appl iance  shal l  be  taken  in to  account.  

NOTE  A control  function  cons ists  of the  en ti re  l oop  beg i nn ing  wi th  the  sensing  means  through  the  processing  
ci rcu i try (hardware  and  software  i f u sed )  and  i ncl ud ing  the  actuator d ri ve.  

For the  purpose  of evaluati ng  the  des ign  of a  control  function ,  present requ i rements  
recogn ise  three  d istinct classes:  

H.2.22. 1  
class  A control  function  
control  functions  wh ich  are  not i n tended  to  be  re l i ed  upon  for the  safety of the  appl ication  

Note  1  to  en try:  Examples  are:  room  thermostats ,  temperature  control .  

H.2.22.2  
class  B  control  function  
control  functions  wh ich  are  in tended  to  preven t an  unsafe  state  of the  appl i ance  

Note  1  to  en try:  Fai lure  of the  control  function  wi l l  not  l ead  d i rectl y to  a  hazardous  s i tuati on .  

Note  2  to  en try:  Examples  are:  thermal  l im i ter,  pressure  l im i ter.  

H.2.22.3  
class  C  control  function  
control  functions  wh ich  are  i n tended  to  prevent specia l  hazards  such  as  explos ion  or whose  
fai lure  cou ld  d i rectl y cause  a  hazard  i n  the  appl iance  

Note  1  to  en try:  Examples  are:  bu rner con trol  systems,  thermal  cu t-ou ts  for cl osed  water systems  (wi thout  ven t  
protection ).  

H.2.23  Definitions  relating to  functional  safety 

H .2.23. 1  
fau l t  tolerating  time  
time between  the  occurrence of a  fau l t  and  the  shu t-down  of the  control led  equ ipment,  wh ich  

i s  tolerated  by the  appl ication  wi thout  creating  a  hazardous  s i tuation   

Note  1  to  en try:  Actions  other than  shu t-down  of the  contro l l ed  equ i pment  are  possib l e  i f they can  be  shown  to  
prevent hazardous  s i tuati ons.  
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H.2.23.2   
fau l t  reaction  time    
time between  the  occurrence of a  fau l t  and  the  poin t where  the  control  h as  reached  a  
defined  state  

H.2.23.3  
defined  state  
state  of a  control  wi th  the  fo l lowing  characterisation :  

a)  the  control  pass ivel y assumes  a  state  i n  wh ich  the  ou tput term inals  ensure  a  safe  
s i tuation  under a l l  ci rcumstances.  When  the  cause  of the  trans i tion  to  defined  state  i s  
l i fted ,  the  appl ication  shou ld  start-up  i n  accordance wi th  the  appropriate  requ i rements;  or  

b)  the  control  acti ve l y execu tes  a  protecti ve  action ,  wi th in  the  time as  speci fied  i n  the  
re levant part 2 ,  causing  a  shut-down,  or preven ting  an  unsafe  cond i ti on ;  or  

c)  the  control  remains  i n  operation ,  con tinu ing  to  satisfy a l l  safety re lated  functional  
requ i rements  

H.2.23.4  
complex electronics  

denote  assembl ies  wh ich  use  e lectron ic  components  wi th  the  fol l owing  characteristics:  

a)  the  componen t provides  more  than  one  functional  ou tput;  

b)  i t  i s  impractical  or impossible  to  represent the  fai lu re  mode of such  a  componen t by s tuck-
at and  cross- l inks  at  the  p ins  or by other fai lu re  modes  wh ich  are  described  in  Table  H . 24   

H.2.23.5  
reset  

action  wh ich  provides  reset from  safe-state  to  a l l ow the  system  to  attempt a  restart  

H.2.23.6  Void  

H .2.23.7  
degradation  (of performance)  
undesi red  departure  i n  the  operational  performance of any device,  equ ipment or system  from  
i ts  i n tended  performance   

Note  1  to  en try:  The  term  "degradati on "  can  app ly to  temporary or permanent fai lure .  

[SOURCE:  I EC 60050-1 61 : 1 990,  1 61 -01 -1 9]  

H.2.23.8  Void  

H .2.23.9  
harm  
physical  i n j ury or damage  to  heal th  of people,  or damage  to  property or the  envi ronment  

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 3]  

H.2.23. 1 0  
hazard  
poten tia l  source  of harm   

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 5]  
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H.2.23. 1 1  
risk 
combination  of the  probabi l i ty of occurrence  of harm  and  the  severi ty of that  harm   

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 2]  

H.2.23. 1 2  
reasonably foreseeable  misuse  
use  of a  product,  process  or service  under cond i ti ons  or for purposes  not i n tended  by the  
suppl ier,  bu t  wh ich  may happen ,  i nduced  by the  des ign  of the  product  i n  combination  wi th ,  or 
as  resu l t of,  common  human  behaviour  

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 1 4  mod i fied ,  – " i n  a  way not i n tended  by the  suppl ier,  
bu t wh ich  may resu l t  from  read i l y pred ictable  human  behaviour"  have  been  added . ]  

H.2.23. 1 3   
functional  safety 
safety re lated  to  the  appl ication  wh ich  depends  on  the  correct function in g  of the  safety-re lated  
control   

H.2.24 Defin i tions  related  to  access  to  data  exchange  

H .2.24. 1  
sequence  number 
add i ti onal  data  fie ld  con tain ing  a  number that changes  in  a  predefined  way from  message  to  
message   

H.2.24.2   
time stamp  
i n formation  concern ing  time  of transmission  a ttached  to  a  message by the  sender  

H.2.24.3   
source  and  destination  identi fier 

i denti fier wh ich  is  ass igned  to  each  en ti ty 

Note  1  to  en try:  Th i s  i den ti fi er can  be  a  name,  number or arbi trary b i t  pattern .  Th i s  i d enti fi er wi l l  be  used  for the  
safety-re lated  commun ication .  Usual l y the  i denti fi er i s  added  to  the  user  d ata.  

H.2.24.4  
feed-back message  

response  from  a  receiver to  the  sender,  via  a  return  channel  

H.2.24.5  
identi fication  procedure  

procedure  that  forms a  part  of the  safety-re lated  appl ication  process   

Note  1  to  en try:  Two types  of i den ti fication  procedure  can  be  d i sti ngu ished :  

– b i -d i rectional  i denti fi cation  – Where  a  retu rn  commun ication  channel  i s  avai l abl e,  exchange  of en ti ty i den ti fi ers  
between  senders  and  recei vers  of i n formation  can  provide  add i ti onal  assurance  that  the  commun ication  i s  
actual l y between  the  i n tended  parti es,  

– dynam ic i denti fi cation  procedures  –  Dynam ic exchange  of i n formation  between  senders  and  recei vers ,  
i ncl ud i ng  transformation  and  feedback of received  i n formation  to  the  sender.  Can  provide  assurance  that  the  
commun icati ng  parti es  not  on l y cl aim  to  possess  the  correct  i denti ty,  bu t  a l so  behave  i n  the  manner expected .  
Th i s  type  of dynam ic i denti fi cation  procedure  can  be  used  to  preface  the  transm iss ion  of i n formation  between  
commun icati ng  safety-related  processes  and /or i t  can  be  used  du ri ng  the  i n formation  transm ission  i tsel f.  

H.2.24.6   
safety code  
redundant  data  i ncluded  i n  a  safety-re lated  message  to  perm i t  data  corruptions  to  be  detected  
by the  safety-re lated  transm ission  function  
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H.2.24.7 
cryptographic  techn iques  
outpu t data  are  calcu lated  by an  a lgori thm  us ing  i npu t data  and  a  key as  a  parameter  

Note  1  to  en try:  By knowing  the  ou tpu t  data,  i t  i s  impossib le  wi th i n  a  reasonable  t ime  to  calcu late  the  i npu t  d ata  
wi thout  knowledge  of the  key.  I t  i s  a l so  imposs ible  wi th i n  a  reasonable  time  to  d eri ve  the  key from  the  ou tpu t  data,  
even  i f the  i npu t  data  are  known .   

H.2.24.8 
time-out  

delay between  two messages  exceed ing  a  predefined  a l lowed  maximum  time  

NOTE  1  to  en try:  I f th i s  i s  the  case,  an  error can  be  assumed .  

H.2.24.9  
publ ic  network 
data  and  s ignals  not confined  to  the  phys ical  space wi th in  the  household ,  or l ocations  
speci fied  as  being  covered  wi th in  the  scope of th i s  standard  

Note  1  to  en try:  Examples  of publ ic  networks  i ncl ude  bu t  are  not  l im i ted  to:  

– I n ternet;  

– Wi -F i  Devices;  

– B l uetooth  >  1 0  m  Devices.   

H.4 General  notes  on  tests   

H.4. 1  Cond i tions  of test  

H .4. 1 .4  Addition:  

For electronic controls ,  the tests of Clauses H. 25,  H.26 and H. 27 are carried out before the 
tests of Clause 21 .  

Additional subclauses:  

H.4. 1 .9  Electronic controls  shall be tested as electrical controls,  unless otherwise 
specified.  

H.4. 1 . 1 0  When conducting the test sequence for electronic controls ,  care shall be taken 
that the results of a  test are not influenced adversely by any preceding testing of the sample  
unless specifically required by the standard.  It may be necessary to replace that sample,  or 
parts thereof,  or to use an additional sample.  

NOTE  The  number of samples  can  be  kept to  the  m in imum  by an  eval uation  of the  re levan t ci rcu i ts .  

H.4. 1 . 1 1  Except for the test specified in Clause H. 26,  care shall be taken that the  supply is 
free of such perturbations from external sources as may influence the results of the tests on  
electronic controls.  

H.6 Classi fication  

H.6.4 Accord ing  to  features  of automatic  action  

H.6.4.3  Additional subclause:  

H.6.4.3.1 3  – electron ic d isconnection  on  operation  (Type  1 .Y – 2 .Y)  
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H.6.9  Accord ing  to  ci rcu i t  d isconnection  or in terruption  

Addition: 

H.6.9.5  – electron ic  d isconnection  

H.6. 1 8  According  to  classes  of control  functions  (see  Table  1 ,  requ i rement 92)  

H . 6. 1 8. 1    – Control  of class  A control  functions  

H.6. 1 8.2  – Control  of class  B  control  functions  

H.6. 1 8.3  – Control  of class  C  control  functions  

H.7  Information  

Additional items to Table 1  m  (1  of 2)  

I n formation  Clause  or 
subclause  

Method  

Modification :  

36  Lim i ts  of activating  quan ti ty  for any sensing  elemen t  over wh ich  micro-
d isconnection  or el ectron ic  d isconnection  i s  secure  

1 1 . 3 . 2 ,  
H . 1 1 . 4. 1 6,  
H . 1 7. 1 4 ,  
H . 1 8. 1 . 5,  
H . 27. 1 . 1 ,  H . 28  

X 

Additional items to Table 1 :  

52  The  m in imum  parameters  of any heat  d i ss ipator (for example,  heat  s i nk)  not  
provi ded  wi th  an  electron ic control  bu t  essen tia l  to  i ts  correct  operation  

 

1 4  

D  

53  Type  of ou tpu t  waveform  i f other than  s i nusoida l  H . 25  X 

54  Detai l s  of the  l eakage curren t  waveform  produced  after fai lure  of the  basic 
i nsu lation  

H . 27  X 

55  The  relevant  parameters  of those  electron ic  devices  o r other ci rcu i t  components  
cons idered  as  un l i ke ly to  fa i l  (see  paragraph  1  of H . 27. 1 . 1 . 4)  

H . 27  X 

56  Type  of ou tpu t  waveform(s)  produced  after fai lu re  of an  electron ic  device  or 
other ci rcu i t  component  (see  i tem  g )  of H . 27. 1 . 1 . 3)  

H . 27  X 

57  The  effect  on  control l ed  ou tpu t(s)  after e l ectron ic  ci rcu i t  component fai lure  i f 
re l evant  ( i tem  c)  of H . 27. 1 . 1 . 3)  

H . 27  X 

58a  For i n teg rated  and  i ncorporated  electron ic  controls ,  i f any protection  against  
mains  borne  pertu rbati ons,  magneti c  and  e l ectromagneti c  d i s tu rbances  i s  cl a imed ,  
wh ich  of the  tests  of Clause  H . 26  shal l  be  performed  and  the  effect  on  con trol l ed  
ou tpu t(s)  and  function  after a  fai lure  to  operate  as  a  resu l t  of each  test  

H . 26. 2  
H . 26. 1 5  

X 
 

58b  For other than  i n tegrated  and  i ncorporated  electron ic  controls ,  the  effect  on  
control l ed  ou tpu t(s)  and  function  after a  fai lu re  to  operate  as  a  resu l t  of the  tests  
of Clause  H . 26  

H . 26. 2   
H . 26. 1 5  

X 

59  Any component  on  wh ich  re l i ance i s  p l aced  for electron ic  d isconnection  wh ich  i s  
d i sconnected  as  requ i red  by footnote  n  to  Tab le  1 2   

1 3. 2  
H . 27. 1  

X 

60  I nstal l ati on  cl ass  (su rge  immun i ty)  H . 26. 8. 2  
Annex R 

X 

66  Software  sequence  documentati on  m n  o  p  H . 1 1 . 1 2 . 2 . 9  X 

67  Prog ramme documentation  m q  p  H . 1 1 . 1 2. 2 . 9  

H . 1 1 . 1 2 . 2 . 1 2  

X 

68  Software  fau l t  anal ys i s  m o  p  H . 1 1 . 1 2  
H . 27. 1 . 1 . 4  

X 

69  Software  cl ass(es)  and  s tructu re  r  

Th is  i n formation  i s  not  requ i red  for cl ass  A controls  

H . 1 1 . 1 2 . 2  
H . 1 1 . 1 2 . 3  
H . 27. 1 . 2 . 2 . 1  
H . 27. 1 . 2 . 3 . 1  

D  

70  Analyti cal  measures  and  fau l t/error control  techn i ques  employed  m s  H . 1 1 . 1 2. 1 . 2  X 
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H. 1 1 . 1 2 . 2 . 2  
H . 1 1 . 1 2 . 2 . 4  

71  Software  fau l t/error detection  time(s)  for controls  wi th  software  cl asses  B  or 
C  m t  

H . 2 . 1 7. 1 0  
H . 1 1 . 1 2. 2 . 6  

X 

72  Control  response(s)  i n  case  of detected  fau l t/error m  H . 1 1 . 1 2. 2 . 7  X 

73  Control s  subj ected  to  a  second  fau l t  anal ys i s  and  declared  cond i ti on  as  a  resu l t  
of the  second  fau l t  

H . 27. 1 . 2 . 3  X 

74  External  l oad  and  em iss ion  con trol  measu res  to  be  used  for test  purposes  H . 23. 1 . 1  X 

 

Additional items to Table 1  (2 of 2)  

In formation  Clause  or 
subclause  

Method  

91  Fau l t  reaction  time  H . 2 . 23. 2  
H . 27. 1 . 2 . 2 . 2  
H . 27. 1 . 2 . 2 . 3  
H . 27. 1 . 2 . 3 . 2  
H . 27. 1 . 2 . 3 . 3  
H . 27. 1 . 2 . 4 . 2  
H . 27. 1 . 2 . 4 . 3  

X 

92  Cl ass  or cl asses  of control  function (s)  H . 6. 1 8  
H . 27. 1 . 2 . 2  
H . 27. 1 . 2 . 3  

  X  

93  Maximum  number of reset  acti ons  wi th i n  a  t ime  period   H . 1 1 . 1 2. 4. 3. 6  
H . 1 1 . 1 2. 4. 3. 4  
 

D  

94  Number of remote  reset actions  H . 1 7. 1 . 4 . 3  X 

m  For controls  d eclared  as  en ti rel y Class  A,  the  requ i rements  66,  67,  68,  70,  71  and  72  are  exempted .  For 
control s  wi th  software  cl asses  B  or C,  i n formation  shal l  be  provi ded  on l y for the  safety-rel ated  segments  of 
the  software.  I n formation  on  the  non -safety  related  segments  shal l  be  su ffi cien t  to  establ i sh  that  they do  not  
i n fl uence  the  safety-related  segments.  

n  The  software  sequence  shal l  be  documented  and ,  together wi th  the  operating  sequence  of  
table  requ i rement  46,  shal l  i n cl ude  a  d escripti on  of the  control  system  ph i l osophy,  the  control  fl ow,  data  
fl ow and  the  t im ings.  

o  Safety-re lated  data  and  safety-re lated  segments  of the  software  sequence,  the  mal functi on  of wh ich  cou ld  
resu l t  i n  non -compl iance  wi th  the  requ i rements  of 1 7,  25,  26  and  27,  shal l  be  i d en ti fi ed .  Th i s  i denti fi cati on  
shal l  i ncl ude  the  operating  sequence  and  may,  for example,  take  the  form  of a  fau l t  tree  anal ys i s  wh ich  
shal l  i ncl ude  those  fau l t/errors  of Tabl e  H . 1  wh ich  cou ld  resu l t  i n  non -compl iance.  The  software  fau l t  
anal ys i s  shal l  be  related  to  the  hardware  fau l t  anal ys i s  i n  Clause  H . 27.  

p  Examples  of other i n formation  wh ich  may be  su i tab le  for i ncl us ion  i n  the  documentation  requ i red  by 
footnotes  m ,  n ,  o,  q ,  r and  s  are:  

 Ori g i nal  software  system  speci fi cation ,  for example:  

−  functional  speci fi cation ,  i ncl ud i ng  procedure  for restart  on  l oss  of supply,  

−  modu le  desi gn ,  i ncl ud ing  description  of equ ipment i n terfaces,  and  descripti on  of user  i n terfaces,  

−  deta i l ed  des ign ,  i ncl ud ing  descripti on  of use  of memory,  

−  code  l i s ti ng ,  i ncl ud ing  prog ramm ing  l anguage  i d enti fi cation ,  comments  and  l i s ti ng  of subrouti nes,  

−  test  speci fi cation ,  

−  manuals  for i nstal l ati on ,  use  and /or main tenance.  

q  Programming  documentation  shal l  be  suppl i ed  i n  a  programming  design  l anguage  declared  by the  
manufacturer.  

r  With in  a  control ,  d i fferen t  software  cl asses  may apply to  d i fferen t  control  fu nctions.  Examples  of control  
functions  that  may i ncl ude  software  cl asses  A to  C  are  as  fol l ows:  

 Class  A – Examples  are  room  thermostats ,  hum id i ty control s ,  l i gh ti ng  con trol s ,  t imers  and  t ime  swi tches.  

 Class  B  – An  example  i s  a  thermal  cu t-ou t.   

 C l ass  C  – Examples  are  au tomatic  burner con trol s  and  thermal  cu t-ou ts  for cl osed  water heater systems  
(unvented).  

s  Measures  to  be  declared  are  those  chosen  by the  manufacturer from  the  requ i rements  of H . 1 1 . 1 2 . 1 . 2  to  
H . 1 1 . 1 2 . 2 . 4  i ncl us i ve.  

t     Th i s  can  be  expressed  as  a  time  fol l owing  the  execu tion  of a  speci fi c  software  segment.  
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H.8  Protection  against electric shock 

H.8. 1  General  requ irements  

Additional subclauses:  

H.8. 1 . 1 0  Accessible  parts  sha l l  not be  cons idered  as  hazardous  l ive  parts  i f separated  
from  the  suppl y by protective  impedance .  

H.8. 1 . 1 0. 1  When  protective  impedance  i s  used ,  the  curren t between  the  part or parts  and  

e i ther pole  of the  suppl y source  shal l  not  exceed  0, 7  mA (peak value)  a . c.  or 2  mA d . c;  

– for frequencies  exceed ing  1  kHz,  the  l im i t of 0 , 7  mA (peak va lue)  i s  mu l ti p l ied  by the  value  
of the  frequency i n  kHz but  shal l  not  exceed  70  mA (peak va lue) ;  

– for vol tages  over 42 , 4  V (peak va lue)  and  up  to  and  includ ing  450  V (peak va lue),  the  

capaci tance  shal l  not  exceed  0 , 1  µF;  

– for vol tages  over 450  V (peak va lue)  and  up  to  and  i nclud ing  1 5  kV (peak value),  the  

product  of the  capaci tance  i n  farads  times  the  potentia l  i n  vol ts  sha l l  not exceed  45  µC;  

– for vol tages  over 1 5  kV (peak value),  the  product of the  capaci tance  i n  farads  times  the  
square  of the  potential  i n  vol ts  sha l l  not  exceed  350  mJ .  

Compliance is checked by measurement.  

Voltages and currents are measured between a  single accessible part (or any combination of 
such  parts)  and either pole of the supply source the protective earth conductor.  
Measurements shall be  taken in  normal supply configuration,  and with  supply poles 
interchanged.  

The measuring circuit shall have a  total impedance of (1  750 ±  250)  Ω  and be shunted by a  

capacitor such that the  time constant of the circuit is (225 ±  15)  µs.  

Detai ls  of a  su i table  measuring  ci rcu i t  are  shown  i n  F igure  E. 1 .  

The  measuring  ci rcu i t  shal l  have  an  accuracy of wi th in  5  %  for a l l  frequencies  in  the  range  of 
20  Hz to  5  kHz.  For frequencies  above 5  kHz,  a l ternative  methods  of measurement are  
requ i red .  

H.1 1  Constructional  requirements  

H.1 1 .2  Protection  against e lectric  shock 

Additional subclauses:  

H.1 1 .2.5  Protective  impedance  shal l  cons ist  of two or more  impedance components  of 
equ ivalent res istance  values  i n  series,  wh ich  are  connected  between  l ive  parts  and  
accessible  parts .  I t  shal l  cons ist of components  i n  wh ich  the  probabi l i ty of a  reduction  i n  
impedance during  l i fe  can  be  i gnored  and  the  possibi l i ty of a  short ci rcu i t  i s  neg l i g ib le.  

The use of only one Y1  capacitor is permitted where the relevant safety characteristics of the 
capacitor are  specified and controlled to be likely.  

NOTE This is in  line with  5. 3. 4 of IEC 61140:2001 .  

Such components are  

−  Resistors pointed out detailed in  Table H. 24,  footnote c.  
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Alternatively,  the resistors shall comply with the requirements of 14. 1  of 
IEC 60065:2001/AMD1:2005.  

– Capacitors.  

Capacitors shall comply with IEC 60384-14,  class Y.  

Compliance is checked by 

a)  open-circuiting each impedance component in  turn;  

b)  short-circuiting of those impedance components which are likely to fail by a  short circuit 
(according to  Clause H. 27);  

c)  applying a  fault condition according to Clause H. 27 to any part of the circuit which might 
influence the maximum leakage current with  the protective impedance  intact.  

 Operation  of a  protective device or loss of one pole of the supply shall also be  considered 
as faults.  

Under these  cond i ti ons,  the  equ ipment shal l  s ti l l  comply wi th  the  requ i rements  of H . 8. 1 . 1 0 .  

H.1 1 .4 Actions  

Additional subclauses:  

H.1 1 .4. 1 6  Type  1 . Y or 2 .Y action  shal l  operate  to  provide  electronic d isconnection .  

Compliance is checked by the tests of H. 11 . 4. 16.  

H.1 1 .4. 1 6. 1  The  test i s  carried  ou t wi th  the  control  connected  to  i ts  declared  maximum  load ,  
suppl ied  wi th  rated  vol tage,  and  at  temperature  Tmax.  

H.1 1 .4. 1 6.2  The  curren t through  the  electronic  d isconnection  shal l  not exceed  5  mA or 
1 0  %  of the  rated  curren t,  wh ichever i s  the  l ower.   

H.1 1 . 1 2  Controls  using  software  

Controls  u s i ng  software  shal l  be  so  constructed  that the  software  does  not impai r control  
compl iance  wi th  the  requ irements  of th is  standard .  

Compliance is checked by the tests for electronic controls  in  this standard,  by inspection  
according to the requirements of H. 11 . 12 and by examination of the documentation required 
in  requirements 66 to 72 inclusive of Table 1 .  

Su bc l a u ses  H . 1 1 . 1 2 . 1  to  H . 1 1 . 1 2 . 4  i nclus ive  are  on l y appl icable  to  control  functions  us ing  
software  class  B  or class  C.  

Subclause  H . 1 1 . 1 2 . 4  con tains  add i tional  requ i rements  for remotely actuated  control  
functions .  

H.1 1 .1 2. 1  Requirements  for the  arch itecture  

H .1 1 . 1 2.1 .1   Control  functi ons  wi th  software  class  B  or C  shal l  use  measures  to  control  and  
avoid  software-re lated  fau l ts /errors  i n  safety-related  data  and  safety-related  segments  of the  

software,  as  deta i l ed  i n  H . 1 1 . 1 2. 1 . 2  to  H . 1 1 . 1 2 . 3  i nclusive.   

H.1 1 . 1 2 .1 . 2  Structure  for control  functions  with  software  class  B  or C  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 1 91  –  
© I EC  201 5  

H.1 1 . 1 2. 1 . 2. 1  Control  functions  wi th  software  class  C  shal l  have  one  of the  fol lowing  

structu res:  

– sing le  channel  wi th  periodic  sel f-test  and  mon i toring  (H .2 . 1 6. 7) ;  

– dual  channel  (homogenous)  wi th  comparison  (H . 2. 1 6. 3);  

– dual  channel  (d iverse)  wi th  comparison  (H . 2 . 1 6. 2).  

NOTE   Compari son  between  dual  channel  s tructu res  can  be  performed :  

– by the  use  of a  comparator  (H . 2 . 1 8. 3)  or 

– by reciprocal  comparison  (H . 2 . 1 8. 1 5).  

H.1 1 . 1 2 .1 . 2.2  Control  functions  wi th  software  class  B  shal l  have  one  of the  fol lowing  

structu res:  

– single  channel  wi th  functional  test  (H . 2 . 1 6.5) ;  

– sing le  channel  wi th  periodic  sel f-test  (H . 2 . 1 6 .6) ;  

– dual  channel  wi thout comparison  (H . 2. 1 6. 1 ).  

A software  class  C  structure  i s  a lso  acceptable  for a  software  class  B  s tructure.  

H.1 1 . 1 2 .1 .3   Other structures  are  perm i tted  i f they can  be  shown  to  provide  an  equ iva len t 

l evel  of safety to  those  in  H . 1 1 . 1 2. 1 . 2 .  

H.1 1 . 1 2 .2  Measures  to  control  fau l ts/errors   

H . 1 1 . 1 2 .2 . 1  When  redundant  memory with  comparison  i s  provided  on  two areas  of the  
same component,  the  data  i n  one  area  shal l  be  stored  in  a  d i fferent format from  that in  the  
other area  (see  software  d iversi ty) .  

H.1 1 . 1 2 .2 .2  Controls  wi th  software  class  C  using  dual  channel  s tructures  wi th  comparison  
shal l  have  add i tional  fau l t/error detection  means  (such  as  period ic  functional  tests ,  period ic  
sel f-tests,  or i ndependent  mon i toring)  for any fau l t/errors  not  detected  by the  comparison .  

H.1 1 . 1 2 .2 .3  For controls  wi th  software  class  B  or C,  means  shal l  be  provided  for the  
recogn i ti on  and  control  of errors  i n  transmissions  to  external  safety-re lated  data  paths.  Such  
means  shal l  take  i n to  accoun t errors  i n  data,  address ing ,  transmission  t im ing  and  sequence 

of protocol .  

H.1 1 . 1 2.2 .4 For control  wi th  software  class  B  or C,  the  manufacturer shal l  provide,  wi th in  
the  con trol ,  measures  to  address  the  fau l t/errors  i n  safety-related  segments  and  data  

i nd icated  i n  Table  H . 1  and  i den ti fied  i n  Table  1 ,  requ i rement 68.   
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Table  H . 1  (H . 1 1 . 1 2 .7  of ed i tion  3)  – Acceptable  measures  to  address  fau l t/errors  
a
 (1  of 6)   

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

1 .  CPU       

1 . 1       

Reg isters  S tuck at  rq   Functional  test,  or H . 2 . 1 6. 5  

    period ic  sel f-test  us i ng  e i ther:  H . 2 . 1 6. 6  

    –  static memory test,  or H . 2 . 1 9. 6  

    –  word  protection  wi th  s ing le  b i t  
redundancy  

H . 2 . 1 9. 8. 2  

 DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    i n ternal  error detection ,  or H . 2 . 1 8. 9  

    redundant memory wi th  comparison ,  or H . 2 . 1 9. 5  

    period ic  sel f-tests  us ing  e i ther  

    –  walkpat memory test  H . 2 . 1 9. 7  

    –  Abraham  test  H . 2 . 1 9. 1  

    –  transparent GALPAT test;  or H . 2 . 1 9. 2 . 1  

    word  protection  wi th  mu l ti -bi t  redundancy,  
or 

H . 2 . 1 9. 8. 1  

    static  memory test  and  word  protection  H . 2 . 1 9. 6  

    wi th  s i ng le  b i t  redundancy H . 2. 1 9. 8. 2  

1 . 2       

I nstruction   Wrong   rq  Compari son  of redundant CPUs  by e i ther:   

decod i ng  and  decod i ng    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

execution  and  execu tion    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    i n ternal  error detection ,  or H . 2 . 1 8. 9  

    period ic  sel f-test  us i ng  equ ival ence  class  test  H . 2 . 1 8. 5  

1 . 3     Functional  test,  or H . 2 . 1 6. 5  

Prog ramme Stuck at  rq   period ic  sel f-test,  or H . 2 . 1 6. 6  

coun ter    i ndependent time-slot mon i toring  of the  
program  sequence ,  or 

H . 2 . 1 8. 1 0. 4  

    l og ical  mon i toring  of the  programme 
sequence  

H. 2. 1 8. 1 0. 2  

    Period ic  sel f-test  and  mon i tori ng  us ing  e i ther:  H . 2 . 1 6. 7  

 DC fau l t   rq  – independen t time-slot and  log ical  
mon i toring  

H . 2 . 1 8. 1 0. 3  

    –  i n ternal  error detection ,  or H . 2 . 1 8. 9  

    compari son  of redundant functi onal  channels  
by e i ther:  

 

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  
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Table  H . 1  (2 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

1 . 4       

Address ing  DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator;  or H . 2 . 1 8. 3  

    I n ternal  error detection ;  or H . 2 . 1 8. 9  

    period ic  sel f-test  us i ng  a  testi ng  pattern  of H . 2 . 1 6. 7  

    the  address  l i nes;  or H . 2 . 1 8. 22  

    fu l l  bus  redundancy,  or H . 2 . 1 8. 1 . 1  

    multi -bi t  bus  pari ty H.2. 1 8. 1 . 2  

1 . 5       

Data  paths  DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

i nstruction  and    reciprocal  comparison ,  or H . 2 . 1 8. 1 5  

decod i ng  execution    i ndependent  h ardware  comparator,  or H . 2 . 1 8. 3  

    I n ternal  error detection ,  or H . 2 . 1 8. 9  

    period ic  sel f-test  us i ng  a  testi ng  pattern ,  or H . 2 . 1 6. 7  

    data redundancy,  or H . 2 . 1 8. 2 . 1  

    multi -bi t bus  pari ty H.2. 1 8. 1 . 2  

2 .       

I n terrupt  No  i n terrupt  rq   Functional  test;  or H . 2 . 1 6. 5  

hand l i ng  and  or too    t ime-s lot  mon i tori ng  H . 2 . 1 8. 1 0. 4  

execution   frequent      

 i n terrupt      

 No  i n terrupt   rq  Compari son  of redundant functiona l   

 or too    channel s  by e i ther  

 frequent    reciprocal  comparison ,  H . 2 . 1 8. 1 5  

 i n terrupt    i ndependent  h ardware  comparator,  or H . 2 . 1 8. 3  

 re l ated  to    I ndependent  time-slot and  log ical  
mon i toring  

H . 2 . 1 8. 1 0. 3  

 d i fferent      

 sources      
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Table  H . 1  (3 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

3.       

C l ock  rq   Frequency mon i toring ,  or H . 2 . 1 8. 1 0. 1  

    t ime  s l ot  mon i tori ng  H . 2 . 1 8. 1 0. 4  

 Wrong   rq  Frequency mon i toring ,  or H . 2 . 1 8. 1 0. 1  

 frequency   t ime-s lot  mon i tori ng ,  or H . 2 . 1 8. 1 0. 4  

 ( for quartz    compari son  of redundant functional  channels   

 synchron i zed    by e i ther:   

 cl ock:    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

 harmon ics/   –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  

 subharmon ics      

 on l y)      

4 .  Memory      

4 . 1       

Invariabl e  Al l  s i ng le  b i t  rq   Period ic  modified  checksum ;  or H . 2 . 1 9. 3. 1  

memory fau l ts    multiple  checksum ,  or H . 2 . 1 9. 3. 2  

    word  protection  wi th  s ing le  b i t redundancy H.2. 1 9. 8. 2  

 99, 6  %    rq  Compari son  of redundant CPUs  by e i ther:   

 coverage  of   –  reciprocal  comparison  H . 2 . 1 8. 1 5  

 a l l  
i n formati on   

  –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

 errors    redundan t memory wi th  comparison ,  or H . 2 . 1 9. 5  

    period ic  cycl i c  redundancy check,  e i ther  

    –  s i ng le  word  H . 2 . 1 9. 4 . 1  

    –  double  word ,  or H . 2 . 1 9. 4 . 2  

    word  protection  wi th  mu l ti -bi t  redundancy H.2. 1 9. 8. 1  

4 . 2       

Variable  DC fau l t  rq   Period i c  stati c  memory test,  or H . 2 . 1 9. 6  

memory    word  protection  wi th  s ing le  b i t redundancy H.2. 1 9. 8. 2  

 DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

 and  dynam ic   –  reciprocal  comparison  H . 2 . 1 8. 1 5  

 cross  l i nks    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    redundan t memory wi th  comparison ,  or H . 2 . 1 9. 5  

    period ic  sel f-tests  us ing  e i ther:   

    –  walkpat memory test  H . 2 . 1 9. 7  

    –  Abraham  test  H . 2 . 1 9. 1  

    –  transparent GALPAT test,  or H . 2 . 1 9. 2 . 1  

    word  protection  wi th  mu l ti -bi t redundancy H.2. 1 9. 8. 1  
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Table  H . 1  (4 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

4. 3       

Address ing  S tuck at  rq   Word  protection  wi th  s ing le  bi t  redundancy  H . 2 . 1 9. 1 8. 2  

(re levant  to      i ncl ud i ng  the  address,  or  

variabl e   DC fau l t   rq  compari son  of redundant CPUs  by e i ther:   

memory  and      –  reciprocal  comparison ,  or H . 2 . 1 8. 1 5  

i nvariabl e      –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

memory)     fu l l  bus  redundancy H. 2. 1 8. 1 . 1  

    Testing  pattern ,  or  

    period ic  cycl i c  redundancy check,  e i ther:  H . 2 . 1 8. 22  

    –  s i ng le  word  H . 2. 1 9. 4 . 1  

    –  double  word ,  or H . 2 . 1 9. 4 . 2  

    word  protection  wi th  mu l ti -bi t  redundancy  
i ncl ud i ng  the  address  

H . 2. 1 9. 8. 1  

      

5 .  I n ternal  d ata  
path  

 

5 . 1  Data  

 

 

 

S tuck at  

 

 

 

rq  

  

 

 

Word  protection  wi th  s ing le  bi t  redundancy 

 

 

 

H . 2 . 1 9. 8. 2  

 DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    word  protection  wi th  mu l ti -bi t redundancy H. 2. 1 9. 8. 1  

    i ncl ud i ng  the  address,  or data  redundancy,  or H . 2 . 1 8. 2 . 1  

    testing  pattern ,  or H . 2 . 1 8. 22  

    protocol  test  H. 2. 1 8. 1 4  

5. 2  Add ress ing  Wrong  
add ress  

rq   Word  protection  wi th  s ing le  bi t  redundancy  
i ncl ud i ng  the  address  

H . 2. 1 9. 8. 2  

 Wrong   rq  Compari son  of redundant CPUs  by:   

 add ress  and    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

 mu l ti p l e     –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

 add ress ing    word  protection  wi th  mu l ti -bi t  redundancy,  
i ncl ud i ng  the  address,  or fu l l  bus  
redundancy;  or testing  pattern  i ncl ud i ng  the  
add ress  

H . 2. 1 9. 8. 1  
H . 2 . 1 8. 1 . 1  
H . 2 . 1 8. 22  

6   
External  
commun ication  

 
Hamming  
d istance  3  

 
rq  

  
Word  protection  wi th  mu l ti -bi t  redundancy,  
or CRC – sing le  word  ,  or  

 
H . 2 . 1 9. 8. 1  
H . 2 . 1 9. 4 . 1  

    transfer redundancy,  or H . 2 . 1 8. 2 . 2  

    protocol  test  H. 2. 1 8. 1 4  
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Table  H . 1  (5 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

6. 1   
Data  

 
Hamming  
d istance  4  

  
rq  

 
CRC – double  word ,  or 

 
H . 2 . 1 9. 4 . 2  

    data redundancy  or compari son  of redundant 
functional  channels  by e i ther:  

H . 2 . 1 8. 2 . 1  

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  

6 . 2  Wrong  rq   Word  protection  wi th  mu l ti -bi t  redundancy,  H . 2 . 1 9. 8. 1  

Address ing  add ress    i ncl ud i ng  the  address,  or CRC – s ing le  word  H . 2 . 1 9. 4 . 1  

    i ncl ud i ng  the  addresses,  or  

    transfer redundancy  o r H . 2 . 1 8. 2 . 2  

    protocol  test  H. 2. 1 8. 1 4  

 Wrong  and   rq  CRC – double  word ,  i ncl ud ing  the  address,  or H . 2 . 1 9. 4 . 2  

 mu l ti p l e    fu l l  bus  redundancy  of d ata  and  address,  or H . 2 . 1 8. 1 . 1  

 add ress ing    compari son  of redundant commun ication  
channels  by e i ther:  

 

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  

6 . 3   
Tim ing  

Wrong  poin t  
i n  t ime  

rq   Time-s lot  mon i tori ng ,  or  
schedu l ed  transmission  

H . 2 . 1 8. 1 0. 4  
H . 2 . 1 8. 1 8  

   rq  Time-slot and  l og ical  mon i toring ,  or H . 2 . 1 8. 1 0. 3  

    compari son  of redundant commun ication  
channels  by e i ther:  

 

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  

 Wrong  rq   Log ica l  mon i tori ng ,  or H . 2 . 1 8. 1 0. 2  

 sequence    t ime-s lot  mon i tori ng ,  or H . 2 . 1 8. 1 0. 4  

    schedu l ed  transmission  H. 2. 1 8. 1 8  

   rq  (same opti ons  as  for wrong  po i n t  i n  t ime)   

7 .       

I npu t/ou tpu t  Fau l t  rq   Plausibi l i ty check H. 2. 1 8. 1 3  

periphery cond i ti ons      

 speci fi ed  i n    rq  Compari son  of redundant CPUs  by e i ther:   

 C l ause  H . 27    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

7 . 1   
D i g i ta l  I /O  

    
i nput compari son ,  or 

 
H . 2 . 1 8. 8  

    multiple  paral lel  ou tputs ;  or H . 2 . 1 8. 1 1  

    output veri fication ,  or H . 2 . 1 8. 1 2  

    testing  pattern ,  or H . 2 . 1 8. 22  

    code  safety H. 2. 1 8. 2  
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Table  H . 1  (6 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

7. 2        

Analog  I /O       

7 . 2 . 1     A/D-  and  Fau l t   
cond i ti ons  

rq   Plausibi l i ty check H.2. 1 8. 1 3  

D/A-  convertor speci fi ed  i n   rq  Compari son  of redundant CPUs  by e i ther:   

 C l ause  H . 27    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    i nput compari son ,  or H . 2 . 1 8. 8  

    multiple  paral lel  ou tputs ,  or H . 2 . 1 8. 1 1  

    output veri fication ,  or H . 2 . 1 8. 1 2  

    testing  pattern  H.2. 1 8. 22  

7. 2 . 2    Anal og  
mu l ti p l exer 

Wrong  
add ressing  

rq   Plausibi l i ty check H.2. 1 8. 1 3  

   rq  Compari son  of redundant CPUs  by e i ther:   

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    i nput compari son  or H . 2 . 1 8. 8  

    testing  pattern  H.2. 1 8. 22  

8.   
Mon i tori ng  

 
Any ou tpu t  

  
rq  

 
Tested  moni toring ,  or 

 
H . 2 . 1 8. 21  

devices  and  ou ts i de  the    redundan t mon i toring  and  compari son ,  or H . 2 . 1 8. 1 7  

comparators  stati c  and    error recogn izing  means  H.2. 1 8. 6  

 dynam ic      

 functional      

 speci fi cation      

9 .   
Custom  

 
Any ou tpu t  

 
rq  

  
Period ic  sel f-test  

 
H . 2 . 1 6. 6  

ch ips  f  ou ts i de  the      

for example,  
ASIC,  

stati c  and   rq  Period ic  sel f-test  and  mon i tori ng ,  or H . 2 . 1 6. 7  

GAL,  Gate  dynam ic    dual  channel  (d iverse)  wi th  comparison ,  or H . 2 . 1 6. 2  

array functional    error recogn izing  means  H.2. 1 8. 6  

 speci fi cation      

CPU :  Central  programmation  un i t  

rq :  Coverage  of the  fau l t  i s  requ i red  for the  i n d icated  software  cl ass.  

a  Table  H . 1  i s  appl i ed  accord ing  to  the  requ i rements  of H . 1 1 . 1 2  to  H . 1 1 . 1 2 . 2 . 1 2  i ncl us ive.  

b  For fau l t/error assessment,  some  components  are  d i vi ded  i n to  thei r subfunctions.  

c  For each  subfunction  i n  the  tab le,  the  software  cl ass  C  measure  wi l l  cover the  software  cl ass  B  fau l t/error.  

d  I t  i s  recogn ized  that  some of the  acceptable  measures  provi de  a  h i gher l evel  of assurance  than  i s  requ i red  
by th i s  standard .  

e  Where  more  than  one  measure  i s  g i ven  for a  subfunction ,  these  are  a l ternati ves.  

f  To  be  d i vi ded  as  necessary by the  manufacturer i n to  subfuncti ons.  

 

H.1 1 . 1 2 .2 .5  Measures  others  than  those  speci fied  i n  H . 1 1 . 1 2. 2. 4  are  perm i tted  i f they can  be  

shown  to  satisfy the  requ irements  l i s ted  i n  Table  H . 1 .  
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H.1 1 . 1 2 .2 .6  Software  fau l t/error detection  shal l  occur not l ater than  the  time declared  i n  
requ irement 71  of Table  1 .  The  acceptabi l i ty of the  declared  time(s)  i s  evaluated  during  the  
fau l t  ana l ys is  of the  control .  

Part  2  standards  may l im i t  th is  declaration .  

H.1 1 . 1 2 .2 .7  For controls  wi th  functions,  classi fied  as  Class  B  or C,  detection  of a  fau l t/error 
shal l  resu l t  i n  the  response  declared  i n  Table  1 ,  requ i rement 72 .  For controls  wi th  functions  
declared  as  class  C,  i ndependent  means  capable  of perform ing  th is  response shal l  be  

provided .  

H.1 1 . 1 2 .2 .8  The  l oss  of dual  channel  capabi l i ty i s  deemed  to  be  an  error i n  a  control  
function  us ing  a  dual  channel  s tructure  wi th  software  class  C.  

H.1 1 . 1 2 .2 .9  The  software  shal l  be  referenced  to  re levant parts  of the  operating  sequence  

and  the  associated  hardware  functions.  

H.1 1 . 1 2.2 . 1 0  Where  l abels  are  used  for memory l ocations,  these  labels  shal l  be  un i que.   

H.1 1 . 1 2.2 . 1 1  The  software  shal l  be  protected  from  user  a l teration  of safety-related  
segments  and  data.  

H.1 1 . 1 2.2 . 1 2  The  software  and  safety-related  hardware  under i ts  control  sha l l  be  i n i tia l i zed  

to,  and  term inate  at,  a  declared  s tate  as  i nd icated  i n  Table  1 ,  requ i rement 66.   

H.1 1 . 1 2.3  Measures  to  avoid  errors   

Control  fu nctions  wi th  software  class  C  shal l  have  one  of the  fol l owing  structures.  

For controls  wi th  software  class  B  or C,  means  shal l  be  provided  for the  recogn i ti on  and  
con trol  of errors  i n  transmissions  to  external  safety-related  data  paths.  Such  means  shal l  
take  i n to  account errors  i n  data,  addressing ,  transmission  t im ing  and  sequence  of protocol .  

Void .  

H.1 1 . 1 2 .3. 1  General  

For controls  wi th  software  class  B  or C  the  measures  shown  in  F igure  H . 1  to  avoid  
systematic fau l ts  shal l  be  appl i ed .  

Measures  used  for software  class  C  are  i nheren tl y acceptable  for software  class  B .  

The  con ten t of th is  i s  extracted  from  I EC  61 508-3  and  adapted  to  the  needs  of th is  standard .  
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Figure  H . 1  – V-Model  for the  software  l i fe  cycle  

Other methods  are  possib le  i f they i ncorporate  d iscipl i ned  and  s tructured  processes  includ ing  
des ign  and  test  phases.  

H.1 1 .1 2.3.2  Specification  

H .1 1 .1 2.3.2.1  Software safety requ irements   

H . 1 1 . 1 2.3.2. 1 . 1  The speci fication  of the  software  safety requ irements  shal l  i ncl ude:  

– a  description  of each  safety re lated  function  to  be  implemented ,  i nclud ing  i ts  response 
time(s):  

•  functions  re lated  to  the  appl ication  i nclud ing  their re lated  software  classes;  

•  functions  re lated  to  the  detection ,  annunciation  and  management of software  or 
hardware  fau l ts ;  

– a  description  of i n terfaces  between  software  and  hardware;  

– a  description  of i n terfaces  between  an y safety and  non-safety re lated  functions.  

Examples  of techn iques/measures  can  be  found  i n  Table  H . 2 .  

Table  H .2  – Semi-formal  methods  

Techn ique/Measure  References  (in formative)  

Standards  i d enti fi cati on   

Sem i -formal  methods  

−  Log ica l /functional  b l ock d iagrams 

−  Sequence  d i ag rams  

−  F i n i te  state  mach ines/state  transi ti on  d i ag rams  

−  Decis ion /tru th  tables  

 

 

 

B . 2 . 3. 2  of I EC 61 508-7: 201 0   

C. 6. 1  of I EC 61 508-7: 201 0   

Other methods  to  comply wi th  the  requ i rements  can  be  appl ied .  

IEC   2510/13 
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H.1 1 . 1 2.3.2.2  Software arch itecture  

H . 1 1 . 1 2 .3.2.2. 1  The description  of software  arch i tecture  shal l  i ncl ude  the  fol l owing  aspects:  

– techn iques  and  measures  to  control  software  fau l ts /errors  (refer to  H . 1 1 . 1 2. 2) ;  

– i n teractions  between  hardware  and  software ;  

– parti tion ing  i n to  modu les  and  thei r a l l ocation  to  the  speci fi ed  safety functions ;  

– h ierarchy and  cal l  structu re  of the  modu les  (control  fl ow);  

– i n terrupt hand l ing ;  

– data  flow and  restrictions  on  data  access;  

– arch i tecture  and  s torage  of data ;  

– time  based  dependencies  of sequences  and  data.  

Examples  of techn iques/measures  can  be  found  i n  Table  H .3 .  

Table  H .3  – Software arch itecture  specification  

Techn ique/Measure  References  (i n formative)  

Fau l t  d etection  and  d i agnosis  C. 3. 1  of I EC 61 508-7: 201 0  

Sem i -formal  methods:  

−  Log ic/function  b l ock d iag rams  

−  Sequence  d i ag rams  

−  F i n i te  state  mach ines/state  transi ti on  d i ag rams  

−  Data  fl ow d i ag rams  

 

 

 

B . 2 . 3 . 2  of I EC 61 508-7: 201 0   

C. 2 . 2  of I EC 61 508-7: 201 0  

 

H.1 1 . 1 2.3.2.2.2  The  arch i tecture  speci fication  shal l  be  veri fied  against the  speci fication  of 
the  software  safety requ i rements  by static  anal ys is .   

NOTE  Acceptabl e  methods  for stati c anal ys is  are:  

– control  fl ow anal ys i s ;  

– data  fl ow anal ys i s ;  

– walk-throughs /design  reviews .  

H.1 1 . 1 2.3.2.3  Module  design  and  coding  

NOTE  1  The  use  of computer a i ded  desi gn  tool s  i s  accepted .  

NOTE  2  For Defensi ve  Prog ramming  (for example,  range  checks,  check for d i vi s ion  by 0 ,  plausibi l i ty checks ) ,  
see  C. 2 . 5  of I EC 61 508-7: 201 0 .  

H.1 1 . 1 2.3.2.3.1  Based  on  the  arch i tecture  design ,  software  shal l  be  su i tabl y refi ned  i n to  
modu les.  Software  modu le  design  and  cod ing  shal l  be  implemented  i n  a  way that i s  traceable  
to  the  software  arch i tectu re  and  requ irements .  

The  modu le  des ign  shal l  speci fy:  

– function(s),  

– i n terfaces  to  other modu les,  

– data.  

Examples  of techn iques/measures  can  be  found  i n  Table  H .4 .  
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Table  H .4 – Module  design  specification  

Techn ique/Measure  References  (i n formative)  

Lim i ted  s i ze  of software  modu l es  C. 2 . 9  of I EC 61 508-7: 201 0  

I n formation  h i d i ng /encapsu l ati on  C. 2 . 8  of I EC 61 508-7: 201 0  

One  en try/one  exi t  po in t  i n  subrou ti nes  and  functi ons  C. 2 . 9  of I EC 61 508-7: 201 0  

Fu l l y defi ned  i n terface  C. 2 . 9  of I EC 61 508-7: 201 0   

Sem i -formal  methods:  

−  Log ic/function  b l ock d iag rams  

−  Sequence  d i ag rams  

−  F i n i te  s tate  mach ines/state  transi ti on  d i ag rams  

−  Data  fl ow d i ag rams  

 

 

 

B . 2 . 3. 2  of I EC 61 508-7: 201 0   

C. 2 . 2  of I EC 61 508-7: 201 0  

 

H.1 1 . 1 2 .3.2.3.2  Software  code  shal l  be  s tructured .   

NOTE  Structu ral  complexi ty can  be  m in im ized  by app lyi ng  the  fol l owing  pri ncipl es:  

– keep  the  number of poss ibl e  paths  th rough  a  software  modu le  smal l ,  and  the  re lati on  between  the  i npu t  and  
ou tpu t  parameters  as  s imple  as  possib le;  

– avoid  compl i cated  branch i ng  and ,  i n  parti cu lar,  avoid  uncond i ti onal  j umps  (GOTO) i n  h i gher l evel  l anguages;  

– where  possibl e,  re l ate  l oop  constrain ts  and  branch ing  to  i npu t  parameters;  

– avoid  us i ng  complex calcu l ati ons  as  the  basis  of branch ing  and  l oop  decis ions.  

Examples  of techn iques/measures  can  be  found  i n  Table  H .5.  

Table  H .5  – Design  and  cod ing  standards  

Techn ique/Measure  References  (in formative)  

Use  of cod i ng  standard  (see  H . 1 1 . 1 2. 3. 2 . 4)  C. 2 . 6. 2  of I EC 61 508-7: 201 0  

No  use  of dynam ic objects  and  variab les  (see  Note)  C. 2 . 6. 3  of I EC 61 508-7: 201 0  

Lim i ted  use  of i n terrupts  C. 2. 6. 5  of I EC 61 508-7: 201 0  

Lim i ted  use  of po in ters  C. 2. 6. 6  of I EC 61 508-7: 201 0  

Lim i ted  use  of recurs ion  C. 2. 6. 7  of I EC 61 508-7: 201 0  

No  u ncond i ti onal  j umps  i n  prog rams  i n  h i gher l evel  l anguages  C. 2. 6. 2  of I EC 61 508-7: 201 0  

Dynam ic obj ects  and /or variab les  are  a l l owed  i f a  compi l er i s  used  wh ich  ensu res  that  su ffi cien t  memory for a l l  
dynam ic objects  and /or vari abl es  wi l l  be  a l l ocated  before  run time,  or wh ich  i nserts  run time  checks  for the  correct  
on l i ne  a l l ocation  of memory.  

 

H.1 1 . 1 2 .3.2.3.3  Coded  software  shal l  be  veri fied  against the  modu le  speci fication ,  and  the  

modu le  speci fication  shal l  be  veri fi ed  against  the  arch i tecture  speci fication  by s tatic anal ys is.   

NOTE  Examples  of methods  for static  anal ysi s  are:  

– control  fl ow anal ys i s ;  

– data  fl ow anal ys i s ;  

– walk-throughs /design  reviews .  

H.1 1 . 1 2.3.2.4  Design  and  coding  standards  

Program  design  and  cod ing  standards  shal l  be  consequentl y used  during  software  design  and  
maintenance.   

Cod ing  standards  shal l  speci fy programming  practice,  proscribe  unsafe  l anguage features,  
and  speci fy procedures  for source  code  documentation  as  wel l  as  for data  nam ing  
conventions.  
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H.1 1 . 1 2.3.3  Testing  

H .1 1 .1 2.3.3. 1  Modu le  design  (software  system  design ,  software module  design  and  
cod ing)  

H.1 1 . 1 2.3.3. 1 . 1  A test concept wi th  su i table  test cases  shal l  be  defined  based  on  the  modu le  

des ign  speci fication .  

H.1 1 . 1 2.3.3. 1 . 2  Each  software  modu le  shal l  be  tested  as  speci fied  wi th in  the  test concept.  

H.1 1 . 1 2.3.3. 1 .3  Test cases,  test  data  and  test  resu l ts  shal l  be  documented .  

H.1 1 . 1 2.3.3. 1 .4  Code  veri fication  of a  software  modu le  by static means  i ncludes  such  
techn iques  as  software  i nspections ,  walk-throughs ,  static  analysis  and  formal  proof.   

Code  veri fication  of a  software  modu le  by d ynam ic means  i ncludes  functional  testing ,  wh i te-
box testi ng  and  statis tical  testing .   

I t  i s  the  combination  of both  types  of evidence that provides  assurance that each  software  
modu le  satisfies  i ts  associated  speci fication .  

Examples  of techn iques/measures  can  be  found  i n  Table  H .6 .  

Table  H .6  – Software modu le  testing   

Techn ique/Measure  References  (i n formative)  

Dynamic anal ys is  and  testi ng :  

−  Test  case  executi on  from  boundary val ue  anal ys i s  

−  S tructu re-based  testi ng  

B . 6. 5  of I EC 61 508-7: 201 0   

C. 5. 4  of I EC 61 508-7: 201 0   

C. 5. 8  of I EC 61 508-7: 201 0  

Data  record i ng  and  anal ys i s  C. 5. 2  of I EC 61 508-7: 201 0   

Functional  and  b l ack-box testi ng :  

−  Boundary val ue  anal ys i s  

−  Process  s imu lation  

B . 5. 1 ,  B . 5. 2  of I EC 61 508-7: 201 0   

C. 5. 4  of I EC 61 508-7: 201 0  

C. 5. 1 8  of I EC 61 508-7: 201 0  

Performance  testi ng :  

−  Avalanche/stress  testi ng  

−  Response  tim ings  and  memory constrain ts  

C. 5. 20  of I EC 61 508-7: 201 0   

C. 5. 21  of I EC 61 508-7: 201 0  

C. 5. 22  of I EC 61 508-7: 201 0   

I n terface  testi ng  C. 5. 3  of I EC 61 508-7: 201 0   

 

NOTE  Software  modu le  testi ng  i s  a  veri fi cation  acti vi ty.  

H.1 1 . 1 2.3.3.2  Software in tegration  testing  

H.1 1 . 1 2 .3.3.2. 1  A test concept wi th  su i table  test cases  shal l  be  defined  based  on  the  

arch i tecture  design  speci fication .  

H.1 1 . 1 2.3.3.2.2  The  software  shal l  be  tested  as  speci fied  wi th in  the  test concept.  

H.1 1 . 1 2.3.3.2.3  Test cases,  test  data  and  test  resu l ts  shal l  be  documented .  

Examples  of techn iques/measures  can  be  found  Table  H . 7 .  
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Table  H .7  – Software  in tegration  testing  

Techn ique/Measure  References  (i n formative)  

Functional  and  b l ack-box testi ng :  

−  Boundary val ue  anal ys i s  

−  Process  s imu lation  

B . 5. 1 ,  B . 5. 2  of I EC 61 508-7: 201 0   

C. 5. 4  of I EC 61 508-7: 201 0  

C. 5. 1 8  of I EC 61 508-7,   

Performance  testi ng :  

−  Avalanche/stress  testi ng  

−  Response  tim ings  and  memory constrain ts  

C. 5. 20  of I EC 61 508-7: 201 0   

C. 5. 21  of I EC 61 508-7: 201 0   

C. 5. 22  of I EC 61 508-7: 201 0   

 

NOTE  Software  i n teg rati on  testi ng  i s  a  veri fi cati on  acti vi ty.  

H.1 1 . 1 2.3.3.3  Software val idation  

H.1 1 . 1 2.3.3.3.1  A va l i dation  concept wi th  su i table  test  cases  shal l  be  defined  based  on  the  
software  safety requ irements  speci fication .  

H.1 1 . 1 2.3.3.3.2  The software  shal l  be  val i dated  wi th  reference to  the  requ i rements  of the  

software  safety requ irements  speci fication  as  speci fied  wi th in  the  val i dation  concept.  

The  software  shal l  be  exercised  by s imu lation  or stimu lation  of  

– i nput  s ignals  present during  normal  operation ,  

– an ticipated  occurrences,  

– undesi red  cond i tions  requ iring  system  action .  

H.1 1 .1 2.3.3.3.3  Test cases,  test  data  and  test  resu l ts  sha l l  be  documen ted .  

Examples  of techn iques/measures  can  be  found  i n  Table  H . 8.  

Table  H .8  – Software safety val idation  

Techn ique/Measure  References  (i n formative)  

Functional  and  b l ack-box testi ng :  

−  Boundary val ue  anal ys i s  

−  Process  s imu lation  

B . 5. 1 ,  B . 5. 2  of I EC 61 508-7: 201 0   

C. 5. 4  of I EC 61 508-7: 201 0  

C. 5. 1 8  of I EC 61 508-7: 201 0   

S imu lation ,  model i ng :  

−  F i n i te  state  mach ines  

−  Performance  model i ng  

 

B . 2 . 3 . 2  of I EC 61 508-7: 201 0   

C. 5. 20  of I EC 61 508-7: 201 0   

 

NOTE  Testi ng  i s  the  main  val i dation  method  for software;  model l i n g  can  be  used  to  supplement  the  val i dati on  
acti vi ti es .  

H.1 1 . 1 2 .3.4 Other I tems  

H . 1 1 . 1 2 .3.4. 1  Tools,  programming  languages  

Equ ipment used  for software  design ,  veri fication  and  maintenance,  such  as  design  tools,  
programming  languages,  trans lators  and  test tool s,  shal l  be  qual i fi ed  appropriate l y,  and  shal l  
be  shown  to  be  su i table  for purpose  i n  man i fold  appl ications.  

They are  assumed  to  be  su i table  i f they comply wi th  " i ncreased  confidence from  use"  
accord ing  to  C. 4 .4  of I EC  61 508-7: 201 0.  

H.1 1 . 1 2.3.4.2  Management of software  versions   

A software  vers ion  management system  at the  modu le  level  shal l  be  pu t in  p lace.  Al l  versions  
shal l  be  un iquel y i denti fied  for traceabi l i ty.  

International  Electrotechnical  Commission

 



 – 204  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

H.1 1 . 1 2.3.4.3  Software  mod ification  

H . 1 1 . 1 2.3.4.3. 1  Software  mod i fications  shal l  be  based  on  a  mod i fication  request wh ich  

detai l s  the  fol l owing :  

– the  hazards  wh ich  may be  affected ,  

– the  proposed  change,  

– the  reasons  for change.  

H.1 1 . 1 2 .3.4.3.2  An  anal ys is  shal l  be  carried  ou t to  determ ine  the  impact of the  proposed  
mod ification  on  functional  safety.  

H.1 1 . 1 2 .3.4.3.3  A deta i l ed  speci fication  for the  mod i fication  shal l  be  generated  i nclud ing  the  

necessary acti vi ties  for veri fication  and  val idation ,  such  as  a  defin i tion  of su i table  test  cases.   

H.1 1 . 1 2 .3.4.3.4 The mod ification  shal l  be  carried  ou t  as  p lanned .  

H.1 1 . 1 2 .3.4.3.5  The assessment of the  mod i fi cation  shal l  be  carried  ou t  based  on  the  

speci fied  veri fication  and  val i dation  activi ties .  Th is  may i nclude:  

– a  reveri fication  of changed  software  modu les;  

– a  reveri fication  of affected  software  modu les;  

– a  reval i dation  of the  complete  system .  

H.1 1 . 1 2.3.4.3.6  Al l  deta i ls  of mod i fication  acti vi ti es  shal l  be  documented .  

H.1 1 . 1 2 .3.5  For class  C  control  functions ,  the  manufacturer shal l  have  used  one  of the  
combinations  (a–p)  of anal ytical  measures  g iven  i n  the  columns  of Table  H . 9  during  hardware  
development.  

Table  H .9  (H . 1 1 . 1 2 .6  of ed i tion  3)  – Combinations  of analytical  measures  during  
hardware  development 

Hardware development stage a  b  c  d  e  f g  h  i  j  k  l  m  n  o  p  

H . 2. 1 7. 5  Inspection  x   x   x   x   x   x   x   x   

H . 2 . 1 7 . 9  Wal k- th rou g h     x   x   x   x   x   x   x  

H . 2 . 1 7 . 7 . 1  S ta t i c  an a l ys i s  x  x        x  x        

H . 2 . 1 7 . 1  Dyn am i c  an a l ys i s    x  x        x  x      

H . 2 . 1 7 . 3  H a rdware  a n a l ys i s      x  x        x  x    

H . 2 . 1 7 . 4  H a rdware  
s i m u l a t i on  

      x  x        x  x  

H . 2 . 1 7 . 2  F a i l u re  ra te  
c a l cu l a t i on  

x  x  x  x  x  x  x  x          

H . 2 . 2 0 . 2  FM EA          x  x  x  x  x  x  x  x  

H . 2 . 1 7 . 6  Ope ra t i on a l  te s t  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x  

 

H.1 1 . 1 2 .4  Remotely actuated  control  functions  

H . 1 1 . 1 2 .4. 1  Data exchange  

H . 1 1 . 1 2 .4. 1 . 1  General   

Remotely actuated  control  functions  may be  connected  to  separate,  independent  devices,  
wh ich  may themselves  con tain  control  functions  or provide  other i n formation .  Any data  
exchange between  these  devices  shal l  not comprom ise  the  i n tegri ty of class  B  control  
function  or class  C  control  function .  
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H.1 1 . 1 2.4. 1 .2  Type of data  

Message types  for data  exchange in  a  control  function  or functions  shal l  be  a l located  to  
class  A control  function ,  class  B  control  function  or class  C  control  function .  Regard ing  
the  safety or protecti ve  re levance  or i n fl uence,  message  types  or data  exchange  shal l  be  
a l l ocated  on l y to  class  B  control  function  or class  C  control  functions ,  see  Table  H . 1 0.   

Table  H . 1 0  – Data exchange  

Data  Safety relevant  Non  safety relevant  

Operati ng  data  Messages  such  as  “RESET from  safe  state”  Messages  such  as  on /off i nstructions,  room  
temperatu re  i n formation  

Confi gu ration  parameters  Messages  mod i fying  parameters  that  
determ ine  re l ated  class  B  con trol  function  
or class  C  con trol  function  

Messages  mod i fying  parameters  that  
determ ine  performance  re l ated  functions  

Software  modu les  Modu l es  down loaded  i n to  a  system ,  that  
determ ine  re l ated  class  B  con trol  function  
or class  C  con trol  function  

Modu l es  down loaded  i n to  a  system ,  that  
determ ine  performance  rel ated  functions  

H.1 1 . 1 2 .4. 1 .3  Communication  of safety related  data  

H . 1 1 . 1 2.4. 1 .3. 1  Transmission  

Safety relevan t data  shal l  be  transm i tted  au thentica l l y concern ing :  

– data  corruption ;  

– address  corruption ;  

– wrong  tim ing  or sequence.  

Data  variation  or corrupted  data  shal l  not l ead  to  an  unsafe  state.  Before  the  use  of 
transm i tted  data,  i t  sha l l  be  ensured  that the  above i tems  are  addressed  us ing  the  measures  
as  g iven  i n  Annex H  of the  same or h igher software  class  used  by that function .   

Compliance is checked by assessment according to Annex H.   

NOTE  1  Special  atten ti on  i s  d rawn  to  Table  H . 1 ,  component  6 ,  wi th  regard  to  the  fo l l owing  i tems:  

-  data  d eleti on  from  the  ori g i nal  message;  

-  data  i nserti on  i n to  the  ori g i nal  message;  

-  corruption  of the  data  i n  the  ori g i na l  message;  

-  change  i n  sequence  of d ata  i n  the  ori g i nal  message;  

-  make  a  non-au then ti c  message  l ook l i ke  an  au thenti c  message;  

-  i ncomplete  address;  

-  corruption  of the  address  of the  ori g i nal  message;  

-  wrong  add ress;  

-  more  add resses;  

-  recei ve  message  more  than  once;  

-  de lay i n  transm i tti ng  or receivi ng  the  message;  

-  wrong  sequence  of send ing /receivi ng .  

I n  add i ti on  to  the  i tems  i n  Note  1 ,  the  fol lowing  fai lure  modes  shal l  be  addressed :  

– permanent “au to-send ing ”  or repeti tion ,  

– i n terruption  of data  transfer.   

NOTE  2  Add i ti ona l  examples  of measures  are  g i ven  i n  Table  H . 1 1 .  
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H.1 1 . 1 2.4. 1 .3.2  Access  to  data  exchange  

Al l  types  of access  to  class  B  control  function  or class  C  control  function  re l ated  data  

exchange  systems shal l  be  clearl y restricted .  

For class  B  control  function  or class  C  control  function  re lated  operati ng  data,  
configuration  parameters  and /or software  modu les  are  al l owed  to  be  transm itted  via  
communication ,  i f adequate  hardware/software  measures  are  taken  to  ensure  that no  prevent  
unauthorized  access  to  the  control  function  i s  poss ib le.  Passwords  or cryptograph ical  
techn iques  are  cons idered  adequate  measures,  however other techn iques  are  acceptable ,  
Examples  of wh ich  are  g i ven  in  Table  H . 1 1 .  

For access  to  data  exchange of class  B  control  function  or class  C  control  function  
re lated  operati ng  data  th rough  publ ic networks ,  appropriate  cryptograph ical  techn iques  

shal l  be  implemented .   See  H . 1 1 . 1 2 .4 .5.  

NOTE  Aspects  concern i ng  securi ty are  found  under the  work of I SO/IEC JTC 1 /SC 27  (TC 205).  

Table  H . 1 1  – Examples  of defences  against  unauthorised  access  
and  transmission  fai lure  modes   

 Defences  

Threats  Sequence  
number 

Time  
stamp  

Time-
out  

Feedback 
message  

Sourced  
destination  
identi fi er 

I denti fi cation  
procedure  

Safety  
code  

Cyrpto-  
graph ic  

techn iques  

Repeti ti on  of a  
message  

x  x        

Deleti on  of data  i n  
message  

x         

I nserti on  of d ata  i n  
message  

x    x  x  x    

Changed  sequence  of 
data  i n  message  

x  x        

Corrupted  data  i n  
message  

      X 
a
 x  

Delay i n  send i ng  /  
recei ving  the  message  

 x  x       

Masquerade,  making  
an  i nau then ti c  
message  l ook l i ke  an  
au thenti c  message  

   x   x   x  

Examples  of defences  against  unau thori zed  access  can  a l so  be  found  i n  the  appl i cations  covered  by EN  501 59  
(201 1 ).  

a
  See  Table  H . 1 ,  i tems  6 . 1  and  6. 2 .  

 

H.1 1 . 1 2 .4. 1 .3.3  Revis ion  of C lass  B  and  C lass  C  software  

Requ irements  of H . 1 1 . 1 2 .3  shal l  appl y to  class  B  and  class  C  software  revis ions.  I n  add i tion ,  
hardware  configuration  management shal l  be  requ i red ,  and  measures  shal l  be  taken  to  ensure  
the  control  main ta ins  i ts  protecti ve  functions  i n  accordance  wi th  th is  standard .  

NOTE  Hardware  confi gu rati on  management i s  meant  to  be  i n  add i ti on  to  software  veri fi cation  i n  order to  main tain  
the  i n tegri ty of the  con trol .  System  l eve l  impl i cations  are  taken  i n to  considerati on .  

H.1 1 . 1 2 .4. 1 .4 For remotely actuated  control  function  operation ,  the  duration  or l im i ts  of 
operation  shal l  be  set before  swi tch ing  on ,  un less  an  au tomatic swi tch ing  off i s  real i zed  at  
the  end  of a  cycle  or the  system  i s  designed  for permanent operation .  
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Compliance is checked by software inspection .  

H.1 1 . 1 2.4.2  Care  shal l  be  taken  that priori ty over control  functions  shal l  not  lead  to  a  
hazardous  cond i ti on .  

Compliance is checked by inspection .  

H.1 1 . 1 2 .4.3  Remote reset  action  

H . 1 1 . 1 2 .4.3. 1  The  remote  reset action  shal l  be  manual l y i n i ti ated .  When  the  reset  fu nction  
i s  i n i tiated  by a  hand-held  device  at l east two  manual  actions  are  requ i red  to  activate  a  reset.  

NOTE   The  two  manual  actions  are  cons idered  to  be  d i screte  and  separate.  

H.1 1 . 1 2 .4.3.2  Reset  fu nctions  shal l  be  capable  of resetting  the  system  as  i n tended .   

H.1 1 . 1 2.4.3.3  Un intended  resets  from  safe  state  shal l  not occur.  

H.1 1 . 1 2.4.3.4 Any fau l t  of the  reset  function  shal l  not cause  the  control  or control led  
function  to  resu l t i n  a  hazardous  cond i tion ,  and  shal l  be  evaluated  for i ts  Class  B  
classi fication .   

H.1 1 . 1 2.4.3.5  For reset  functions  i n i tiated  by manual  action  n ot  i n  vis ib le  s i gh t of the  
appl iance,  the  fol lowing  add i tional  requ irements  appl y:  

– the  actual  s tatus  and  re levan t in formation  of the  process  under con trol  sha l l  be  vis ib le  to  
the  user  before,  d uring  and  after the  reset  action ;  

– the  maximum  number of reset  actions  wi th in  a  t ime period  shal l  be  declared  (for example,  
5  actions  wi th in  a  time  span  of 1 5  m in) .  Fol lowing  th is,  any fu rther reset  shal l  be  den ied  
un less  the  appl iance  i s  phys ical l y checked .  

H.1 1 . 1 2.4.3.6  Consideration  for the  evaluation  of reset  functions  on  the  final  
appl ication  

The reset  function  shal l  be  evaluated  on  the  fi na l  appl ication .  

NOTE  Not  a l l  types  of remote  reset  functi ons  may be  found  su i table  for some app l i cations.  

I f the  reset  i s  acti vated  by manual  swi tch ing  of a  thermostat  or device  wi th  s im i l ar function ,  
th is  sha l l  be  declared  by the  manufactu rer and  be  su i table  i n  the  fi na l  appl ication .  

H.1 1 . 1 2 .4.4 Software download  and  instal lation  

H . 1 1 . 1 2 .4.4. 1  Software  updates  provided  by the  manufacturer and  transmitted  to  the  control  

vi a  remote  communication  shal l  be  checked  prior to  i ts  use:  

– against corruption  th rough  commun ication  ensuring  Hamming  d istance  3  for software  
class  B ,  or Hamming  d istance  4  for software  class  C.  (Refer to  Table  H . 1  for external  
communication . ) ;  

– i f the  software  vers ion  is  compatib le  wi th  the  hardware  vers ion  of the  control  accord ing  to  
the  vers ion  management documentation .   

Add i ti onal l y,  the  software  wh ich  performs  the  above mentioned  checks  shal l  con ta in  measures  
to  con trol  the  fau l t/error cond i ti ons  speci fied  i n  H . 1 1 . 1 2 . 2 .  

H.1 1 . 1 2 .4.4.2  I n  case  of software  down load  via  remote  communication ,  the  cryptograph ic 
techniques  i n  H . 1 1 . 1 2. 4 .5  shal l  be  provided .  I n  add i tion  to  the  requ iremen ts  i n  H . 1 1 . 1 2 . 4. 5,  
identi fication  procedures  sha l l  a lso  be  provided  for the  software  packages.  
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The  cryptographic techniques  employed  shal l  be  part of the  control ,  and  not re l y upon  part  
of the  rou ter or s im i l ar data  transmission  d evice  i tsel f,  and  shal l  be  performed  prior to  
transmission .  

H . 1 1 . 1 2 .4.4.3  For each  update  of software,  the  control  shal l  have  provis ions  for 
au thorization  by the  user  and  a  vers ion  I D  number wh ich  shal l  be  accessib le.  

H.1 1 . 1 2 .4.4.4  The  i nstal lation  of class  B  software  or cl ass  C  software  i s  perm i tted  when  
during  and  after the  software  instal l ation  process  the  control  remains  i n  compl iance  wi th  the  

requ irements  of th is  s tandard .  

Compliance is checked by software inspection .  

H.1 1 . 1 2 .4.5  Cryptograph ical  techn iques  

I n  cases  where  class  B  control  function  or class  C  control  function  re lated  operati ng  data,  
configuration  parameters  and/or software  modu les  are  transm i tted  over a  publ ic network ,  
and /or where  software  updates  are  provided  by the  manufacturer vi a  remote  communication ,  
cryptographic  techn iques  sha l l  be  employed .  

Compliance is checked by software inspection and review of technical documentation which  
provides adherence to the commonly accepted data  integrity protection methods.  

NOTE  Examples  of common ly accepted  cryptograph ic  techn iques  a re  d efi ned  and  described  i n  I SO/IEC 9796,  
I SO/IEC 9797,  I SO/I EC 9798,  I SO/I EC 1 01 1 8,  I SO/IEC 1 1 770,  I SO/I EC 1 4888,  I SO/IEC 1 5946,  I SO/I EC 1 8033,  
I SO/IEC 291 92,  as  wel l  as  I SO/I EC 1 9772.  

H.1 7  Endurance  

H.1 7. 1  General  requ irements  

H . 1 7. 1 .4  No  endurance test i s  carried  ou t on  electron ic  controls  wi th  type 1  action  u n less  
th is  i s  necessary for the  testi ng  of associated  components  such  as  those  wi th  manual  
actions ,  re lays,  etc.  

H.1 7. 1 .4. 1  Electron ic  controls  wi th  type 2  action  are  not  subj ected  to  an  endurance test  
bu t to  a  thermal  cycl i ng  test under the  cond i tions  described  in  H . 1 7 . 1 . 4 . 2 .  Th is  test may be  
combined  wi th  the  testing  of any associated  components  such  as  those  wi th  manual  actions ,  

re lays,  etc. ,  i f th is  i s  possible.  

H.1 7. 1 .4.2  Thermal  cycl ing  test  

The purpose  of the  test i s  to  cycle  components  of an  e lectron ic ci rcu i t  between  the  extremes  
of temperature  l i ke l y to  occur during  normal  use  and  wh ich  may resu l t  from  ambient  
temperature  variation ,  mounting  surface  temperature  variation ,  suppl y vol tage  variation ,  or the  
change  from  an  operati ng  cond i ti on  to  a  non-operating  cond i ti on  and  vice  versa.  

The  tests  necessary to  ach ieve  the  above cond i ti ons  wi l l  depend  to  a  l arge  extent on  the  
particu lar type  of control  and  wi l l  be  expanded  upon ,  i f necessary,  in  the  appropriate  part  2  of 

th is  standard .  

The following conditions shall form the basis of the test:  

a)  Duration 

 14 days,  or any duration specified in the relevant part 2,  whichever is the greater.  For 
controls  providing electronic disconnection  (type 2.Y) ,  14 days,  or the number of cycles 
declared in  requirements 26 and 27 of Table 1 ,  whichever produces the longer duration of 
test.  
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b)  Electrical conditions 

 The control shall be loaded according to the ratings declared by the manufacturer,  the 
voltage then being increased to 1 , 1  VR  except for 30 min of each 24 h  period of the test 
when the voltage is reduced to 0, 9 VR.  The change of voltage shall not be synchronized 
with  the change of temperature.  Each 24 h  period shall also include at least one period in 
the order of 30 s during which the supply voltage is switched off.  

c)  Thermal conditions 

 The ambient temperature and/or the mounting surface temperature are varied between 
Tmax  (Ts  max)  and Tmin  (Ts  m i n )  to cause the temperature of the components of the  
electronic circuit to be cycled between the resulting extremes.  The rate of ambient and/or 
mounting surface temperature change shall be in the order of 1  K/min and the extremes of 
temperature maintained for approximately 1  h.  

d)  Rate  of operation  

 During the test,  the control shall be cycled through its operational modes at the fastest 
rate possible up to a  maximum of six cycles per minute,  subject to the need to cycle 
components between their temperature extremes.  

 If an operational mode,  such as speed control,  can be set by the user,  the test period 
shall be divided into three periods,  one period being at the maximum,  one at the minimum 
and one at an  intermediate setting .  

 For controls  providing electronic disconnection  (type 2.Y) ,  the test also includes the 
declared number of operations  from the conducting to the non-conducting state and vice  
versa.  

H.1 7. 1 .4.3  Controls  with  remote reset actions  

Independently mounted devices performing remote reset functions shall be tested for a  
minimum 1  000 reset actions.  For integrated and incorporated devices,  unless otherwise 
specified,  the minimum reset cycles shall be declared by the manufacturer.  After the test,  the 
reset device shall be capable to reset the system  as intended.  Unintended resets  shall not 
occur.  

H.1 7. 1 4  Evaluation  of compl iance  

Replacement of first paragraph:  

After all the appropriate tests of 17.6 to 17. 13 inclusive and H. 17. 1 . 4,  modified as specified in  
the appropriate part 2,  the control shall be  deemed to comply if:  

Additional dashed paragraph:  

– for controls  provid ing  electron ic  d isconnection  ( type  1 .Y or 2 .Y),  the  requ irements  of 
H . 1 1 . 4. 1 6  are  sti l l  met.  

H.1 8  Mechanical  strength  

H.1 8. 1  General  requ irements  

H . 1 8. 1 .5  Addition:  

For controls  provid ing  electronic d isconnection  ( type  1 . Y or 2 .Y) ,  the  requ i rements  of 
H . 1 1 . 4. 1 6  shal l  be  met.  

H.20  Creepage d istances,  clearances  and  d istances  through  insu lation  

H.20. 1  Additional subclauses:  

H.20. 1 . 1 5  Electronic controls  
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H.20. 1 . 1 5. 1  Creepage d istances ,  clearances  and  d istances  through  i nsu lation  between  
l ive  parts  connected  e lectrical l y to  the  mains  supply and  accessible  surfaces  or parts  shal l  
comply wi th  the  requ i rements  of Clause  20.  

H.20. 1 . 1 5.2  Creepage  d istances ,  clearances  and  d istances  through  insu lation  shal l  
comply:  

– across  protective  impedance  wi th  the  requ i rements  of Clause  20  for double  insu lation  
or rein forced  insu lation ;  

– across  each  separate  component  of protective  impedance  wi th  the  requ irements  of 
Clause  20  for supplementary i nsu lation .  

H.20. 1 . 1 5.3  Creepage  d istances  and  clearances  provid ing  functional  insu lation  sha l l  
comply wi th  the  requ irements  of Clause  20.  

H.23  Electromagnetic  compatibi l i ty (EMC)  requirements  – Emission  

Equ ipment that uses  i n tegrated  or incorporated  controls  shou ld  comply wi th  i ts  relevan t 
product EMC standard .  I n tegrated  and  incorporated  controls  are  tested  i n  the  end  use  

equ ipment.  

H.23. 1  Electronic controls  shal l  be  so  constructed  that they do  not em i t  excess ive  electric  
or e lectromagnetic d isturbances  i n  thei r environment.  

H.23. 1 . 1  Low frequency emission ,  d isturbances  in  supply systems  

I n tegrated  and  incorporated  controls  are  not subj ected  to  the  tests  of th is  clause,  as  the  
resu l ts  of these  tests  are  in fluenced  by the  i ncorporation  of the  control  i n to  the  equ ipment 
and  the  use  of measures  to  con trol  em issions  used  therein .  They may,  however,  be  carried  
ou t under declared  cond i tions  i f so  requested  by the  manufacturer.  

Controls  i n  wh ich  an  electronic device  con trols  d i rectl y an  external  l oad  connected  to  the  
mains  power supply ( the  control  port)  sha l l  comply wi th  the  requ i rements  of I EC  61 000-3-2  
and  I EC 61 000-3-3.  For these  tests,  a  l oad  and  measures  to  control  em issions,  i f any,  shal l  be  
used  as  declared  by the  manufacturer i n  requ i rement 74  of Table  1 .  Th is  requ i rement does  
not appl y to  controls  d eclared  and  des igned  for pi lot duty  l oad  on l y.  

H.23. 1 .2  Rad io  frequency emission  

Free-stand ing ,  independently mounted  and  in -l ine  cord  electronic controls  us ing  
te lecommunication  ports ,  software,  osci l lating  ci rcu i ts,  or swi tch ing  power suppl ies  shal l  
comply wi th  the  requ irements  of CISPR 1 4-1  and/or CISPR 22 ,  class  B,  as  i nd icated  i n  Table  
H . 1 2 .  

NOTE  1  Tel ecommun ication  port  i s  d efi ned  i n  3 . 6  of CISPR 22: 2008.  

Controls  for I SM  equ ipment and  free-standing ,  independently mounted  and  in -l ine  cord  
controls  for use  wi th  I SM  equ ipment shal l  comply wi th  the  requ i rements  of CI SPR 1 1 .  

Add i tional  deta i l s  may be  g i ven  in  the  re levant part 2 .  

NOTE  2  The  relevant part  2  wi l l  i nd icate  whether the  requ i rements  of th i s  cl ause  appl y to  i n teg rated  and  
i ncorporated  electron ic  con trols .  
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Table  H . 1 2  (H .23  of ed i tion  3)  – Emission  

Port  Frequency range  Limi ts  Basic  standard  Appl icabi l i ty note  Remarks  

Enclosure  30  MHz to  230  MHz 

230  MHz to  1  000  MHz 

Above  1  GHz 

30  dB(µV/m)  at  1 0  m  

37  dB(µV/m)  at  1 0  m  

See  Note  3  

CISPR 22  

Class  B  

See  Note  1  

 

See  Note  3  

The  s tati sti cal  evaluation  i n  
the  basic  standard  appl i es  

 

AC mains  0  kHz to  2  kHz  I EC 61 000-3-2  

I EC 61 000-3-3  

See  Note  2   

 0 , 1 5  MHz to  0 , 5  MHz 

Lim i ts  decrease  l i nearl y wi th  
l og .  frequency 

66  dB(µV)  to  56  dB(µV)  q uasi  peak  

56  dB(µV)  to  46  dB(µV)  average  

CISPR 22  

Class  B  

 The  s tati sti cal  evaluation  i n  
the  basic  standard  appl i es  

 0 , 5  MHz to  5  MHz 56  dB(µV)  quasi  peak 

46  dB(µV)  average  

   

  5  MHz to  30  MHz 60  dB(µV)  quas i  peak 

50  dB(µV)  average  

   

Load  term inal s  0 , 1 5  MHz to  30  MHz 

 

See  basic  s tandard  

Clause:  d i scon ti nuous  i n terference  

CISPR 1 4-1    

NOTE  1  Appl i cable  on l y to  controls  con tain i ng  processing  devices,  for example,  m icroprocessors  operati ng  at  frequencies  g reater than  9  kHz.  

NOTE  2  Appl i cable  on l y to  equ ipment  wi th i n  the  scope  of I EC 61 000-3-2  and  I EC 61 000-3-3.  Lim i ts  for controls  n ot  cu rrentl y covered  by I EC  61 000-3-2  and  I EC 61 000-3-3  are  
under considerati on .  

NOTE  3  L im i ts  and  appl i cabi l i ty,  see  6 . 2  of CI SPR 22: 2008.   
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H.25 Normal  operation  

H.25. 1  The  ou tpu t waveform  of electron ic  controls  shal l  be  as  declared .  

The output waveform of the control shall be examined under all normal operating conditions 
and shall be  either sinusoidal or as declared in  Table 1 ,  requirement 53.  

NOTE  Attention  i s  d rawn  to  I EC 61 000-3-2  and  61 000-3-3,  wh ich  impose  restri cti on  on  mains  d i sturbances.  

H.26 Electromagnetic compatibi l i ty (EMC)  requirements  – Immunity 

H.26. 1  Electronic controls  shal l  be  so  constructed  as  to  wi thstand  the  effects  of mains-
borne  perturbations  and  electromagnetic  phenomena  wh ich  may occur i n  normal  use .  For 
type 2  controls  the  tests  of Clause  H . 26  are  a lso  carried  ou t after the  control  has  performed  

i ts  safety function .  

Evaluation criteria for the control appropriate to test level 2 and/or 3 shall be given by the 
appropriate part 2.  Refer to all subclauses in H. 26. 15 for additional details.  These test levels 
correspond with test levels specified by the IEC 61000 series.  The part 2 shall provide 
acceptable  effects,  assessment criteria,  on  the  control as a  result of tests using test levels 2 
and/or 3,  such  as normal operation  after test level 2 test and safe operation  of 
appliance/safe shut-down after test level 3 test.  Parts 2 may specify higher test levels.  

The part 2 shall specify test levels for Clause H. 26 tests.  As a  minimum,  test level 3 is 
applicable to protective controls  intended to prevent unsafe operation  of the  controlled 
equipment,  such as cut-outs and door-locks for laundry equipment,  and burner controls .  As a  
minimum,  test level 2 is applicable to operating controls  relied on for the normal operation  
of the equipment,  such as thermostats ,  timers .   

The tests of Clause H. 26 are not applicable  to non-electronic controls  because of their 
tolerance to such perturbations.  The appropriate tests for specific types of non-electronic 
controls  may be included in  other clauses of the appropriate part 2.  

H.26.2   Compliance is checked at test levels as indicated by the following Table H. 13.  The 
controls  shall comply with H. 26. 15.  

Table  H . 1 3  (H .26.2.1  of ed i tion  3)  – Appl icable  test  l evels  

Control  type  
Type 
action  

Appl icable  
Clause  H .26  

tests  

Appl icable  test 
l evels  

corresponding  to  
H .26. 1 5.3  

a
 

Operating  con trol  Type 1  H. 26. 8,  H . 26. 9  2  

Operating  con trol  Type 2  
H. 26. 4  to  H . 26. 1 4  

2 ,  3 ,  or 4  as  
speci fi ed  

Protective  
control  

Type 2  
H. 26. 4  to  H . 26. 1 4  3  

Protective  
control s  decl ared  
i n  Tabl e  1 ,  
requ i rement 90  
i n tended  for use  i n  
accordance  wi th  
I EC 60335-1  

Type  2  

H.26.4 to H.26.1 4  

Appl i cab le  test  
l evel s  accord ing  to  

1 9. 1 1 . 4  of  
I EC  60335-1 : 201 0  

a
 Lower test  l evel s  shal l  be  consi dered  i n  accordance  wi th  

I EC 61 000-4  seri es .  
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H.26.2. 1  For integrated and incorporated controls  with  type 1  action ,  compliance is 
checked by the tests of H. 26. 8 and H. 26. 9 if declared in  Table 1 ,  requirement 58a.  

H.26.2.2  For integrated and incorporated controls  with  type 2 action ,  compliance is 
checked by H. 26.5 and any other tests of Clause H.26 which are declared in Table 1 ,  
requirement 58a.  

NOTE  The  su i tabi l i ty of each  test  i n  Cl ause  H . 26  to  a  g i ven  con trol  can  be  determ ined  by reference  to  the  
appropri ate  appl i ance  standard (s)  or to  the  manufactu rer's  declarati on  of the  i n tended  use  of the  control .  

Th i s  determ ination  of su i tabi l i ty i ncl udes  an  assessment:  

– whether the  control  wi l l  be  exposed  to  a  parti cu l ar type  of d i stu rbance  i n  i ts  appl i cati on ;  

– whether the  response  of the  control  to  the  parti cu lar type  of d i stu rbance  i s  re levant  to  safety  i n  i ts  appl i cati on .  

H.26.3  A  separate sample,  as submitted,  may be used for each test.  At the option of the 
control manufacturer,  multiple  tests may be performed on a  single sample.  

H.26.4  Harmonics  and  in terharmonics  includ ing  mains  s ignal l ing  at  a.c.  power port,  
low frequency immuni ty tests   

For protective controls  declared according to requirement 90 of Table  1 ,  the following test 
applies:  

The control is subjected to mains signals in accordance with IEC 61000-4-13,  test level 
class 2 being applicable.   

During the test the control is  supplied with  rated voltage.  The test levels for Class 2 
environment according to Tables 1  to 4 of IEC 61000-4-13:2002 shall be  applied at the a. c.  
power port of the EUT.  The control is tested under the test conditions as specified in the 
specific control standard.  

The following tests are performed in accordance with Figure 1a of IEC 61000-4-13:2002,  
Amendement 1 :2009,  for Class 2 environment:   

– "Harmonic combination" (see 8. 2. 1  of IEC 61000-4-13:2002,  Amendement 1 :2009) ;  

– "Meister curve" (see 8. 2. 4 of IEC 61000-4-13:2002,  Amendement 1 :2009) .  

H.26.5  Voltage  d ips,  vol tage  in terruptions  and  vol tage  variations  in  the  power supply 
network 

The control  sha l l  to lerate  vol tage  d ips  vol tage  i n terruptions  and  vol tage  variations  in  the  

power suppl y network.   

Compliance is checked by the  tests of H.26. 5. 1  to H. 26. 5. 2 inclusive.  

H.26.5. 1  Vol tage  d ips  and  in terruptions  

The purpose  of the  test i s  to  veri fy the  immun i ty of the  equ ipment against vol tage  d ips  and  
vol tage  i n terruptions.  Vol tage  d ips  and  in terruptions  are  caused  by fau l ts  i n  the  LV,  MV,  HV 
networks  (short-ci rcu i t  or ground  fau l ts) .  

H.26.5. 1 . 1  Test l evels  for vol tage d ips  and  i n terruptions  

The test values in  Table H. 14 shall be applied to all the test levels.  
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Table  H . 1 4 – Vol tage  d ips,  short in terruptions  and  vol tage variations  

Duration  
∆U 

30  %  60  %  1 00  %  

Hal f-cycle  of suppl y waveform  

One  cycle  of suppl y waveform  

  X 

X 

2 , 5  cycles  

25  cycles  

50  cycles  

X 

X 

X 

X 

X 

X 

X 

X 

X 

NOTE  Where  i n termed iate  du rations  of vol tage  i n terruption  may affect  e i ther the  i n heren t safety of 
the  control  or the  ou tpu t  of a  type  2  con trol ,  parts  2  may i nd icate  vol tage  i n terruptions  a t  other 
poin ts.   

 

H.26.5. 1 .2  Test procedure  for vol tage d ips  and  in terruptions  

The test apparatus  and  procedures  shal l  be  as  described  in  I EC 61 000-4-1 1 .  During  the  test,  
the  control  sha l l  be  i n i tia l l y operated  at i ts  rated  vol tage.  

The  vol tage  d ips  and  in terruptions,  at  random  phase  wi th  respect to  the  mains  frequency,  
sha l l  be  performed  at l east three  times  i n  the  re levan t operating  modes.  

Atten tion  shou ld  be  g i ven  to  the  operating  modes  i n  wh ich  the  control  may be  particu larl y 

sensi ti ve  to  vol tage  d ips  and  i n terruptions.  

Between  the  vol tage  d ips  and  i n terruptions  a  wai ti ng  time of at l east  1 0  s  sha l l  be  observed .  

I n  the  case  of three-phase  equ ipment,  i t  may be  necessary to  appl y vol tage  d ips  and  
i n terruptions  e i ther on  the  three  phases  s imu l taneousl y or on  one  or two  phases  on l y.  

For protecti ve  controls  declared  accord ing  to  requ i rement 90  of Table  1 ,  the  fol lowing  

add i ti onal  test  appl ies :  

Protective controls  shall be subjected to voltage dips and interruptions at random phase 
angles with respect to the  mains frequency as well as at the zero crossing of the  supply 
voltage.  

H.26.5.2  Voltage  variation  test  

The  purpose  of the  test i s  to  veri fy the  immun i ty of the  control  against vol tage  change taking  
p lace  over a  short period  wh ich  may occur due  to  a  change of load  or stored  energy i n  l ocal  
power networks.  

H.26.5.2. 1  Test l evels  for vol tage variations  

The test values in  Table H. 15 shall be applied to all the test levels.  

H.26.5.2.2  Test procedure  

The test apparatus  and  procedures  shal l  be  as  described  i n  I EC  61 000-4-1 1 .The  duration  of 
the  vol tage  changes  and  the  time for wh ich  the  reduced  vol tages  are  to  be  maintained  are  
g i ven  i n  Table  H . 1 5  and  i l l ustrated  i n  F igure  H . 2.  The  rate  of change  of vol tage  shal l  be  
constan t;  however,  the  vol tage  i s  ab le  to  be  stepped .  The  s teps  shal l  be  posi tioned  at 0  
cross ing  and  shal l  be  not l arger than  1 0  %  of VR.  Steps  under 1  %  of VR are  evaluated  as  

constan t rate  of change of vol tage.  
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Table  H . 1 5  (H .26.5.4.2  of ed i tion  3)  – Test values  for vol tage  variations  

Vol tage  test l evel  Time for decreasing  
vol tage  

Time at reduced  vol tage  Time for i ncreasing  
vol tage  

40  %  V
R
 2  s  ±  20  %  1  s  ±  20  %  2  s  ±  20  %  

0  %V
R
 2  s  ±  20  %  1  s  ±  20  %  2  s  ±  20  %  

 x x  x  

NOTE  x  represents  an  open  set  of du rations  and  i s  abl e  to  be  speci fi ed  i n  part  2 .  

 

 

1 00 % 

40 % 

VR  

0  % 
t   (s) 

IEC   2511/13 
 

NOTE  The  vol tage  gradual l y decreases.  

Figure H .2  – Voltage variation  test  

The  control  i s  subj ected  to  each  of the  speci fi ed  vol tage  test  cycles  th ree  times  wi th  1 0  s  
i n tervals  between  each  test cycle  for the  most representative  modes  of operation .  Add i tional  

vo l tage  test  l evels  may be  speci fied  i n  part 2 .  

H.26.6  Test of i nfluence of vol tage  unbalance  

H .26.6. 1  Purpose of the  test – Range of appl ication  

This test applies only to three-phase equipment.  

The purpose of the test is to investigate the influence of unbalance in a  three-phase voltage 
system on equipment sensitive to this kind of interference,  such as:  

– overheating of a. c.  rotating machines;  

– generation of non-characteristic harmonics in  electronic power converters.  

The degree of unbalance is defined by the  unbalance factor 
voltage sequence positive

voltage sequence negative

d

i
i ==
U

U
T  

H.26.6.2  Test vol tage  characteristics  

A power frequency three-phase voltage shall be applied to the control with  the specified 
unbalance factor.   

NOTE  I n  order to  obtai n  accu rate  resu l ts ,  a  vol tage  wi th  very smal l  harmon ics  con tent  can  be  used .  

H.26.6.3  Test equ ipment/test  generator 

The test arrangement shall consist of three single-phase auto-transformers,  whose outputs 
are  regulated individually,  or the like.  
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H.26.6.4 Test level  

The test shall be  carried out with an unbalance factor of 2 %.  

H.26.7  Test of the  influence of d .c.  in  a.c.  networks   

NOTE  Requ i rements  and  tests  are  u nder cons i deration .  

H.26.8  Surge immun ity test  

The  control  sha l l  to lerate  vol tage  surges  on  the  mains  suppl y and  re levant  s ignal  term inals.   

Compliance is checked by the tests of H.26. 8.2 to H. 26. 8. 3 inclusive.  

H.26.8. 1  Purpose of the  test  

This test applies to the power supply terminals and in specific cases to the control terminals 
(see H. 26. 8. 2) .  

Controls  providing electronic disconnection  are loaded as indicated in  17. 2 and subjected 
to the test levels for the installation class specified for the control by the manufacturer,  when 
the control is  providing electronic disconnection .  During and after the test,  the control 
shall continue to provide electronic disconnection ,  as determined by the test of H. 11 . 4. 16. 2.  
If,  during the test,  the  electronic disconnection  is caused to be conductive for one-half cycle 
of the supply frequency after application of one surge,  this is not considered to  be  a  fault.   

The  purpose  of th is  test i s  to  veri fy the  immun i ty of the  control  against un id i rectional  surges  

caused  by d i fferen t phenomena:  

– swi tch ing  phenomena  in  the  power network (for example,  swi tch ing  of capaci tor banks);  

– fau l ts  i n  the  power network;  

– l i gh tn ing  strikes.  

The  i nduced  vol tage  surge  can  have  d i fferen t effects,  depend ing  on  the  relati ve  impedance  of 
the  source  and  of the  control :  

– i f the  system  h as  a  h i gh  impedance  re lati ve  to  the  source,  the  surge  wi l l  produce a  
vol tage  surge;  

– i f the  control  has  a  re lati ve  l ow impedance,  the  su rge  wi l l  produce a  current  pu lse.  

Th is  behaviour can  be  i l l ustrated  by an  i npu t ci rcu i t protected  by an  overvol tage  suppressor:  
as  soon  as  the  l atter breaks  down,  the  input impedance becomes  very l ow.  A real istic  test  
shal l  correspond  to  th is  behaviour and  the  test generator shal l  be  able  to  del i ver a  vol tage  
pu lse  on  a  h igh  impedance  as  wel l  as  a  curren t pu lse  on  a  l ow impedance  (hybrid  generator) .  

H.26.8.2  Test values  

The tests as detailed in  Table H. 16 shall be  applied.  

The tests on the terminals for signal,  data,  control and other input lines shall only be 
performed if these terminals are designed to make an interconnection with  cables longer than 
10 m,  according to the manufacturer's specifications.   

For protective controls  declared according to requirement 90 of Table 1 ,  the following 
additional test applies:  

The power supply terminals of the control are subjected to test level 4  an open circuit test 
voltage of 4 kV (applicable for the line-to-earth coupling mode)  with a  generator having a  
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source impedance of 12 Ω  being used,  and to test level 3 an open circuit test voltage of 2 kV 
(applicable for the line-to-line  coupling mode)  with  a  generator having a  source impedance of 

2 Ω  being used.   

Table  H . 1 6  (H .26.8.2  of ed i tion  3)  – Test  vol tages  for test l evel  2   
(depend ing  on  the  instal lation  class  cond itions)  

Test values   
peak kV  

I EC   
61 000-4-5 
i nstal lation  

class  

Power supply 
Unbalanced  operated  ci rcu i ts  

and  l i nes  
Balanced  operated  ci rcu i ts  

and  l i nes  

Coupl ing  mode Coupl ing  mode Coupl ing  mode 

Line  to  l i ne  Line  to  earth  Line  to  l i ne  Line  to  earth  Line  to  l i ne  Line  to  earth  

2  0 , 5  1 , 0  0 , 5  1 , 0  No  Test  1 , 0  

3  1 , 0  2 , 0  1 , 0  2 , 0  No  Test  2 , 0  

4  2 , 0  4 , 0  2 , 0  4 , 0  No  Test  2 , 0  

NOTE  1  For test  l evel  3  requ i rements,  appl y the  next  h i gher i nstal l ati on  cl ass.  For test  l eve l  4  requ i rements ,  appl y 
i nsta l l ati on  cl ass  4  val ues.  

NOTE  2  Tests  are  performed  wi th  any i n tended  su rge  suppress ion  properl y i nsta l l ed .  

NOTE  3  I n  a  control ,  a  l ower category may fol l ow any h i gher category when  appropriate  transien t overvol tage  
con trol  means  are  provi ded .  

NOTE  4  See Annex R for descripti on  of i nsta l l ati on  cl ass  and  fu rther exp lanatory notes.  

At test level 2)  and 3) ,  after the tests of H. 26. 8. 2,  the surge protective components shall not 
be destroyed.  

H.26.8.3  Test procedure  

The test apparatus  and  procedure  shal l  be  as  described  i n  I EC 61 000-4-5.  I n  accordance wi th  
th is  standard ,  the  control  i s  connected  to  an  appropriate  source  of supply operati ng  at the  

rated  vol tage  wi th  the  impu lse  generator connected  across  the  term inals.  

The  tests  are  carried  ou t by subj ecting  the  system  to  fi ve  pu lses  of each  polari ty,  pos i ti ve  and  

negative  (+ ,  –)  and  wi th  phase  re lationsh ips  of at l east 0° ,  90° ,  1 80°  and  270°  d istribu ted  over 
the  re levan t operati ng  modes  and  wi th  the  vol tage  values  l i s ted  i n  Table  H . 1 6  at i n tervals  not  
greater than  60  s  or as  speci fied  i n  the  relevant part  2 .  

I f varistors  are  used  as  surge  protecti ve  devices,  they shal l  comply wi th  I EC 61 643-1 1 .  
Add i ti onal l y,  they shal l  be  selected  to  wi thstand  the  impu lses  correspond ing  to  the  i nsta l l ation  
class  for wh ich  the  control  i s  i n tended  to  be  used .  

For controls  having  surge  protective  device  arresters  i ncorporating  spark gaps,  the  test i s  

repeated  at  a  test l evel  that i s  95  %  of the  flashover vol tage.  

The  control  i s  tested  and  assessed  i n  each  of the  re levan t operating  modes,  as  speci fi ed  i n  

the  re levant part  2 .  

 

H . 26.9  Electrical  fast transient/burst  immunity test  

The control shall tolerate fast transient bursts on the mains supply and on the signal lines.   

Compliance is checked by the test of H. 26. 9. 2 to H. 26. 9. 3 inclusive.  
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H.26.9. 1  Purpose of the  test  

This test applies to the power supply terminals and in  specific cases to the  control terminals 
(see H. 26.9. 2) .  

The purpose of this test is to  demonstrate the immunity of the control to bursts of fast low 
energy transients which may be produced by relays,  contactors,  etc. ,  switch inductive loads 
and which  may be induced into signal and data circuits.  

H.26.9.2  Test levels  

The tests shall be  applied as specified in  Table H. 17.  

The tests on the terminals for interface cables shall only be performed if these terminals are  
designed to make an interconnection with cables longer than 3 m,  according to the  
manufacturer's specifications.  

Generator drive:  internal 

Duration:  1  min each positive (+)  and also negative (–)  polarity 

Operating conditions:  as in the relevant part 2 

The test voltage on power supply port shall be applied simultaneously between the ground 
reference plane and all of the power supply terminals (common mode) .   

Table  H . 1 7  – Test level  for electrical  fast  transient burst test  

 Open circuit output test voltage and repetition rate of the impulses 

 On power port,  PE  
On I/O (Input/Output) signal,  

data and control  ports  

Applicable test levels 
corresponding to  

H.26.1 5.3 

Test level  in  
accordance 

with 
 IEC 61 000-4-4  

Voltage peak 
 kV   

Repetition 
rate kHz   

Voltage peak 
 kV   

Repetition 
rate kHz   

2  2   1   5  0,5  5  

3  3  2   5  1   5  

Protective  con trols  
d eclared  i n  Table  1 ,  
requ i rement 90  i n tended  
for use  i n  accordance  wi th  
I EC 60335-1  

4  4  5  - - 

 

H.26.9.3  Test procedure  

The test apparatus  and  test  procedures  shal l  be  as  described  i n  I EC  61 000-4-4.  

The  control  i s  tested  i n  each  of the  re levant operating  modes,  as  speci fied  i n  the  re levan t 

part 2 .  

H.26. 1 0  Ring  wave immunity test  

NOTE  I n  Canada  and  the  USA,  the  ri ngwave  test  of H . 26. 1 0  i s  requ i red .  

H.26. 1 0 .1  Purpose of the  test – Range of appl ication  

The  purpose  of the  test i s  to  veri fy the  immun i ty of equ ipment to  osci l latory transients  ( "ring  
waves")  that appear i n  i ndoor (cable)  res identia l  and  i ndustria l  LV-networks.  Th is  test i s  

complementary to  the  1 , 2/50  µs  surge  test that covers  trans ients  appearing  in  ou tdoor 
(overhead  l i nes)  networks.  The  energy involved  wi th  "ri ng  waves"  i s  however smal l er than  the  
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energy associated  wi th  the  surges;  on  the  other hand ,  they may generate  effects  i n  the  
control  d ue  to  the  vol tage  polari ty change.  

H.26. 1 0.2  Test  wave  characteristics  

The test wave form shall consist of a  pulse with a  rise time of 0, 5 µs,  followed by an 
oscillation at 100 kHz with a  decrement so that each peak is 60 % of the preceding peak.  See 
Figure H.3.   

H.26. 1 0 .3  Test  equ ipment/test  generator 

The surge generator for this immunity test is shown in Figure H. 4.  

H.26. 1 0 .4  Test  l evels  

Voltages shall be  applied in  accordance with Table H. 18.  

Table  H . 1 8  (H .26.1 0.4  of ed i tion  3)  – Peak vol tages  

Rated  Category  
a  b
 

vol tage  (max. )  I  I I  I I I  

V kV R 1  kV R 1  kV R 1  

1 00  0 , 5  25  0 , 8  25  1 , 5  25  

300  1 , 0  25  1 , 6  25  2 , 5  25  

600  2 , 0  25  3 , 0  25  5 , 0  25  

NOTE  I n  the  USA,  the  peak vol tage  of the  impu lse  wave  i s  determ ined  by the  rated  vo l tage  and  decl ared  category 
of the  control  as  g i ven  i n  I EC 60664-1 .  

a  kV open -ci rcu i t.  See  F i gu re  H . 4  for R 1 .  

b  See  Annex L  for categories.   

 

H.26. 1 0 .5  Test  procedure  

The control shall be  tested as indicated in H. 26. 8. 3.  
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T =  1 0 µs 

(f =  1 00 kHz) 

Vpeak  
0,9 Vpeak 

0, 1  Vpeak 

0,5 µs  

60 % of Vpeak  
IEC   2512/13 

 

Figure H .3  – Ring  wave characteristics   
(open-ci rcu i t vol tage)  

 

0 kV-1 0 kV 
DC 0,5 µF 

1 0 µF 

0,005 µF 
5 µH 

2,5 Ω  R1  

Test 
piece Fi lter 

AC 
supply 

IEC   2513/13 
 

Figure H .4 – Schematic  of a  ring  wave   

generator 0,5  µs  /1 00  kHz  

NOTE  The  va lue  of R 1  i s  speci fi ed  i n  Tabl e  H . 22:  

– R 1  of 2 , 5  Ω  wi l l  provi de  a  500  A peak short-ci rcu i t  current;  

– R 1  of 25  Ω  wi l l  provide  a  200  A short-ci rcu i t  cu rrent.  

H.26. 1 1  E lectrostatic  d ischarge  test  

This test is carried out in  accordance with  IEC 61000-4-2.  

The test values shall be applied to test level 3.  

Direct application of discharge: Contact discharges at 6 kV to accessible metal parts,  or air 
discharges at 8 kV to  accessible parts  of insulating material shall apply.  

Indirect application of discharge: Contact discharges at 6 kV to horizontal or vertical couple 
plate  shall apply.  

For protective  controls  d eclared  accord ing  to  requ irement 90  of Table  1 ,  the  fo l l owing  
add i ti onal  test appl ies :  Th is  test i s  carried  ou t i n  accordance wi th  C lause  5,  test l evel  4  of 
I EC 61 000-4-2 : 2008.  Contact d ischarges  at 8  kV to  access ib le  meta l  parts,  or a i r d ischarges  
at  1 5  kV to  accessible  parts  of i nsu lati ng  materia l  shal l  appl y.  
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H.26. 1 2  Radio-frequency electromagnetic  field  immunity  

H .26. 1 2. 1  Purpose of the  test  

The purpose  of the  test i s  to  veri fy the  immun i ty of controls  against e lectromagnetic fi e lds  
generated  by rad io  transm itters  or any other device  em i tting  continuous  wave  rad iated  
e lectromagnetic  energy.  The  immun i ty of controls  to  the  rad iation  of hand-held  transceivers  
(walkie-ta lkies)  i s  the  main  concern  bu t other sources  of e lectromagnetic rad iation  are  
i nvolved ,  such  as  fixed  station  rad io  and  televis ion  transm i tters,  veh icle  rad io  transm i tters  and  
various  i ndustria l  e l ectro-magnetic sources  of i n term i ttent  sources.  

H.26. 1 2.1 . 1  I f the  cri tical i ty of test l evel  2  testing  is  not affected  after test l evel  3  testing ,  the  

testing  of test l evel  2  need  not  be  carried  ou t.  

H.26. 1 2.2  Immunity to  conducted  d isturbances  

The control shall tolerate high frequency signals on the mains supply and relevant signal 
terminals.   

Compliance is checked with  the tests of H.26. 12. 2. 1  to  H. 26. 12.2. 2,  inclusive.  

H.26. 1 2.2 . 1  Test levels  for conducted  d isturbances  

At minimum,  the test levels in Table  H. 19 shall be applied.  

The tests shall only be applied to interface cables which,  according to the manufacturer’s 
specification,  may be  longer than 1  m.  

Table  H . 1 9  (H .26.1 2.2 .1  of ed i tion  3)  – Test l evels  for conducted  d isturbances  
on  mains  and  I /O  l ines  

Test frequency range:  1 50  kHz to  80  MHz 

Test l evel  

Vol tage  l evel  (r.m .s. )  

U
0
 

dBµV  

U
0
 

V 

2  1 30  3  

3  1 40  1 0  

NOTE  The  test  l evel s  i n  the  I SM-  and  CB-bands  are  chosen  to  be  6  dB  h i gher.  ( I SM:  I n dustria l ,  scien ti fi c  and  

med ical  rad i o-frequency equ i pment:  1 3, 56  MHz ±  0 , 007  MHz and  40, 68  MHz ±  0 , 02  MHz,  CB:  Ci ti zen  band :  27,  

1 25  MHz ±  1 , 5  MHz).  

 

H.26. 1 2 .2 .2  Test procedure  

This test shall be  carried out in accordance with IEC 61000-4-6.  

Test the control by sweeping through the complete test frequency range at least once with  
the system  in  each of its relevant operating modes.  Where the frequency range is swept 
incrementally,  the step size shall not exceed 1  % of the preceding frequency value with  linear 
interpolation between calibration points.  The dwell time of the amplitude modulated carrier at 
each frequency shall not be less than the time necessary for the control to  be exercised and 
be able to respond,  but in no case be less than 0, 5 s.The ISM and CB bands shall be tested 
with those test frequencies that have been used by sweeping through  the complete test 
frequency range and cover the  ISM and CB bands regarded.  

NOTE  The  sens i ti ve  frequencies  or the  frequencies  of d om inant  i n terest  can  be  anal yzed  separate ly.  
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H.26. 1 2.3  Immunity to  radiated  d isturbances  

The control  sha l l  to lerate  h i gh -frequency s i gnals  on  the  mains  suppl y and  re levant s i gnal  

term inals .   

Compliance is checked by the  tests of H.26. 12. 3. 1  to H. 26. 12. 3. 2 inclusive.  

H.26. 1 2.3. 1  Test level  for rad iated  electromagnetic  fi elds  

Test levels  for immun i ty to  rad iated  e lectromagnetic  fie l ds  shal l  be  appl ied  i n  accordance  wi th  
Table  H . 20.  

I ncreased  test  l evels  for rad iated  immun i ty shal l  be  appl ied  i n  accordance  wi th  Table  H . 21 .  

Table  H .20  (H .26.1 2.3.1  of ed i tion  3)  – Test l evel  for immun ity to  radiated  
electromagnetic  fields  

 Test frequency ranges/Fi eld  strength   
V/m  

Test l evel  80  MHz to  960  MHz 1 ,4  GHz to  2 , 0  GHz  2, 0  GHz to  2 , 7  GHz  

2  3  3  1  

3  1 0  3  1  

Table  H .21  – I ncreased  test level  for radiated  immun ity 
(ISM ,  GSM ,  DECT bands)  

 Test frequency ranges/Fi eld  strength  
V/m  

Test l evel  433  MHz to  
435 MHz 

864 MHz to  
91 5 MHz  

935  MHz to  
960  MHz 

1  71 0  MHz to  
1  784 MHz 

1  805 MHz to  
1  960  MHz 

2  446  MHz to  
2  454 MHz 

2  6  6  6  6  6  2  

3  20  20  1 0  6  6  2  

 

H.26. 1 2 .3.2  Test procedure  

This test shall be  carried out in accordance with IEC 61000-4-3.  

Test the control by sweeping through the complete test frequency ranges in both the 
horizontal and the vertical antenna orientation in each of its relevant operating modes.  Where 
the frequency range is swept incrementally,  the step size shall not exceed 1  % of the 
preceding frequency value with linear interpolation between calibration points.  The dwell time 
at each frequency shall not be less than the time necessary for the control to  be exercised 
and to respond,  but shall in no case be less than 0, 5 s.  The ISM,  GSM and DECT bands shall 
be tested with those test frequencies that have been used when sweeping through the 
complete test frequency ranges and cover completely the ISM,  GSM and DECT bands 
regarded.  

The test shall normally be performed with  the generating antenna facing each side of the 
control.  When equipment can be used in  different orientations (i. e.  vertical or horizontal)  all 
sides shall be exposed to the field during the test.  When technically justified,  some controls  
can be tested by exposing fewer faces to the generating antenna.  In  other cases,  as 
determined for example,  by the type and size of control or the frequencies of test,  more than 
four azimuths may need to be exposed.  

NOTE  The  sens i ti ve  frequencies  or the  frequencies  of d om inant  i n terest  can  be  anal yzed  separate ly.  
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H.26. 1 3  Test  of in fluence  of supply frequency variations  

Micro-processor based controls  declared as class B control function  and/or class C 
control function  which  rely on the  mains supply frequency for the correct operation  shall 
tolerate frequency variations of the mains supply frequency,  if declared by the manufacturer in  
the additional items to Table 1  of Clause H. 7.  

H.26. 1 3.1  Purpose of the  test  

The purpose  of th is  test i s  to  veri fy the  effect on  the  control  from  frequency deviation  on  the  
mains.  

H.26. 1 3.2  Test l evels  

The test values in  Table H. 22 shall be applied.  

Table  H .22  (H .26.1 3.2  of ed i tion  3)  – Test level  for supply frequency variations  

Test l evel  
Variations  i n  suppl y frequency  

% 
a
 

2  ±1  and  ±2  

3  ±3,  ±4  and  ±5  

a
  Other val ues  may be  speci fi ed  i n  part  2 .  

H.26. 1 3.3  Test procedure  

The  test apparatus  and  procedures  shal l  be  as  described  i n  I EC  61 000-4-28.  

The  control  sha l l  be  i n i ti a l l y operated  at i ts  rated  vol tage  and  shal l  then  be  subj ected  to  the  
frequency variations  as  detai led  i n  H . 26. 1 3. 2.  

H.26. 1 4  Power frequency magnetic  field  immunity test  

The controls  wh ich  are  susceptib le  to  magnetic  fie ld  such  as  controls  wh ich  use  Hal l -effect 

devices  shal l  to lerate  power-frequency magnetic fiel ds .   

Compliance is checked by the tests of H. 26. 14. 2.  

NOTE  Examples  of such  con trols  i ncl ude  pressu re  sensors  wh ich  use  Hal l -effect  d evices,  control s  i ncorporati ng  
reed  rel ays  and  controls  u ti l i zi ng  b i stable  rel ays.  

H.26. 1 4.1  Purpose of the  test  

The  purpose  of the  test i s  to  demonstrate  the  immun i ty of controls  wh ich  may be  affected  by 
power-frequency magnetic fie lds  re lated  to  the  speci fic location  and  instal l ation  cond i tions  of 
the  control  ( for example,  proxim i ty of the  equ ipment to  the  d isturbance  source).   

The  power-frequency magnetic  fi e ld  i s  generated  by power-frequency curren ts  i n  conductors  
or from  other devices  (for example,  l eakage  of transformers)  i n  the  proxim i ty of equ ipment.  

On l y the  in fluences  of nearby conductors  shou ld  be  considered ,  where  the  curren t under 
normal  operating  cond i ti ons,  produces  a  steady (con tinuous)  magnetic fi e ld ,  wi th  a  
comparativel y smal l  magn i tude.  

H.26. 1 4.2  Test  l evels  

The test l evels  shal l  be  appl i ed  in  accordance  wi th  Table  H . 23.  
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Table  H .23  (H .26.1 4.2  of ed i tion  3)  – Test level  for continuous  fields  

Test l evel  Continuous  fi eld  strength  
A/m  

2  3   

3  1 0   

 

H.26. 1 4.3  Test  procedure  

The  control  i s  suppl ied  at rated  vol tage.  Test equ ipment,  test set-up  and  test procedure  shal l  
be  i n  accordance  wi th  I EC  61 000-4-8.  The  control  i s  tested  under the  test cond i ti ons  as  

speci fied  i n  the  relevant part 2 .   

H.26. 1 5  Evaluation  of compl iance  

H .26. 1 5.1  After the  tests  of H26.2  through  H . 26. 1 4  and  H26. 1 6 ,  the  sample(s)  shal l  meet the  

requ irements  of Clause  8 ,  1 7 . 5  and  Clause  20.  

H.26. 1 5.2  I n  add i tion ,  the  control  sha l l  meet  the  fo l l owing :  

– the  requ i rements  of H . 1 7 . 1 4  or 

– the  ou tpu t(s)  and  functions  shal l  be  as  declared  i n  Table  1 ,  requ i rements  58a  and  58b.  

Compliance with the second alternative of H. 26. 15. 2 may make the control  unacceptable for 
some applications.  

Parts  2  may contain  restrictions  on  the  a l l owable  effects  on  con trol l ed  ou tpu t(s)  for particu lar 
types  of controls  or control  fu nctions  for test  levels.  

H .26. 1 5.3  D i fferen t ou tpu ts  and  functions  may be  declared  by the  manufacturer after testi ng  
at test l evel  2 ,  or test level  3,  i f re levan t.  Part 2  may speci fy particu lar cri teria  after each  of 
these  tests.  

H.26. 1 5.4  The  compl iance  cri teria  shal l  be  g i ven  in  part  2  and  shal l  be  based  on  the  
operati ng  ou tpu t cond i ti ons  and  the  functional  speci fications  of the  control  under test:  

a)  normal  performance  wi th  no  loss  of protective  functions  and  control  i s  wi th in  speci fication  
or declared  l im i ts;  

b)  l oss  of protecti ve  function  wi th in  declared  l im i ts ;  

c)  l oss  of protecti ve  function  wi th  safety shut-down ;  

d )  l oss  of protective  function  wi th  unsafe  operation .  

H.27  Abnormal  operation  

H.27. 1  Electronic  controls  – Assessment against in ternal  fau l ts  

H .27. 1 . 1  Electron ic  controls  shal l  be  assessed  for the  effects  of fai lure  or mal function  of 

ci rcu i t components  to  ensure  e lectrical  safety.  

Compliance is checked by the tests of H.27. 1 . 1 . 1  to H. 27. 1 . 1 . 6 inclusive and H. 27. 4.  

Components which  fail as a  result of cumulative stress are replaced if necessary.  

NOTE  Non-electron ic  components  such  as  swi tches,  re lays  and  transformers,  wh ich  are  assessed  accord i ng  to  
Clause  24  or to  the  re levant  requ i rements  of th i s  s tandard ,  are  not  subj ected  to  the  tests  of H . 27. 1 . 1 .  
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During  the  tests  of H . 27. 1 . 1 ,  for a  control  provid ing  electronic d isconnection  ( type  1 .Y or 
2 .Y) ,  any fai lure  of the  device  described  i n  footnote  n  to  Table  1 2  i s  perm i tted .  

H.27. 1 . 1 . 1  Fau lt  cond i ti ons  speci fied  i n  Table  H . 24  are  not appl ied  to  ci rcu i ts  or parts  of 
ci rcu i ts  where  a l l  of the  fol lowing  cond i tions  are  met:  

– the  e lectron ic  ci rcu i t i s  a  l ow-power ci rcu i t  as  described  below;  

– the  protection  against e lectric shock,  fi re  hazard ,  mechan ical  hazard  or dangerous  
mal function  i n  other parts  of the  control  does  not re l y on  the  correct  function ing  of the  
e lectron ic ci rcu i t.  

 

A  low-power circuit is determined as follows and further explained in Figure H. 5.  The control 
is operated at rated voltage or at the upper limit of the rated voltage range and a  variable 
resistor,  adjusted to its maximum resistance,  is connected between the point to be 
investigated and the opposite pole of the supply source.  

The resistance is then decreased until the power consumed by the  resistor reaches a  
maximum.  Any point nearest to the  supply and at which the maximum power delivered to this 
resistor does not exceed 15 W at the end of 5 s  is called a  low-power point.  The part of the 
circuit farther from the supply source than a  low-power point is considered to be a  low-power 
circuit.  

The measurements are made from only one pole of the supply source,  preferably the one that 
gives the fewest low-power points.  

NOTE  When  determ in ing  the  l ow-power po in ts ,  s tart  wi th  po in ts  cl ose  to  the  suppl y sou rce.  The  power consumed  
by the  vari abl e  res i stor i s  measured  by a  conven ien t  method ,  for example,  by a  wattmeter.  

If an electronic circuit operates to ensure compliance with Clause H. 27,  the relevant test is 
repeated with a  single  fault simulated,  as indicated in H. 27. 1 . 1 . 5.  

 

Z1  

A 

B  

C  

D  

Z2  

Z6  

Z7  

Z8  

Z3  Z4  

Z5  Source 
supply  

IEC   2514/13 

 

D  i s  a  poi n t  farthest  from  the  suppl y sou rce  where  the  maximum  power del i vered  to  externa l  l oad  exceeds  1 5  W.  

A and  B  are  poin ts  cl osest  to  the  suppl y sou rce  where  the  maximum  power del i vered  to  external  l oad  does  not  
exceed  1 5  W.  These  are  l ow-power poin ts.  

Poi n ts  A and  B  are  separatel y short-ci rcu i ted  to  C.  

The  fau l t  cond i ti ons  speci fi ed  i n  H . 27. 1 . 1 . 5  are  appl i ed  i nd ivi dual l y to  Z
1
,  Z

2
,  Z

3
,  Z

6
 and  Z

7
,  where  appl i cabl e.  

Figure H .5 – Example  of an  electronic circu i t  
wi th  low power points  
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H.27. 1 . 1 .2  The control shall be operated under the following conditions.  

a)  At the most unfavourable voltage in  the range 0, 9 to  1 , 1  times the rated supply voltage.  

b)  Loaded with the  type of load,  within the declared or measured parameters,  producing the 
most onerous effect.  

c)  In  an  ambient temperature of (20 ±  5)  °C,  unless there are significant reasons (as for 
example during item b)  of H.27. 1 . 1 . 3)  for conducting the test at another temperature within 
the manufacturer's declared range.  

d)  Connected to an electrical supply having a  fuse rating such that the result of the test is not 
influenced by the operation  of the  fuse.  

e)  With any actuating member set to the most unfavourable  position.  

H.27. 1 . 1 . 3  W i th  each  fau l t  described  in  Table  H .24,  s imu lated  or appl ied  to  one  ci rcu i t  
component  at a  t ime,  the  control  sha l l  comply wi th  

– the  fol l owing  i tems a)  to  g )  inclus ive.  For componen ts  complying  wi th  Clause  1 4  of 
I EC 60065: 2001 ,  Amendment 1 :  2005,  Amendment 2 : 201 0 ,  the  controls  need  on l y comply 
wi th  i tems a) ,  c) ,  d ) ,  f)  and  g ).  

NOTE  1  I n  Canada  and  the  USA,  i f a  component  has  received  qual i fi cati on  approval  under the  I ECQ 
programme,  wi th  appropri ate  cond i ti on ing  peri ods  and  s tress  factors ,  the  fau l ts  of Tab le  H . 25  need  not  be  
appl i ed .  

– any add i ti onal  compl iance  cri teria,  as  speci fied  i n  the  appl icable  subclauses  of part  2 ;  and  

– the  requ irements  of speci fied  software  class,  i f declared .  

a)  The  controls  sha l l  not em i t flames,  hot  metal  or hot p lastics,  and  no  explos ion  shal l  
resu l t.  For in -l ine  cord  controls  and  independently mounted  controls ,  compl iance  
i s  determ ined  by the  fol lowing  test.  

 The  enclosure  wi th  the  control  therein  i s  wrapped  i n  t issue  wrapping  paper.  The  
control  i s  operated  to  steady state  or for 1  h ,  wh ichever occurs  fi rst.  There  shal l  be  no  
burn ing  of the  wrapped  ti ssue  paper.  I nside  the  enclosure,  some parts  may temporari l y 
g low,  and  there  may be  a  temporary em ission  of smoke or fl ame.  

NOTE  2  I n  Canada  and  the  USA,  cheesecloth  i s  used  i nstead  of t i ssue  wrapping  paper.  

 I n tegrated  and  incorporated  controls  shal l  e i ther comply wi th  the  test speci fi ed  for in -
l ine  cord  controls  and  independently mounted  controls  or be  classi fied  as  
requ iring ,  for example,  fu rther sh ie ld ing ,  i n  the  appl i ance  or equ ipment.  

b)  The  temperature  for supplementary insu lation  and  reinforced  insu lation  shal l  not  
exceed  1 , 5  times  the  re levant  values  speci fied  i n  C lause  1 4,  except  i n  the  case  of 
thermoplastic material .  

 There  i s  no  speci fic temperature  l im i t for supplementary insu lation  and  reinforced  
insu lation  of thermoplastic materia l ,  the  temperature  of wh ich  shal l ,  however,  be  
recorded  for the  purpose  of C lause  21 .  

c)  Any change i n  the  control led  ou tpu ts  shal l  be  as  declared  i n  Table  1 ,  requ i rement 57.  

d )  The  control  shal l  comply wi th  the  requ i rements  of Clause  8  and  1 3. 2  for basic  
insu lation .  

e)  There  shal l  be  no  deterioration  of the  various  parts  of the  control  that  wou ld  resu l t i n  
non-compl iance  wi th  the  requ i rements  of C lause  20.  

f)  A fuse  i n  the  suppl y,  external  to  the  control  u nder test and  as  described  i n  i tem  d )  of 
H . 27. 1 . 1 . 2  shal l  not b low un less  an  i n ternal  protecti ve  device  a lso  operates  that i s  
accessib le  on l y after the  use  of a  tool .  

 An  i n ternal  protective  device  i s  deemed  not to  be  requ i red  i f the  sample  s ti l l  compl ies  
wi th  the  fol l owing  requ irements  after replacement  of the  fuse  of the  supply:  

– i tems a) ,  b)  and  d )  of H .27. 1 . 1 . 3 ;  
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– the  requ i rements  of Clause  20  for the  clearances  and  creepage d istances  from  
l ive  parts  to  the  surfaces  of the  control  that are  access ib le  when  the  control  i s  
mounted  as  for i ts  i n tended  use.  

g )  The  ou tpu t waveform  shal l  be  as  declared  i n  Table  1 ,  requ irement 56.  

H.27. 1 . 1 .4  Gu idel ines  for the  tests  of H .27. 1 . 1 . 3  

To avoid unnecessary testing,  every endeavour should be made to assess all the conditions 
likely to result in  non-compliance with the requirements of H. 27. 1 . 1 . 4.  Such an assessment 
shall involve an appraisal of the circuit diagram and simulation of the relevant fault conditions 
so as to test whether these conditions occur.  For controls  using software,  the fault analysis 
of H.27. 1 . 1 . 4 shall be related to  the software fault analysis of Table 1 ,  requirement 68.  

All conditions which result from the introduction of an electronic circuit fault as specified in  
H. 27. 1 . 1 . 5 are considered to be one fault.  

Printed circuit conductors which  show signs of deterioration during the tests are considered 
liable to  fail.  

H.27. 1 . 1 .5  E lectron ic  ci rcu i t fau l t  conditions  

For the  purpose  of C lause  H . 27,  the  appl icable  fai lure  modes  are  g i ven  i n  Table  H . 24.  
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Table  H .24  (H .27.1  of ed i tion  3)  – E lectrical /electron ic component fau l t  modes  table  
(1  of 3)  

Component type  Short 
a
 Open  

b
 Remarks  

Fixed  resistors  

Th in -fi lm  
c
 

Th i ck-fi lm  
c
  

Wi re-wound  
c
 (s i ng l e  l ayer)  enamel l ed  or 

su i tabl y coated  
 

Al l  other types  

 

 

 

 

 

X  

 

X 

X 

X 

 

X 

 

I ncl udes  SMD type  

I ncl udes  SMD type  

 

Variable  resistors  

(for example,  poten tiometer/trimmer)  

Wi re-wound  (s i ng l e  l ayer)  

Al l  other types  

 

 

 

X 
d
 

 

 

X  

X 

 

Capaci tors  

X1  and  Y types  accord ing  to  I EC 60384-1 4  

Metal l i zed  fi lm  accord i ng  to  I EC 60384-1 6  and  
I EC 60384-1 7  

Al l  other types  

 

 

 
 

X  

 

X 

 
X 

X 

 

I nductors  

Wi re-wound  

Al l  other types  

 

 

X 

 

X  

X 

 

Diodes  

Al l  types  

 

X 

 

X 

 

 

Semiconductor type  devices  l i ke  transistors  

Al l  types  (for example,  b i po lar;  LF;  RF;  
m i crowave;  FET;  thyri stor;  D i ac;  Triac;  Un i  
j unction )  

 
 

X 
d
 

 
 

X  

 

 

e 

Hybrid  ci rcu i t  
f  f

  

In tegrated  ci rcu i ts  

Al l  types  not  covered  by H . 1 1 . 1 2  

 

X 
g
 

 

X  

 

For I C  ou tpu ts,  footnote  e  
appl i es  

Optocouplers  

Accord ing  to  I EC 60335-1  

 

X 
h
 

 

X  
 

Relays  

Coi l s  

Contacts  

 

 

X 
i
 

 

X  

X 

 

Reed-relays  X X Contacts  on ly  

Transformers  

Accord ing  to  I EC 61 558-2-6  or I EC 61 558-2-1 6  

Al l  other types  

 

 

X 
d
 

 

X  

X 

 

Crystals  X  X 
j  

Swi tches  X  X 
k 

Connections  ( j umper wi re)   X  
l  

Cable  and  wi ring   X  
 

 
  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 229  –  
© I EC  201 5  

Table  H .24  (2 of 3)  

Component type  Short 
a
 Open  

b
 Remarks  

Prin ted  ci rcu i t  board  conductors  

Accord ing  to  I EC 62326  seri es  
X 

m
 X 

n
 

 

Sensors  

Polymeric  type  thermistors  

Ceram ic type  thermistors  

X 

 

X 

X 

o  

a
 The  cond i ti ons  wh ich  have  l ed  to  the  des i gn  of the  clearances  and  creepage  d istances  accord i ng  to  

Clause  20  on  the  assembly for wh ich  exclus ion  from  the  fau l t  mode  “short”  i s  cl a imed  shal l  be  main tained  
over the  l i fetime  of the  control .  

 These  cond i ti ons  shal l  be  decl ared  or documented  as  fol l ows .  

 Control  pol lu tion  s i tuation  (Table  1 ,  requ i rement  49).   

 Pol lu tion  s i tuation  i n  the  micro-envi ronment  of the  creepage d istance  or clearance ,  i f cl eaner than  that  
of the  con trol ,  and  how th i s  i s  designed  (documentati on )  (Tab le  1 ,  requ i rement 79).  

 Rated  impu lse  vol tage  of the  control  (Table  1 ,  requ i rement 75).  

 Rated  impu lse  vol tage  for the  creepage  d i stance  o r cl earance ,  i f d i fferent  from  that  of the  control ,  and  
how th i s  i s  ensured  (documentation )  (Tabl e  1 ,  requ i rement  80).  

 The  val ues  des igned  for to lerances  of d i s tances  for wh i ch  the  excl us ion  from  fau l t  mode  "short"  i s  cl a imed .  
(decl aration  and  documentati on )  (Tabl e  1 ,  requ i rement  81 ).  

b  
Only open ing  of one  p i n  at  any one  time.  

c
 These  components  may be  used  for protective  impedance ,  i f the  impedance  of components  compl ies  wi th  

H . 20. 1 . 1 5. 3  and  wi thstands  the  impu lse  vol tage  test  of 20. 1 . 1 2  for at  l east  overvol tage  category  I I I .  
d
 Short-ci rcu i t  each  p i n  i n  tu rn  wi th  every other p i n ;  on l y two  p i ns  at  a  time.  
e  

For d i screte  or i n tegrated  thyri stor type  devices  such  as  Triacs  and  SCRs,  fau l t  cond i ti ons  shal l  i ncl ude  
short  ci rcu i t  of any term inal s  wi th  the  th i rd  term inal  open-ci rcu i ted .  The  effect  of any fu l l  wave  type  of 
component,  such  as  a  Triac  going  i n to  a  hal f-wave  cond i ti on ,  e i ther control l ed  or uncontrol l ed  (thyri stor or 
d i ode,  respecti vel y)  sha l l  be  cons idered .  

 Fai lure  of a  fi e l d  effect  based  e lectron ic  power swi tch ing  devi ce  (FET,  MOSFET,  I GBT)  by l oss  of gate  
(base)  control *  resu l ti ng  i n  a  parti a l  tu rn-on  mode,  causing  an  undefi ned  state  shal l  be  consi dered .  
Testi ng  and  assessment cri teri a  shal l  correspond  to  the  speci fi c  control  function  and  ci rcu i try.  Gu i dance  
m igh t  be  g i ven  i n  parts  2 .  

 *Loss  of gate  control  m ight  occur d ue  to,  for example,  an  i nsu ffi cien t  sol der connection  of the  FET.  
f
 Fai lure  modes  for i nd i vi dua l  components  of the  hybrid  ci rcu i t  are  appl i cable  as  described  for the  i nd i vi d ual  

components  i n  th i s  tab le.  
g
 The  short  ci rcu i t  of any two  ad j acent term inal s  and  the  short  ci rcu i ti ng  of 

 -  each  term inal  to  the  I C-suppl y,  when  appl i cab le  at  the  I C;  

 -  each  term inal  to  the  I C-g round ,  when  appl i cab le  at  the  I C.  

 The  number of tests  impl i ed  for i n tegrated  ci rcu i ts  may normal l y make  i t  impracti cable  to  appl y a l l  the  
re l evant fau l t  cond i ti ons  or to  assess  the  l i kel y hazards  from  an  appraisal  of the  ci rcu i t  d i agram  of the  
i n tegrated  ci rcu i t.   

 I t  i s  therefore  perm issib le  fi rst  to  anal yse  i n  deta i l  a l l  the  possib le  mechan ical ,  thermal  and  e l ectri cal  fau l ts  
wh ich  may deve lop  e i ther i n  the  control  i tsel f or i ts  ou tpu t,  d ue  to  the  mal function  of the  el ectron ic  devices  
or other ci rcu i t  components ,  separatel y or i n  any combination .  

 Except  for types  eval uated  by H . 1 1 . 1 2 ,  a  fau l t-tree  anal ys i s  shal l  be  conducted  to  i ncl ude  the  resu l ts  of 
mu l ti p l e  steady-state  cond i ti ons  to  ou tpu ts  and  prog rammed  b i -d i rectional  term inal s  for the  pu rpose  of 
i denti fyi ng  add i ti onal  fau l t  cond i ti ons  for cons ideration .  The  fai lure  mode  "short  ci rcu i t"  i s  excl uded  between  
i solated  sections  for such  I Cs  that  have  i sol ated  sections.  The  i so lation  between  the  secti ons  shal l  comply 
wi th  the  requ i rements  of 1 3 . 2  for functional  i nsu lation .  

h
 When  optocouplers  comply wi th  29. 2 . 2  of I EC 60335-1 : 201 0  20. 3. 2 . 2 ,  the  shorti ng  between  the  i npu t  and  

ou tpu t  p i ns  i s  not  cons i dered .  
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Table  H .24  (3 of 3)  

 
I  

The  short-ci rcu i t  mode  i s  excluded  for rel ays  where  the  con tact  i s  control l i n g  a  Cl ass  A or B  control  
function ,  and  i s  not  i ncl uded  i n  the  speci fi ed  cycl i c  operation  of the  appl i cation ,  provided  that  i t  i s  
successfu l l y tested  to  Cl ause  1 7  under the  fol l owi ng  cond i ti ons:  

 For Class  A con trol  fu nctions,  the  number of cycles  declared  by the  manufacturer,  or certi fi ed  for the  
appl i cation .  

 For Cl ass  B  control  functions ,  a  m in imum  of 1 00  000  cycles  or otherwise  speci fi ed  by the  manufacturer,  
wh ichever i s  h i gher,  or certi fi ed  for the  appl i cati on .  

 For Cl ass  C  control  functions,  the  short-ci rcu i t  mode  i s  excluded  for relays  where   

•  the  contact  function  i s  swi tch ing  under normal  operation  wi thout  l oad  (no  cu rrent  fl owing  du ri ng  make  
or break)  and  

•  the  con tact  functi on  i s  d i sconnecti ng  the  l oad  under abnormal  operation  of the  burner control  system  
to  reach  safety shut-down  and  

•  the  re lay compl ies  wi th  C lause  1 7  at  a  m in imum  of 1 00  000  cycles  however appl yi ng  the  decl ared  
ou tpu t  l oad ,  or certi fi ed  for the  appl i cation ,  and   

•  the  con trol  compl ies  wi th  the  requ i rements  of 1 1 . 3. 5. 2 . 1  (measures  to  prevent  common  cause  
errors) .  

j
 For crystal -based  clocks,  harmon ic and  sub-harmon ic  frequency variati ons  affecti ng  the  tim ings  shou ld  be  

cons idered .  
k
 I f swi tches  are  appl i ed  for the  selection  of safety times,  pu rge  t imes,  programmes and /or other safety-

rel ated  settings,  th ese  devices  shou l d  functi on  so  that  i n  the  even t of thei r open i ng ,  the  safest  possibl e  
cond i ti on  ari ses  (for example,  i n  a  bu rner control  system ,  the  shortest  safety t ime  or the  l ongest pu rge  
t ime).  

 The  short-ci rcu i t  mode  i s  excl uded  for swi tches  where  the  con tact  i s  control l i ng  a  Class  A or B  con trol  
function ,  provided  that  i t  i s  successfu l l y tested  to  Clause  1 7  u nder the  fo l l owing  cond i ti ons:  

 For Class  A con trol  fu nctions,  the  number of cycles  declared  by the  manufacturer,  or certi fi ed  for the  
appl i cation .  

 For Cl ass  B  control  functions,  a  m in imum  of 6  000  cycles  for manual  action ,  or 1 00  000  cycles  for 
au tomatic  action ,  or otherwise  speci fi ed  by the  end  product  s tandard ,  or certi fi ed  for the  appl i cation .  

 For Cl ass  C  control  functions,  short-ci rcu i t  mode  i s  not  excluded .  
l
 The  requ i rements  are  the  same as  footnote  n ,  except  they are  appl i ed  to  j umper wi res  i n tended  for cl i ppi ng  

when  selecti ng  a  setting .  
m
 The  short-ci rcu i t  fai lure  mode i s  excluded  i f the  requ i rements  of Clause  20  are  fu l fi l l ed .  

n  
The  open -ci rcu i t  fai lure  mode,  i . e .  i n terruption  of a  conductor,  i s  excl uded  i f 

•  the  th i ckness  of the  conductor i s  equal  to,  or g reater than ,  a  nom inal  val ue  of 35  µm  wi th  a  to lerance  
up  to  –30  %  of the  nom inal  val ue  a l l owed ,  and  the  breadth  of the  conductor i s  equa l  to,  or g reater than ,  
a  nom inal  val ue  of 0 , 3  mm  wi th  a  tolerance  up  to  –30  %  of the  nom inal  val ue  a l l owed ,  or  

•  the  conductor has  an  add i ti ona l  precau tion  against  i n terrupti on ,  for example,  rol l -ti nned ,  etc.   

I f a  short  ci rcu i t  at  the  ou tpu t  term inal s  causes  the  open i ng  of a  pri n ted  ci rcu i t  board  conductor,  that  
conductor shal l  be  sub ject  to  an  open-ci rcu i t  fau l t  anal ys i s .   

 For temperatu re  and  cu rrent  cond i ti ons  when  accepti ng  conductor s i zes,  see  I EC 62326  seri es .  
o
 For sensor components  i n tended  to  measure  acti vati ng  q uanti ti es  such  as  temperatu re,  pressure  etc. ,  fau l t  

modes  i n  add i ti on  to  open  and  short  must  be  cons idered .  These  fau l t  modes  can  i ncl ude  step  wise  sh i ft  of 
res i stance,  non -responsive  component,  and  component  d ri fti ng  ou t  of accuracy.  

 

H . 27. 1 . 1 .6  If the load includes a  motor load (see 6. 2. 2 or 6. 2. 5) ,  and the failure  or 
malfunction of an electronic circuit component causes a  change in  the supply waveform to the 
controlled motor,  the control shall be subjected to  the following tests.  

1 )  The load shall be adjusted under normal waveform conditions to six times the rated load 
or the locked rotor rating declared by the manufacturer.  

2)  Then the fault conditions shall be  introduced.  

3)  The test is conducted under the conditions described in items a) ,  c) ,  d)  and e)  of 
H. 27. 1 . 1 . 2.  

The control shall be  evaluated according to items a)  to  e)  inclusive of H.27. 1 . 1 . 3,  as 
appropriate  to the component being assessed.  
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H.27. 1 .2  Protection  against  in ternal  fau l ts  to  ensure functional  safety 

H .27. 1 .2. 1  Design  and  construction  requ irements  

H .27. 1 .2. 1 . 1  Fau l t  avoidance and  fau l t  tolerance  

I n  add i ti on  to  H . 27. 1 . 1 ,  controls  i ncorporati ng  control  functions  of cl ass  B  or C  shal l  be  
designed  accord ing  to  H . 27. 1 . 2  taking  i n to  accoun t the  fai lure  modes  of Table  H . 24  and  

H . 1 1 . 1 2  for software,  i f appl icable.  

Fai lu res  of complex electronics  can  be  caused  by e i ther systematic errors  (bu i l t  i n to  the  
design ,  see  H . 1 1 . 1 2 .3)  or by random  fau l ts  (component fau l ts ,  see  H . 1 1 . 1 2. 2).  Therefore,  the  
system  shal l  be  designed  in  such  a  way that systematic errors  are  avoided  and  random  
fau l ts  sha l l  be  deal t  wi th  by a  proper system  configuration .  

The  design  of the  software  and  hardware  shal l  be  based  on  the  functional  anal ys is  of the  
appl ication-resu l ti ng  i n  a  structured  des ign  expl ici tl y i ncorporating  the  control  fl ow,  data  flow 
and  time re lated  functions  requ ired  by the  appl i cation .  I n  the  case  of custom -ch ips  specia l  
atten tion  i s  requ i red  wi th  regard  to  measures  taken  to  m in im ize  systematic errors.  

Th is  shal l  resu l t  i n  a  system  configuration  wh ich  is  e i ther i nherentl y fa i l safe  or i n  wh ich  
components  wi th  d i rect safety-cri tical  functions  (e .  g .  gas  valve  d ri vers,  m icroprocessors  wi th  
thei r associated  ci rcu i ts,  etc. )  are  guarded  by safeguards  i n  accordance to  H . 1 1 . 1 2  software  
class  B  or C.  These  safeguards  shal l  be  bu i l t  i n to  hardware  (e.  g .  watch-dog ,  suppl y vol tage  
supervis ion)  and  can  be  supplemented  by software  (e.  g .  ROM-test,  RAM-test,  etc. ) .  I t  i s  
important that these  safeguards  can  cause  a  completel y independent safety shut-down .   

I f t ime  s lot mon i toring  is  used ,  i t  sha l l  be  sensi ti ve  to  both  an  upper and  a  l ower l im i t  of the  
time  i n terval .  Faults  resu l ti ng  i n  sh i ft  of the  upper and /or l ower l im i t  shal l  be  taken  i n to  

account.  

I n  case  of a  control  function  that i s  class i fi ed  as  class  C,  i f a  s ing le  fau l t  i n  a  primary 
safeguard  can  render the  safeguard  i noperative,  a  secondary safeguard  shal l  be  provided .  
The  reaction  time of the  secondary safeguard  shal l  be  i n  accordance  wi th  H . 27 . 1 . 2. 3.  

NOTE  1  Reaction  t imes  of these  safeguards  can  be  equal  or smal l er than  the  relevant fau l t  tolerating  time .  

NOTE  2  The  secondary guard ing  can  be  real i zed  by:  

a)  a  physical l y separate  ci rcu i t  mon i tori ng  the  primary safeguard ;  or 

b)  mutual  action  between  the  ci rcu i t  bei ng  safeguarded  and  the  primary safeguard  (e.  g .  a  watch-dog  guarded  by 
the  m icroprocessor);  or 

c)  action  between  primary safeguards  (e.  g .  a  ROM-test  guard ing  a  RAM-test) .  

Componen ts  shal l  be  d imensioned  on  the  bas is  of the  worst-case  cond i ti ons  wh ich  can  arise  
i n  the  control ,  as  stated  by the  manufacturer.  

NOTE  3  A component  fai lure  cou l d  cause  a  degradation  of safety cri ti cal  i nsu lati on .   

H.27. 1 .2. 1 .2  Documentation  

I n  general  the  documentation  shal l  be  based  on  H . 1 1 . 1 2 . 3 . 2.  

The  functional  anal ys is  of the  control  and  the  safety re lated  programs under i ts  control  shal l  
be  documented  i n  a  clear h ierarch ica l  way in  accordance wi th  the  safety ph i l osophy and  the  
programme requ i rements.  
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As  a  m in imum  the  fol lowing  documentation  shal l  be  provided  wi th  any system  subm itted  for 

assessment:  

a)  A description  of the  system  ph i losophy,  the  control  fl ow,  data  flow and  tim ings.  

b)  A clear description  of the  safety ph i l osophy of the  system  wi th  a l l  safeguards  and  safety 
functions  clearl y i nd icated .  Sufficien t design  i n formation  shal l  be  provided  to  enable  the  
safety functions  or safeguards  to  be  assessed .  

c)  Documentation  for any software  wi th in  the  system .  

Programming  documentation  shal l  be  suppl ied  i n  a  programming  des ign  l anguage  declared  by 
the  manufactu rer.  

Safety related  data  and  safety re lated  segments  of the  operating  sequence  shal l  be  
i denti fied  and  class i fied  accord ing  to  H . 1 1 . 1 2 .3. 2 .  

There  shal l  be  a  clear re lationsh ip  between  the  various  parts  of the  documentation ,  for 
example,  the  i n terconnections  of process,  hardware  and  the  l abel ing  used  i n  software  
documentation .  

I f a  manufacturer provides  documentation  of the  anal ytical  measures  taken  during  the  
development stage  of the  hardware  and  software,  th is  documentation  shal l  be  used  by the  
test house  as  part  of the  assessment procedure.  

H.27. 1 .2.2  Class  B  control  function  

H .27. 1 .2.2. 1  Design  and  construction  requ i rements  

A class  B  control  function  sha l l  be  des igned  such  that under s ing le  fau l t  cond i tions  i t  
remains  i n  or proceeds  to  the  defined  state .  A second  independent  fau l t  i s  not  cons idered .  

NOTE  Fai lure  of class  B  con trol  function  i n  the  presence  of another fau l t  i n  the  appl i ance,  or  fai l ure  of class  C  
control  function  a l one,  cou ld  resu l t  i n  a  dangerous  mal function ,  e l ectri c  shock,  fi re,  mechan ical  or other hazards .  

Software  shal l  comply wi th  software  class  B .  

The  class  of control  fu nction  shal l  be  i den ti fied  i n  Table  1 ,  requ i rement 92 .  

The  assessment shal l  be  performed  accord ing  to  H . 27. 1 . 2 . 2. 2  and  H . 27. 1 . 2. 2. 3  and  under the  
test cond i tions  and  cri teria  of H . 27. 1 . 2. 5.  

H.27. 1 .2.2.2  Fi rst fau l t  

Any fi rst fau l t  (see  Table  H . 24)  i n  any one  componen t or any one  fau l t  together wi th  any 
other fau l t  aris ing  from  that fi rst  fau l t  sha l l  resu l t  i n  e i ther:  

a)  the  control  becom ing  i noperative  wi th  a l l  safety re lated  outpu t term inals  de-energ ized  or 
assum ing  a  status  in  wh ich  they ensure  a  safe  s i tuation ;  

b)  the  control  reacting  wi th in  the  fau l t  reaction  time  (see  Table  1 ,  requ i rement 91 )  by 
proceed ing  to  a  defined  state ,  provided  that subsequent reset from  the  defined  state  
u nder the  same fau l t  cond i ti on  resu l ts  i n  the  system  return ing  to  the  same defined  state ;  

c)  the  control  con tinu ing  to  operate,  the  fau l t  be ing  i denti fied  during  the  next start-up  
sequence,  the  resu l t  being  a)  or b) ;  

d )  the  control  remain ing  operational  in  accordance wi th  the  safety re lated  functional  
requ irements  of the  relevan t part  2 .  

The  re levant  part 2  shal l  speci fy the  fau l t  reaction  time  as  wel l  as  the  appl icabi l i ty of c) .  
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For defined  state  wi th  a  mechan ical  actuator,  a  test up  to  bu t not i nclud ing  the  swi tch ing  
con tacts  is  sufficien t.  I f the  test  of the  defined  state  fa i l s,  the  system  sha l l  proceed  to  safety 
shut-down .  Frequency of test  i s  g i ven  in  the  re levant part 2 .  I n ternal  fau l ts  on  components  of 

the  checking  ci rcu i t  are  not considered .  

H.27. 1 .2.2.3  Fau lt  in troduced  during  defined  state  

Whenever the  control  i s  i n  a  defined  state  wi thout an  i n ternal  fau l t,  the  fol l owing  
requ irements  appl y.   

Any fi rst fau l t  ( together wi th  any other fau l t  aris i ng  from  that fau l t)  i n  any one  component 
(see  Table  H . 24) ,  i nduced  wh i l e  the  control  i s  staying  i n  a  defined  state ,  shal l  resu l t  i n  

e i ther:  

a)  The  control  remain ing  i n  a  defined  state ,  safety related  output term inals  remain ing  de-
energ ized ;  or 

b)  the  control  becom ing  inoperative  wi th  a l l  safety re lated  ou tpu t term inals  remain ing  de-
energ ized ;  or 

c)  the  control  comes  again  i n  operation  resu l ting  i n  a)  or b)  as  mentioned  in  th is  cl ause  
under the  cond i ti on  that the  safety re lated  ou tpu t term inals  are  energ ized  not l onger than  
the  fau l t reaction  time  (see  Table  1 ,  requ i rement 91 ) .  I f the  cause  of the  defined  state  
cond i ti on  no  l onger remains  and  the  control  comes  again  in  operation ,  i t  shal l  operate  i n  
accordance  wi th  the  safety re lated  functional  requ i rements  of the  relevant part  2 .     

H.27. 1 .2.3  Class  C  control  function  

H .27. 1 .2.3. 1  Design  and  construction  requ i rements  

A class  C  control  function  shal l  be  designed  such  that under fi rst  and  second  fau l t  
cond i ti ons  i t  remains  i n  or proceeds  to  the  defined  state .  A th i rd  independent  fau l t  i s  not  

cons idered .  

NOTE  Fai lure  of class  B  con trol  function  i n  the  presence  of another fau l t  i n  the  appl i ance,  or  fai l ure  of class  C  
control  function  a l one,  cou ld  resu l t  i n  a  dangerous  mal function ,  e l ectri c  shock,  fi re,  mechan ical  or other hazards .  

Software  shal l  comply wi th  software  class  C.  

The  class  of control  fu nction  shal l  be  i den ti fied  i n  Table  1 ,  requ i rement 92 .  

The  assessment shal l  be  performed  accord ing  to  H . 27. 1 . 2. 3. 2 ,  H . 27. 1 . 2 . 3. 3  and  H . 27. 1 . 2. 4  
and  under the  test cond i ti ons  and  cri teria  of H . 27. 1 . 2 .5.  

H.27. 1 .2.3.2  Fi rst fau l t  

Any fi rst fau l t  (see  Table  H . 24)  i n  any one  componen t or any one  fau l t  together wi th  any 
other fau l t  aris ing  from  that fi rst  fau l t  sha l l  resu l t  i n  e i ther:  

a)  the  control  becom ing  i noperative  wi th  a l l  safety re lated  ou tpu t term inals  de-energ ized  or 
assum ing  a  status  i n  wh ich  they ensure  a  safe  s i tuation ;  

b)  the  control  reacti ng  wi th in  the  fau l t reaction  time  (see  Table  1 ,  requ i rement 91 )  by 
proceed ing  to  a  defined  state ,  provided  that subsequent reset from  the  defined  state  
cond i ti on  under the  same fau l t  cond i tion  resu l ts  i n  the  system  return ing  to  the  defined  
state ;   

c)  the  control  con tinu ing  to  operate,  the  fau l t  be ing  i denti fi ed  during  the  next start-up  
sequence,  the  resu l t  being  a)  or b) ;  

d )  the  control  remain ing  operational  i n  accordance wi th  the  safety re lated  functional  
requ i rements  of the  relevant part  2 .  

The  re levant part 2  shal l  speci fy the  fau l t  reaction  time  as  wel l  as  the  appl icabi l i ty of c) .  
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H.27. 1 .2.3.3  Second  fau l t  

I f the  assessment of the  fi rst fau l t  resu l ts  i n  the  control  remain ing  operational  i n  accordance  
wi th  the  safety re lated  functional  requ i rements  of the  relevant part 2  (see  H .27. 1 . 2 .3 . 2  d )) ,  any 
further independent  fau l t  considered  together wi th  the  fi rst fau l t  shal l  resu l t i n  
e i ther H . 27. 1 . 2. 3. 2  a) ,  b) ,  c)  or d ) .  

During  assessment,  the  second  fau l t  sha l l  on l y be  considered  to  occur:   

a)  e i ther when  a  s tart-up  sequence has  been  performed  between  the  fi rst and  the  second  
fau l t,  or  

b)  24  h  after the  fi rst  fau l t .   

The  re levant part 2  sha l l  speci fy the  appl icabi l i ty of a)  or b)  and  the  fau l t  reaction  time  (see  

Table  1 ,  requ i rement 91 ) .  

I t  may a lso  speci fy a  d i fferen t time  span  i n  wh ich  the  second  fau l t  does  not occur,  i f d i fferen t 
from  24  h .  

H.27. 1 .2.4 Fau l ts  during  defined  state   

H .27. 1 . 2.4. 1  General  

Whenever the  control  i s  i n  a  defined  state  wi thout an  i n ternal  fau l t,  an  assessment 
accord ing  to  H .27. 1 . 2 . 4 . 2  and  H . 27. 1 . 2. 4. 3  shal l  be  performed.   

Whenever the  control  i s  i noperative  wi th  a l l  safety re lated  ou tpu t term inals  de-energ ized  or i n  
a  status  i n  wh ich  they ensure  a  safe  s i tuation ,  i n  a  defined  state  wi th  an  i n ternal  fau l t ,  an  
add i ti onal  s i ng le  fau l t  assessment accord ing  to  H . 27. 1 . 2 . 4. 3  shal l  be  performed.  

NOTE  Safety rel ated  ou tpu t  term inal  as  used  i n  H . 27. 1 . 2 . 4. 2  and  H . 27. 1 . 2 . 4. 3  are  term inal s  wh ich  are  safety 
rel ated  even  i n  the  safety shu t-down  or i n  a  defined  state ,  for example,  gas  val ve  term inal ,  bu t  not  a  term inal  for 
an  actuator d ri vi ng  the  control l i ng  e l ement wh ich  does  not  deg rade  the  safety i n  the  defined  state .   

H.27. 1 .2.4.2  Fi rst fau l t  in troduced  during  defined  state  

Any fi rst fau l t  ( together wi th  any other fau l t  aris i ng  from  that fau l t)  i n  any one  component 
(see  Table  H .24) ,  i nduced  wh i l e  the  control  i s  staying  i n  the  safety shut-down  posi tion ,  shal l  

resu l t  i n  e i ther:  

a)  the  control  remain ing  i n  a  defined  state ,  safety re lated  outpu t term inals  remain ing  de-
energ ized  or i n  a  status  i n  wh ich  they ensure  a  safe  s i tuation ;  

b)  the  control  becom ing  inoperative  wi th  a l l  safety re lated  output term inals  remain ing  de-
energ ized  or assum ing  a  status  i n  wh ich  they ensure  a  safe  s i tuation ;  

c)  the  control  comes  again  i n  operation  resu l ti ng  i n  a)  or b)  as  mentioned  i n  H .27. 1 . 2 . 4 . 2  
under the  cond i tion  that the  safety re lated  output  term inals  are  energ ized  not l onger than  
the  fau l t  reaction  time  (see  Table  1 ,  requ i rement 91 ) .  I f the  cause  of the  ori g inal  safety 
shut-down  cond i ti on  no  l onger remains  and  the  control  comes  again  i n  operation ,  i t  shal l  
operate  i n  accordance wi th  the  safety re lated  functional  requ irements  of the  relevant part 
2  and  the  second  fau l t  assessment shal l  be  carried  ou t i n  accordance  wi th  H . 27. 1 . 2 . 3 . 3 .  

H.27. 1 .2.4.3  Second  fau l t in troduced  during  defined  state  

Any second  fau l t  ( together wi th  any other fau l t  aris ing  from  that fau l t)  i n  any one  component 
(see  Table  H . 24) ,  i nduced  wh i l e  the  control  i s  staying  i n  the  defined  state ,  shal l  resu l t  i n  

e i ther H . 27. 1 . 2 . 4. 2  a) ,  b)  or c) .  

During  assessment,  the  second  fau l t  sha l l  not  be  cons idered  to  occur wi th in  24  h  after the  
fi rst fau l t.  
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The  re levant  part 2  shal l  speci fy the  fau l t  reaction  time .  

I t  may a lso  speci fy a  d i fferen t time span  i n  wh ich  the  second  fau l t  does  not occur,  i f d i fferen t 
from  24  h .  

H.27. 1 .2.5  Ci rcu i t  and  construction  evaluation  

H .27. 1 .2.5. 1  Test  cond i tions  

The effect of in ternal  fau l ts  shal l  be  assessed  by s imu lation  and/or by an  exam ination  of the  
ci rcu i t  design .  

The  fau l t  shal l  be  considered  to  have  occurred  at any stage  i n  the  control  programme 
sequence.  

The  control  shal l  be  operated  or cons idered  to  operate  under the  fo l lowing  cond i ti ons:  

a)  at  the  most unfavourable  vol tage  i n  the  range  85  %  to  1 1 0  %  of the  rated  suppl y vol tage;  

b)  l oaded  wi th  the  most unfavourable  l oad  declared  by the  manufacturer;  

c)  i n  an  ambien t temperature  of (20  ±  5)  °C,  un less  there  are  s i gn i ficant reasons  for 
conducting  the  test at another temperature  wi th in  the  manufacturer's  declared  range;  

d )  wi th  any actuating  member  p laced  i n  the  most unfavourable  pos i ti on ;  

e)  wi th  ti ssue  paper p laced  on  the  supporting  surface(s)  of the  control ;  

f)  wi th  sparks  of abou t 3  mm  in  l eng th  and  having  an  energy of not l ess  than  0 , 5  J  appl i ed  to  
those  components  wh ich  are  l i kel y to  l i berate  fl ammable  gases  during  the  test.  

H.27. 1 .2.5.2  Test  cri teria  

During  the  appraisal ,  i t  shal l  be  veri fied  that under the  cond i ti ons  described  above,  the  
fol l owing  cri teria  are  sati sfied .  

a)  The  control  shal l  not em i t flames,  hot meta l  or hot p lastics,  the  ti ssue  paper shal l  not 
i gn i te ,  no  explosion  shal l  resu l t from  the  l i beration  of flammable  gases  and  any fl ame 
produced  shal l  not con ti nue  to  burn  for more  than  1 0  s  after swi tch ing  off the  spark 
generator.  When  a  control  i s  i ncorporated  wi th  any appl i ance,  any enclosure  afforded  by 
the  appl i ance  is  taken  i n to  consideration .  

b)  I f the  control  continues  to  function ,  i t  shal l  comply wi th  C lauses  8  and  1 3  or Clauses  8  
and  1 3  of the  re levan t part 2 .  I f i t  ceases  to  function ,  i t  shal l  sti l l  con ti nue  to  comply wi th  
Clause  8  or C lause  8  of the  relevant part  2 .  

c)  There  shal l  be  no  l oss  of protecti ve  function .  

After the  tests  there  shal l  be  no  deterioration  of the  various  parts  of the  control  that wou ld  

resu l t  i n  fa i l u re  to  comply wi th  C lause  20  or C lause  20  of the  re levant part 2 .  

H.27. 1 .2.5.3  Assessment 

A thorough  appraisal  of the  ci rcu i t shal l  be  carried  ou t to  determ ine  i ts  performance under the  
speci fied  fau l t  cond i ti ons.  Th is  appraisa l  sha l l  take  the  form  of a  theoretical  anal ys is  and  a  
component fai lure  s imu lation  test.  Fau lt  s imu lations  may a lso  be  carried  ou t to  s imu late  
fau l ts  wi th in  complex devices,  for example,  EPROM  emu lation  tests.  

On l y the  safety re lated  software  (software  class  B  and  C)  as  i den ti fied  accord ing  
to  H .27. 1 . 2 . 1 . 2  shal l  be  subj ected  to  further assessment.  For the  i den ti fication  of the  class,  a  
fau l t  tree  anal ys is  may be  used .  
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H.27.4  Controls  provid ing  electron ic d isconnection  ( type  1 .Y or 2 .Y)  shal l  wi thstand  the  
abnormal  overvol tage  cond i tions  wh ich  may occur.  

Compliance is checked by the  following test:  

H.27.4. 1  The control is  loaded as indicated in 17. 2 and subjected to 1 , 15 ×  VR  for 5 s,  when  
the control is  providing electronic disconnection .  

H.27.4.2  During and after the test,  the control shall continue to provide electronic 
disconnection  as determined by the  test of H. 11 . 4. 16.2.  

H.28  Guidance on  the use of electronic d isconnection  

H.28. 1  Main  features  of sol id-state  switch ing  devices  

H .28. 1 . 1  Sol i d -state  swi tch ing  devices  d i ffer from  the ir e l ectro-mechan ical  counterparts  i n  

three  respects:  

a)  when  provid ing  electron ic d isconnection ,  they wi l l  a lways  al low a  smal l  curren t to  pass  
through  the  ci rcu i t wh ich  they are  control l i ng ;  

b)  they are  more  sensi ti ve  to  mains  perturbations  of the  supply mains;  

c)  they are  more  sens i ti ve  to  temperature.  

H.28. 1 .2  The  requ i rements  and  tests  for electronic d isconnection  i n  th i s  standard  ensure  
that:  

a)  the  cu rren t through  the  electron ic d isconnection  wi l l  not exceed  5  mA or 1 0  %  of the  
rated  current,  wh ichever i s  lower,  wi th  any load  up  to  i ts  maximum  declared  l oad  i n  the  
ci rcu i t;  

b)  even  under extreme cond i ti ons  of mains  pertu rbation ,  a  control  wi l l  be  unaffected  and  wi l l  
not perm i t the  device  to  conduct  for more  than  one  ha l f cycle  of the  suppl y waveform ;  

c)  the  device  wi l l  have  adequate  endurance between  the  extremes  of temperature  i n  wh ich  i t  
i s  designed  to  operate.  

H.28.2  Appl ication  of sol id-state  switch ing  devices  

H .28.2. 1  An  electron ic  d isconnection  may be  caused  to  conduct for one  ha l f cycle  of the  
supply frequency by the  appl ication  of a  pu lse  of sufficient  vol tage.  Wh i le  fu l l  i so lation  from  
the  suppl y i s  a lways  ach ieved  by the  equ ivalen t of fu l l  d i sconnection ,  there  may be  some 
appl ications  when  operation  even  for one  hal f cycle  i s  unacceptable.   

So  far as  household  appl i ances  are  concerned ,  swi tch ing  on  very occasional l y for a  maximum  
of one  hal f cycle  of the  suppl y waveform  can  usual l y be  d isregarded .  I t  wi l l  be  of no  
consequence  to  heati ng  appl iances  and  to  the  majori ty of motor-operated  appl i ances.   

However,  for motor-operated  appl i ances  where  i t  i s  poss ib le  for the  user  to  have  con tact wi th  
hazardous  moving  parts  or to  parts  that become l i ve  e i ther during  normal  use  or user 
maintenance  ( for example,  clean ing),  i t  wi l l  be  necessary to  requ i re  further safeguards  or not  
to  a l l ow such  devices.  Examples  of appl iances  for wh ich  electron ic  d isconnection  wou ld  not  
be  appropriate  are  certain  types  of ki tchen  mach ines  where  access  to  moving  parts  or l ive  
parts  i s  possib le.   

WARNING:  For some motor-driven  appl iances,  energ ization  of the  control led  l oad  at mains  
frequency for one  hal f cycle  may cause  rotation  of the  motor.  Operation  of solenoid  devices  
may a lso  occur.  

H.28.2.2  Where  the  control led  load  is  a  h igh  impedance l oad  such  as  a  re lay coi l  or 
so lenoid ,  care  shal l  be  taken  that the  a l l owed  curren t through  the  control  when  i t  i s  provid ing  
electronic  d isconnection  i s  l ow enough  to  ensure  d isconnection  of the  l oad .  
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Annex J   
(normative)  

 
Requirements  for thermistor elements  and  controls  using  thermistors  

 

Annex J  supplements  or mod i fies  the  correspond ing  clauses  of th is  s tandard .  

J .1  Scope  

J . 1 . 1 . 1  Additional paragraphs:  

Annex J  i s  appl icable  to  d iscrete  thermistor-type  devices  and  to  controls  us i ng  thermistors  
constructed  of doped  ceram ic or pol ymeric sem iconductor materia ls.  

Annex J  appl i es  to  the  i nheren t safety,  the  operating  temperature  values  and  testi ng  of 
controls  us i ng  thermistors  e i ther wi th in  the  control  or remote  from  i t.   

NOTE  These  thermistors  can  be  used :  

−  i n  a  se l f-heati ng  mode  as  sel f-control l ed  heaters  and  i n  s im i l ar appl i cati ons;   

−  as  control  e l ements;  or  

−  as  sensing  el ements .  

Annex J  does  not appl y to  thermistors  used  i n  control  functions  where  further measures  to  
ensure  safety are  implemented  wi th in  the  control .  

These  requ irements  apply to  posi ti ve  temperature  coefficien t (PTC)  and  negative  temperature  
coefficien t (NTC)  type  devices.  

Control  devices,  such  as  curren t l im i ters  are  not i n tended  to  replace  curren t i n terrupting  
devices  such  as  fuses,  bu t are  i n tended  to  provide  a  l evel  of overcurren t protection  complying  
wi th  the  end-use  equ ipment requ i rements.  

Part 2  standards  may con tain  add i ti onal  requ irements  for thermistors  used  as  complete  
con trols .  

J .2  Terms and  defin i tions  

J .2. 1 5 Defin i tions  pertain ing  to  thermistors  

J .2. 1 5. 1   
thermistor 
thermal l y sensi ti ve  sem iconductor res istor,  wh ich  shows  over at  l east part of i ts  
res istance/temperature  (R/T)  characteristic a  s i gn i fican t non- l inear change  i n  i ts  e l ectrical  

res istance  wi th  a  change  i n  temperature   

Note  1  to  en try:  The  change  i n  temperatu re  can  occur e i ther due  to  fl ow of cu rrent  th rough  the  thermistor,  as  a  
resu l t  of a  change  i n  the  ambient  temperatu re,  or by a  combination  of both  of these  occu rrences.  

Note  2  to  en try:  Thermistors  are  not  considered  to  be  el ectron ic  devices  (see  Annex H ).  
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J .2. 1 5.2  
PTC thermistor 
posi ti ve  temperature  coefficien t (PTC )  thermistor  that exh ib i ts  an  i ncrease  i n  resistance  wi th  
i ncreasing  temperature  over the  usefu l  portion  of the  resistance/temperature  (R/T)  

characteristic  

Note  1  to  en try:  PTC  thermistors  a l so  exh i bi t  a  d ecreasing  res i stance  wi th  appl i ed  vol tage  as  a  secondary effect.  

Note  2  to  en try:  For a  PTC  thermistor,  the  s i gn i fi cant  porti on  of the  res i stance/temperatu re  characteri sti c  i s  
usual l y the  porti on  i n  wh ich  a  s tep-l i ke  i ncrease  i n  res i stance  occurs  i n  a  temperatu re  i ncrement,  usual l y preceded  
by a  g radual  change  i n  res i stance  at  l ower temperatures,  and  a  s im i l ar g radual  change  at  temperatu res  above  the  
step-l i ke  i ncrease.  The  res i stance/temperature  characteri sti c  of some PTC thermistors  can  take  on  a  negati ve  
s l ope  after a  s l i gh t  g radual  i ncrease  fol l owi ng  the  step- l i ke  i ncrease.  

J .2. 1 5.3  
NTC thermistor 
negative  temperature  coefficient (NTC )  thermistor  that exh ib i ts  a  decrease  i n  res istance  wi th  
i ncreasing  temperature  over the  usefu l  portion  of the  resistance/temperature  characteristic  

J .2. 1 5.4  
thermistor control  element 
PTC thermistor  or NTC  thermistor  wh ich  d i rectl y con trols  a  l oad  by be ing  connected  i n  

series  wi th  i t  

Note  1  to  en try:  A con trol  thermistor  i s  n ot  i n tended  to  be  connected  across  the  mains.   

Note  2  to  en try:  Typical  uses  are  cu rrent  l im i ters ,  i n rush-curren t  l im i ters,  d egaussing  co i l -curren t  l im i ters,  and  
motor starti ng -curren t  l im i ters.  

J .2. 1 5.5   
sel f-control led  heater 
PTC  thermistor  wh ich  has  no  add i ti onal  temperature  l imiter  and  wh ich  is  used  as  a  heater 

e lement because  of i ts  se l f-heating  effect  

Note  1  to  en try:  I t  i s  typical l y used  across-the-l i ne.   

Note  2  to  en try:  Normal l y a  sel f-control led  heater  wi l l  provi de  a  type  2  action .  

J .2. 1 5.6  
thermistor sensing  element  
PTC thermistor  or NTC thermistor  used  as  a  sensor and  wh ich  does  not  carry l oad  current  

J .2. 1 5.7  
B  value  
NTC  thermistor's  i ndex,  wh ich  expresses  the  degree  of res istance  change when  calcu lated  
from  any two  poin ts  speci fi ed  by the  manufacturer on  the  res istance/temperature  (R/T)  curve  

J .2. 1 5.8  
hold  current  
Ih  

maximum  current a  curren t l im i ting  PTC thermistor  i s  able  to  main ta in  i n  a  l ow resistance  
"on "  state  at rated  ambient  for a  period  of t ime speci fied  by the  manufacturer 

J .2. 1 5.9  
inrush  current  
In   

peak curren t measured  fol l owing  energ ization  at rated  vol tage  and  at 25  °C  ± 2  K or at  the  
manufacturer's  speci fi ed  ambien t temperature  
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J .2. 1 5. 1 0  
trip  current  
It  
for a  current- l im i ti ng  PTC thermistor,  m in imum  current value  declared  by the  manufacturer at  
wh ich  a  PTC thermistor  swi tches  from  low to  h i gh  res istance  at a  speci fi ed  temperature  or 

temperature  range   

Note  1  to  en try:  I
t
 =  Y ×  I

h
,  where  Y i s  the  trip  curren t mul ti p l i er decl ared  by the  manufacturer.  

J .2. 1 5. 1 1  
maximum  current  
Imax  
curren t value  assigned  by the  manufacturer that compl ies  wi th  al l  the  requ irements  of th is  
standard  

Note  1  to  en try:  For the  vari ous  devices,  the  associated  curren t  desi gnated  as  I
max

 i s  shown  i n  Table  J . 1 .  

Table  J . 1  – Maximum  current  

Device   Associated  cu rren t designated  I
max

 

PTC sel f-control led  heater  Maximum  steady-state  curren t 
a
 

PTC motor starter Maximum  start  wind ing  cu rren t  

PTC current  l im i ter,  d egausser  Maximum  trip  curren t 
b
 

NTC  i n rush  current l im i ter  Maximum  steady-state  cu rrent  

PTC or NTC sensor  Not  appl i cable  

a
  For d evices  rated  i n  watts  by the  manufacturer,  I

max
 i s  ca l cu lated .  Th i s  cu rrent  d oes  not  mean  

i nrush  curren t.  

b
  For d evices  assi gned  a  time-to-trip  versus  cu rrent  cu rve  by the  manufactu rer,  the  maximum 

curren t (I
max

)  shal l  be  i denti fi ed .  

J .2. 1 5. 1 2  
short-ci rcu i t current  
Isc  
maximum  curren t avai lable  from  the  impedance l im i ted  source  (such  as  a  power suppl y)  

J .2. 1 5. 1 3  
steady-state  current  
Iss  

curren t measured  after a  thermistor's  temperature  stabi l i zes  i n  a i r a t 25  °C  ±  2  K ambien t 
temperature,  or a t an  ambient temperature  speci fi ed  by the  manufacturer wh i l e  connected  to  
rated  vol tage  and  wh i l e  operating  i n  i ts  h igh-res istance  state  for PTC thermistors  or l ow-
resistance  state  for NTC thermistors   

Note  1  to  en try:  For some  NTC thermistors ,  I
ss
 i s  the  same as  I

max
.  

J .2. 1 5. 1 4  
resistance  
Rmin  
for a  ceram ic PTC  thermistor,  poin t of m in imum  res istance  on  the  R/T curve  

J .2. 1 5. 1 5  
resistance   
Rx  (R25)  

rated  resistance at a  temperature  speci fied  by the  manufacturer for Rx  or at 25  °C  ± 2  K for 
R25  
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J .2. 1 5. 1 6  
switch ing  resistance   
Rsw  
for a  ceram ic PTC thermistor,  resistance value  at wh ich  the  resistance beg ins  to  i ncrease  

sharpl y wi th  temperature  i ncrease  

Note  1  to  en try:  For th i s  standard ,  R
sw
 i s  the  val ue  where  the  resistance i s  twice  R

min
;  u n less  the  manufacturer 

speci fi es  R
sw
 wi th  reference  to  R

min
 wi th  a  mu l ti p l yi ng  factor other than  two,  or wi th  reference  to  R

x
.  

J .2. 1 5. 1 7  
tripped  resistance  
Rtr  
for a  PTC control  thermistor,  resistance value  of the  thermistor  i n  i ts  tripped  state  at 
maximum  voltage (Vmax)   

Note  1  to  en try:  R
tr
 i s  ca l cu lated  by d i vi d i ng  the  vo l tage  d rop  across  the  thermistor  by the  steady-state  curren t 

(I
ss
)  fl owing  th rough  the  therm istor.  

J .2. 1 5. 1 8  
switch ing  temperature   
Tsw  
for a  ceram ic PTC  thermistor,  temperatu re  at wh ich  the  resistance  i s  at  Rsw  

J .2. 1 5. 1 9  
surface  temperature   
Ts  
temperature  of the  surface  of a  thermistor  wh i l e  the  thermistor  i s  energ ized  under normal  

operating  cond i ti ons  

Note  1  to  en try:  Typical  normal  operati ng  cond i ti ons  for thermistors  a re  speci fi ed  i n  Table  J . 2 .  

Table  J .2  (J .7,  7. 2  of ed i tion  3)  – Normal  operating  cond itions  

Type  of thermistor  Vol tage   Current  

PTC sel f-control led  heater   V
max

 I
ss
 

PTC motor starter  V
max

 I
ss
 

PTC degausser  V
max

 I
ss
 

PTC curren t-l im i ter  V
max

 I
h
 and  I

ss
 a
 

NTC i nrush  current  l im i ter  V
max

 I
max

 

a  
Surface  temperatu re  measured  at  I

ss
 refl ects  the  cond i ti ons  i n  the  tri pped  state  of 

the  thermistor  (normal  operati ng  cond i ti ons  for the  PTC,  abnormal  operati ng  
cond i ti on  for the  ci rcu i t/app l i cation  control l ed  by the  PTC).  

 

J .2. 1 5.20  
time-to-trip  
time requ i red  for a  PTC  thermistor  to  l im i t the  manufacturer's  declared  trip  current (It)  to  
50  %  of i ts  va lue  when  energ ized  at the  rated  vol tage  and  ambien t temperature  

J .2. 1 5.21  
thermal  runaway temperature   
TR  
h igh  temperature  poin t on  the  R /T curve  at wh ich  a  PTC thermistor's  resistance no l onger 

i ncreases  wi th  i ncreasing  temperature  
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J .2. 1 5.22  
maximum  voltage  
Vmax  
maximum  voltage of a  thermistor  as  declared  by the  manufacturer  

Note  1  to  en try:   V
max

 i s  h i gher than  rated  vol tage  (V
r
)  when  a  h i gher operati ng  vol tage  occurs  under certain  

cond i ti ons  i n  the  end -use  equ i pment such  as  for motor s tarti ng-coi l  l im i ters .  

J .4 General  notes  on  tests  

J .4.2  Samples  requ i red  

Additional subclauses: 

J .4.2 .5  U n less  otherwise  speci fi ed ,  representative  samples  as  i nd icated  i n  Table  J . 3  sha l l  be  
subj ected  to  the  tests  speci fi ed  i n  J . 1 7 . 1 8.  New samples  shal l  be  used  for al l  tests  other than  
the  overload  and  endurance  tests.  

Table  J .3  – Samples  for the  test (clause reference)  

 

Ageing  

(J.17.18.3)  

Heat-cold-
humid i ty 
cycl ing  

(J.17.18. 1)  

Overload  

(J.17.18.2.1,  
J.17.18.7.1)  

Endurance  

(J.17.18.2.2,  
J.17.18.7.2)  

Cold  
operational  

cycl ing  

(J.17.18.4,  
J.17.18.8)  

Cold  
thermal  
cycl ing  

(J.17.18.6)  

Thermal  
runaway 

(J.17.18.5)  

Number of samples  
per test  

3  3  3  
a  

3  
a
 3  3  3  

Ther-
mis- 
tor  
appl i -
cation  

PTC  
sel f-
control l ed  
heater 

X X X X X -  X 

PTC 
control  

X  X X X X -  X 

PTC sensor X X X X -  X -  

NTC 
control  

X  X X X X -  -  

NTC sensor X X X X -  X -  

The  cal i bration  tests  of J . 1 5. 7  and  J . 1 5. 8  shal l  be  conducted  before  and  after each  of the  above  tests  (except thermal  
runaway).  

a   
The  same  th ree  samples  shal l  be  used  for both  the  overload  and  endurance  tests.  

J .4.3.2  Accord ing  to  rating  

Additional paragraph:  

For the  purposes  of th is  standard ,  the  rated  vol tage  (Vr)  of a  thermistor  i s  the  i npu t vol tage  of 

a  thermistor  as  declared  by the  manufacturer.   

NOTE  V
r
 i s  typical l y equal  to  the  supply source  vol tage.  

Additional subclause:  

J .4.3.2 . 1 1  The  e lectrical  and  thermal  rati ngs  of a  thermistor  sha l l  be  i n  accordance  wi th  

Table  J . 4  and  based  on  i ts  i n tended  appl ication .  
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Table  J .4 – E lectrical  and  thermal  ratings  of a  thermistor 

Characteri stic   

Thermistor type  

PTC   NTC   

Sel f-
control l ed   
heater  

Motor 
starter  

Current 
l im i ter 

a
 Sensor 

a
 Degausser  Sensor 

a
 

I n rush-
curren t 
l im i ter  

Beta  value  (B)   -   -   -   -   -   R -  

Cal ibration  class  
number  

-  -  -  R  -  R  -  

Capaci tance  – l oad ,  
or Jou le  rating   

-   -   -   -   -   -   R  

Trip  current – (I
t
)  -   -   R  -   -   -   -   

I nrush  curren t (I
n
)  R  R -   -   R -   R  

Hold  current (I
h
)  -   -   R  -   -   -   -   

Maximum  current 
(I

max
)  

-   R  R  -   R  -   R  

Steady-state  current 
(I

ss
)  

R  R  R -   R  -   R  

Coi l  impedance   -   -   -   -   R  -   -   

Resistance  –  R25 
and  tolerance  

R  R  R  R  R  R  R  

Maximum  operating  
ambient 
temperatu re   

-   R  R  R  R R  R 

Switch ing  
temperatu re  (T

sw
)   

R  R  R R  R  -   -   

Maximum  surface  
temperature  (T

s
)  

R  R  R  -   R  -   R  

Time-to-trip   -   -   R  -   -   -   -   

Maximum  vol tage  
(V

max
)  

R  R  R -   R  -   R 

Rated  vol tage  (V
r
)  R  R  R  -   R  -   R  

The  "R"  d esignation  i n d icates  rati ngs  for the  device  that  are  requ i red  to  be  provided  by the  manufacturer.   

a
 The  range  of operati ng  ambient  temperatu re  shal l  be  speci fi ed .  

 

J .4.3.5  According  to  purpose  

Additional subclauses: 

J .4.3.5.4  Based  on  the  type  of thermistor  and  the  particu lar appl ication ,  thermistors  sha l l  
be  subj ected  to  the  tests  noted  i n  Table  J . 3  and  the  cal i bration  tests  of J . 1 5. 7  or J . 1 5. 8,  
wh ichever appl i es.  

J .4.3.5.4. 1  Thermistors  used  in  type  1  action  controls  that comply wi th  I EC  60738  or 
I EC 60539  shal l  be  subj ected  to  the  thermal  runaway test of J . 1 7. 1 8. 5  on l y.  Compl iance  to  
I EC 60738-1  or I EC  60539  i s  not requ ired  i f the  thermistors  comply wi th  the  requ irements  of 

Annex J .  
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J .6  Classi fication  

J .6.4 Accord ing  to  features  of automatic  action  

J .6.4.3.3  Replacement:  

For the  purpose  of th is  standard ,  a  PTC thermistor  control  or sensing  element  that i s  in  the  
swi tched  mode (h igh  res istance)  or an  NTC thermistor  i n  the  unswi tched  mode  (h igh  
res istance),  are  considered  to  provide  the  equ ivalen t of electron ic d isconnection  and  are  

classi fied  as  type  1 .YJ  action  or 2 .YJ  action .  

–  thermistor  ( type  1 . YJ  or 2 .YJ )  

NOTE  See  a l so  J . 1 1 . 4. 1 7.   

J .6. 1 5 Accord ing  to  construction  

Additional subclauses: 

J .6. 1 5.6  Control  using  NTC  or PTC  thermistors  

J .6. 1 5.7  Ceramic element  

J .6. 1 5.8  Polymer element  

Additional subclauses:  

J .6. 1 7  Accord ing  to  use  of the  thermistor 

J .6. 1 7. 1  –  thermistor control  element 

J .6. 1 7. 1 . 1  – PTC curren t l im i ter  

J . 6. 1 7. 1 .2  – PTC motor s tarter  

J . 6. 1 7. 1 .3  – PTC degausser  

J . 6. 1 7. 1 .4  – NTC in rush  current l im i ter  

J . 6. 1 7.2  –  sel f-control led  heater 

J .6. 1 7.3  –  thermistor sensing  element  

J .6. 1 7.3. 1  – PTC sensor  

J . 6. 1 7.3.2  –  NTC sensor  

J .7  Information  

Table  J . 5  provides  add i tional  requ irements  to  Table  1 .  
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Table  J .5  – Add itional  i tems  to  Table  1   

 
I n formation   

Clause  or 
subclause   Method   

61  Accord ing  to  the  construction  and  use  of a  thermistor  J . 6 . 1 5,  J . 6 . 1 7  X 

62  R/T characteri sti cs,  ca l i bration  speci fi cations  
k
 J . 1 5. 7 ,  J . 1 5. 8  

 

X 

63  R/T characteri sti cs,  cal i bration  speci fi cations,  dri ft  
l
 J . 1 5. 7,  J . 1 5. 8,  

J . 1 7. 1 7. 1  
X 

64  Number of cycl es  J . 1 7. 1 8. 2  X 

65  Method  of R /T measurement  J . 1 5. 7. 4 ,  J . 1 5. 8. 3  X 

82  PTC curren t  l im i ters  where  the  maximum  current  i s  reduced  to  l ess  

than  or equa l  to  8  A i n  <  5  s .  

J . 1 5. 7. 6. 1 . 1  X 

Additional footnotes to Table 1 :  

k  The  R/T characteri sti cs  shal l  be  expressed  i n  the  form  of a  cu rve,  a  tabl e  or various  operati ng  po in ts  and  shal l  
i ncl ude  the  declared  deviati on .   

l  Add i ti onal  d eclarations  may be  made  at  i n termed iate  numbers  of cycles  for the  test  of J . 1 7. 1 8. 2 .  

 

J . 1 1  Constructional  requ irements  

Additional subclauses:  

J . 1 1 .3. 1 0  Thermistors  u sed  i n  controls  to  provide  functional  safety  or as  controls  to  
provide  functional  safety  for a  control led  appl ication  shal l  provide  type  2  action  ( type  2 .YJ ),  

for other appl ications  at l east ( type  1 . YJ ).  

NOTE  Examples  of thermistors  u sed  to  provi de  functional  safety  of a  con trol l ed  appl i cation  are  temperatu re  
sensors  for temperatu re  cu t-ou t  appl i cati ons  or cu rren t  l im i ti ng  PTC devices  i n  non -l im i ted  energy ci rcu i ts .   

J . 1 1 .4. 1 7  Type 1 .YJ  or 2.YJ  action  

A type  1 .YJ  or type  2 .YJ  action  of a  thermistor  sha l l  operate  to  provide  an  i nheren t change i n  
res istance.  

Compliance is checked by the tests of relevant requirements of this Annex J.  

J .1 3  Electric strength  and  insulation  resistance  

J . 1 3.2  Electric strength  

Modification to footnote c of Table 12:  

Add the word  " therm istors, "  after "e l ectron ic parts".  
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J .1 5 Manufacturing  deviation  and  dri ft  

Additional subclauses: 

J . 1 5.7  Cal ibration  tests  for PTC  thermistors   

J . 1 5.7. 1  Ceramic thermistors  are not influenced by the sequence in which the calibration 
tests of J. 15.7. 4 to J. 15. 7. 8 are conducted on the samples.  However,  polymeric types may be 
influenced due to the  nature of the material.  Hence,  for polymeric types of thermistors ,  it is  
recommended to  perform the test of J. 15. 7. 4 at the end of all the  calibration tests.  

J . 1 5.7.2  In  the  "as-received" condition,  each PTC thermistor sample shall be subjected to 
the tests specified in Table J. 6 and shall comply with  the criteria for each test as specified in  
Table J. 6.  

J . 1 5.7.3  Following the tests described in J. 17. 17 a) ,  the same PTC thermistor samples 
shall be subjected to the tests specified in Table J. 6 and shall comply with the criteria for 
each test as specified in  Table J. 6.  For PTC sensors,  the test results shall comply with the  
criteria for each test as specified in  Table J.7.   
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Table  J .6  – Sequence of cal ibration  and  cond i tion ing  tests  for PTC  thermistors  

Type  of PTC  
thermistor  

Cal ibration  tests  
performed  on  samples  

before  the  
condi tion ing  tests  

speci fied  i n  J . 1 7. 1 8  
a  

Compl iance  cri teria  
designation  (before  

condi tion ing)  
b
 

Cal ibration  tests  
performed  on  thermistor 

samples  after 
condi tion ing  tests  

speci fied  i n  J . 1 7. 1 8
 a  

Compl iance  
cri teria  

designation  
(after 

cond i tion ing)  
b
 

Sel f-control l ed  
heater  

R/T A T
s
 D 

T
s
 

 
I
n
 

 
I
n
 

Motor starter  R/T A T
s
 D 

T
s
 I

n
 

I
n
  

Degausser  R/T A T
s
 D 

T
s
 I

n
 

I
n
 

Current l im i ter  R/T B  TT E  

T
s
 

TT 

I
ss
 

I
h
 

Sensor  R/T C  R/T F  

R/T -  R/T measurement for PTC thermistors  – a l l  types  (J . 1 5. 7. 4)  

I
h
 -  Hold  cu rren t  test  for PTC curren t  l im i ters  (J . 1 5. 7. 5)  

TT -  Time-to-tri p  test  for PTC cu rrent  l im i ters  (J . 1 5. 7. 6)  

T
s
 -  Su rface  temperatu re  test  (J . 1 5. 7. 7)  

I
n
 -  I nrush  curren t (compl iance  i s  determ ined  by measurement,  J . 1 5. 7. 8)  

I
ss
 -  S teady-state  cu rrent  (compl iance  i s  determ ined  by measurement)  

A -  Resistance  at  25  °C,  surface  temperature  and  i nrush -current  va l ues  shal l  be  wi th i n  the  declared  devi ation  
tolerance  speci fi ed  by the  manufacturer.   

B  -  Resistance  at  25  °C,  surface  temperature ,  steady-state  current  and  time-to-trip  va l ues  shal l  be  wi th i n  the  
declared  deviati on  to l erance  speci fi ed  by the  manufactu rer.  The  thermistor  shal l  main tain  the  hold  curren t  
for the  time  at  the  ambient  temperatu re  speci fi ed  by the  manu facturer,  wi thout  tri ppi ng .   

C  -  The  temperatures  correspond i ng  to  the  swi tch ing  resi stance  (R
sw
)  and  two add i ti onal  poi n ts ,  l ocated  above  

and  below R
sw
 on  the  R/T curve  shal l  be  wi th i n  the  declared  deviation  to lerance  speci fi ed  by the  

manufacturer.   

D  -  The  surface  temperature  and  i nrush-curren t  va l ues  sha l l  be  wi th i n  the  declared  dri ft  to l erance  speci fi ed  
by the  manufacturer.  

E  -  Time-to-tri p  val ues  shal l  be  wi th i n  the  declared  dri ft  to l erance  speci fi ed  by the  manufacturer.  

F  -  The  temperatures  correspond i ng  to  the  swi tch ing  resi stance  (R
sw
)  and  two add i ti onal  poi n ts ,  l ocated  above  

and  below R
sw
 on  the  R/T cu rve  shal l  not  vary from  the  correspond i ng  as-recei ved  values  by more  than  

i nd icated  i n  Tabl e  J . 7 .   

a
 Test  abbrevi ations  

b
 Compl iance  cri teria  
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Table  J . 7  – Classes  for PTC sensing  thermistors  

Property  

C lass  No.   

C
1
 C

2
 C

3
 C

4
 

Temperatu re  dri ft,  K for a  g i ven  res i stance  ±0, 5   ±1 , 0   ±2, 0   ±5, 0   

Temperatu re  val ues  shou ld  be  “normal i zed ”  to  the  Kel vi n  scale  when  determ in ing  the  temperature  dri ft.  

 

J . 1 5.7.4  R/T measurement for PTC  thermistors   

J . 1 5.7.4. 1  Thermistor samples shall be placed in a  full draft circulating-air oven or fluid 

medium,  such as silicon oil with  the temperature maintained within ±1  K of the temperature 
specified for the test.  The test shall be conducted at various temperatures starting at room 
ambient temperature through the switching temperature (Tsw)  and not exceeding the 
thermal runaway temperature (TR)  of the R /T curve.  The resistance is be measured by an 
ohmmeter at as many temperatures as required to create a  complete R/T curve.  

J . 1 5.7.5  Hold  current  (Ih )  test for PTC  current l imiters  

J . 1 5.7.5. 1  A  current limiting thermistor shall maintain the specified hold current (Ih )  for the 
time specified by the manufacturer at the ambient temperature specified by the manufacturer 
without tripping.  

J . 1 5.7.6  Time-to-trip  test for PTC current l im i ters  

J . 1 5.7.6. 1  A current limiting thermistor with  a  time-to-trip  specification shall trip at the 
specified trip current (It)  and corresponding rated voltage (Vr)  within the specified time-to-
trip.  A  thermistor with  multiple trip currents and times shall be tested at the maximum and 
minimum specified currents.  The current is not to  exceed the maximum current (Imax)  point 
on the time-to-trip  versus current curve.  

J . 1 5.7.6. 1 . 1   A current limiting thermistor,  as declared in  item 82 of Table J. 5,  shall trip at 
the declared trip current (It)  and corresponding rated voltage (Vr)  within the specified time-

to-trip.  

J . 1 5.7.7  Surface  temperature  test  

J . 1 5.7.7. 1  The surface temperature (Ts)  of a  PTC thermistor shall be measured using 
thermocouples or equivalent devices.  For a  PTC thermistor other than a  current limiter,  the 
surface temperature (Ts)  shall be measured while the thermistor is operating at maximum 
voltage (Vmax)  and steady-state current.  For a  PTC current limiter,  the surface temperature 
(Ts)  shall be  measured under two conditions:  

a)  operating condition in hold state where the device shall be operated at its rated maximum 
voltage (Vmax)  and rated hold current (Ih ) ,  and 

b)  operating condition  in  tripped state where the device shall be operated at rated maximum 
voltage (Vmax)  and rated steady-state current (Iss) .  

See Table J. 2.  

J . 1 5.7.8  Inrush  current measurement  

J . 1 5.7.8. 1  For PTC thermistors  intended to be  used as self-controlled heaters ,  motor 
starters or degaussers,  the  inrush current shall be  measured using an  oscilloscope while the 
thermistor is operating at maximum voltage under rated load.  
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J . 1 5.8  Cal ibration  tests  for NTC  thermistors   

J . 1 5.8. 1  In the "as-received" condition,  each NTC thermistor sample shall be subjected to 

the tests specified in  Table J. 8 and shall comply with the criteria  for each test as specified  in  
Table J. 8.  

J . 1 5.8.2  Fol lowing  the  tests  described  i n  J . 1 7. 1 7  b) ,  the  same NTC thermistor  samples  
shal l  be  subjected  to  the  tests  speci fi ed  i n  Table  J . 8  and  shal l  comply wi th  the  cri teria  for 
each  test as  speci fied  i n  Table  J . 8.  For NTC sensors,  the  test  resu l ts  shal l  comply wi th  the  
cri teria  for as  speci fied  i n  Table  J . 9 .  

Table  J . 8  – Sequence of cal ibration  and  cond ition ing  tests  for NTC  thermistors  

Type of NTC  
thermistor  

Cal ibration  tests  
performed  on  samples  
before  the  condi tion ing  

tests  speci fi ed  i n  
J . 1 7. 1 8  

a
 

Compl iance  cri teria  
designation  (before  

condi tion ing)  
b
 

Cal ibration  tests  
performed  on  thermistor 

samples  after 
condi tion ing  tests  

speci fi ed  i n  J . 1 7. 1 8  
a
 

Compl iance  cri teria  
designation  (after 
condi tion ing)  

b
 

I n rush-
curren t  
l im i ter  

R /T A T
s
 C 

T
s
 I

n
 

I
n
 

Sensor  R/T B  R/T D  

Beta  

R/T -  R/T measurement for NTC thermistors  (J . 1 5. 8. 3)  

T
s
 -  Surface  temperatu re  test  (J . 1 5. 8. 4)  

Beta  -  Resistance  (R25)  and  beta value  (B )  test  for NTC thermistors  (J . 1 5. 8. 6)  

I
n
 -  In rush  curren t (compl iance  i s  determ ined  by measurement (J . 1 5. 8. 5)  

A -  Res istance  at  25  °C,  surface  temperature ,  and  i nrush-curren t  va l ues  shal l  be  wi th i n  the  decl ared  
deviation  tol erance  speci fi ed  by the  manufactu rer.   

B  -  The  resistance  at  two  or more  temperature  poin ts  on  the  R /T cu rve  and  the  beta  value  ( i f d ecl ared )  sha l l  
be  wi th i n  the  decl ared  deviati on  to lerance  speci fi ed  by the  manufacturer.  One  of the  temperatures  shal l  be  
at  25  °C.  

C  -  The  surface  temperature  and  i nrush-current  va l ues  shal l  be  wi th i n  the  declared  dri ft  to l erance  speci fi ed  
by the  manufacturer.  

D  -  The  resistance  at two  or more  temperature  poi n ts  on  the  R/T cu rve  shal l  not  vary from  the  respecti ve  "as  
recei ved"  temperatu res  on  the  "as-rece ived"  R/T cu rve  by  more  than  i nd icted  i n  Table  J . 9 .  One  of the  
temperatu res  shal l  be  25  °C.  

a
 Test  abbrevi ations  

b
 Compl iance  cri teria  

 

Table  J . 9  – Classes  for NTC sensing  thermistors  

Property  

C lass  No.   

C
1
 C

2
 C

3
 C

4
 

Temperatu re  dri ft  for a  g i ven  res i stance  ±0, 5  ±1 , 0  ±2, 0  ±5, 0  

Temperatu re  val ues  shou ld  be  “normal i zed”  to  the  Kel vi n  scale  when  determ in ing  the  temperature  dri ft.  

J . 1 5.8.3  R/T measurement for NTC thermistors  

J . 1 5.8.3. 1  Thermistor samples shall be placed in a  full draft circulating-air oven or fluid 

medium,  such as silicon oil with  the temperature maintained within ±1  K of the temperature 
specified for the test.  The test shall be conducted at various temperatures,  starting at room 
ambient temperature and not exceeding the  maximum declared sensing temperature 
(sensors)  or the maximum surface temperature (Ts)  determined in  accordance with  J. 15. 8. 4 
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(inrush-current  limiters) .  The resistance shall be  measured at as many temperatures as 
required to create  a  complete R/T curve.  

J . 1 5.8.4  Surface  temperature  test ( inrush-current l im iting  on ly)  

J . 1 5.8.4. 1  The surface temperature (Ts)  of a  NTC inrush-current limiter shall be  
measured using thermocouples or equivalent devices while the NTC thermistor is  being 
operating at maximum voltage (Vmax)  and maximum current (Imax)  with  the rated 
capacitance value in parallel with  the load.  The temperature shall be within  the manufacturer's 
specified limits.  See Table J. 8.  

J . 1 5.8.5  Inrush  current measurement ( in rush-current l imi ting  on ly)  

J . 1 5.8.5. 1  For an  NTC inrush-current  l im i ter,  the  in rush  current  shal l  be  measured  us ing  
an  osci l l oscope wh i l e  the  thermistor  i s  operati ng  at maximum voltage (Vmax)  and  maximum  
current (Imax)  wi th  the  rated  capaci tance  value  i n  paral le l  wi th  the  l oad .   

J . 1 5.8.6  Resistance  (R25)  and  beta value  (B)  test for NTC  thermistors   

J . 1 5.8.6. 1  The beta value (B)  of a  thermistor with  a  beta value (B)  rating shall be within  
the limits specified by the manufacturer.  The resistance (R25)  of a  NTC thermistor shall be  
measured at 25 °C followed by measurement of resistances R1  and R2  at temperatures T1  and 
T2  as specified by the  manufacturer.  The beta value (B)  shall be calculated using the 
following formula:  

B= (I
n
 R1  – In  R2)  / (1 /T1  – 1 /T2 )  

where 

B  is the calculated beta  value,  

R1  is the  resistance at T1 ,   

R2  is the  resistance at T2 ,  

T1  is  a  temperature in  K on the R/T curve specified by the  manufacturer,  and 

T2  is  a  second temperature in K on  the R/T curve specified by the manufacturer.  

J .1 7  Endurance  

Additional subclauses:  

J . 1 7. 1 7  The  sequence of tests  i s  as  fol lows:  

a)  for PTC thermistors:  

– Ageing (J. 17. 18. 3. 1or J. 17. 18. 3. 2) ;  

– Heat-cold-humidity (J. 17. 18. 1 ) ;  

– Overload (J. 17. 18. 2. 1 ) ;  

– Endurance (J. 17. 18. 2. 2) ;  

– Cold operational cycling (J. 17. 18. 4) ;  

– Cold thermal cycling (J. 17. 18. 6) ;  

– Thermal runaway (J. 17. 18. 5) .  

b)  for NTC thermistors:  

–  Ageing (J. 17. 18. 3. 1 ) ;  

– Heat-cold-humidity (J. 17. 18. 1 ) ;  

– Overload (J. 17. 18.7. 1 ) ;  
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–  Endurance (J. 17. 18. 7. 2) ;  

– Cold operational cycling (J. 17. 18. 8) ;  

– Cold thermal cycling (J. 17. 18. 6) .  

J . 1 7. 1 7. 1  After the appropriate tests of J. 17. 18. 1  to  J. 17. 18. 4 inclusive,  the performance of 
the control shall not be adversely affected and it shall function as intended and declared.  
Compliance is checked by the tests of J. 15. 7 or J. 15. 8,  whichever applies.  

J . 1 7. 1 7.2  After the appropriate tests of J. 17. 18,  the control shall continue to comply with  
the requirements of Clauses 8 and 13.  During and after the tests,  there shall be no emission 
of flames or expulsion of particles.  

J . 1 7. 1 8  Condi tion ing  tests  

J . 1 7. 1 8. 1  Heat-cold-humid i ty 

Fol lowing  the  cond i ti on ing  speci fi ed  i n  J . 1 7. 1 8. 1 . 1 ,  a  thermistor  sha l l  comply wi th  Tables  J . 6,  

J . 7 ,  J . 8  or J . 9 ,  wh ichever appl ies.  

J . 1 7. 1 8. 1 . 1  Three non-energized samples of a  thermistor shall be subjected to three 
complete cycles in the sequence specified in a)  or b) :  

a)  Indoor temperature use:  

1 )  24 h  at the measured surface temperature (Ts)  or maximum declared operating 
temperature.  In any case,  the temperature shall not be less than 70 °C.  The oven 

temperature shall be maintained within ±5 K of the temperature specified for the test.  
The temperature shall be monitored within the area of the oven in which  the samples 
are being tested;  

2)  168 h  in  a  non-condensing atmosphere having a  relative humidity of 90 % to 95 % at 
40 °C; and 

3)  8 h  at 0 °C or at the manufacturer's specified ambient temperature,  whichever is lower.  

b)  Outdoor temperature use: 

1 )  24 h  immersed in water at 25 °C; 

2)  8 h  at minus 35 °C or at the manufacturer's specified ambient temperature,  whichever 
is lower;  

3)  24 h  at the measured surface temperature (Ts)  or maximum declared operating 
temperature.  In  any case,  the temperature shall not be less than 70 °C.  The oven 

temperature shall be maintained within ±5 K of the temperature specified for the test.  
The oven temperature shall be monitored within the area of the  oven in which the 
samples are being tested; and 

4)  168 h  in  a  non-condensing atmosphere having a  relative humidity of 90 %  to 95 %  at 
40 °C.  

J . 1 7. 1 8.2  Extended  cycl ing  (PTC)  

J . 1 7. 1 8.2. 1  Overload   

J . 1 7. 1 8.2. 1 . 1  Fo l l owing  the  tests  speci fi ed  i n  J . 1 7. 1 8. 2. 1 . 2 ,  J . 1 7 . 1 8 .2 . 1 . 3,  or J . 1 7. 1 8. 2 . 1 . 4  
and  J . 1 7 . 1 8 .2 . 2. 1 ,  a  thermistor  shal l  comply wi th  Table  J . 6  or Table  J . 7 .  

J . 1 7. 1 8.2. 1 . 2  For a  self-controlled heater,  three samples shall be mounted and operated 
as intended for 50 cycles while connected to 120 % of maximum voltage (Vmax) .  Each cycle 
shall cover that portion of the R/T curve from the lower knee to  the high resistance state.  
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J . 1 7. 1 8.2. 1 .3  For a  control thermistor,  three samples shall be mounted and operated as 
intended for 50 cycles while  connected to maximum voltage (Vmax)  and the lesser value of:  

a)  120 % of rated maximum current (Imax) ,  or  

b)  120 % of rated short-circuit current (Isc) .   

Each cycle shall start with the sample thermally stabilized at 25 °C ± 5 K.  Each cycle shall 
cover that portion of the R/T curve from the lower knee to the high  resistance state.  

J . 1 7. 1 8.2. 1 .4  For a  sensing thermistor,  three samples shall be mounted and operated as 
intended for 50 cycles of operation  consisting of starting with  the sample thermally stabilized 

at 25 °C ± 5 K and increasing the temperature to 120 % of the  maximum sensing temperature 
of the thermistor.  

J . 1 7. 1 8.2.2  Endurance   

J . 1 7. 1 8.2.2. 1  The three thermistor samples that have been subjected to overload test of 
J. 17. 18. 2. 1 ,  shall be operated at the conditions specified in a) ,  b) ,  or c)  for the number of 
cycles specified in Table J. 10.  Each  cycle  shall cover a  significant portion of the R/T curve.  

a)  Self-controlled heater – A  self-controlled heater thermistor or heater assembly shall 
be mounted and tested at maximum voltage (Vmax)  maximum rated wattage or maximum 
current (Imax) .  A  thermistor,  whose power consumption varies with the amount of heat 
sinking,  air flow,  or similar variables provided in the end-use equipment,  shall be tested at 
the maximum rated wattage or maximum current (Imax)  using the heat sinking,  air flow,  
or other conditions of the end-use equipment.  

b)  Control – A  control thermistor shall be tested at maximum voltage (Vmax)  and the 
following currents:  

1 )  Current limiter – The test current shall not be less than the  minimum tripping current 
(It)  or the  minimum functioning current (Ifun ) .  

2)  Degausser – The test current shall be  maximum current (Imax) .  

3)  Motor starter – The test current shall be  maximum current (Imax) .  

c)  Sensing – A  sensing thermistor shall be cycled between 25 °C ±  5 K and the maximum 
operating temperature.  

Table  J . 1 0  – Number of cycles  for endurance  test  

Type  of thermistor  Number of cycl es  of operation   

Sel f-control l ed  heater   1 00  000   

Current  l im i ter i n tended  for use  i n  a  functional  safety  ci rcu i t    1 00  000  
a
 

Current- l im i ter not  i n tended  for use  i n  a  functional  safety  ci rcu i t        6  000   

Degausser or motor starter     30  000   

Sensor not  i n tended  for use  i n  a  functional  safety  ci rcu i t       6  000   

Sensor i n tended  for use  i n  a  functional  safety  ci rcu i t    1 00  000   

a  
The  m in imum  number of cycles  i s  reduced  to  6  000  under the  fol l owing  cond i ti ons:  

 – the  tri p  state  of the  thermistor  i s  apparent  i n  the  end -use  app l i cation ;  and  

 – manual  i n terventi on  i s  requ i red  i n  order to  reset the  thermistors .  

J . 1 7. 1 8.3  Thermal  cond ition ing  

J . 1 7. 1 8.3. 1  Passive ageing  

Following the conditioning specified in J. 17. 18. 3. 1 . 1  and J. 17. 18. 3. 2. 1 ,  a  thermistor shall 
comply with Tables J. 6,  J. 7,  J. 8 or J. 9,  as appropriate.  
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J . 1 7. 1 8.3. 1 . 1  Three non-energized samples of a  thermistor shall be conditioned for 1  000 h  
at a  temperature 30 K above the temperature specified in Table J. 11  in an air-circulating 
oven.  In  any case the temperature shall not be less than 70 °C.  The oven temperature shall 

be maintained within ±5 K of the temperature specified for the test.  The oven temperature 
shall be monitored within the area of the oven in which  the samples are being tested.  

Table  J . 1 1  – Ageing  test temperature  

Thermistor type   Temperature   

Al l  types  except 
sensors   

Temperatu re  determ ined  i n  accordance  wi th  surface  temperature  test,  J . 1 5. 7. 7  (PTC)  
and  J . 1 5. 8. 4  (NTC)  

Sensing   H i ghest  temperatu re  rati ng   

 

J . 1 7. 1 8.3.2  Active  ageing  

J . 1 7. 1 8.3.2. 1  In  addition to the test described in J. 17. 18. 3. 1 . 1 ,  a  current limiter shall be  
subjected to this test.  Three samples of a  current limiting PTC thermistor shall be energized 
and conditioned for 1  000 h  while in  the tripped state at maximum voltage (Vmax)  and 
carrying steady-state current (Iss) .  

J . 1 7. 1 8.4  Cold  operational  cycl ing  (PTC)  

J . 1 7. 1 8.4. 1  Following the  test specified in J. 17. 18. 4. 2,  a  thermistor shall comply with 
Table J. 6.  

J . 1 7. 1 8.4.2  Three samples of a  thermistor shall be subjected to 1  000 cycles of operation  
at an ambient temperature of 0 °C or at the manufacturer's specified ambient,  whichever is 
lower.  The test conditions shall be as specified in  J. 17. 18. 2. 2. 1  a)  for a  self-controlled 
heater or J. 17. 18. 2. 2. 1  b)  for a  control thermistor.  The thermistor temperature shall be  
returned to the starting temperature before each cycle.   

J . 1 7. 1 8.5  Thermal  runaway 

The thermistors  are to be energized and operated under maximum rated conditions until 
thermally stabilized.  The voltage is then to be gradually increased until breakdown occurs,  or 
two times the working voltage  of the thermistor is reached,  at which time the test may be  
terminated.  

NOTE  I ncreas ing  the  vol tage  i n  s teps  of 0 , 1  t imes  the  working  vol tage  of the  thermistor  every 2  m in  consti tu tes  
an  appropriate  rate  of ri se.  

J . 1 7. 1 8.6  Cold  thermal  cycl ing  

J . 1 7. 1 8.6. 1  Following the cycling specified in J. 17. 18.6. 1 . 1 ,  a  thermistor shall comply with 
Tables J. 7 or J. 9,  whichever applies.  

J . 1 7. 1 8.6. 1 . 1  Three samples of a  sensing thermistor shall be subjected to 1  000 cycles of 
cold thermal cycling operation .  Each cycle shall start at 0 °C or at the manufacturer's 
specified ambient,  whichever is lower,  and cover that portion of the R/T curve from the starting 
temperature to the maximum rated temperature.  

J . 1 7. 1 8.7  Extended  cycl ing  (NTC)  

J . 1 7. 1 8.7. 1  Overload  

J . 1 7. 1 8.7. 1 . 1  Following the tests specified in J. 17. 18. 7. 1 . 2 or J. 17. 18.7. 1 . 3 and 
J. 17. 18. 7. 2. 1 ,  a  thermistor shall comply with  Table J. 8.  
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J . 1 7. 1 8.7. 1 . 2  For an inrush-current limiting thermistor,  three samples shall be  mounted 
and operated as intended for 50 cycles while connected to  maximum voltage (Vmax)  and 
120 % of the maximum current (Imax) .  Each cycle shall start with  the  sample thermally 
stabilized at 25 °C.  

J . 1 7. 1 8.7. 1 .3  For a  sensing thermistor,  three samples shall be mounted and operated as 
intended for 50 cycles of operation  consisting of starting with the sample thermally stabilized 

at 25 °C ± 5 K and increasing the temperature to 120 % of the  maximum sensing temperature 
of the thermistor.  

J . 1 7. 1 8.7.2  Endurance   

J . 1 7. 1 8.7.2. 1  The three thermistor samples that have been subjected to  the overload test,  
J. 17. 18. 7. 1 ,  shall be operated at the conditions specified in  a)  or b)  for the number of cycles 
specified in Table J. 12.  Each cycle shall cover a  significant portion of the  R/T curve.  

a)  Inrush-current limiting – An inrush-current limiting thermistor shall be tested at 
maximum voltage (Vmax)  and maximum current (Imax)  with the rated capacitance value 
in parallel with  the load.  See Figure J. 1 .  

b)  Sensing – A  sensing thermistor shall be cycled between 25 °C ± 5 K and the maximum 
operating temperature.  

Table  J . 1 2  – Number of cycles  for endurance  test  

Type  of thermistor  Number of cycl es  of operation   

I nrush-current  l im i ter i n tended  for use  i n  a  functional  safety  ci rcu i t    1 00  000   

I nrush-current  l im i ter not  i n tended  for use  i n  a  functional  safety  ci rcu i t        6  000   

Sensor i n tended  for use  i n  a  functional  safety  ci rcu i t    1 00  000   

Sensor not  i n tended  for use  i n  a  functional  safety  c i rcu i t        6  000   

   

 NTC 

IEC   2515/13 
 

Figure J . 1  – Test  ci rcu i t  for in rush-current l im i ting  thermistor endurance  test  

J . 1 7. 1 8.8  Cold  operational  cycl ing  (for i nrush  current-l im i ting  NTC  thermistors  on ly)  

J . 1 7. 1 8.8. 1  Fol lowing  the  cycl i ng  speci fi ed  in  J . 1 7. 1 8. 8. 2 ,  a  thermistor  shal l  comply wi th  
Table  J . 8.  

J . 1 7. 1 8.8.2  Three samples of a  thermistor shall be subjected to 1  000 cycles of operation  
at maximum voltage (Vmax)  conducting maximum current (Imax) ,  at an ambient temperature 
of 0 °C or at the manufacturer's specified ambient temperature,  whichever is lower.  Each 
cycle shall cover that portion of the R/T curve from the starting temperature to steady-state 

conditions.  The thermistor temperature shall be stabilized at the start temperature ±2 K 
before each cycle.  
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J .20   Creepage d istances,  clearances  and  d istances  through  insu lation  

Additional subclauses:  

J .20. 1 . 1 4 C learance  

J .20. 1 . 1 4. 1  Clearance  between  l ive  parts  connected  e lectrical l y to  the  mains  suppl y and  
accessible  surfaces  or parts  shal l  comply wi th  the  requ irements  of 20 . 1 .  

J . 20. 1 . 1 4.2  Clearance  between  l ive  parts  provid ing  functional  insu lation  sha l l  comply wi th  
the  requ i rements  of 20 . 1 .  

J .20.2.5 Creepage d istance  

J .20.2.5. 1  Creepage d istance  between  l ive  parts  connected  e lectrical l y to  the  mains  
suppl y and  accessible  surfaces  or parts  shal l  comply wi th  the  requ irements  of 20. 2 .  

J .20.2.5.2  Creepage d istance  between  l ive  parts  provid ing  functional  insu lation  shal l  

comply wi th  the  requ i rements  of 20 . 2.  

J .24 Components  

J .24.2. 1  Add the following:  

Subclause  J . 24. 2 . 1  i s  appl icable  to  thermistors  previous l y tested  under I EC  60738-1 ,  
I EC 60738-1 -1  or I EC  60539.  

J .27  Abnormal  operation  

J .27. 1  Consideration  of fau l t  modes  shal l  be  made i n  accordance wi th  Table  H . 24  for 
thermistors  used  i n  protective  controls .   
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Annex K  
(informative)  

 
Nominal  vol tages  of supply systems for d ifferent modes  

of overvol tage control  
 

Nominal  vol tages  of suppl y systems  for d i fferen t modes  of overvol tage  con trol  are  as  
i nd icated  i n  Table  K. 1  and  Table  K. 2.  

Table  K. 1  – Inherent control  or equ ivalent  protective  control  

 Nominal  vol tages  presentl y u sed  in  the  world  Rated  impu lse  vol tage   
for equ ipment a   

Vol tage  l i ne-
to-neutral  

from  nominal  
vol tages  a. c.  

or d .c.  a  

Three-phase 
four-wi re  

systems  wi th  
earthed  neutral  

Three-
phase 

three-wire  
systems  
unearthed  

Sing le-phase 
two-wire  

systems a. c.  
or d .c.  

S ing le-phase 
three-wi re  

systems  a. c.  
or d .c.  

V  
 
 
 

Overvol tage  category 

V V V V V I  I I  I I I  IV 

50    1 2 , 5;  24;  25;  
30;  42 ;  48  

30  /  60  330  500  800  1  500  

1 00  66  /  1 1 5  66  60   500  800  1  500  2  500  

1 50  1 20  /  208  
b
 

1 27  /  220  
1 1 5;  1 20;  
1 27  

1 1 0;  1 20  1 1 0  /  220  
1 20  /  240  

c
 

800  1  500  2  500  4  000  

300  220  /  380  
230  /  400  
240  /  4 1 5  
260  /  440  
277  /  480  

220;  230;  
240;  260;  
277;  347;  
380;  400;  
41 5;  440;  
480  

220  220  /  440  1  500  2  500  4  000  6  000  

600  347  /  600   
380  /  660   
400  /  690  
41 7  /  720   
480  /  830  

500;  577;  
600  

480  480  /  960  2  500  4  000  6  000  8  000  

1  000   660;  690;  
720;  830;   
1  000  

1  000   4  000  6  000  8  000  1 2  000  

 
a   

These  columns  are  taken  from  Annex F ,  Tabl e  F . 1  of I EC 60664-1 : 2007  i n  wh ich  the  rated  impu lse  vol tage  
va l ues  are  speci fi ed .  See  4 . 2 . 3  of I EC 60664-1 : 2007  for the  defi n i ti ons  of protecti ve  control  and  i n herent  
control .   

b

 Practi ce  i n  the  USA and  Canada.  
c

  For 1 20/240  V i n  J apan ,  the  preferred  series  of rated  impu lse  vol tages  of 1  500  V,  2  500  V,  4  000  V and  
6  000  V are  used  correspond ing  to  overvol tage  categori es  I ,  I I ,  I I I  and  I V.  
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Table  K.2  – Cases  where protective  control  i s  necessary and  control  i s  provided   
by surge  arresters  having  a  ratio  of clamping  vol tage  to  rated  vol tage  

not smal ler than  that specified  by IEC  60099-1  

 Nominal  vol tages  presentl y used  in  the  world  Rated  impu lse  vol tage   
for equ ipment a   

Vol tage  l i ne-
to-neutral  

from  nominal  
vol tages  a. c.  

or d .c.  a  

Three-phase 
four-wi re  

systems  wi th  
earthed  neutral  

Three-
phase 

three-wire  
systems  
unearthed  

S ing le-
phase  two-

wire  
systems 

a.c.  or d .c.  

S ing le-phase  
three-wire  

systems a. c.  
or d .c.  

V  

Overvol tage  category  

V  V V V V I  I I  I I I  IV 

50    1 2 , 5;  24;  25;  
30;  42 ;  48  

30/60  330  500  800  1  500  

1 00  66  /  1 1 5  66  60   500  800  1  500  2  500  

1 50  1 20  /  208  
b
 

1 27  /  220  
1 1 5;  1 20;  
1 27  

1 1 0;  1 20  1 1 0/220  
1 20/240  

800  1  500  2  500  4  000  

300  220  /  380   
230  /  400   
240  /  4 1 5   
260  /  440   
277  /  480  

220;  230;  
240;  260;  
277  

220  220/440  1  500  2  500  4  000  6  000  

600  347  /  600  
380  /  660   
400  /  690  
41 7  /  720   
480  /  830  

347;  380;  
400;  41 5;  
440;  480;  
500;  577;  
600  

480  480/960  2  500  4  000  6  000  8  000  

1  000   660;  690;  
720;  830;  
1  000  

1  000   4  000  6  000  8  000  1 2  000  

 a  These  columns  are  taken  from  Annex F ,  Tabl e  F . 1  of I EC 60664-1 : 2007  i n  wh ich  the  rated  impu lse  vol tage  
va l ues  are  speci fi ed .  See  4 . 2 . 3  of I EC 60664-1 : 2007  for the  defi n i ti ons  of protecti ve  control  and  i nheren t  
control .   

b
 Practi ce  i n  the  USA and  Canada.  
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Annex L   
(normative)  

 
Overvoltage categories  

 

Overvoltage  category  i s  a  numeral  characterizing  a  transient overvol tage  cond i tion .  

The  fol lowing  i n formation  on  overvoltage  categories  i s  based  on  I EC 60664-1 .  Part 2s  may 
speci fy a  d i fferent overvoltage  category  for parti cu lar appl ications.  

Equ ipment of overvoltage category  I V i s  for use  at  the  orig in  of the  i nsta l l ation .  

NOTE  1  Examples  of such  equ ipment are  e l ectri ci ty meters  and  primary overcurren t  protection  equ ipment.  

Equ ipment of overvoltage category  I I I  i s  equ ipment i n  fixed  i nstal l ations  and  for cases  where  

the  re l iab i l i ty and  the  avai labi l i ty of the  equ ipment i s  subject to  specia l  requ i rements.  

NOTE  2  Th i s  category normal l y appl i es  to  controls  i n tended  for connection  to  fixed  wi ring  or for i ncorporati on  
i n to  equ ipment i n tended  for permanent connection  to  fixed  wi ring ,  un less  the  control  o r equ ipment  appl i cation  
provi des  means  of suppressing  the  transient  vol tage,  i n  wh ich  case  a  l ower category wi l l  app ly.  

Equ ipment of overvol tage category  I I  i s  energy consum ing  equ ipment to  be  suppl ied  from  

the  fixed  i nstal l ation .  

NOTE  3  Th i s  category normal l y  appl i es  to  controls  not  provided  wi th  term inal s  for fi xed  wi ring ,  or connected  
after a  socket-ou tl et,  or for i n corporati on  i n to  equ ipment connected  after a  socket-ou tl et.  Control s  i n tended  for 
permanent  connection  to  fixed  wi ring  can  a l so  come i n to  th i s  category,  where  methods  of suppressing  the  
transien t  vol tage,  such  as  vol tage  l im i ti ng  means  at  the  l i ne  term inal  or clearances  between  conducti ve  parts  are  
i ncorporated  i n  the  con trol  or equ i pment.  Where  the  con tacts  of a  con trol  a re  des igned  to  a l l ow fl ashover of the  
transien t  vol tage  and  are  adequate  to  wi thstand  the  l et-through  cu rren t,  th i s  can  provide  adequate  suppression ;  for 
example,  control s  for household  appl i ances  sati sfying  the  above  descri ptions.  

I f such  equ ipment i s  subj ected  to  specia l  requ i rements  wi th  regard  to  re l i abi l i ty and  
avai labi l i ty,  overvoltage category  I I I  appl ies.  

Equ ipment of overvol tage category  I  i s  equ ipment for connection  to  ci rcu i ts  in  wh ich  
measures  are  taken  to  l im i t  transient overvol tages  to  an  appropriatel y l ow l evel .  

NOTE  4  Th i s  category normal l y appl i es  to  con trols  connected  after category I I  equ ipment  and  wh ich ,  for 
example,  i ncl udes  e l ectron ic  l og ic  systems,  i solated  l im i ted  secondary ci rcu i ts ,  SELV-ci rcu i ts  or PELV-ci rcu i ts ,  
and  ci rcu i ts  on  the  secondary s i de  of a  transformer.  

 

International  Electrotechnical  Commission

 



 – 258  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

Annex M   
(informative)  

 
Typical  usage  

 

Table  M .1  – Typical  usage  

Control  s i tuation   Overvol tage  category 

 I  I I  I I I  IV 

Special  
I solated  l im i ted  secondary ci rcu i t  
Transi en t  l im i ted  supply  

 
X 
X 

 
 
X  

 
 
X 

 
 
X 

Energy consum ing  u ti l i zati on  equ ipment  

 I n tegrated  and  i ncorporated  controls  i n  household  
appl i ances  

 Independentl y mounted  con trols  for fi xed -wi ri ng  
to  energy consum ing  l oads  

  

X 
 

 
X 

 

 
 

 
X  

 

Other household  and  s im i l ar appl i cati ons:  

 Control s  wh ich  are  not  i n tegrated ,  i ncorporated ,  or 
for fi xed -wi ri ng  to  energy consum ing  l oads  

 Control s  mounted  at  the  ori g i n  of i nsta l l ati on  ( i . e .  
service  en trance equ ipment,  e l ectri ci ty meters  and  
primary overcurrent  equ ipment)  

 Control s  covered  by speci a l  part  2  cons i derations  

 

 
 

 
 
 

X  

 

 
 

 
 
 

X  

 

X  
 

 
 
 

X  

 

 
 

 
X  
 

X  
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Annex N   
(normative)  

 
Pol lution  degrees  

 

N.1  Pol lution  

The  micro-envi ronment  determ ines  the  effects  of pol lution  on  the  i nsu lation .  The  macro-
environment,  however,  has  to  be  taken  i n to  account when  cons idering  the  micro-
envi ronment.  

Means  may be  provided  to  reduce  pol lution  at  the  i nsu lation  under cons ideration  by the  
effecti ve  use  of coati ngs,  enclosures,  encapsu lation  or hermetic seal ing .  Such  means  to  
reduce  pol lution  may not be  effecti ve  when  the  equ ipment i s  subj ect  to  condensation  or i f,  i n  
normal  operation ,  i t  generates  pol l u tants  i tsel f.  

Smal l  clearances  can  be  bri dged  completel y by sol i d  particles,  dust and  water and  therefore  
m in imum  clearances  are  speci fi ed  where  pol lution  may be  present in  the  micro-
envi ronment.  

NOTE  1  Pol lu tion  wi l l  become conducti ve  i n  the  presence  of hum id i ty.  Pol lu tion  caused  by con tam inated  water,  
soot,  metal  or carbon  dust  i s  i n herentl y conducti ve.  

NOTE  2  Conducti ve  pol lu tion  by i on ized  gases  and  metal l i c  deposi ti ons  occurs  on ly i n  speci fi c  i nstances,  for 
example,  i n  arc chambers  of swi tchgear or con trol gear and  i s  not  covered  by th i s  s tandard .  

N.2  Degrees  of pol lution  in  the  micro-environment 

For the  purpose  of evaluating  creepage d istances  and  clearances ,  the  fol lowing  four 
degrees  of pol lution  i n  the  micro-environment  a re  establ ished :  

– Pol lu tion  degree  1  

No  pol lution  or on l y d ry,  non-conductive  pol l u tion  occurs.  The  pol lution  has  no  i n fl uence.  

NOTE  1  Specia l  cons iderati ons  (for example,  coati ng  evaluated  to  Annex P  or Annex Q,  sealed  enclosure)  are  
necessary to  establ i sh  pol lu tion  degree  1 .  

– Pol lution  degree  2  

 On l y non-conductive  pol lution  occurs  except that occasional l y a  temporary conductivi ty 
caused  by condensation  i s  to  be  expected .  

NOTE  2  Pol lu tion  degree  2  i s  representati ve  of normal  household  a i r ci rcu lati on .  

NOTE  3  Pol lu tion  from  the  operation  of con tacts  i s  cl assi fied  as  pol lu tion  degree  2  u n less  the  area  i s  affected  
by other pol lu tion ,  i n  wh ich  case  the  pol lu tion  degree  correspond ing  to  the  other pol lu tion  appl i es.  

– Pol lution  degree  3  

 Conductive  pol lution  occurs  or d ry non-conductive  pol lu tion  occurs  wh ich  becomes  
conductive  due  to  condensation  wh ich  is  to  be  expected .  

– Pol lution  degree  4  

 The  pol lution  g enerates  pers istent  conductivi ty caused  by conductive  dust or by ra in  or 
snow.  
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Annex P   
(normative)  

 
Printed  circui t board  coating  performance test 

 

P.1  A coati ng  i n tended  to  be  used  on  a  pri n ted  ci rcu i t board  that has  creepage d istances  i n  
accordance wi th  C lause  20 ,  pol lu tion  degree  1 ,  shal l  comply wi th  the  requ i rements  of  
Annex P.   

P.2  A prin ted  ci rcu i t board  assembly that i s  used  wi th  a  coating ,  i nclud ing  i nks,  so lder res ists  
and  assembled  components ,  i s  to  be  acceptable  for i ts  appl ication  i n  terms  of temperature,  
so lder cond i tions,  conductor s ize  and  adhesion  to  the  base  materia l  as  determ ined  by the  
requ irements  of I EC  61 249  series .  

P.3  E l ectric strength  of coating  – A coating  shal l  wi thstand  the  e lectric s trength  test of 1 3 . 2  
for functional  i nsu lation  a t  a  test vol tage  determ ined  from  Table  1 2,  based  on  the  maximum  
working  vol tage  suppl ied  to  the  board  assembly,  after the  cond i ti on ing  of P. 3 .3  and  P. 3. 4.  

P.3.1  Ten  test samples  shal l  be  prepared  wi th  the  m in imum  appl icable  creepage d istances  
and  the  m in imum  coating  th ickness  using  the  pattern  shown  i n  F igure  P. 1 .  The  samples  are  to  
be  prepared  by normal  production  means  us ing  the  primer or cleaner employed  prior to  
appl ying  the  coating  to  the  board .  Wiring  su i table  to  the  vol tages  and  temperatures  involved  is  
to  be  attached .  

P.3.2  Ageing  test – F ive  samples  of the  coated  board  as  described  i n  P. 3 . 1  sha l l  be  

subj ected  to  a  temperature  of 1 30  °C  ±  2  K for 1  000  h .  

P.3.3  H um id i ty cond i ti on ing  – The  fi ve  samples  of the  coated  board  wh ich  were  subj ected  to  
the  ageing  test of P .3 .2  are  to  be  cond i ti oned  for 48  h  i n  a  test chamber at a  temperature  of 

(35  ±  1 )  °C  and  (90  ±  5 )  %  re lati ve  hum id i ty.  Immed iatel y fol lowing  removal  from  the  test 
chamber,  each  sample  i s  to  be  subj ected  to  the  e lectric s trength  test  described  i n  P. 3. 5  and  
P. 3. 6.  

P.3.4  Envi ronmental  cycle  cond i ti on ing  – F ive  of the  samples  of the  coated  board  described  
in  P. 3 . 1  are  to  be  subj ected  to  three  complete  cycles  of environmenta l  cond i ti on ing  as  
described  i n  Table  P. 1 .  Immed iate l y fol lowing  the  cond i ti on ing ,  each  sample  i s  to  be  
subj ected  to  the  e lectric strength  test described  i n  P. 3. 5  and  P. 3. 6 .  

P.3.5  After cond i ti on ing ,  the  samples  of the  coated  board  as  described  in  P.3 . 1  are  to  be  
provided  wi th  tight-fi tting  a lum in ium  foi l  (representing  an  e lectrical l y conductive  deposi t a long  
the  su rface  of the  coating)  that covers  the  test pattern  except for the  i nsu lated  test l ead  wi re  
and  solder poin ts .  

P.3.6  The  vol tage  stress  is  to  be  appl ied  accord ing  to  Clause  P. 3  to  each  cond i tioned  
sample  between  leads  A,  B ,  and  C  ind ividual l y and  the  common  l ead  (see  F igure  P. 1 ).  No  
flashover or breakdown  shal l  occur.  G low d ischarges  wi thou t d rop  in  vol tage  are  neg lected .  

Table  P. 1  – Environmental  cycl ing  cond i tions  

For indoor appl ications  For outdoor appl ications  

24  h  at  T
max

;  fo l l owed  by at  l east  96  h  at  (35  ±  2 )  °C,  

(90  ±  5 )  %  rel ati ve  hum id i ty;  fo l l owed  by 8  h  at   

(0  ±  2 )  °C  

A m in imum  of 24  h  immersed  a t  (25  ±  2 )  °C;  fol l owed  

immed iately by at  l east  96  h  at  (35  ±  2 )  °C,  (90  ±  5 )  %  

rel ati ve  hum id i ty;  fol l owed  by 8  h  at  (–35  ±  2 )  °C   
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High temperature 
(i .e.  PTFE,  Si l icone,  etc. ) 
insulated test leads soldered  
to test pattern through 
the back of the board 

1 65 mm  
(6,5 in)  

75 mm  
(3 in)  

B  A 

IEC   2516/13 

 

NOTE  The  smal l est  d i stance  between  tracks  (poi n t-to-poi n t,  poi n t-to-l i ne  and  l i ne-to-l i ne)  represents  the  m in imum  
d i stance  to  be  perm i tted  on  production  assembl ies .  

Figure P.1  – Test sample  
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Annex Q  
(normative)  

 
Printed  circui t board  coating  performance test 

 

Q.1  A pri n ted  wi ri ng  board  conform ing  wi th  a l l  of the  requ irements  for type  1  coating  as  
speci fied  i n  I EC 60664-3  shal l  comply wi th  the  m in imum  creepage  d istance  requ i rements  of 
Clause  20  of th is  standard ,  pol lu tion  degree  1 .  

Q.2  A pri n ted  wi ri ng  board  conform ing  wi th  a l l  of the  requ irements  for type  2  coating  as  
speci fied  i n  I EC 60664-3  shal l  comply wi th  the  m in imum  requ irements  for so l id  i nsu lation  as  
speci fied  in  20 . 3  of th is  standard .  The  spacing  between  the  conductors  before  the  protection  
is  appl i ed  shal l  not  be  less  than  the  values  as  speci fi ed  i n  Table  1  of I EC  60664-3: 2003.  

Q.3  Actual  prin ted  boards  representative  of production  samples  or standard  test boards  
accord ing  to  F igures  Q. 1  and  Q. 2  may be  used  for the  tests .  Th i rteen  samples  are  requ ired  
for type  1  tests,  seventeen  samples  for type  2  tests.  

Q.4  Compliance with the requirements for type 1  or type 2 coating shall be checked by the 
tests of Clause 5 of IEC 60664-3:2003,  Amendment 1 :2010.  

Q.5  For the  tests  of Clause  5  of I EC  60664-3: 2003,  Amendment 1 : 201 0,  the  test l evels  or 
cond i ti ons  g i ven  i n  Table  Q. 1  appl y:  

Table  Q. 1  – IEC  60664-3  test  l evels  or condi tions  

IEC  60664-3: 2003,  subclause  Test l evel  of th is  standard  

5. 7. 1  Cold  storage  –25  °C  

5. 7. 3  Rapi d  change  of temperature  Degree  of severi ty 2  (–25  °C  to  +1 25  °C)  

5. 7. 4. 2  E lectrom igrati on  Not appl i cable  u n less  speci fi ed  i n  part  2  

5. 8. 5  Parti a l  d i scharge  Not appl i cable  u n less  speci fi ed  i n  part  2  
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imensions in  millimetres  
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Figure  Q.1  – Test sample  
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Dimensions in  millimetres 

 
2,54   2 

Rated spacing 

0,5 

2,54 

2,54 

2,54 

0,3 

0,2 

0,1 5 

2,54 

2,54 

2,54   2 

IEC   2518/13  

Figure Q.2  – Examples  of l and  configurations  

(see  a lso  F igure  Q. 1 )  
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Annex R  
(informative)  

 
Explanatory notes  for surge immunity test 

 

R.1  Di fferent source impedances  

The  selection  of the  source  impedance of the  generator depends  on :  

– the  kind  of cable/conductor/l i ne  (power suppl y a. c. ,  power suppl y d . c. ,  i n terconnection ,  
etc. ) ;  

– the  l eng th  of the  cables/l i nes;  

– i ndoor/outdoor cond i ti ons;  

– appl ication  of the  test  vol tage  ( l i ne-to-l i ne  or l i ne-to-earth ) .  

The  impedance of 2  Ω  represents  the  source  impedance  of the  l ow vol tage  power suppl y 
network.  

The  generator wi th  i ts  effecti ve  ou tpu t impedance  of 2  Ω  i s  used .  

The  impedance of 1 2  Ω  (1 0  Ω  +  2  Ω)  represents  the  source  impedance  of the  l ow vol tage  
power suppl y network and  earth .  

The  generator wi th  an  add i ti onal  res istor of 1 0  Ω  i n  series  i s  used .  

The  impedance of 42  Ω  (40  Ω  +  2  Ω)  represents  the  source  impedance between  al l  other l i nes  
and  earth .  

The  generator wi th  an  add i ti onal  res istor of 40  Ω  i n  series  i s  used .  

R.2  Appl ication  of the  tests  

Two d i fferent kinds  of tests  are  to  be  d isti ngu ished :  at  equ ipment l evel  and  at  system  l evel .  

R.2. 1  Equ ipment level  immun ity 

The test shal l  be  carried  ou t i n  the  l aboratory on  a  s i ng le  EUT.  The  immun i ty of the  EUT thus  
tested  i s  referred  to  as  equ ipment l evel  immun i ty.  

The  test vol tage  shal l  not exceed  the  speci fied  capabi l i ty of the  i nsu lation  to  wi thstand  h igh  
vol tage  stress.  

R.2.2  System  l evel  immun ity 

The test carried  ou t in  the  l aboratory refers  to  the  EUT.  The  equ ipment l evel  immun i ty does  
not assure  the  immun i ty of a  system  i n  a l l  cases.  For that reason ,  a  test on  system  l evel  i s  
advised  wh ich  s imu lates  the  real  i nsta l lation .  The  s imu lated  instal l ation  comprises  protection  
devices  (arrestors ,  vari stors ,  sh ie l ded  l i nes,  etc. )  and  the  real  l ength  and  type  of the  
i n terconnection  l i nes.   

Th is  test i s  a imed  at s imu lating  as  closel y as  possible  the  i nstal l ation  cond i ti ons  i n  wh ich  the  
EUT or EUTs  are  i n tended  to  function  later on .  
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I n  the  case  of the  immun i ty under real  i nsta l l ation  cond i tions,  h igher test l evels  can  be  
appl ied ,  bu t the  energy i nvolved  wi l l  be  l im i ted  by the  protecti ve  devices  accord ing  to  thei r 
curren t l im i ti ng  characteri stics .  

The  test i s  a lso  in tended  to  show that secondary effects  produced  by the  protecti ve  devices  
(change  of waveform ,  mode,  ampl i tude  of vol tages  or curren ts)  do  not cause  unacceptable  
effects  on  the  EUT.  

R.3  Instal lation  classi fication  

R.3. 1  General  

I nsta l lation  classi fications  are  as  fol l ows:  

Class  2 :  E lectrical  envi ronment  where  cables  are  wel l  separated ,  even  on  short  runs.   

 The  instal l ation  i s  earthed  via  a  separate  earth  l i ne  to  the  earth ing  system  of the  
power instal l ation ,  wh ich  can  be  essentia l l y subjected  to  i n terference vol tages  
generated  by the  i nstal l ation  i tsel f or by l i gh tn ing .  The  power suppl y to  the  
e lectron ic equ ipment i s  separated  from  other ci rcu i ts ,  mostl y by a  specia l  
transformer for the  power suppl y.  Non-protected  ci rcu i ts  are  i n  the  i nstal lation ,  bu t  
wel l  separated  and  i n  restricted  numbers.  

  Th is  class  appl ies  to  category I  equ ipment.  Category I  normal l y appl i es  to  
controls  connected  after category I I  equ ipment and  wh ich ,  for example,  i ncludes  
ELV  e lectron ic l og ic systems,  isolated  l imi ted  secondary circu i ts ,  ELV-ci rcu i ts,  
SELV-ci rcu i ts ,  PELV-circu i ts  and  ci rcu i ts  on  the  secondary s i de  of a  transformer.  

  Surge  may not exceed  1  kV.  

Class  3 :  E lectrical  envi ronment  where  power and  s ignal  cables  run  i n  paral l e l .  

 The  i nsta l lation  is  earthed  to  the  common  earth ing  system  of the  power 
i nstal l ation ,  wh ich  can  be  essen tia l l y subj ected  to  i n terference vol tages  generated  
by the  i nstal lation  i tse l f or by l i gh tn ing .  

  Current due  to  earth  fau l ts ,  swi tch ing  operations  and  l ightn ing  i n  the  power 
i nstal l ation  may generate  i n terference vol tages  wi th  re lativel y h igh  ampl i tudes  i n  
the  earth ing  system.  Protected  e lectron ic equ ipment and  less  sens i ti ve  electric  
equ ipment are  connected  to  the  same power suppl y network.  The  i n terconnection  
cables  can  be  partl y rou ted  as  ou tdoor cables  bu t cl ose  to  the  earth ing  network.  
Unsuppressed  inductive  loads  are  i n  the  i nsta l lation  and  usual l y there  i s  n o  
separation  of the  d i fferen t fi e l d  cables.  

 Th is  class  appl ies  to  category I I I  or category I I  equ ipment.  

 Category I I I  normal l y appl i es  to  controls  i n tended  for connection  to  fixed  wiring  
or for i ncorporation  i n to  equ ipment i n tended  for permanent connection  to  fixed  
wiring ,  un less  the  control  or equ ipment appl ication  provides  means  of 
suppress ing  the  trans ien t  vol tage,  i n  wh ich  case  a  l ower category wi l l  appl y.  

 Category I I  normal l y appl ies  to  controls  connected  after a  socket-ou tlet or for 
i ncorporation  in to  equ ipment connected  after a  socket-ou tlet.  Controls  i n tended  
for permanent connection  to  fixed  wiring  may a lso  come in to  th is  category,  where  
methods  of suppress ing  the  trans ient vol tage,  such  as  vol tage  l im i ti ng  means  at  
the  l i ne  term inal  or clearances  between  conductive  parts,  are  i ncorporated  i n  the  
control  or equ ipment.  Where  the  con tacts  of a  control  are  des igned  to  a l low 
flashover of the  transien t vol tage  and  are  adequate  to  wi thstand  the  l et-through  
curren t,  th is  may provide  adequate  suppression .  For example,  controls  for 
household  appl iances  satisfying  the  above  descriptions.  
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  Surge  may not exceed  2  kV.  

Class  4 :   E lectrical  environment  where  the  in terconnections  are  runn ing  as  ou tdoor cables  
a long  wi th  power cables,  and  cables  are  used  for both  e lectron ic and  e lectric  
ci rcu i ts.  

  The  i nstal lation  is  connected  to  the  earth ing  system  of the  power instal l ation  
wh ich  can  be  subj ected  to  i n terference  vol tages  generated  by the  instal lation  i tsel f 
or by l i gh tn ing .  Curren ts  i n  the  ki l oamperes  range  due  to  earth  fau l ts ,  swi tch ing  
operations  and  l i gh tn ing  i n  the  power suppl y i nstal la tion  may generate  
i n terference vol tages  wi th  re lati vel y h igh  ampl i tudes  i n  the  earth ing  system .  The  
power suppl y network can  be  the  same for both  the  e lectron ic and  the  e lectric  
equ ipment.  The  in terconnection  cables  may run  as  ou tdoor cables  even  to  the  
h igh  vol tage  equ ipment.  

  A specia l  case  of th is  environment  i s  when  the  e lectron ic  equ ipment i s  connected  
to  the  te lecommun ication  network wi th in  a  densel y popu lated  area.  There  i s  no  
systematical l y constructed  earth ing  network outs ide  the  e lectron ic equ ipment and  
the  earth ing  system  cons ists  of p ipes,  cables,  etc.  on l y.   

  Surge  may not  exceed  4  kV.  

  Examples  of the  i nsta l l ation  of e l ectron ic equ ipment i n  d i fferen t areas  are  g i ven  in  
F igu res  R. 1 ,  R. 2 ,  and  R. 3.  

R.3.2  Equ ipment level  immun ity of ports  connected  to  the  power supply network 

The m in imum  immuni ty l evel  for connection  to  publ ic  supply network i s :  

L ine-to- l i ne  coupl ing :   0 , 5  kV 

Line-to-earth  coupl i ng :   1  kV 

R.3.3  Equ ipment level  immun ity of ports  connected  to  in terconnection  l i nes  

Surge  tests  on  i n terconnection  ci rcu i ts  are  on l y requ i red  for external  connections  (outs ide  the  
cabinet/housing).  I f i t  i s  possib le  to  test  at the  system  l evel  (EUT wi th  i n terconnection  cables  
connected)  i t  i s  not necessary to  test at  the  equ ipment level  ( for example,  ports  of the  
process-control /s ignal  i npu ts/ou tpu ts)  especial l y i n  cases  where  the  sh i e ld  of the  
i n terconnection  cable  i s  part of protection  measures.  I f the  i nstal lation  of the  p lant i s  carried  
ou t by someone  other than  the  manufacturers  of the  equ ipment,  the  adm issible  vol tage  for the  
i nputs/ou tpu ts  (especia l l y for the  process-control  i n terface)  of the  EUT shou ld  be  speci fi ed .  

The  manufacturer shou ld  test h is  equ ipment on  the  basis  of the  speci fied  test l evels  to  
confi rm  the  equ ipment l evel  immun i ty,  for example,  wi th  secondary protection  at the  ports  of 
the  EUT for a  test l evel  of 0 , 5  kV.  The  user  of the  p lan t or those  responsib le  for the  
i nstal lation  shou ld  then  appl y measures  (for example,  sh iel d ing ,  bond ing ,  earth ing ,  protection)  
necessary to  ensure  that  the  in terface  vol tage  caused  by,  for example,  l i gh tn ing  strokes  does  
not exceed  the  chosen  immun i ty l evel .  
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EUT 1  
e.g.  
CPU 

EUT 2 
e.g.  

terminal  

Shielded cable 

Common earth reference 
IEC   2519/13 

 

Figure R. 1  – Example  of surge  protection  by sh ield ing  in  bu i ld ings  
with  common  earth  reference  systems  

 

EUT 1  
e.g.  
CPU 

Shielded 
cable 

Unshielded 
cable 

Shielded 
cable 

Secondary 
protection 

Secondary 
protection 

EUT 2 
e.g.  

terminal  

Earth  reference 

Earth  reference 
IEC   2520/13 

 

Figure R.2  – Example  of secondary surge  protection  in  bu i ld ings  
with  separate  common  earth  reference  systems  
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EUT 1  
e.g.  
CPU 

Secondary 
protection 

Primary 
protection 

Unshielded 
cable 

Shielded 
cable 

Lightning 
protection 

EUT 2 
e.g.  

terminal  

Primary 
and  

secondary 
protection 

IEC   2521/13 

 

Figure R.3  – Example  of primary and  secondary surge  protection  
of i ndoor/outdoor equ ipment 
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 Annex S   
(informative)  

 
Guidance for applying  Clause 20  

Gu idance  for appl ying  Clause  20  is  ind icated  in  F igure  S. 1 ,  Table  S . 1  and  Table  S. 2.  
 

No  

 
Conduct 
impulse 

voltage test ? 
20.1 .1 2  

Is 

insulation 
accessible 

?  

Clearance  Creepage  Solid insulation  

Subclause 20.1  Subclause 20.2 Subclause 20.3 

Required information 
Supply system or working voltage 
Overvoltage category (Annex L) 
Rated impulse voltage (Table 21 ) 

Pol lution  degree (Annex N)  

Required  information  
Supply system or working voltage 

Pollution degree (Annex N) 
Material  group (Subclause 6.1 3,  20.2.2 

Note 2)  

Type of insulation (see Clause 2)  

Supplementary 
20.3.2 

Reinforced 
20.3.2 

Operational  
or 

basic,  20.3.1  

Type of insulation (see Clause 2)  Type of insulation (see Clause 2)  

Supplementary 
20.1 .8 

Reinforced 20.1 .9 
Ful l-disconnection 

20.1 .7.2  

Basic 20.1 .1  
Operational  20.1 .2 
Micro-disconnection 

20.1 .7.1  

Micro-interruption 
20.1 .7.1  

Supplementary 
20.2.3 

Reinforced 20.2.4 
Basic 20.2.1  

Operational  
including   

Ful l -disconnection 
Micro-disconnection 

Micro-interruption 

20.2.2 

 

Minimum required  
creepage distance 

_______ 
Table 23  

Minimum required  
creepage distance 

_______ 
Table 24  

No  

Yes  

Is 
insulation 
accessible 

?  

Minimum 
thickness 
0,7 mm or 

2 layer insulation 
(20.3.1 )  

Yes  

Minimum  
thickness 
0,7 mm or 

3 layer insulation 
(20.3.2)  

Heating test considerations and 

thermal  ageing tests required  
(20.3.1  or 20.3.2)  

No 
thickness 

requirements 
specified  

No  

Minimum  
required  

clearance 
_______ 
Case A 
Table 22  

Yes  

Minimum  
required  

clearance 
_______ 
Case B 
Table 22  

Type of distance under consideration  (see Clause 2) 

IEC   2522/13   

Figure S. 1  – Gu idance  flowchart  for appl ication  of requ irements  of C lause 20  
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Table  S. 1  – Example  A – Using  Annex S  gu idance for applying  Clause  20  

Question  Answer I nstruction  

I s  the  d i stance  u nder consi deration  
th rough  a i r or across  a  su rface?  

Through  a i r Fol l ow clearance  path  of fl ow chart  

What  i s  the  system  supply vol tage,  
or for functional  i nsu lation ,  the  
working  vol tage?  

230  V/400  V,  3-phase,  4  wi re  Record  as  a )  

What  i s  the  overvol tage  category?  
(refer to  Annex L)  

See  category I I  Record  as  b)  

What  i s  the  rated  impu lse  vol tage?  Determ ine  from  Table  21  us i ng  a)  
and  b)  

Record  as  c)  

What  i s  the  pol lu tion  degree?  
(refer to  Annex N )  

Pol lu tion  degree  2  Record  as  d )  

What  i s  the  type  of i nsu l ation?   
(refer to  defi n i ti ons,  etc. )  

Reinforced  i nsu lation  Refer to  20. 1 . 9.  For re i n forced  use  
case  A and  next  h i gher impu lse  
vol tage  step  from  Table  22.  Record  
as  e) .  

What  i s  the  l im i t  for th i s  d i s tance?  Refer to  Table  22   Determ ine  the  l im i t  us i ng  d )  and  e)  

 The  l im i t  i s  3  mm   

 

Table  S.2  – Example  B  – Using  Annex S  gu idance for applying  Clause  20  

Question  Answer I nstruction  

I s  the  d i stance  u nder consi derati on  
through  a i r or across  a  surface?  

Across  a  su rface  Fol l ow creepage d istance  path  

What i s  the  system  supply vol tage,  
or for functional  i nsu lation ,  the  
working  vol tage?  

230  V  Record  as  a )  

What i s  the  pol lu tion  degree?  
(refer to  Annex N )  

Pol lu tion  degree  2  Record  as  b)  

What i s  the  materia l  g roup?  (refer to  
20. 2 . 2 ,  Note  2)  

I I I b)  Record  as  c)  

What i s  the  type  of i nsu l ation?  (refer 
to  defi n i ti ons,  etc. )  

Functional  i nsu lation  Refer to  20. 2 . 2  

What i s  the  l im i t  for th i s  d i stance?  Refer to  Table  24   Determ ine  the  l im i t  us i ng  a) ,  b)   
and  c)  

 The l im i t i s  2 ,5  mm   
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Annex T  
(normative)  

 
Requirements  for SELV and  PELV 

 

T.1  Overview of the  requirements  for SELV and  PELV 

T.1 . 1  Protection  by SELV 

 

 

 
Protection by SELV 

(see T.2.1 ) 

 
L im i tation  of vol tage  

(see  T. 3. 1 )  

 
PROTECTIVE-
SEPARATION  
(see T.3.2) 

 
SIMPLE-SEPARATION from 
EARTH,  PELV and  other SELV  

systems  

(see T.3.3) 

_and
 

_and
 

 

T.1 .2  Protection  by PELV 

 

 

 
Options  for  

FUNCTIONAL-EARTHING  
(see T.3.4) 

 
In  some cases additional  basic 

insulation  
(see 2.7.1 0) 

 
 

Protection by PELV 

(see  T. 2 . 2 )  

L im i tation  of vol tage  
(see  T. 3. 1 )  

_and
  

PROTECTIVE-
SEPARATION  
(see  T. 3. 2)  

_and
 

(Adopted  from  I EC 61 1 40)  

 

NOTE  The  requ i rements  of I EC 61 1 40  for barriers  were  consi dered  and  i ncl uded  i n  the  requ i rements  of th i s  
standard  i ncl ud i ng ,  bu t  not  l im i ted  to,  Cl auses  8 ,  1 1 ,  1 8,  and  20.  

T.2  Protection  against electric shock by SELV or PELV 

T.2. 1  SELV 

Protection  against  e lectri c shock shal l  be  provided  by the  fo l l owing  measures:  

– l im i tation  of vol tage  ELV,  accord ing  to  T.3 . 1  i n  a  ci rcu i t  ( the  SELV-system ) ,  and  

– protecti ve-separation ,  accord ing  to  T.3. 2 ,  of the  SELV-system  from  a l l  ci rcu i ts  other than  
SELV  and  PELV,  and   

– s imple-separation ,  accord ing  to  T.3. 3,  of the  SELV  system  from  other SELV  systems ,  
from  PELV systems  and  from  earth .  

I n ten tional  connection  of exposed-conductive-parts  of the  control  to  a  protective  
conductor  or to  an  earth -conductor is  not perm i tted .   

I n  specia l  l ocations  where  SELV  i s  requ ired  and  where  protecti ve  screen ing  accord ing  to  
T.3. 2. 1  i s  appl ied ,  the  protecti ve  screen  shal l  be  separated  from  each  ad j acent ci rcu i t by 
basic insu lation  rated  for the  h i ghest vol tage  present.  

Requ irements  for the  e lements  of SELV  are  g iven  i n  C lause  T. 3.  
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T.2.2  PELV  

Protection  against  e lectri c shock shal l  be  provided  by the  fol l owing  measures:  

–  l im i tation  of vol tage,  ELV  accord ing  to  T.3. 1  i n  a  ci rcu i t  wh ich  may be  earthed  and /or the  
exposed-conductive-parts  of wh ich  may be  earthed  (the  PELV system ) ,  and   

–  protective  separation  accord ing  to  T.3 . 2  of the  PELV system  from  a l l  ci rcu i ts  other than  
SELV  and  PELV.  

I f the  PELV  c i rcu i t i s  earthed  and  i f protecti ve  screen ing  accord ing  to  T.3 . 2 . 1  i s  used ,  i t  i s  not  
necessary to  provide  basic  insu lation  between  the  protecti ve  screen  and  the  PELV system .   

Where  l ive  parts  of the  PELV system  are  accessib le  (touchable)  s imu l taneousl y wi th  
conductive  parts  wh ich ,  i n  case  of a  fau l t,  cou ld  assume the  potential  of the  primary ci rcu i t,  
protection  against e lectric shock depends  on  protective-equ ipotential -bonding  (T. 3. 4)  of a l l  
such  conductive  parts .  Such  parts  shal l  be  bonded  to  the  protective  earth ing  term inal  or 
termination  of the  control .   

Requ irements  for the  e lements  of PELV are  g iven  i n  C lause  T. 3.  

T.3  ELV,  protective separation,  simple  separation,  protective  bonding   
as  elements  of SELV and  PELV 

T.3. 1  Lim i tation  of vol tage  shal l  provide  that the  vol tage  between  s imu l taneousl y accessible  
parts  does  not exceed  re levant  ELV  l im i ts  as  speci fi ed  i n  2 . 1 . 4  and  as  speci fi ed  i n  8. 1 . 1 .  

T.3.2  Protective  separation  between  a  SELV/PELV-circu i t  and  other l i ve  ci rcu i ts  shal l  be  

ach ieved  by means  of:   

– basic insu lation  and  supplementary i nsu lation ,  each  rated  for the  h ighest vol tage  
present,  i . e .  double  insu lation ,  or 

– reinforced  insu lation  rated  for the  h i ghest  vol tage  present,  or  

– protective  screen ing  accord ing  to  T.3. 2. 1  wi th  the  protective  screen  be ing  separated  from  
each  ad j acent ci rcu i t by basic insu lation  rated  for the  h ighest ad j acen t ci rcu i t vol tage  
(see  also  T. 2 . 1 ,  l ast  paragraph),  or 

– a  combination  of these  provis ions.  

I f conductors  of the  separated  ci rcu i t  are  contained  together wi th  conductors  of other ci rcu i ts  
i n  a  mu l ticonductor cable  or i n  another grouping  of conductors,  they shal l  be  i nsu lated ,  
i nd ividual l y or col l ecti vel y,  for the  h i ghest vol tage  presen t,  so  that double  insu lation  or 
reinforced  insu lation  i s  ach ieved .   

I f any component i s  connected  between  the  separated  ci rcu i ts,  that componen t shal l  comply 
wi th  the  requ irements  for protective  impedance .  

When  the  suppl y of SELV  or PELV ci rcu i ts  i s  obta ined  from  suppl y mains  of h igher vol tages,  i t  

sha l l   

– e i ther be  th rough  a  safety isolating  transformer,  or  

– a  converter wi th  separate  wind ings  provid ing  equ ivalent  i nsu lation  and  wi th  requ i rements  
as  below.  

NOTE  1  The  vol tage  l im i ts  are  based  on  the  assumption  that  the  safety i solating  transformer  i s  suppl i ed  at  th e  
upper l im i t  of i ts  rated  vol tage.  

NOTE  2  I n  Canada  and  the  USA,  parts  connected  to  ELV  suppl i ed  from  a  safety i solating  transformer  a re  at  a  
vol tage  not  exceed i ng  42, 4  V peak or 30  V r.m . s .  d ry,  or 2 1 , 2  V peak or 1 5  V r.m . s.  when  wet  con tact  i s  l i kely to  
occur.  
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I f a  converter i s  used ,  and  the  control  i s  declared   

–  I PX7  per 6 . 5. 2 ,  the  control  shal l  be  declared  to  be  subjected  to  second  fau l t  anal ys is  
(requ i rement 73  of Table  1 )  for the  ci rcu i ts  and  i nsu lation  between  wind ings  of the  
converter and  as  resu l t of second  fau l t  the  ELV  va lue  of 0  V shal l  not be  exceeded .  The  
curren t between  the  poles  of the  ou tput  shal l  comply wi th  H . 8. 1 . 1 0.  

Compliance is checked by inspection,  measurement and when performing the appropriate 
test(s)  in the  order of this standard.  

T.3.2. 1  Protective  screen ing  shal l  cons ist  of a  conductive  screen  i n terposed  between  
hazardous  l ive  parts  of the  control ,  i nsta l l ation ,  or system  and  the  part be ing  protected  (for 
example,  a  SELV-ci rcu i t  or a  PELV ci rcu i t) .  The  protecti ve  screen :  

– sha l l  be  permanentl y and  re l i abl y connected  to  the  protective  earth ing  term inal  of the  
control  and  the  connection  shal l  comply wi th  the  requ i rements  of Clause  9;  and   

– sha l l  i tsel f comply wi th  the  requ i rements  of C lause  9 .  

T.3.3  Simple-separation  between  a  SELV-ci rcu i t  and  other SELV  systems  or PELV 
systems  or earth  shal l  comply wi th  the  requ irements  for basic insu lation  th roughout,  rated  

for the  h ighest  vol tage  presen t.  

I f any component i s  connected  between  the  separated  ci rcu i ts,  that component shal l  
wi thstand  the  e lectric stresses  speci fied  for the  i nsu lation  wh ich  i t  bridges  and  i ts  impedance  
shal l  l im i t the  prospective  cu rrent fl ow through  the  component to  the  steady-state  current  
values  i nd icated  i n  H . 8 . 1 . 1 0  and  H . 1 1 . 2. 5  for protective  impedance .  

T.3.4  Protective  bond ing  

The  requ irements  for protecti ve  bond ing  are  those  for protecti ve  earth ing  i n  C lause  9  of th is  
standard .  

For the  i nstal l ation  of controls  wh ich  consist of several  component parts  (sens ing  component,  
transm i tters,  cen tral  control  u n i t,  receivers ,  actors,  i n terface  un i ts)  and  where  such  
component parts  are  parts  of the  fixed  e lectrical  i nsta l l ation  of a  bu i l d ing ,  the  requ i rements  for 
protecti ve  bond ing  i n  I EC  standards  for i nsta l l ation  of bu i l d ings  appl y.   

NOTE  Functi onal  earth ing  i s  the  connection  of an  e l ectri cal  working  ci rcu i t  to  earth  for functi onal  purposes  as  
opposed  to  protecti ve  earth ing .  Depend ing  on  the  type  of i ns ta l l ati on  system ,  d i fferen t  requ i rements  appl y and  are  
g i ven  i n  the  I EC standards  for the  i nstal l ati on  of bu i l d i ngs.  Functional  earth i ng  may be  necessary for 
te l ecommun ication  equ ipment,  for wh ich  I EC product  standards  appl y.   

This standard allows the use of exposed-conductive-parts  as internal conductors  of an  
internal PELV circuit for functional earthing under conditions specified in  this Part 1  and for 
particular applications in the relevant part 2.  
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Annex U   
(normative)  

 
Requirements  for relays  when  used  as  controls  

in  IEC 60335 appl iances  
 

Annex U  supplements  or mod i fies  the  correspond ing  clauses  of th is  s tandard .  

NOTE  These  requ i rements  were  ori g i nal l y con tai ned  i n  I EC 60730-2-1  wh ich  has  been  wi thdrawn . 6  

U.2   Terms and  defin i tions  

U.2.2  Defin i tions  of types  of control  accord ing  to  purpose  

U .2.2. 1 2  
electrical ly operated  control  
for the  purpose  of th is  annex,  a  re lay i s  a  control  as  defined  i n  2 . 2 . 1 2 .  

Replace the first note to entry with the following new note to entry: 

NOTE  An  example  i s  a  relay,  a  curren t-operated  rel ay,  a  vol tage-operated  re lay,  or a  cycl i ng  replay.  

U.4  General  notes  on  tests  

U.4.3  Instructions  for test  

U .4.3.5  Accord ing  to  purpose  

Additional subclause:  

U.4.3.5.4  If a  relay incorporates a  ventilation means,  this should be  broken out for the tests 
of Clauses 12 to 17,  if so declared.  

U.6   Classification  

U.6.3  Accord ing  to  their purpose  

Additional subclauses:  

U.6.3. 1 0. 1  – re lay   

U . 6.3. 1 0.2  – curren t operated  re lay  

U . 6.3. 1 0.3  – vol tage  operated  relay  

  

___________ 

6  I EC 60730-2-1 : 1 989,  Automatic electrical controls for household and similar use – Part 2:  Particular 
requirements for electrical controls for household appliances 

International  Electrotechnical  Commission

 



 – 276  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

U.6.6  Accord ing  to  method  of connection  

Additional subclauses:  

U.6.6.6   – control  for prin ted  wi ri ng  board  mounting  

U.6.6.7  – control  for prin ted  wi ri ng  board  mounting ,  contact  connections  via  other than  
prin ted  wi ri ng  board  tracks  

U.6.6.8   – p lug- i n  re lay 

U.6.8  Accord ing  to  protection  against  electric  shock 

Additional subclauses:  

U.6.8.5 For a  re lay:  i nsu lation  between  coi l  and  con tact  ci rcu i ts :  

U.6.8.5.1  – of class  0;  

U . 6.8.5.2  – of class  0I ;  

U . 6.8.5.3  – of class  I ;  

U . 6.8.5.4  – of class  I I ;  

U . 6.8.5.5  – of class  I I I .  

U .6.8.6  For a  re lay:  i nsu lation  between  l ive  parts  and  test  function ,  manual  action  
actuating  member:  

U.6.8.6. 1  – of class  0 ;  

U .6.8.6.2  – of class  0 I ;  

U .6.8.6.3  – of class  I ;  

U .6.8.6.4  – of class  I I ;  

U .6.8.6.5  – of class  I I I .  

U.7   Information  

Replace rows 3,  4 and 88 of Table 1  as follows: 

In formation  Clause  or 
subclause  

Method  

3  Rated  vol tage  for both  coi l  and  con tacts,  i f d i fferen t  U . 1 4 ,  U . 1 7  C  

4  Natu re  of suppl y for both  co i l  and  con tacts,  i f d i fferent  U . 1 4 ,  U . 1 7  C  

88  Maximum  i n tended  cl i ck rate  U . 23  D  

 

U.1 4 Heating  

Replacement of subclause:  

U.1 4.4 Tests shall be conducted under the following conditions:  

– Coil voltage ×  0, 9 +  contacts loaded or coil current ×  0, 9 +  contacts loaded 

– Coil voltage ×  1 , 1  +  contacts loaded or coil current ×  1 , 1  +  contacts loaded 
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– Coil de-energised +  contacts loaded (N.C.  contacts) .  

– Relays shall be mounted as specified – printed wiring board connected relays shall be  
mounted to a  printed wiring board if submitted with relays to be  tested.  If not available,  
relays shall be mounted to plain printed wiring board material,  conductors of the  
appropriate  size (according to Table 6)  shall be  soldered to  printed wiring board pins.  

U.1 7  Endurance  

U.1 7. 1 4  Evaluation  of compl iance  

Replace the second list item as follows:  

–  the requirements of Clause 14,  under the conditions stated by U. 14. 4,  with regard to  
those items designated by Table 13,  footnote a,  that is,  terminals,  current carrying parts,  
and supporting surfaces are met.  

U.1 7. 1 6  Test  for particu lar purpose controls  

Relays shall be  endurance tested according to the  following schedule:  

– Ageing test of 17.6 if applicable 

– Over-voltage test of automatic action  of 17. 7 

– Test of automatic action  at accelerated rate of 17. 8  

– Test of automatic action  at slow rate of 17. 9 if applicable 

– Overvoltage test of manual action  at accelerated speed of 17. 10 if applicable 

– Test of manual action  at slow speed of 17. 11  if applicable  

– Test of manual action  at high  speed of 17. 12 if applicable 

– Test of manual action  at accelerated speed of 17. 13 if applicable  

U.20  Creepage d istances,  clearances  and  d istances  through  sol id  insulation  

Assessment shal l  be  conducted  wi th  re lay energ ised ,  de-energ ised ,  and  manual l y operated  ( i f 
appl icable).  

U.23 Electromagnetic compatibi l i ty (EMC)  requirements  – Emission   

Consideration  shou ld  be  g i ven  as  to  whether EMC requ i rements  are  appl icable  to  re lays.  

U.24 Components  

Relays  i ncorporati ng  electron ic components  shal l  be  assessed  accord ing  to  Annex H .  
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Annex V  
(normative)  

 
Requirements  for controls  powered  by secondary batteries  (rechargeable)  

 

The  fo l l owing  mod i fications  to  th is  standard  are  appl icable  for controls  powered  by batteries  
that can  be  recharged  i n  the  control .  

V.4.3.2  According  to  rating  

Additional subclauses:  

V.4.3.2 . 1 1  Operation  of the  control  i s  under the  fol lowing  cond i tions:  

– the  control ,  suppl ied  by i ts  fu l l y charged  battery,  i s  operated  as  speci fied  i n  th is  standard  
or the  re levan t part  2 ;  

– the  battery i s  charged ,  the  battery being  i n i tia l l y d ischarged  to  such  an  extent that the  
control  cannot  operate;  

– i f possib le,  the  control  i s  suppl ied  from  the  suppl y mains  th rough  i ts  battery charger,  the  
battery be ing  i n i ti a l l y d ischarged  to  such  an  extent that the  control  cannot operate.  The  
control  i s  operated  as  speci fied  i n  the  relevant part  2 ;  

– i f the  control  i ncorporates  i nductive  coupl ing  between  two parts  that are  detachable  from  
each  other,  the  control  i s  suppl ied  from  the  suppl y mains  wi th  the  detachable  part  
removed .  

V.7  Information  

Additional subclauses:  

V.7 .4  Additional  requ irements  for marking  

V.7.4. 1 0  The  i nstructions  shal l  g i ve  in formation  regard ing  charg ing  of batteries .  

V.8  Protection  against electric shock 

Additional subclauses:  

V.8.5  Battery operated  controls  shal l  be  so  des igned  that at a  user  access ib le  external  

poin t  of d isconnection  of a  d . c.  mains  suppl y,   

– the  maximum  accessib le  vol tage  is  l ess  than  or equal  to  the  l im i ts  of a  SELV/PELV 
ci rcu i t. (for example,  due  to  stored  charge  on  a  battery i n  the  control  or a  redundant  d . c.  
mains  supply for backup) ,  and   

– the  avai lable  power is  l ess  than  1 5  W  at the  end  of 5  s .  

V.8.5.1  Verification is checked by the  following test:  

A  test is conducted with the d. c.  mains supply disconnected from a fully charged battery 
control.  The voltage between the mains supply terminals is measured 1  s after disconnection 
of the mains supply.  Then,  a  variable resistive load is connected to the input terminals where  
the d. c.  mains supply is normally connected.  The control is operated from its internal battery.  
The variable load is adjusted so that it draws maximum power through the circuit.  The 
maximum power is recorded at the end of 5 s.  
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If the voltage and the power recorded are within the limits specified in V. 8.5,  the circuit is 
deemed to meet the intent of V.8. 5.  

V.1 1 . 1 3.4.4.3  The battery used for the following tests is a  fully charged rechargeable battery 
as provided with,  or recommended by the manufacturer for use with,  the equipment.  

V.1 1 . 1 3.4.4.3.1  Overcharging of a  rechargeable battery.  The battery is charged under each 
of the following conditions in  turn.   

V.1 1 . 1 3.4.4.3.1 . 1  The battery charging circuit is adjusted with  the battery disconnected to 
give 106 % of the rated output voltage of the charger,  or the maximum charging voltage 
available from the charger (without simulation of faults) ,  whichever is the higher attainable  
value.  The battery is then charged for 7 h.  

V.  1 1 . 1 3.4.4.3. 1 .2  The battery charging circuit is adjusted,  with  the battery disconnected,  to  
100 % of the rated output voltage of the charger.  The battery is charged while briefly 
subjected to the simulation of any single component failure  that is likely to occur in the 
charging circuit and that results in overcharging of the battery.  To minimize testing time,  the 
failure  is chosen that causes the highest overcharging current.  The battery is then charged 
for a  single period of 7 h  with that simulated failure  in  place.  

V.1 1 . 1 3.4.4.3.2  Reverse charging of a  rechargeable battery.  The battery is reverse charged 
while briefly subjected to  the simulation of any single component failure  that is likely to occur 
in the charging circuit and that would result in reverse charging of the battery.  To minimize  
testing time,  the failure  is chosen that causes the highest reverse charging current.  The 
battery is then reverse charged for a  single period of 7 h  with  that simulated failure  in  place.  

V.1 1 . 1 3.4.4.3.3  Excessive discharging rate for battery.  The battery is subjected to rapid 
discharge by open-circuiting or short-circuiting any current-limiting or voltage-limiting 
components in  the load circuit of the battery under test.  

V.1 1 . 1 3.4.4.3.4  Compliance is in  accordance with 11 . 13. 4. 4. 4 and 11 . 13. 4. 5.   
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COMMISSION  ÉLECTROTECHNIQUE INTERNATIONALE  
____________ 

 
DISPOSITIFS  DE  COMMANDE ÉLECTRIQUE AUTOMATIQUES –  

 
Partie  1 :  Exigences  générales  

 
AVANT-PROPOS  

1 )  La  Comm ission  E lectrotechn i que  I n ternational e  ( I EC)  est  une  organ isation  mond ial e  de  normal i sation  
composée  de  l 'ensemble  des  com i tés  é l ectrotechn i ques  nati onaux (Com i tés  nationaux de  l ’ I EC).  L’ I EC a  pour 
objet  de  favori ser l a  coopérati on  i n ternati ona le  pou r tou tes  l es  questi ons  de  normal i sation  dans  l es  domaines  
de  l 'é l ectri ci té  et  de  l ' é l ectron ique.  A cet  effet,  l ’ I EC – en tre  au tres  acti vi tés  – publ i e  des  Normes  
i n ternati ona les,  d es  Spéci fi cations  techn iques,  d es  Rapports  techn iques,  d es  Spéci fi cati ons  accessib les  au  
publ i c  (PAS)  et  des  Gu i des  (ci -après  dénommés  "Publ i cation (s)  de  l ’ I EC").  Leu r é l aboration  est  confiée  à  des  
com i tés  d 'études,  aux travaux desque ls  tou t  Com i té  nationa l  i n téressé  par l e  su j et  trai té  peut  parti ciper.  Les  
organ isati ons  i n ternationales ,  gouvernementales  et  non  gouvernementa les,  en  l i a i son  avec l ’ I EC,  parti cipen t  
égal ement aux travaux.  L’ I EC col l abore  étroi tement avec l 'Organ isati on  I n ternationale  de  Normal i sation  ( I SO),  
se lon  des  cond i ti ons  fi xées  par accord  en tre  l es  deux organ isations.  

2)  Les  décis ions  ou  accords  offi ciel s  d e  l ’ I EC  concernant  l es  q uestions  techn i ques  représentent,  d ans  l a  mesure  
du  possib l e,  u n  accord  i n ternational  su r l es  su j ets  étud iés,  étant  d onné  que  l es  Com i tés  nati onaux de  l ’ I EC  
i n téressés  sont  représentés  dans  chaque  com i té  d ’études.  

3)  Les  Publ i cati ons  de  l ’ I EC se  présentent  sous  l a  forme  de  recommandations  i n ternati ona l es  et  son t  agréées  
comme tel l es  par l es  Com i tés  nationaux de  l ’ I EC.  Tous  l es  efforts  ra i sonnabl es  son t  en trepri s  afi n  que  l ’ I EC 
s 'assure  de  l 'exacti tude  du  con tenu  techn i que  de  ses  publ i cations;  l ’ I EC  ne  peu t  pas  être  tenue  responsabl e  de  
l 'éven tuel l e  mauvaise  u ti l i sation  ou  i n terprétation  qu i  en  est  fa i te  par u n  quelconque  u ti l i sateur fi nal .  

4)  Dans  l e  bu t  d 'encou rager l 'u n i form i té  i n ternati onale,  l es  Com i tés  nationaux de  l ’ I EC s 'engagent,  dans  tou te  l a  
mesure  possibl e,  à  appl i quer d e  façon  transparen te  l es  Publ i cations  de  l ’ I EC dans  l eu rs  publ i cations  nati onales  
et  rég ional es.  Toutes  d i vergences  en tre  tou tes  Publ i cations  de  l ’ I EC et  tou tes  pub l i cati ons  nati onales  ou  
rég ionales  correspondantes  do ivent  être  i nd iquées  en  termes  cl ai rs  dans  ces  dern ières.  

5)  L’ I EC e l l e-même ne  fou rn i t  aucune  attestati on  de  conform i té.  Des  organ ismes  de  certi fi cation  i ndépendants  
fourn i ssent  d es  services  d 'évaluati on  de  conform i té  et,  dans  certai ns  secteu rs,  accèdent  aux marques  de  
conform i té  de  l ’ I EC.  L ’ I EC n 'est  responsabl e  d 'aucun  des  servi ces  effectués  par l es  organ ismes  de  certi fi cation  
i ndépendants.  

6)  Tous  l es  u ti l i sateurs  doi vent  s 'assurer qu ' i l s  sont  en  possession  de  l a  d ern ière  éd i ti on  de  cette  pub l i cation .  

7)  Aucune  responsabi l i té  ne  doi t  être  impu tée  à  l ’ I EC,  à  ses  adm in i strateurs ,  employés,  auxi l i a i res  ou  
mandatai res,  y compris  ses  experts  parti cu l i ers  et  l es  membres  de  ses  com i tés  d 'études  et  des  Com i tés  
nationaux de  l ’ I EC,  pour tou t  pré jud ice  causé  en  cas  de  dommages  corporel s  et  matérie l s ,  ou  de  tou t  au tre  
dommage  de  quel que  natu re  q ue  ce  soi t,  d i recte  ou  i nd i recte ,  ou  pou r supporter l es  coû ts  (y compris  l es  fra i s  
de  j usti ce)  et  l es  dépenses  décou lan t  de  l a  publ i cati on  ou  de  l 'u ti l i sati on  de  cette  Publ i cation  de  l ’ I EC ou  de  
tou te  au tre  Publ i cati on  de  l ’ I EC,  ou  au  créd i t  q u i  l u i  est  accordé.  

8)  L 'atten ti on  est  atti rée  sur l es  références  normatives  ci tées  dans  cette  publ i cati on .  L 'u ti l i sation  de  publ i cations  
référencées  est  obl i gatoi re  pou r une  appl i cati on  correcte  de  l a  présente  publ i cati on .   

9)  L ’atten tion  est  atti rée  su r l e  fa i t  q ue  certai ns  des  é l éments  de  l a  présente  Publ i cation  de  l ’ I EC peuvent fa i re  
l ’ obj et  de  d roi ts  de  brevet.  L ’ I EC ne  sau rai t  être  tenue  pour responsable  de  ne  pas  avoi r i d en ti fi é  d e  tel s  d ro i ts  
de  brevets  et  de  ne  pas  avoi r s i gna lé  l eur exi stence.  

DÉGAGEMENT DE RESPONSABILITÉ   
Cette  version  consol idée  n ’est  pas  une  Norme IEC  officiel le,  el le  a  été  préparée par 
commodité  pour l ’u ti l i sateur.  Seu les  les  versions  courantes  de  cette  norme et de  
son(ses)  amendement(s)  doivent être  considérées  comme les  documents  officiels.  

Cette  version  consol idée  de  l ’ IEC  60730-1  porte  l e  numéro d 'édi tion  5. 1 .  E l l e  comprend  
la  cinqu ième éd i tion  (201 3-1 1 )  [documents  72/899/FDIS  et 72/928/RVD] ,  et  son  
corrigendum 1  (septembre 201 4) ,  et  son  amendement 1  (201 5-1 2)  [documents  
72/1 01 7/FDIS  et 72/1 026/RVD] .  Le  contenu  technique  est identique à  celu i  de  l 'éd i tion  de  
base  et à  son  amendement.  

Dans  cette  version  Redl ine,  une l igne verticale  dans  l a  marge ind ique où  l e  contenu  
technique  est mod ifié  par l ’ amendement 1 .  Les  ajouts  sont en  vert,  les  suppressions  
sont en  rouge,  barrées.  Une version  Finale  avec toutes  les  modifications  acceptées  est  
d ispon ible  dans  cette  publ ication .   
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La  Norme in ternationale  I EC  60730-1  a  été  établ i e  par l e  com i té  d 'études  72  de  l ’ I EC:  
Commande  électriques  automatiques.  

Cette  éd i ti on  consti tue  une  révis ion  techn ique.  Les  pri ncipales  mod i fications  apportées  par 
rapport  à  l ’éd i ti on  précédente  son t l es  su ivan tes:   

– mod i fication  du  ti tre  et  du  domaine  d ’appl ication ;   

– révis ions  de  l ’Article  H . 26  sur l a  base  des  évolu tions  en  termes  de  technolog ie  et  
d ’appl ications,  et  afi n  d ’amél iorer l a  cohérence  et  l a  présentation ;  

– mod i fication  du  Tableau  H . 1 2  pour a l i gnement avec l a  CI SPR 22;  

– révis ions  de  l ’Annexe J  pour corrélation  avec les  modes  de  panne  des  therm istances,  et  
exemption  des  therm istances  u ti l i sées  con j oin tement avec les  d ispos i ti fs  de  commande de  
type  1  en  ci rcu i ts  TBTS  de  fa ib le  pu issance  à  parti r des  essais  spéci fiés  à  l ’Annexe J ;  

– nouvel l es  exigences  concernant l es  d ispos i ti fs  de  commande  a l imentés  par p i l e ,  et 
u ti l i sation  de  p i l es  dans  l es  d isposi ti fs  de  commande;  

– révis ion  concernant l ’ exclus ion  des  pannes  de  re la is;  

– exigences  nouvel l es/m ises  à  j our à  l ’Article  24,  pour les  a l imentations  en  mode  de  
commutation ;  

– révisions  concernant l es  to lérances  pour l es  organes  de  serrage  sans  vi s  conformes  à  
l ’ I EC 60999-1 ;  

– nouvel l es  exigences  concernant les  fonctions  de  commande  à  d istance;  

– add i ti on  d ’un  d iagramme de  couran t de  fu i te  nouveau/m is  à  j our pour al i gnement du  
d iagramme de  l ’Annexe  E  avec l e  d iagramme de  l ’ I EC 60990;  

– exigences  m ises  à  j our pour les  d ispos i ti fs  de  commande  sens ib les  à  l a  température.  

Une  l i ste  de  toutes  l es  parties  de  l ’ I EC  60730,  sous  le  ti tre  général :  Dispositifs de commande 
électrique automatiques,  est  d ispon ib le  su r l e  s i te  web  de  l ’ I EC.  

Afin  de  consti tuer une  norme vraiment i n ternationale  pour couvri r l es  d isposi ti fs  de  commande 
é lectrique  automatiques  à  usage  domestique  et analogue,  i l  a  é té  nécessai re  de  prendre  en  
compte  des  exigences  d i fférentes  résu l tant de  l 'expérience  pratique  acqu ise  dans  p lus ieurs  
parties  du  monde  et  de  reconnaître  l es  d i fférences  des  systèmes  é lectri ques  et  des  règ les  
d ' instal lation  nationales.  

Les  commentaires  concernant des  pratiques  nationales  d i fférentes  («  dans  certa ins  pays…»)  
son t contenus  dans  l es  paragraphes  su ivan ts:  

2. 1 . 5  

2 . 7. 2  

2 . 7. 3  

2 . 1 4 . 2  

4 . 2 . 1  

6 . 6. 1  

Tableau  1  (7. 2),  note  de  bas  de  
tableau  d  

7 . 4. 3  

7 . 4. 3. 2  

8. 1 . 1 . 1  

8 . 4  

9. 3. 2  

9. 3. 4  

9. 5. 2  

Tableau  3  (1 0. 1 . 4 ),  note  de  bas  de  
tableau  b  

1 0 . 1 . 4 . 1  

1 1 . 5  

Tableau  1 0  (1 1 . 8. 2),  note  de  bas  de  
tableau  b  

1 1 . 1 1 . 1 . 2  

1 1 . 1 1 . 1 . 3  

1 1 . 1 1 . 1 . 4  

1 2 . 1 . 6  

1 2 . 3  

Tableau  1 2  (1 3. 2 . 1 ) ,  note  de  bas  de  
tableau  1 4  

1 3. 3. 4  

1 4. 4  

Tableau  1 3  (1 4. 7. 4),  note  de  bas  de  
tableau  f 

1 5. 1  

1 6 . 2 . 1  

1 7 . 1 . 3. 1  

1 7 . 2 . 2  

1 7 . 5. 1  

1 7 . 7 . 7  

1 7 . 8. 4 . 1  

1 7 . 1 0  

1 7 . 1 0. 4  

1 7 . 1 2 . 5  

1 8. 1 . 6  

1 8. 1 . 6 . 1  

1 8. 1 . 6 . 2  

1 8. 1 . 6 . 3  

1 8. 4  

1 9. 2 . 4 . 1  

1 9. 2 . 5. 1  

21 . 1  

21 . 4  

27. 2 . 3. 1  

Annexe  C  
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1 0. 1 . 1 4  

1 0 . 1 . 1 6  

1 0 . 1 . 1 6. 1  

Tableau  6  (1 0. 2 . 1 ) ,  note  de  bas  de  
tableau  b  

 

1 7. 2 . 3  

1 7. 2 . 3. 1  

Tableau  1 4  (1 7. 2 . 5)  

Tableau  1 5  (1 7. 2 . 5)  

Tableau  1 6  (1 7. 2 . 5)  

 

Annexe  D  

H . 26. 1 0  

Tableau  H . 1 8  (H . 26. 1 0. 4)  

H . 27. 1 . 1 . 3  

Tableau  K. 1 ,  n ote  de  bas  de  tableau  b  

Tableau  K. 2 ,  note  de  bas  de  tableau  b  

T. 3 . 2  

I l  est envisagé  que  dans  la  prochaine  éd i tion  de  l a  présente  norme,  i l  sera  possib le  de  
supprimer l es  d i fférences  qu i  seron t couvertes  par de  nouvel l es  normes  de  l ’ I EC en  
préparation  dans  d 'autres  com i tés  d 'études.  

La  présente  partie  1  est à  u ti l i ser avec la  partie  2  appropriée  au  type  de  d isposi ti f de  
commande concerné  ou  aux d ispos i ti fs  de  commande pour appl ications  particu l i ères.  La  
présente  partie  1  peu t auss i  être  u ti l i sée,  au tant que  de  ra ison ,  aux d isposi ti fs  de  commande  
non  mentionnés  dans  une  partie  2  et aux d ispos i ti fs  de  commande  conçus  se lon  de  nouveaux 
principes,  pour l esquels  de  nouvel les  exigences  peuvent  être  nécessaires.  

S i ,  pour un  article  ou  un  paragraphe particu l i er,  l e  texte  de  l a  partie  2  i nd ique:  

Addition:           l e  texte  de  l a  partie  1  est  appl icable  avec l 'exigence  complémenta ire  
i nd iquée  dans  une  partie  2 ;  

Modification:     l e  texte  de  l a  partie  1  est appl icable  avec la  mod i fication  m ineure  
i nd iquée  dans  une  partie  2 ;  

Remplacement:    l e  texte  de  la  partie  2  remplace  entièrement l e  texte  de  l a  partie  1 .  

Lorsqu 'aucune mod i fication  n 'est nécessai re,  la  partie  2  i nd ique  que  l 'article  ou  le  paragraphe 
approprié  est appl icable.  

NOTE  Dans  l a  présente  norme,  l es  caractères  d ' imprimeri e  su i van ts  son t  employés:  

– Exigences  proprement d i tes :  caractères  romains;  

– Modalités d'essais: caractères italiques 

– Commentai res:  peti ts  caractères  romains.  

–  Termes  défin is :  en  gras .  

Afi n  de  faci l i ter l e  rapprochement en tre  les  parties  2  et  l a  Partie  1 ,  certa ins  ti tres  de  tableau  
con tiennent des  références  entre  crochets  aux numéros  de  tab leau  de  l ’ I EC 60730-1 ,   
éd i tion  3 .  

Cette  publ ication  a  été  réd igée  selon  l es  D irectives  I SO/I EC,  Partie  2 .  
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Le  com ité  a  décidé  que  l e  con tenu  de  l a  publ ication  de  base  et de  son  amendement ne  sera  
pas  mod i fié  avant  l a  date  de  stabi l i té  i nd iquée  sur l e  s i te  web  de  l ’ I EC sous  
"h ttp: //webstore. iec.ch"  dans  les  données  re lati ves  à  l a  publ ication  recherchée.  A cette  date,  
l a  publ ication  sera   

•  recondu i te,  

•  supprimée,  

•  remplacée  par une  éd i tion  révisée,  ou  

•  amendée.  

 

IMPORTANT – Le  logo "colour inside" qui  se  trouve sur l a  page de  couverture  de  cette  
publ ication  ind ique qu 'el le  contient des  cou leurs  qu i  sont considérées  comme uti l es  à  
une bonne compréhension  de  son  contenu.  Les  u ti l i sateurs  devraient,  par conséquent,  
imprimer cette  publ ication  en  u ti l i sant une imprimante  cou leur.  
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DISPOSITIFS  DE  COMMANDE ÉLECTRIQUE AUTOMATIQUES –  
 

Partie  1 :  Exigences  générales  
 
 
 

1  Domaine d 'appl ication  et références  normatives  

1 . 1  Domaine  d ’appl ication  

En  général ,  l a  présen te  Norme i n ternationale  s 'appl i que  aux disposi ti fs  de  commande 
électrique  au tomatiques  destinés  à  être  u ti l i sés  dans,  sur,  ou  avec des  équ ipements  à  usage  
domestique  et analogue.  Les  matérie ls  peuvent  u ti l i ser l 'é lectrici té,  l e  gaz,  le  pétrole,  des  
combustib les  sol i des,  l 'énerg ie  therm ique  solai re ,  etc. ,  ou  une  combinaison  de  ces  sources  
d 'énerg ie .  

NOTE  1  Partou t  où  i l  est  u ti l i sé  dans  l a  présente  norme,  l e  terme  «matérie l »  s i gn i fi e  «matéri e l  et  équ ipement» .  

EXEMPLE  1  Disposi ti fs  de  commande  pou r l es  apparei l s  en trant  dans  l e  domaine  d ’appl i cation  de  l ’ I EC 60335.  

La présente  norme s'appl i que  aux disposi ti fs  de  commande  pour l ’ au tomatisation  du  
bâtiment relevant du  domaine  d 'appl ication  de  l ’ I SO 1 6484.  

La  présen te  norme s ’appl i que  également aux dispositi fs  de  commande  électriques  
au tomatiques  des  équ ipements  qu i  peuven t être  u ti l i sés  par l e  publ ic  ( les  équ ipements  
destinés  à  être  u ti l i sés  dans  des  magasins,  des  bureaux,  des  hôpi taux,  des  fermes  et des  
appl ications  commercia les  et i ndustrie l l es,  par exemple) .  

EXEMPLE  2  Disposi ti fs  de  commande  pou r l es  i nstal l ati ons  de  restaurati on ,  d e  chauffage  et  d ’ a i r cond i ti onné.  

La  présente  norme est  également appl icable  aux dispositi fs  de  commande  i nd ividuels  
u ti l i sés  comme partie  d 'un  système de  commande  ou  de  dispositi fs  de  commande  
so l i daires  mécan iquement de  dispositi fs  de  commande  mu l ti fonctions  ayan t des  sorties  non  
é lectriques.  

EXEMPLE  3  Les  vannes  montées  i ndépendamment,  l es  d isposi ti fs  de  commande  des  systèmes  de  réseau  
électri que  i n tel l i gent  et  l es  disposi ti fs  de  commande  des  systèmes  d ’au tomati sation  des  bâtiments  en trant  dans  
l e  domaine  d ’appl i cation  de  l ’ I SO  1 6484-2.  

La présente  norme s’appl ique  également aux re la is  u ti l i sés  en  tan t que  d ispositi fs  de  
commande  d es  apparei ls  conformes  à  l ’ I EC  60335.  L ’Annexe  U  con tien t des  exigences  
supplémentaires  re latives  à  l a  sécuri té  et  aux valeurs  de  fonctionnement  des  re la is  u ti l i sés  
en  tant  que  dispositi fs  de  commande  d es  apparei ls  conformes  à  l ’ I EC 60335.  

NOTE  2  I l  est  fa i t  référence  à  ces  exigences  dans  l e  d omaine  d 'appl i cati on  de  l ’ I EC 61 81 0-1 .  

NOTE  3  La  présente  norme est  desti née  à  être  u ti l i sée  pou r l es  essai s  d e  tou t  re lai s  au tonome qu i  est  censé  être  
u ti l i sé  comme disposi ti f de  commande  d 'u n  apparei l  conforme à  l ’ I EC 60335-1 .  E l l e  n 'est  censée  n i  être  u ti l i sée  
pou r un  au tre  re la i s  au tonome n i  remplacer l a  série  de  normes  I EC 61 81 0.  

La présen te  norme ne  s 'appl ique  pas  aux dispositi fs  de  commande électrique  
au tomatiques  prévus  exclusivement pour des  appl ications  i ndustrie l l es,  sauf mention  
particu l i ère  dans  l a  partie  2  ou  l a  norme de  l ’ équ ipement.  

La  présente  norme s ’appl ique  aux d ispositi fs  de  commande  a l imentés  par pi l es  primaires  ou  
secondai res,  l es  exigences  qu i  les  concernent étant con tenues  dans  la  norme,  y compris  
l ’Annexe  V.  

International  Electrotechnical  Commission

 



 – 292  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

1 . 1 . 1  La  présente  Norme i n ternationale  s 'appl ique  à  l a  sécuri té  i n trinsèque,  aux valeurs  de  
fonctionnement,  aux temps  de  fonctionnement  e t  aux séquences  de  fonctionnement  
dans  l a  mesure  où  i l s  i n terviennen t dans  la  sécuri té  du  matérie l ,  a ins i  qu 'aux essais  des  
dispositi fs  de  commande électrique  au tomatiques  u ti l i sés  dans  ou  avec du  matériel .  

La  présente  norme s’appl ique  aux dispositi fs  de  commande  u ti l i san t des  thermistances  
(vo i r également Annexe J ).  

La  présen te  norme s ’appl ique  également aux systèmes  e t  dispositi fs  de  commande de  
sécuri té  fonctionnel le  et de  sécuri té  peu  complexe .  

1 . 1 . 2  La  présen te  norme s 'appl i que  aux d isposi ti fs  de  commande électrique  au tomatiques  
actionnés  mécan iquement ou  é lectri quement qu i  commandent ou  son t sens ib les  à  des  
caractéristi ques  te l l es  que  température,  press ion ,  temps,  hum id i té,  l um ière,  effets  
é lectrostati ques,  débi t ou  n i veau  d 'un  l i qu ide,  courant,  tens ion  ou  accélération ,  ou  leurs  
combinaisons.  

1 . 1 . 3  La  présente  norme s'appl i que  aux re la is  de  démarrage,  qu i  consti tuen t un  type  
spéci fique  de  dispositi f de  commande  électrique  au tomatique,  prévus  pour a l imen ter 
l 'enrou lement de  démarrage  d 'un  moteur.  Ces  disposi ti fs  de  commande  peuvent  fa i re  partie  
i n tégrante  du  moteur ou  consti tuer un  é lément séparé.   

1 . 1 .4  La  présente  norme s 'appl ique  aux disposi ti fs  de  commande  manuel le  d ans  la  
mesure  où  i l s  fon t partie  i n tégrale,  é l ectri quement et/ou  mécan iquement,  des  dispositi fs  de  
commande automatiques .   

NOTE  Les  exi gences  pou r l es  d i sposi ti fs  d e  commande  manuel l e  ne  fa i sant  pas  part i e  d ' un  di sposi ti f de  
commande  au tomatique  son t  con tenues  dans  l ’ I EC 61 058-1 .  

1 . 1 .5  La  présente  norme s ’appl ique  à  des  disposi ti fs  de  commande  à  courant a l ternati f ou  
con tinu  dont  l a  tens ion  assignée ne  dépasse  pas  690  V c. a.  ou  600  V c. c.  

1 . 1 .6  La  présente  norme ne  prend  pas  en  considération  l a  valeur de  réponse  d 'une  action  
automatique  d 'un  dispositi f de  commande  l orsqu 'e l le  est i n fl uencée par l a  méthode de  
montage  du  dispositi f de  commande  dans  le  matérie l .  Dans  l es  cas  où  une  te l le  valeur de  
réponse  est importan te  du  poin t de  vue  de  l a  protection  de  l 'uti l isateur  ou  de  
l 'envi ronnement,  l a  va leur spéci fi ée  dans  la  norme particu l i ère  du  matérie l  domestique  
appropriée  ou  déterm inée  par l e  fabrican t doi t s 'appl i quer.  

1 . 1 . 7  La  présente  norme s 'appl i que  également aux dispositi fs  de  commande  i ncorporant 
des  d ispositi fs  électron iques  dont  l es  exigences  sont données  à  l 'Annexe  H .  

1 . 1 .8  La  présente  norme s'appl ique  également aux dispositi fs  de  commande  u ti l i san t des  
thermistances  CTN  ou  CTP,  dont  l es  exigences  son t contenues  à  l 'Annexe J .  

1 . 1 .9  La  présente  norme s’appl ique  à  l a  sécuri té  é l ectri que  et fonctionnel le  d es  
disposi ti fs  de  commande  capables  de  recevoi r et  de  répondre  à  des  s ignaux de  
communication ,  y compris  l es  s i gnaux propres  au  taux de  facturation  de  l ’é l ectrici té  et à  l a  
gestion  de  l a  demande.   

Les  s i gnaux peuven t être  transm is  ou  reçus  d ’un i tés  externes  qu i  fon t partie  in tégrante  du  
disposi ti f de  commande  (câblé) ,  ou  vers  et depu is  des  un i tés  externes  qu i  ne  fon t pas  partie  
i n tégrante  du  disposi ti f de  commande  (non  câblé)  en  essai .   
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1 . 1 . 1 0  La  présen te  norme ne  tra i te  pas  de  l ’ i n tégri té  du  s ignal  de  sortie  transm is  aux 
d ispos i ti fs  de  réseau ,  comme l ’ i n teropérabi l i té  avec d ’autres  d isposi ti fs,  à  moins  qu ’e l le  n ’a i t  
été  évaluée  comme partie  i n tégrante  du  système de  commande .  

1 .2  Références  normatives  

Les  documents  su ivan ts  son t ci tés  en  référence  de  man ière  normative,  en  i n tégral i té  ou  en  
partie ,  dans  le  présent  document et  son t i nd i spensables  pour son  appl ication .  Pour les  
références  datées,  seu le  l ’ éd i ti on  ci tée  s ’appl ique.  Pour les  références  non  datées,  l a  
dern ière  éd i ti on  du  document de  référence  s ’appl ique  (y compris  l es  éventuels  
amendements).  

I EC 60038,  Tensions normales de l’IEC 

I EC 60065: 2001 ,  Appareils audio,  vidéo et appareils électroniques analogues – Exigences de 
sécurité 1   
Amendement 1 : 2005   
Amendement 2 : 201 0   

I EC 60068-2-75,  Essais d'environnement – Partie 2-75:  Essais – Essai Eh: Essais aux 
marteaux  

I EC 60085,  Isolation électrique – Évaluation et désignation thermiques  

I EC  60099-1 ,  Parafoudres – Partie 1 :  Parafoudres à  résistance variable avec éclateurs pour 
réseaux à  courant alternatif2  

I EC  601 1 2: 2003,  Méthode de détermination des indices de résistance et de tenue au 
cheminement des matériaux isolants solides3  
Amendement 1 :2009  

I EC 601 27-1 ,  Miniature fuses – Part 1 :  Definitions for miniature fuses and general 
requirements for miniature fuse-links (d ispon ib le  en  ang la is  seu lement)  

I EC 60227-1 ,  Conducteurs et câbles isolés au polychlorure de vinyle,  de tension nominale au 
plus égale  à  450/750 V – Partie  1 :  Exigences générales  

I EC 60245-1 ,  Conducteurs et câbles isolés au caoutchouc –  Tension assignée au plus égale à  
450/750 V – Partie  1 : Exigences générales  

I EC  60269-1 ,  Fusibles basse tension – Partie 1 :  Exigences générales 

I EC 60335-1 : 201 0  Appareils électrodomestiques et analogues – Sécurité – Partie 1 :  
Exigences générales  

I EC  60364  ( tou tes  les  parties) ,  Installations électriques à  basse tension  

I EC  60384-1 4,  Fixed capacitors for use in electronic equipment – Part 14:  Sectional 
specification:  Fixed capacitors for electromagnetic interference suppression and connection to 
the supply mains (d ispon ible  en  ang la is  seu lement)  

___________ 

1  I l  exi ste  u ne  éd i ti on  consol i dée  7. 2 : 201 1  comprenant  l ’ I EC  60065-1 : 2001  et  ses  Amendements  1 : 2005  et  2 :  
201 0.  

2 Reti rée.  

3 I l  exi ste  u ne  éd i ti on  consol i dée  4 . 1 : 2009  comprenant l ’ I EC 601 1 2 : 2003  et  son  Amendement  1 : 2009.  
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IEC 60384-1 6,  Fixed capacitors for use in  electronic equipment – Part 16:  Sectional 
specification: Fixed metallized polypropylene film dielectric d. c.  capacitors (d ispon ib le  en  
ang lais  seu lement)  

I EC 60384-1 7,  Fixed capacitors for use in electronic equipment – Part 17:  Sectional 
specification: Fixed metallized polypropylene film dielectric a. c.  and pulse capacitors 
(d ispon ib le  en  ang lais  seu lement)  

IEC 6041 7  ( tou tes  les  parties) ,  Symboles graphiques utilisables sur le matériel 

IEC 60423,  Systèmes de conduits pour la  gestion du câblage – Diamètres extérieurs des 
conduits pour installations électriques et filetages pour conduits et accessoires  

I EC  60529: 1 989,  Degrés de protection procurés par les enveloppes (Code IP) 4  
Amendement 1 : 1 999  

IEC 60539  ( toutes  l es  parties),  Directly heated negative temperature coefficient thermistors  
(d ispon ib le  en  ang lais  seu lement)  

I EC 60664-1 : 2007,  Coordination de l'isolement des matériels dans les systèmes (réseaux)  à  
basse tension – Partie 1 :  Principes,  exigences et essais  

I EC  60664-3: 2003,  Coordination de l'isolement des matériels dans les systèmes (réseaux)  à  
basse tension – Partie 3:  Utilisation de revêtement,  d'empotage ou de moulage pour la  
protection contre la  pollution   
Amendement 1 : 201 0  

IEC 60664-4,  Coordination de l’isolement des matériels dans les systèmes (réseaux)  à  basse 
tension – Partie  4:  Considérations sur les contraintes de tension à  haute fréquence  

I EC 60695-2-1 0,  Essais relatifs aux risques du feu – Partie 2-10: Essais au fil 
incandescent/chauffant – Appareillage et méthode commune d'essai  

I EC 60695-2-1 1 : 2000,  Essais relatifs aux risques du feu – Partie 2-11 : Essais au fil 
incandescent/chauffant – Méthode d'essai d'inflammabilité pour produits finis  

I EC  60695-1 0-2 ,  Essais relatifs aux risques du feu – Partie 10-2: Chaleurs anormales – Essai 
à  la  bille  

I EC 60738-1 ,  Thermistors – Thermistors – Directly heated positive  temperature coefficient – 
Part 1 : Generic specification  (d ispon ib le  en  ang la i s  seu lement)  

I EC 60738-1 -1 ,  Thermistors – Directly heated positive step-function temperature coefficient – 
Part 1 -1 : Blank detail specification – Current limiting application – Assessment level EZ 
(d ispon ib le  en  ang lais  seu lement)  

I EC 60947-1 : 2007,  Appareillage à  basse tension – Partie  1 : Règles générales  

I EC  60998-2-2 ,  Dispositifs de connexion pour circuits basse tension pour usage domestique 
et analogue – Partie 2-2: Règles particulières pour dispositifs de connexion en tant que 
parties séparées avec organes de serrage sans vis  

___________ 

4 I l  exi ste  u ne  éd i ti on  consol i dée  2 . 1 : 2001  comprenant  l ’ I EC 60529: 1 989  et  son  Amendement  1 : 1 999.  
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IEC 60998-2-3,  Dispositifs de connexion pour circuits basse tension pour usage domestique 
et analogue – Partie 2-3: Règles particulières pour dispositifs de connexion en tant que 
parties séparées avec organes de serrage à  perçage d'isolant  

I EC 60999-1 ,  Dispositifs de connexion – Conducteurs électriques en cuivre – Prescriptions de 
sécurité  pour organes de serrage à  vis et sans vis  – Partie 1 :  Prescriptions générales et 
particulières pour les organes de serrage pour les conducteurs de  0, 2 mm2  à  35 mm2  (inclus)  

I EC  61 000  ( tou tes  les  parties ) ,  Compatibilité  électromagnétique (CEM)  

I EC  61 000-3-2 ,  Compatibilité  électromagnétique (CEM)  – Partie 3-2: Limites – Limites pour 
les émissions de  courant harmonique (courant appelé par les appareils ≤  16 A  par phase)   

I EC 61 000-3-3: 2008,  Compatibilité électromagnétique (CEM)  – Partie 3-3: Limites – Limitation 
des variations de  tension,  des fluctuations de tension et du papillotement dans les réseaux 
publics d'alimentation basse tension,  pour les matériels ayant un courant assigné ≤16 A  par 
phase et non soumis à  un raccordement conditionnel  

I EC  61 000-4-2 : 2008,  Compatibilité électromagnétique (CEM)  – Partie 4-2: Techniques d'essai 
et de  mesure – Essai d'immunité aux décharges électrostatiques  

I EC  61 000-4-3,  Compatibilité électromagnétique (CEM)  – Partie 4-3: Techniques d'essai et de 
mesure – Essai d'immunité aux champs électromagnétiques rayonnés aux fréquences 
radioélectriques  

I EC 61 000-4-4,  Compatibilité électromagnétique (CEM)  – Partie 4-4: Techniques d'essai et de 
mesure – Essais d'immunité aux transitoires électriques rapides en salves   

I EC 61 000-4-5,  Compatibilité électromagnétique (CEM)  – Partie 4-5: Techniques d'essai et de 
mesure – Essai d'immunité aux ondes de  choc  

I EC  61 000-4-6,  Compatibilité électromagnétique (CEM)  – Partie 4-6: Techniques d'essai et de 
mesure – Immunité aux perturbations conduites,  induites par les champs radioélectriques  

I EC  61 000-4-8,  Compatibilité électromagnétique (CEM)  – Partie 4-8: Techniques d'essai et de 
mesure – Essai d'immunité au champ magnétique à  la  fréquence du réseau  

I EC  61 000-4-1 1 ,  Compatibilité électromagnétique (CEM)  – Partie 4-11 : Techniques d'essai et 
de mesure – Essais d'immunité aux creux de tension,  coupures brèves et variations de  
tension  

I EC  61 000-4-1 3:2002,  Compatibilité électromagnétique (CEM)  –  Partie  4-13: Techniques 
d’essai et de mesure – Essais d’immunité basse fréquence aux harmoniques et inter-
harmoniques incluant les signaux transmis sur le réseau électrique alternatif 
Amendement 1 : 2009  

I EC 61 000-4-28,  Compatibilité électromagnétique (CEM)  – Partie 4-28: Techniques d'essai et 
de mesure – Essai d'immunité  à  la  variation de la  fréquence d'alimentation  

I EC  61 058-1 ,  Interrupteurs pour appareils – Partie  1 : Règles générales  

I EC  61 21 0,  Dispositifs de connexion – Bornes plates à  connexion rapide pour conducteurs 
électriques en cuivre – Exigences de sécurité  

I EC 61 249  (tou tes  l es  parties),  Matériaux pour circuits imprimés et autres structures 
d'interconnexion  
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IEC 61 558-2-6,  Sécurité  des transformateurs,  bobines d'inductance,  blocs d'alimentation et 
produits analogues pour des tensions d'alimentation jusqu'à 1  100 V – Partie 2-6: Règles 
particulières et essais pour les transformateurs de sécurité et les blocs d'alimentation 
incorporant des transformateurs de  sécurité   

I EC  61 558-2-1 6,  Sécurité des transformateurs,  bobines d'inductance,  blocs d'alimentation et 
produits analogues pour des tensions d'alimentation jusqu'à 1  100 V – Partie 2-16: Règles 
particulières et essais pour les blocs d'alimentation à  découpage et les transformateurs pour 
blocs d'alimentation à  découpage 

IEC 61 643-1 1 ,  Parafoudres basse tension – Partie 1 1 : Parafoudres connectés aux systèmes 
basse tension – Exigences et méthodes d'essai 

I EC 621 51 ,  Sécurité  des matériels reliés électriquement à  un réseau de télécommunications  

I EC 62326  ( tou tes  les  parties) ,  Cartes imprimées 

I EC 62368-1 ,  Équipements des technologies de l'audio/vidéo,  de l'information et de la  
communication – Partie  1 : Exigences de sécurité  

CISPR 1 1 ,  Appareils industriels,  scientifiques et médicaux – Caractéristiques de perturbations 
radioélectriques – Limites et méthodes de mesure  

CI SPR 1 4-1 : 2005,  Compatibilité électromagnétique – Exigences pour les appareils 
électrodomestiques,  outillages électriques et appareils analogues – Partie 1 :  Émission 5  
Amendement 1 : 2008   

CISPR 22 : 2008,  Appareils de traitement de l'information – Caractéristiques des perturbations 
radioélectriques – Limites et méthodes de mesure  

I SO  1 6484-2,  Systèmes de gestion technique du bâtiment – Partie 2:  Équipement  

2  Termes  et défin i tions  

Pour les  besoins  du  présent document,  l es  termes  et défin i tions  su ivan ts  s ’appl iquen t.   

Lorsque  l es  termes  « tens ion»  et «courant»  sont employés,  i l s  impl i quent les  va leurs  efficaces,  
sauf spéci fication  con trai re.   

 Défin i tions  concernant les  caractéristiques  assignées  de  tension ,  courant,  2 . 1
fréquence  et pu issance  

  2 . 1 . 1
tension ,  courant,  fréquence  et  pu issance assignée  
tens ion ,  courant,  fréquence  ou  pu issance  ass ignée au  d ispositi f de  commande  par son  
fabrican t  

Note  1  à  l 'arti cl e:  Pou r u ne  a l imentation  tri phasée,  l a  tension  assignée  est  l a  tension  de  l i g ne.  

  2 . 1 . 2
plages  assignées  de  tension ,  de  courant,  de  fréquence  ou  de  pu issance  
plages  de  tens ion ,  de  courant,  de  fréquence ou  de  pu issance  nom inales  assignées  au  
disposi ti f de  commande  par son  fabrican t et  exprimées  par l eurs  l im i tes  i n férieure  et  
supérieure  

___________ 

5 I l  exi ste  u ne  éd i ti on  consol i dée  5. 1 : 2009  comprenant  l a  CI SPR 1 4-1 : 2005  et  son  Amendement  1 : 2008.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 297  –  
© I EC  201 5  

  2 . 1 . 3
tension  de  service  
plus  g rande  valeur efficace  de  la  va leur de  la  tens ion  a l ternative  ou  conti nue  appl iquée  à  
toute  i solation  particu l i ère  pouvant se  produ i re  quand  l e  matérie l  est a l imenté  à  l a  tens ion  
ass ignée  

Note  1  à  l 'arti cl e:  Les  surtensions  transi toi res  son t  i g norées.  

Note  2  à  l 'arti cl e:  Les  cond i ti ons  en  ci rcu i t  ouvert  et  l es  cond i ti ons  de  fonctionnement  normal  son t  pri ses  en  
compte.  

  2 . 1 .4
très  basse tension   
TBT 
tens ion  nom inale  ne  dépassan t pas  50  V entre  conducteurs  et entre  conducteurs  et terre  ou ,  
dans  l e  cas  de  montage  triphasé,  ne  dépassant pas  50  V en tre  conducteurs  de  phase  et 29  V 
en tre  conducteurs  de  phase  et  neutre  

Note  1  à  l 'arti cl e:  Ces  val eu rs  son t  déri vées  de  l ’ I EC 60335-1 : 201 0,  Défi n i ti on  3 . 4 . 1 .  

Note  2  à  l 'arti cl e:  Dans  l a  présente  norme,  l es  n i veaux TBT  à  u ti l i ser dans  une  appl i cati on  spéci fi q ue  te l l e  q ue  
spéci fi ée  dans  l a  norme d 'app l i cation  appropriée  peuvent  être  déclarés  pour l es  d isposi ti fs  de  commande  u ti l i sés  
dans  de  tel l es  appl i cations,  ou  avec cel l es-ci ,  dans  des  cond i ti ons  envi ronnemental es  tel l es  que  spéci fi ées  par l a  
norme d 'appl i cation .  

  2 . 1 . 5
très  basse tension  de  sécuri té  
TBTS 
tens ion  nom inale  à  u ti l i ser dans  un  réseau  TBTS  ou  dans  un  réseau  TBTP  en tre  conducteurs  
et  entre  conducteurs  et terre  ne  dépassant pas  42  V en tre  conducteurs  ou ,  dans  l e  cas  de  
montages  tri phasés,  24  V entre  conducteurs  et neu tre,  l a  tens ion  à  vide  du  ci rcu i t ne  
dépassant pas  respectivement 50  V et 29  V,  et  q u i  est fourn ie  par une  p i l e  ou  l orsqu 'el le  est 
obtenue  à  parti r d 'une  tens ion  p lus  é levée est fourn ie  par un  transformateur de  sécuri té  ou  
par un  convertisseur à  enrou lements  séparés  

Note  1  à  l 'arti cl e:  Les  l im i tes  de  l a  tens ion  sont  établ i es  dans  l 'hypothèse  d 'un  transformateur de  sécuri té  
a l imenté  à  sa  tensi on  ass ignée.  

Note  2  à  l 'arti cl e:  Les  converti sseurs  à  en rou lements  séparés  fou rn i ssan t  une  i sol ation  équ i val en te  son t  trai tés  
dans  l ’ I EC 61 558-2-6  et  l ’ I EC 61 558-2-1 6.  

Note  3  à  l 'arti cl e:  Au  Canada  et  aux États-Un is ,  l a  l im i te  de  l a  très  basse  tension  de  sécuri té  est  d e  30  V.  

Note  4  à  l 'arti cl e:  Voi r aussi  2 . 1 . 20  réseau  TBTS  e t  2 . 1 . 21  réseau  TBTP .  

  2 . 1 . 6
transformateur de  sécuri té  
transformateur don t l 'enrou lement primaire  est séparé  é lectriquement de  l 'enrou lement 
secondai re  par une  i solation  au  moins  équ ivalen te  à  une  double  isolation  ou  à  une  i solation  
renforcée ,  e t qu i  est  prévu  pour a l imenter des  ci rcu i ts  en  très  basse  tension  de  sécuri té  

  2 . 1 . 7
polari té  identique  
relation  existant en tre  deux parties  actives  d e  façon  qu 'une  in terconnexion  de  cel les-ci  
permette  à  un  courant de  traverser une  charge,  l e  courant étan t a i nsi  l im i té  par la  charge  

  Vacant 2. 1 . 8
 

  2 . 1 . 9
ci rcui t  secondaire  l im ité  isolé  
circu i t établ i  par un  enrou lement secondai re  isolé  d 'un  transformateur ayan t une  capaci té  
maximale  de  1 00  VA et  une  tens ion  secondai re  à  ci rcu i t ouvert don t l a  va leur ass ignée  ne  
dépasse  pas  1  000  V 
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  2 . 1 . 1 0
mode pi lote  
classe  de  fonctionnement  d ans  l aquel le  l a  charge  é lectri que  fi na le  est commandée par un  
moyen  auxi l i a i re  te l  qu 'un  re la is  ou  un  contacteur 

  2 . 1 . 1 1
surtension  transitoire  
surtension  de  courte  durée,  ne  dépassant pas  quelques  m i l l i secondes,  osci l latoi re  ou  non ,  
généralement fortement amortie   

[SOURCE:  I EC 60050-604: 1 987,  604-03-1 3]  

  2 . 1 . 1 2
tension  assignée de  choc 
tens ion  de  tenue  au  choc é lectrique  ass ignée  par l e  fabricant au  matérie l  ou  à  une  de  ses  
parties ,  caractérisan t l a  capaci té  de  tenue  spéci fiée  de  son  i solation  aux su rtens ions  

  2 . 1 . 1 3
catégorie  de  surtension  
ch i ffre  caractérisant  une  cond i ti on  de  surtension  transitoi re  

Note  1  à  l 'arti cl e:  Les  catégories  de  su rtension  I ,  I I ,  I I I  et  I V son t  u ti l i sées.  Voi r Annexe  L.  

  2 . 1 . 1 4
partie  conductrice  accessible   
masse  dans  une  instal lation  
partie  conductrice  d 'un  matérie l ,  susceptib le  d 'être  touchée,  et  q u i  n 'est  pas  normalement 
sous  tens ion  mais  peu t l e  deven i r l orsque  l ' i solation  principale  est  défai l l an te   

Note  1  à  l 'arti cl e:  U ne  parti e  conductri ce  d 'un  disposi ti f de  commande  pouvant deven i r sous  tens ion  u n iquement  
en  cas  de  con tact  avec une  parti e  conductrice  accessibl e ,  n ' est  pas  cons idérée  e l l e-même comme étan t  une  
masse.   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-06-1 0,  mod i fiée  – la  Note  1  à  l 'article  a  été  a j ou tée. ]   

  2 . 1 . 1 5
écran  (conducteur)  
écran  (conducteur)  (US)  
partie  conductrice  qu i  enveloppe  ou  sépare  des  ci rcu i ts  é lectri ques  et/ou  des  conducteurs  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendement 1 : 2001 ,  1 95-02-38]  

  2 . 1 . 1 6
écran  de  protection  (électrique)  
écran  de  protection  (électrique)  (US)  
écran  conducteur  u ti l i sé  pour séparer un  ci rcu i t  é l ectri que  et/ou  des  conducteurs  des  parties  
acti ves  dangereuses  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendement 1 : 2001 ,  1 95-06-1 7]  

  2 . 1 . 1 7
protection  (électrique)  par écran  
protection  (électrique)  par écran  (US)  
séparation  de  ci rcu i ts  é lectri ques  et/ou  de  conducteurs  par rapport aux parties  actives  
dangereuses  par un  écran  de  protection  électrique  re l ié  au  réseau  de  l i aisons  
équ ipotentiel l es  d e  protection  et  destiné  à  fourn i r une  protection  con tre  l es  chocs  é lectriques  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendement 1 : 2001 ,  1 95-06-1 8]  
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  2 . 1 . 1 8
séparation  simple  
séparation  en tre  ci rcu i ts  ou  en tre  un  ci rcu i t  et  l a  terre  par une  i solation  principale  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 23]  

  2 . 1 . 1 9
séparation  (électrique)  de  protection  
séparation  en tre  deux ci rcu i ts  é lectri ques  au  moyen :   

– d 'une  double  isolation ,  ou   

– d ’une  isolation  principale  et  d ’ une  protection  électrique  par écran ,  ou   

– d ’une  isolation  renforcée  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendement 1 : 2001 ,  1 95-06-1 9]  

  2 . 1 . 20
réseau  TBTS 
réseau  é lectri que  dont l a  tens ion  ne  peu t pas  dépasser l a  va leur de  l a  TBT   

–  dans  des  cond i tions  normales,  et   

– dans  des  cond i ti ons  de  prem ière  panne ,  y compris  l es  pannes  à  la  terre  dans  d 'au tres  
ci rcu i ts  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 26. 1 ,  mod i fiée  – "défaut"  a  été  changé  en  "panne". ]  

  2 . 1 . 21
réseau  TBTP  
réseau  é lectri que  dont l a  tens ion  ne  peu t pas  dépasser l a  va leur TBT  

–  dans  des  cond i tions  normales,  et  

– dans  des  cond i ti ons  de  prem ière  panne ,  à  l 'exception  des  pannes  à  la  terre  dans  d 'au tres  
ci rcu i ts  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 26. 2 ,  mod i fiée  – "défaut"  a  été  changé  en  "panne". ]  

 Défin i tions  des  d i fférents  types  de  d ispositi fs  de  commande  en  fonction  de  2.2
l 'appl ication  

  2 . 2. 1
d ispositi f de  commande électrique   
d ispos i ti f u ti l i sé  dans,  su r ou  avec un  matérie l  dans  l e  bu t de  fai re  varier ou  de  mod i fier l 'effet  
produ i t à  l a  sortie  du  matérie l  par un  processus  comprenant l es  phases  de  mise  en  marche ,  
de  transmission  et  de  fonctionnement 

Note  1  à  l 'arti cl e:  U n  d i sposi ti f de  commande  él ectri q ue  est  appelé  ci -après  «commande  é lectrique» .  

Note  2  à  l 'arti cl e:  Au  moins  l ’ un  d e  ces  aspects  doi t  être  d e  natu re  é l ectri q ue  ou  é l ectron ique.  

  2 . 2.2
disposi ti f de  commande manuel le  
d isposi ti f de  commande  d ont la  mise en  marche  résu l te  d 'une  manœuvre  et  don t l es  
phases  de  transmission  et  fonctionnement  son t réal isées  d i rectement et  sans  retard  
i n ten tionnel  

  2 . 2.3
d ispositi f de  commande automatique  
d ispositi f de  commande  d on t au  moins  l 'une  des  phases  opératoi res  n 'est pas  manuel l e  
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  2 . 2.4
dispositi f de  commande sensible  à  une  grandeur physique  
d ispositi f de  commande au tomatique  d ont l a  mise  en  marche  est commandée  par un  
é lémen t sens ible  à  une  grandeur de  manoeuvre  particu l ière,  te l l e  que  température,  courant,  
hum id i té,  l um ière,  n iveau  d 'un  l i qu ide,  pos i ti on ,  pression  ou  vi tesse  

  2 . 2.5
dispositi f de  commande à  transmission  thermique  
d ispositi f de  commande automatique  dans  l equel  la  phase  de  transmission  est effectuée  
par un  moteur primaire  therm ique  

  2 . 2.6
thermostat  
d ispositi f de  commande thermosensible ,  à  action  cycl ique,  destiné  à  main ten i r l a  
température  en tre  deux va leurs  particu l i ères  dans  l es  cond i tions  de  fonctionnement normal  et 
pour l equel  un  rég lage  par l 'u ti l i sateur  peu t être  prévu  

  2 . 2.7
l im i teur de  température  
d ispositi f de  commande  thermosensible  d estiné  à  main ten i r une  température  en  dessous  
ou  au-dessus  d 'une  va leur particu l i ère  dans  l es  cond i ti ons  de  fonctionnement normal  et pour 
l equel  un  rég lage par l 'u ti l isateur  peu t être  prévu  

Note  1  à  l 'arti cl e:  U n  l im i teur de  température  peu t  être  du  type  à  réarmement au tomatique  ou  manuel .  I l  
n 'effectue  pas  l e  fonctionnement  i n verse  pendant  l e  cycle  normal  d e  fonctionnement  d e  l 'apparei l .  

  2 . 2.8
coupe-ci rcu it thermique  
d isposi ti f de  commande  thermosensible  d esti né  à  main ten i r une  température  en  dessous  
ou  au-dessus  d 'une  va leur particu l i ère  dans  les  cond i ti ons  de  fonctionnement anormal  et pour 
l equel  un  rég lage par l 'u ti l isateur  n 'est  pas  prévu  

Note  1  à  l 'arti cl e:  U n  coupe-ci rcu i t  thermique  peu t  être  d u  type  à  réarmement au tomatique  ou  manuel .  

Note  2  à  l 'arti cl e:  Normalement un  coupe-ci rcu i t  therm ique  produ i t  une  action  du  type  2 .  

  Vacant 2.2.9

  2 .2. 1 0
régulateur d ’énergie  
d ispositi f de  commande  à  fonctionnement cycl i que  qu i  transforme l 'énerg ie  en  une  charge  
et  q u i  peu t i ncorporer des  moyens  de  rég lage par l 'u ti l isateur  pour mod i fier l 'énerg ie  
moyenne  dél ivrée  

Note  1  à  l ' arti cl e:  Le  rapport  en tre  l a  du rée  des  périodes  de  fermeture  du  ci rcu i t  et  l e  temps  écou lé  déterm ine  
l 'énerg ie  moyenne.  

  2 . 2. 1 1
d ispositi f de  commande à  base de  temps  
d ispositi f de  commande  au tomatique  dans  lequel  l a  phase  de  transmission  s 'effectue  au  
moyen  d 'un  moteur primai re  synchrone ou  d 'un  ci rcu i t  é l ectrique  à  base  de  temps  

  2 . 2. 1 2
d ispositi f de  commande à  fonctionnement é lectrique  
d ispositi f de  commande  automatique  d ans  lequel  l a  transmission  s 'effectue  au  moyen  
d 'un  moteur primai re  é l ectri que  et don t le  fonctionnement commande un  ci rcu i t é l ectri que,  
sans  retard  i n ten tionnel  s i gn i ficati f 

Note  1  à  l 'arti cl e:  U n  exemple  de  ce  type  de  d i sposi ti f est  u n  rela i s .  

Note  2  à  l 'arti cl e:  U n  re l a i s  à  action  retardée  peut  être  u n  disposi ti f de  commande  soi t  à  fonctionnement 
él ectrique  so i t  à base  de  temps ,  selon  accord  en tre  l 'au tori té  responsable  des  essais  et  l e  fabrican t.  
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  2 . 2 . 1 3
minuterie  
d isposi ti f de  commande à  base de  temps  q u i  do i t  être  manœuvré  pour que  l e  cycle  su ivant 
pu isse  avoir l i eu  

Note  1  à  l ' arti cl e:  Pendant  u n  cycle  l e  d i spos i ti f d e  commande  peut  exi ger un  s i gnal  externe  é lectri que  ou  
mécan ique  avan t  de  q u i tter u ne  posi ti on  de  repos  pour permettre  l a  con ti nuation  du  cycle.  Un  exemple  de  ce  type  
de  d i sposi ti f est  un  programmateur.  

  2 . 2. 1 4
minuterie  cycl ique  
d ispositi f de  commande à  base  de  temps  q u i  enchaîne  automatiquement un  nouveau  cycle  
à  l a  fin  du  cycle  précédent  

Note  1  à  l ' arti cl e:  Un  exemple  de  ce  type  de  disposi ti f de  commande  es t  l 'horloge  de  commande  horai re  d ' un  
apparei l  d e  chauffage  à  accumu lation .  

  2 . 2. 1 5
dispositi f de  protection  de  moteur 
d ispositi f de  commande automatique  q u i  est spécia lement prévu  pour protéger l es  
enrou lements  d 'un  moteur é lectri que  con tre  les  échauffements  excessi fs  

  2 . 2. 1 6
protecteur thermique  
d ispositi f de  commande automatique ,  i ncorporé  à  un  moteur ou  monté  sur un  moteur,  qu i  
est spécialement prévu  pour protéger l e  moteur con tre  l es  échauffements  excess i fs  dus  à  un  
fonctionnement en  surcharge  et  à  une  défai l l ance  au  démarrage  

Note  1  à  l 'arti cl e:  Le  cou rant  du  moteur ci rcu le  dans  l e  disposi ti f de  commande  q u i  est  sens ib le  à  l a  
températu re  et  au  cou ran t du  moteur.  

Note  2  à  l 'arti cl e:  Le  disposi ti f de  commande  peu t  être  réarmé (soi t  manuel l ement  soi t  au tomatiquement)  
l orsque  sa  températu re  bai sse  à  l a  valeur de  réarmement.  

  2 . 2. 1 7
électrovanne  
d ispositi f de  commande au tomatique  d ans  l equel  la  transmission  est effectuée  par un  
moteur primai re  é l ectrique  et don t le  fonctionnement  ag i t  sur l e  débi t d 'un  l i qu ide  ou  d 'un  
gaz 

  2 . 2. 1 8
mécanisme à  fonctionnement é lectrique  
d ispositi f de  commande au tomatique  d ans  l equel  la  transmission  est effectuée  par un  
moteur primaire  é l ectrique  et  dont  l e  fonctionnement  ag i t  sur un  d ispos i ti f mécan ique  

Note  1  à  l ' arti cl e:  Un  exemple  de  ce  type  de  d i sposi ti f est  l e  verrou i l l age  à  fonctionnement  é l ectri que  du  couvercle  
d 'une  essoreuse.  

Note  2  à  l 'arti cl e:  U n  moteur é l ectri que  n 'est  pas  compris  dans  cette  défi n i ti on .  

  2 . 2. 1 9
dispositi f de  commande de  fonctionnement 
d ispositi f de  commande  q u i  démarre  ou  régu le  l e  matérie l  en  fonctionnement  normal  

  2 . 2.20
dispositi f de  commande de  protection  
d ispositi f de  commande  d ont le  fonctionnement  est prévu  pour évi ter l es  s i tuations  
dangereuses  pendan t un  fonctionnement  anormal  du  matériel  

  2 . 2.21
dispositi f de  commande multi -usage  
dispositi f de  commande  é lectrique  qu i  peu t être  classé  et  u ti l i sé  dans  d i verses  u ti l i sations  
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Note  1  à  l ' arti cl e:  Un  exemple  de  d isposi ti f de  commande  mu l ti -usage  est  l e  thermostat  qu i  peu t  être  auss i  
u ti l i sé  comme l im i teur de  température .  

  2 . 2.22
dispositi f de  commande multi fonction  
d ispositi f de  commande électrique  q u i  i n tègre  p lus ieurs  fonctions  

Note  1  à  l 'arti cl e:  Un  exemple  de  disposi ti f de  commande  mu l ti fonction  est  l a  combinai son  d 'un  thermostat  e t  
d 'un  capteu r d 'hum id i té.  

  2 . 2.23
système  
dispositi f de  commande ,  capteurs  de  commande  et  actionneurs  te ls  qu 'appl iqués  à  une  
appl ication  ou  à  des  processus   

 Défin i tions  concernant les  fonctions  des  d ispositi fs  de  commande  2.3

  2 . 3. 1
mise  en  marche  
cause in i ti a le  mod i fian t  un  aspect du  disposi ti f de  commande  d e  te l l e  man ière  que  
s 'accompl issen t l a  transmission  e t  l e  fonctionnement  

  2 . 3.2
transmission  
phase  i n terméd iai re  essen tie l le  en tre  la  mise en  marche  et  l e  fonctionnement  pour que  l e  
dispositi f de  commande  pu isse  accompl i r l a  fonction  à  l aquel le  i l  est  desti né  

Note  1  à  l 'arti cl e:  Cela  comprend ,  sans  tou tefoi s  s ’ y l im i ter,  l ’ u ti l i sation  de:  

a)  l i gnes/protocoles  de  commun ication ;   

b)  matériel  et/ou  l og iciel  supplémentai res;  

c)  transmission  I R/RF;  ou  

tou tes  l es  combinaisons  de  a)  à  c)  vi a  I n ternet en  u ti l i san t,  par exemple,  des  modems,  des  té léphones  portabl es,  
etc.  

  2 . 3.3
fonctionnement 
mod ification  de  l 'aspect du  disposi ti f de  commande  q u i  fa i t  varier l a  pu issance d 'en trée  
d 'une partie  ou  de  l a  tota l i té  du  matériel  

  2 . 3.4
action  automatique  
action  d 'un  disposi ti f de  commande automatique  d ans  l equel  la  transmission  e t  l e  
fonctionnement  résu l ten t d 'une  mise en  marche  d 'orig ine  non  manœuvrée  

  2 . 3.5
action  automatique à  ouverture  et  fermeture  l entes  
mode de  fonctionnement  d ans  l equel  l a  vi tesse  d 'ouverture  et/ou  de  fermeture  d 'un  con tact 
est d i rectement proportionnel le  à  l a  vi tesse  de  variation  de  l a  grandeur de  manœuvre  ou  à  la  
vi tesse  du  mouvement d 'un  moteur primai re  

Note  1  à  l 'arti cl e:  Cette  action  peut  être  appl i cabl e  à  l a  fermeture,  à  l 'ouvertu re  ou  aux deux.  

  2 . 3.6
action  manuel le  
action  d 'un  d ispos i ti f de  commande au tomatique  ou  manuel  d ans  l equel  l a  transmission  et  
l e  fonctionnement  résu l ten t d 'une  mise  en  marche  effectuée  par action  
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  2 . 3.7
action  
déplacement de  l 'organe  de  manœuvre  d u  d ispositi f de  commande  effectué  à  la  main ,  au  
p ied  ou  de  toute  au tre  man ière  par l 'uti l i sateur  

  2 . 3.8
position  repérée  
posi tion  à  l aquel l e  l 'organe de  manœuvre  revien t de  l u i -même s i  on  l e  re lâche  après  l 'en  
avoi r légèrement écarté  

  2 . 3.9
position  in termédiai re  
posi tion  s table  d 'un  organe de  manœuvre  à  proxim i té  d 'une  position  repérée  correspondan t 
à  un  fonctionnement  i n terméd iai re  du  disposi ti f de  commande  

  2 . 3. 1 0
grandeur de  manœuvre  
caractéristi que  phys ique  d 'un  m i l i eu  dont  l es  variations  ou  l a  s tabi l i té  son t détectées  

  2 . 3. 1 1
valeur de  fonctionnement 
valeur de  la  grandeur de  manœuvre  ( température,  press ion ,  couran t,  e tc. )  à  l aquel l e  
fonctionne  l e  d ispos i ti f l ors  d 'une  é lévation  ou  d 'une  baisse  de  l a  grandeur de  manœuvre  

  2 . 3. 1 2
temps  de  fonctionnement 
durée  ou  d i fférence  de  temps  en tre  deux fonctions  quelconques,  é l ectriques  ou  mécan iques,  
faisan t partie  d 'une  action  automatique  d 'un  disposi ti f de  commande à  base  de  temps  

  2 . 3. 1 3
séquence  de  fonctionnement 
séquence ou  programme ordonné  de  dérou lement du  fonctionnement  d es  fonctions  
é lectriques  ou  mécan iques  d 'un  d ispositi f de  commande  à  l a  su i te  d 'une  action  
automatique  ou  manuel le  d 'un  dispositi f de  commande  

Note  1  à  l 'arti cl e:  E l l e  comprend  u ne  combinaison  de  con tacts  ouverts  ou  fermés  pou r tou te  posi tion  repérée ,  
i n termédiai re  ou  de  rég lage  par l e  fabricant du  matéri el  ou  de  rég l age  par l 'u ti l i sateur.  

  2 . 3. 1 4
valeur de  réponse  
valeur,  temps  ou  séquence de  fonctionnement  q u i  l i e  un  dispositi f de  commande  à  un  
matérie l  particu l ier 

  2 . 3. 1 5
déclenchement l ibre  
action  automatique ,  avec un  organe de  manœuvre  d e  réarmement,  dans  l aquel l e  l 'action  
automatique  est i ndépendante  de  la  man ipu lation  ou  de  la  posi tion  du  mécan isme de  
réarmement 

  2 . 3. 1 6
courant de  fu i te  
tous  l es  courants ,  y compris  les  courants  à  capaci té  couplée,  qu i  peuven t ci rcu ler entre  l es  
surfaces  conductrices  accessib les  d 'un  d ispos i ti f et  l a  terre  ou  d 'autres  su rfaces  conductrices  
accessib les  d 'un  d isposi ti f 

  2 . 3. 1 7
réglage  
rég lage  mécan ique  d 'une  partie  d 'un  dispositi f de  commande  d esti né  à  chois i r une  valeur 
de  fonctionnement  
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  2 . 3. 1 8
réglage par l e  fabricant du  d isposi ti f de  commande  
tout  rég lage  effectué  par l e  fabricant du  d ispositi f  n on  destiné  à  être  mod i fié  par l e  
fabricant du  matériel ,  l ' i nstal lateur  ou  l 'uti l i sateur  

  2 . 3. 1 9
réglage par l e  fabricant du  matériel  
tout  rég lage  effectué  par le  fabricant du  matériel  non  destiné  à  être  mod i fié  par 
l ' instal lateur  ou  l 'uti l i sateur  

  2 . 3.20
réglage par l ’ instal lateur 
tout rég lage  effectué  par l ' instal lateur,  se lon  l es  i nstructions  du  fabricant du  matériel  ou  du  
fabricant du  d isposi ti f de  commande ,  non  desti né  à  être  mod i fié  par l 'uti l i sateur  

  2 . 3.21
réglage par l ’ u ti l i sateur 
toute  sélection  d 'une  valeur de  fonctionnement  par une  manœuvre  effectuée  par 
l 'uti l i sateur  

  2 . 3.22
point  de  consigne  
valeur sélectionnée  par réglage  

  2 . 3.23
point  de  consigne ajustable  
valeurs  mu l ti p les,  s i tuées  à  l ' i n térieur d 'une  p lage  déclarée  de  valeurs ,  pouvan t être  
sélectionnées  par rég lage  

  2 . 3.24
cycle  de  fonctionnement 
toutes  actions  au tomatiques  ou  manuel les  impl iquées  dans  un  fonctionnement  d u  débu t à  l a  
fin  d 'un  matériel  commandé  

  2 . 3.25
cycle  de  fonctionnement par contact  
toute  action  de  m ise  en  con tact su ivie  d 'une  m ise  hors  con tact,  ou  d 'une  m ise  hors  con tact 
su ivie  d 'une  m ise  en  contact  

  2 . 3.26
différentiel le  de  fonctionnement 
d i fférence  en tre  les  valeu rs  supérieure  et  in férieure  de  l a  valeur de  fonctionnement  

  2 . 3.27
différentiel l e  ajustable  
capaci té  de  changer ou  de  mod i fier la  différentiel l e  de  fonctionnement  à  l ' i n térieur des  
l im i tes  assignées  par fonctionnement  d 'un  mécan isme à  action  manuel l e  

  2 . 3.28
différentiel l e  fixe  
d i fférentiel l e  de  fonctionnement  don t l e  réglage  d u  fabrican t ne  peu t être  mod i fié  

  2 . 3.29
pression  de  travai l  maximale  
pression  assignée maximale  
tra i t  maximal  i nd iqué  ou  press ion  de  travai l  maximale  du  système auquel  l e  dispositi f de  
commande  ou  certa ines  de  ses  parties  peuvent être  assu jettis  
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  2 . 3.30
température  maximale  
Tmax  
température  maximale  ambiante  con tinue  à  l aquel le  l a  tête  de  commande  est prévue  d 'être  
exposée  en  fonctionnement  normal  

  2 . 3.31
fonction  de  commande à  d istance  
fonction  de  télécommande  
fonction  assurant tout fonctionnement  d es  dispositi fs  de  commande  par des  moyens  
externes  

Note  1  à  l 'arti cl e:  Cela  comprend ,  sans  tou tefoi s  s ’ y l im i ter,  l ’ u ti l i sation  de:  

a)  l i gnes/protocoles  de  commun ication ;   

b)  matériel  et/ou  l og iciel  supplémentai res;  

c)  transmission  I R/ RF;  ou  

tou tes  l es  combinaisons  de  a)  à  c)  vi a  I n ternet en  u ti l i san t,  par exemple,  des  modems,  des  téléphones  portabl es,  
etc.   

  2 . 3.32
arrêt de  sécuri té  
changement d ’état de  tou tes  les  sorties  électriques  de  sécuri té  cri ti ques  du  dispositi f de  
commande ,  l esquel l es  bascu lent  à  un  état sécurisé,  y compris  l ’ arrêt  

 Défin i tions  relatives  aux coupures  et  in terruptions  de  ci rcu i t  2 .4

Certa ins  disposi ti fs  de  commande  peuvent i ncorporer p l usieurs  types  de  coupure  ou  
d ' in terruption  de  ci rcu i t.  

  2 . 4. 1
coupure  sur tous  l es  pôles  
pour l es  apparei ls  monophasés  à  couran t al ternati f,  et pour l es  apparei ls  à  courant continu ,  l a  
déconnexion  des  deux conducteurs  d 'a l imentation  par une  seu le  manœuvre  ou ,  pour l es  
apparei ls  raccordés  à  p l us  de  deux conducteurs  d 'a l imentation ,  l a  déconnexion  de  tous  l es  
conducteurs  d 'a l imentation  excepté  l e  conducteur de  m ise  à  l a  terre,  par une  seu le  manœuvre  

Note  1  à  l ' arti cl e:  Le  conducteur d e  protection  de  m ise  à  l a  terre  n 'est  pas  considéré  comme un  conducteur 
d 'a l imentati on .  

  2 .4.2
coupure  totale  de  ci rcu i t   
séparation  des  con tacts  de  tous  l es  pôles  d 'a l imentation  au tres  que  ce lu i  de  terre  pour fourn i r 
l 'équ ivalence  de  l ' isolation  principale  en tre  l e  réseau  d 'a l imentation  et l es  parties  desti nées  
à  être  déconnectées  

Note  1  à  l 'arti cl e:  I l  exi ste  d es  exigences  d imensionnel l es  et  de  ri g i d i té  d i électri que.  

Note  2  à  l 'arti cl e:  Lorsque  l e  nombre  de  pô les  sur l e  d isposi ti f de  commande  es t  égal  au  nombre  de  pôles  
d 'a l imentati on  de  l ' apparei l  auquel  i l  est  raccordé,  une  coupure  total e  d e  ci rcu i t  fou rn i t  une  coupure  sur tous  l es  
pôles .  

Note  3  à  l ’ arti cl e:  Voi r aussi  l 'Annexe  H .  

  2 .4.3
microcoupure  
séparation  adéquate  des  con tacts  d 'au  moins  l ' un  des  pôles  d 'a l imentation  pour fourn ir l a  
sécuri té  fonctionnel le  

Note  1  à  l 'arti cl e:  I l  exi ste  u ne  exi gence  de  ri g i d i té  d i él ectri que  de  l 'écartement des  con tacts  mais  pas  d 'exigence  
d imensionnel l e.  
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Note  2  à  l ' arti cl e:  Une  microcoupure  s i gn i fi e  que,  pou r l es  disposi ti fs  de  commande  non  sensibles  à une  
grandeur physique ,  l a  fonction  commandée  par l a  coupure  est  franche  et  que,  pou r l es  disposi ti fs  de  commande  
sensibles  à une  grandeur physique ,  e l l e  est  sû re  à  l ' i n téri eur d es  l im i tes  de  l a  grandeur de  manœuvre  d éclarée  
au  poin t  36  du  Tabl eau  1 .  

Note  3  à  l 'arti cl e:  Voi r aussi  l 'Annexe  H .  

  2 .4.4
micro-in terruption  
ouverture  d 'un  ci rcu i t par une  séparation  des  contacts,  par une  action  cycl i que  ou  par une  
action  non  cycl ique  qu i  ne  fourn i t  pas  une  coupure  totale  su r tous  les  pôles  ou  une  
microcoupure  

Note  1  à  l 'arti cl e:  I l  n 'exi ste  pas  d 'exi gences  d imensionnel l es  ou  de  ri g i d i té  d i é lectri que  pou r l 'écartement  d es  
contacts.  

Note  2  à  l 'arti cl e:  Voi r auss i  l 'Annexe  H .  

  2 .4.5
posi tion  ARRÊT 
posi tion  qu i  i nd ique  d 'une  man ière  vis ible  ou  impl ici te  une  coupure  totale  ou  une  
microcoupure  d u  ci rcu i t  

  Voir Annexe  H .  2 .4.6

 Défin i tions  des  d i fférents  types  de  d isposi ti fs  de  commande  en  fonction  de  l a  2.5
construction  

  2 . 5. 1
d ispositi f de  commande intégré  
d ispositi f de  commande  d on t l e  bon  fonctionnement dépend  de  son  montage  et de  sa  
fixation  corrects  dans  un  matériel  et qu i  ne  peu t être  soum is  à  essai  qu 'en  association  avec 
l es  parties  concernées  du  matérie l  

Note  1  à  l 'arti cl e:  Le  matéri e l  peu t  u ti l i ser l 'é l ectri ci té,  l e  gaz,  l e  fuel ,  l e  charbon  ou  u ne  combinaison  de  ces  
énerg i es.  

Note  2  à  l ' arti cl e:  Un  disposi ti f de  commande  in tégré  est  égal ement  un  disposi ti f  de commande  qu i  fa i t  parti e  
d 'un  disposi ti f de  commande  p l us  complexe  (é l ectri q ue  ou  non  é l ectri q ue).  

  2 .5.2
disposi ti f de  commande incorporé  
d isposi ti f de  commande  d esti né  à  être  i ncorporé  dans  ou  sur un  matérie l ,  mais  qu i  peu t être  
soumis  à  essai  séparément  

Note  1  à  l ' arti cl e:  Le  fai t  q u 'un  disposi ti f de  commande  i ncorporé  pu i sse  être  soumis  à  essai  séparément 
n ' impl i que  pas  qu ' i l  ne  peu t  être  soum is  à  essai  dans  un  matérie l  comme spéci fi é  en  4 . 3. 1 . 1 .  

Note  2  à  l 'arti cl e:  Le  matéri e l  peu t  u ti l i ser l 'é l ectri ci té,  l e  gaz,  l e  fuel ,  l e  charbon  ou  une  combinaison  de  ces  
énerg i es.  

Note  3  à  l ' arti cl e:  Un  disposi ti f de  commande  i ncorporé  es t  égal ement  un  di sposi ti f de  commande  d esti né  à  
être  i ncorporé  dans  ou  su r u n  disposi ti f de  commande  p l us  complexe  (électri que  ou  non  é l ectri que).  

  2 .5.3
disposi ti f de  commande in tercalé  dans  un  câble  souple  
d isposi ti f de  commande  à  boîtier séparé  prévu  pour être  re l ié  au  matérie l  et  à  son  
a l imentation  au  moyen  de  câbles  souples,  de  fiches  ou  de  prises,  et  qu i  est prévu  pour être  
manœuvré  manuel l ement 

Note  1  à  l 'arti cl e:  Un  fus ibl e  dans  u ne  pri se  n ’ est  pas  consi déré  comme fa i sant  parti e  du  disposi ti f de  
commande .  
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  2 .5.4
dispositi f de  commande séparé  
d ispositi f de  commande intercalé  dans  un  câble  souple  q u i  est prévu  pour être  posé  sur 
une  tab le  ou  sur l e  sol   

Note  1  à  l 'arti cl e:  I l  peu t  être  actionné  à  l a  main ,  au  p ied  ou  de  tou te  au tre  man ière  s im i l a i re  par l 'u ti l i sateu r.  

  2 .5.5
disposi ti f de  commande à  montage indépendant 
d isposi ti f de  commande  prévu  pour être  re l ié  en  permanence  à  un  câblage  fixe ,  l o in  du  
matérie l  commandé  

Note  1  à  l 'arti cl e:  Ce  d i sposi ti f peu t  être:  

−  so i t  pou r montage  su r u ne  surface,  te l l e  q u 'une  paroi ;  

−  so i t  pour montage  encastré,  par exemple  dans  un  évidemen t  prati q ué  dans  une  paroi ,  l orsque  l ' i nsta l l ati on  
doi t  pouvoi r se  fa i re  par l ' avan t;  

−  so i t  pou r montage  su r un  panneau ,  par exemple  sur u n  panneau  de  fonctionnement  ou  à  l ' i n térieu r d e  celu i -
ci ,  l orsque  l ' i nsta l l ati on  peu t  se  fa i re  par l ' arri ère.  

  2 .5.6
disposi ti f de  commande à  traction  
d isposi ti f de  commande  d esti né  à  être  mon té  sur ou  dans  un  matérie l  et actionné  par un  
cordon  de  traction  

2.5.7  à  2.5. 1 0  Voi r Annexe  H .  

2.5. 1 1  
manœuvre à  deux posi tions  
caractéristi que  séquentie l le  de  deux mouvements  d isti ncts  d 'un  organe  de  manœuvre  

 Défin i tions  des  types  d 'action  automatique de  d isposi ti fs  de  commande d 'après  2.6
les  procédures  d 'essai  

  2 .6. 1
action  de  type 1  
action  automatique  pour l aquel l e  l a  tolérance de  fabrication  et  l a  dérive  d e  sa  valeur,  de  
son  temps ou  de  sa  séquence de  fonctionnement  n 'on t pas  été  déclarées  et soum ises  à  
essai  su ivant  l a  présen te  norme  

Note  1  à  l 'arti cl e:  U ne  action  de  type  1  fa i t  l ' obj et  de  sous-classes  comme spéci fi é  en  6 . 4.  

  2 . 6.2
action  de  type 2  
action  automatique  pou r l aquel le  l a  tolérance  de  fabrication  et  l a  dérive  d e  sa  valeur,  de  
son  temps ou  de  sa  séquence de  fonctionnement  on t été  déclarées  et soum ises  à  essai  
su ivant la  présente  norme  

Note  1  à  l 'arti cl e:  U ne  action  de  type  2  fa i t  l ' obj et  de  sous-classes  comme spéci fi é  en  6 . 4.  

 Défin i tions  concernant la  protection  contre  les  chocs  électriques  2.7

  2 . 7. 1
partie  active  
partie  conductrice  prévue  pour être  m ise  sous  tens ion  en  usage normal ,  comprenant l e  
conducteur neu tre  mais ,  par convention ,  pas  de  conducteur PEN  
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2.7. 1 . 1  
partie  active  dangereuse  
partie  active  q u i ,  d ans  certaines  cond i tions  d ' i n fl uences  externes,  peut causer un  choc 
é lectrique  

  2 . 7.2
dispositi f de  commande de  classe  0  
d ispositi f de  commande  d ans  l equel  la  protection  contre  les  chocs  é lectri ques  repose  sur 
l ' isolation  principale  

Note  1  à  l 'arti cl e:  Ce la  impl i q ue  qu 'aucune  d i sposi ti on  n 'est  prévue  pour l e  raccordement d es  parti es  conductri ces  
accessib les ,  s ' i l  y  en  a ,  à  u n  conducteur de  protection  fa i sant  parti e  du  câblage  fi xe  de  l ' i nsta l l ati on ,  l a  
protection  en  cas  de  défai l l ance  d e  l ' i solation  principale  reposant  su r l 'envi ronnement.  

Note  2  à  l ' arti cl e:  Les  disposi ti fs  de  commande de  classe  0  n e  son t  pas  adm is  en  Al l emagne,  Au tri che,  
Belg i que,  Danemark,  France,  Royaume-Un i ,  I ta l i e  et  en  Norvège.  

Note  3  à  l 'arti cl e:  U ne  borne  de  terre  est  adm ise  un iquement  pou r assu rer l a  con ti nu i té  ou  l e  fonctionnement  
é l ectri que  (en  tan t  q ue  fonctions  d i sti nctes  de  l a  protection).  

  2 . 7.3
disposi ti f de  commande de  classe  0I  
d isposi ti f in tercalé  dans  un  câble  souple  ayan t au  moins  une  i solation  principale  en  
toutes  ses  parties  et comportan t une  borne  de  terre,  mais  équ ipé  d 'un  câble  souple  fixé  à  
demeure  sans  conducteur de  terre  et d 'une  fiche  de  prise  de  courant sans  contact de  terre  
qu i  ne  peut  être  i n trodu i te  dans  un  socle  ou  une  prise  mobi l e  avec con tact de  terre  

Note  1  à  l ' arti cl e:  Les  disposi ti fs  de  commande  de  classe  0 I  ne  sont  pas  adm is  en  Al l emagne,  Au tri che,  
Belg i que,  Danemark,  France,  Royaume-Un i ,  I ta l i e  et  en  Norvège.  

Note  2  à  l 'arti cl e:  Une  borne  de  terre  est  adm ise  un iquement  pour assu rer l a  con ti nu i té  (en  tan t  q ue  fonctions  
d i s ti nctes  de  l a  protection ).  

  2 . 7.4
disposi ti f de  commande de  classe  I  
d isposi ti f de  commande  d ans  l equel  l a  protection  contre  l es  chocs  é lectriques  ne  repose  
pas  un iquement sur l ' i solation  principale ,  mais  dans  lequel  une  mesure  de  sécuri té  
supplémentaire  a  été  pri se  sous  forme de  moyens  de  raccordement des  parties  conductrices  
access ib les  à  un  conducteur de  protection  fa isan t partie  du  câblage fixe  de  l ' insta l lation  de  
man ière  te l l e  que  des  parties  conductrices  accessibles  ne  pu issen t deven i r dangereuses  en  
cas  de  défai l l ance  de  l ' i solation  principale  

Note  1  à  l ' arti cl e:  Cette  d i sposi ti on  comprend  un  conducteur de  protection  fa i san t  parti e  du  câble  soupl e.  
Lorsque  l es  disposi ti fs  de  l a  cl asse  I  son t  mun is  d 'un  câbl e  soupl e  à  d eux conducteurs,  à  cond i ti on  que  ce  câble  
soi t  équ ipé  d 'une  fi che  qu i  n e  peut  être  i n trodu i te  dans  u n  socle  avec con tact  de  terre,  l a  protection  est  équ i valente  
à  cel l e  de  l a  cl asse  0 ;  n éanmoins,  i l  convient  q ue  l es  d i sposi ti ons  en  vue  de  l a  m ise  à  l a  terre  soient  en ti èrement  
conformes,  à  tous  au tres  égards,  aux exigences  de  l a  cl asse  I .  

Note  2  à  l 'arti cl e:  Les  disposi ti fs  de  commande  de  l a  classe  I  peuvent avoi r des  parti es  à  double  i solation ,  ou  
des  parti es  fou rn i ssant  une  protection  contre  l es  chocs  é l ectri ques  par l ' u ti l i sation  de  l a  TBTS  ou  de  l a  TBTP.  

  2 . 7.5
disposi ti f de  commande de  l a  classe  I I  
d isposi ti f de  commande  d ans  l equel  l a  protection  contre  l es  chocs  é lectri ques  ne  repose  
pas  un iquement sur l ' i solation  principale ,  mais  dans  l equel  on t été  prises  des  mesures  
supplémenta ires  de  sécuri té,  te l l es  que  la  double  i solation  ou  l ' i solation  renforcée ,  ces  
mesures  ne  comportant pas  de  moyen  de  m ise  à  la  terre  de  protection  et  ne  dépendant  pas  
des  cond i ti ons  d ' instal l ation  

Note  1  à  l 'arti cl e:  Ce  disposi ti f de  commande  peu t  être  de  l ’ un  d es  types  défi n i s  de  2 . 7 . 5. 1  à  2 . 7 . 5. 3.  

Note  2  à  l 'arti cl e:  Les  disposi ti fs  de  commande  de  l a  classe  I I  peuvent  avoi r des  parti es  fourn i ssan t une  
protection  contre  l es  chocs  é lectri ques  par l ' u ti l i sati on  de  l a  TBTS .   
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Note  3  à  l 'arti cl e:  Les  d isposi ti fs  de  commande de  l a  classe  I I  ne  peuvent  pas  avoi r des  parti es  fourn i ssant  une  
protection  con tre  l es  chocs  é lectri ques  par l 'u ti l i sation  de  l a  TBTP,  de  te l s  ci rcu i ts  exi geant  un  raccordement à  une  
borne  de  terre.  

2.7.5.1  
d isposi ti f de  commande de  l a  classe  I I  à  enveloppe  i solante  
d isposi ti f de  commande  ayan t une  enveloppe durable  et pratiquement con tinue  en  matière  
i solante  enfermant tou tes  l es  parties  méta l l i ques,  à  l 'exception  des  peti tes  parties ,  te l l es  que  
p laques  s ignalétiques,  vi s  et ri vets,  qu i  sont séparées  des  parties  actives  par une  isolation  
au  moins  équ ivalen te  à  l ' isolation  renforcée  

2.7.5.2  
d ispositi f de  commande de  l a  classe  I I  à  enveloppe  métal l ique  
d ispositi f de  commande  ayan t une  enveloppe méta l l i que  pratiquement continue,  dans  lequel  
l a  double  isolation  est partou t u ti l i sée,  à  l 'exception  des  parties  où  on  u ti l i se  une  isolation  
renforcée ,  parce  qu 'une  double  i solation  est man i festement i rréal isable  

2.7.5.3  
d ispositi f de  commande de  l a  classe  I I  à  enveloppe  i solante/enveloppe métal l ique  
d ispositi f de  commande  q u i  est  une  combinaison  des  types  décri ts  en  2 . 7. 5. 1  et  2 . 7 . 5.2  

Note  1  à  l 'arti cl e:  L 'envel oppe  d 'un  disposi ti f de  l a  cl asse  I I  à  envel oppe  i solante  peu t  fai re  parti e  ou  consti tuer 
l ' i solation  supplémentai re  ou  renforcée .  U n  disposi ti f  à  double  i solation  complète  et/ou  i solation  renforcée  
complète  qu i  comporte  une  borne  ou  un  contact  de  terre  est  considéré  comme étant  de  l a  cl asse  0 I  ou  I .   

  2 . 7.6
disposi ti f de  commande de  l a  classe  I I I  
d isposi ti f de  commande  reposant su r l a  l im i tation  de  la  tens ion  à  des  valeurs  TBT  comme 
d isposi tion  con tre  l es  chocs  é lectriques  pour l a  protection  pri ncipale  et  

– sans  mesures  pour la  protection  en  cas  de  panne ;   

–  qu i ,  pour l 'a l imentation ,  est seu lement raccordé  à  un  réseau  TBTS  ou  à  un  réseau  TBTP ,  
pour consti tuer une  partie  de  ce  système ;   

–  dans  l equel  l es  ci rcu i ts  in ternes  ne  fonctionnent pas  à  un  n i veau  supérieur à  l a  TBT ;  

–  dans  l equel ,  en  cas  de  panne  s imple  dans  l e  dispositi f de  commande ,  aucune  tens ion  
de  con tact permanente  ne  peu t apparaître  ou  être  générée  à  un  n i veau  supérieur à  la  
TBT ;  et  

– sans  moyen  de  raccordement pour un  conducteur de  protection  

  2 . 7.7
partie  amovible  
partie  qu i  peut être  ôtée  ou  ouverte  sans  l 'a ide  d 'un  outi l  et  qu i  ne  satisfai t pas  à  l 'essai  de  
1 1 . 1 1 . 1 . 5  

  2 . 7.8
partie  accessible  ou  surface accessible  
toute  partie  ou  surface  qu i  peu t être  touchée avec le  doig t d 'épreuve  de  la  F igure  2 ,  l orsque  l e  
dispositi f de  commande ,  mon té  comme en  usage normal ,  est débarrassé  de  tou tes  l es  
parties  amovibles  
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  2 . 7.9
isolation  fonctionnel le  
i solation  en tre  des  parties  actives  d ont l es  poten tiels  sont d i fférents  et qu i  est nécessaire  au  
bon  fonctionnement  d u  disposi ti f de  commande  ou  du  matérie l  commandé  (L-L)  

Note  1  à  l 'arti cl e:  Les  abréviations  u ti l i sées  de  2 . 7. 9  à  2 . 7. 1 2  on t  l es  s i gn i fi cations  su ivantes:  

L   parti e  active ;  

A parti e  accessible  (surface  conductri ce  ou  i solante);  

I   parti e  i n terméd iai re.  

  2 . 7. 1 0
isolation  principale  
i solation  des  parties  actives ,  destinée  à  assu rer la  protection  principa le  con tre  l es  chocs  
é lectriques  (L-A ou  L- I )  

Note  1  à  l 'arti cl e:  L ' i solation  principale  comprend  l ' i solati on  en tre  des  parti es  acti ves  e t:   

−  des  parti es  conductri ces  i n terméd iai res  ou  une  feu i l l e  métal l i que  appl i quée  su r des  surfaces  i sol antes  
i n terméd i ai res  (s i tuati on  de  l a  cl asse  I I ) ;  

−  des  parti es  conductri ces  accessib les  (s i tuati ons  des  cl asses  0 ,  0 I ,  I ) ;  

−  des  parti es  conductri ces  raccordées  à  des  parti es  conductri ces  accessib les  (s i tuati ons  des  cl asses  0 ,  0 I  ou  I ) ;  

−  u ne  feu i l l e  métal l i que  appl i quée  su r d es  su rfaces  i solan tes  accessib les  (s i tuati on  de  l a  cl asse  0) .  

Note  2  à  l 'arti cl e:  Cette  i solati on  fa i sai t  parti e  an téri eu remen t de  l ' i solati on  d i te  fonctionnel l e .   

  2 . 7. 1 1
isolation  supplémentai re  
i solation  i ndépendante  prévue  en  p lus  de  l ' i solation  principale ,  en  vue  d 'assurer l a  
protection  contre  l es  chocs  é lectriques  en  cas  de  défai l lance  survenant dans  l ' i solation  
principale  ( I -A)  

Note  1  à  l 'arti cl e:  Cette  i sol at ion  comprend  l ' i so lation  en tre  des  parti es  conductri ces  i n terméd iai res  ou  u ne  feu i l l e  
métal l i que  appl i quée  su r des  su rfaces  i sol antes  i n terméd ia i res  et:   

−  des  parti es  conductri ces  accessib les  (s i tuati on  de  l a  cl asse  I I ) ;   

−  des  parti es  conductri ces  raccordées  à  des  parti es  conductri ces  accessib les  (s i tuati on  de  l a  cl asse  I I ) ;  

−  u ne  feu i l l e  métal l i que  appl i quée  su r d es  su rfaces  i solan tes  accessib les  (s i tuati on  de  l a  cl asse  I I ) .  

  2 . 7. 1 2
isolation  renforcée  
i solation  un ique  des  parties  actives  assurant,  dans  l es  cond i ti ons  spéci fiées  par l a  présente  
norme,  un  degré  de  protection  con tre  l es  chocs  é lectriques  équ iva len t à  une  double  i solation  
(L-(I )-A)  

Note  1  à  l 'arti cl e:  Cette  i solati on  comprend  une  i sol ation  en tre  des  parties  actives  e t:   

−  des  parti es  conductri ces  accessib les  (s i tuati on  de  l a  cl asse  I I ) ;   

−  des  parti es  conductri ces  raccordées  à  des  parti es  conductri ces  accessib les  (s i tuati on  de  l a  cl asse  I I ) ;   

−  u ne  feu i l l e  métal l i que  appl i quée  su r d es  su rfaces  i solantes  accessib les  (s i tuati on  de  l a  cl asse  I I ) .  

Note  2  à  l ' arti cl e:  Le  terme  i solati on  un ique  n ' impl i que  pas  que  l ' i so l ation  doi t  être  homogène.  E l l e  peu t  
comprend re  p l us ieu rs  couches  qu i  ne  peuvent pas  être  soum ises  à  essai  séparément  comme une  i solation  
supplémentai re  ou  u ne  i sol ati on  principale .   

  2 . 7. 1 3
double  i solation  
i solation  comprenant à  l a  fo is  une  isolation  principale  e t  une  isolation  supplémentaire  
(s i tuation  de  la  classe  I I )  
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  Voir Annexe  H .  2 . 7. 1 4

  2 .7. 1 5
l iaison  équ ipotentiel l e  
mise  en  œuvre  de  l ia isons  é lectriques  entre  parties  conductrices  pour réal iser 
l 'équ ipoten tia l i té   

Note  1  à  l 'arti cl e:  L 'effi caci té  de  l a  l i ai son  équ ipoten tiel l e  d épend  de  l a  fréquence  du  couran t dans  l a  l i a i son .  

La  l i aison  équ ipotenti el l e  es t  u ti l i sée  pour raccorder tou te  parti e  conductri ce  d 'u n  bâtiment ne  fai san t  pas  parti e  
de  l ' i nsta l l ati on  é l ectri que  et  susceptib le  d ' i n trodu i re  un  poten tiel  é l ectri q ue,  généralement l e  poten tie l  é l ectri que  de  
l a  terre  l ocal e  (é lément conducteur étranger),  et  tou te  parti e  conductri ce  des  di sposi ti fs  de  commande ,  matérie l s  
ou  composants  dans  l ' i nstal l ati on  suscepti ble  d 'être  touchée  et  qu i  n 'est  normalement  pas  sous  tension  mais  peut  
l e  deven i r en  cas  de  défai l l ance  de  l ' i sol ation  principale  (partie  conductri ce  accessible )  à  une  borne 
d 'équ ipotenti al i té  pri ncipale  en  forme de  barre,  afi n  de  porter ces  parti es  au  même potenti e l .  Les  parti es  à  
connecter au  réseau  de  l i aisons  équ ipotentiel l es  comprennent  par exemple  l es  conducteurs  de  protection ,  l es  
conducteurs  PE ,  l es  conducteurs  PEN ,  l es  conducteurs  de  m ise  à  l a  terre,  l es  bornes  de  m ise  à  l a  terre  de  
protection  des  disposi ti fs  de  commande  ou  matéri el s ,  tou tes  l es  parti es  conductri ces  dans  u n  bâtiment,  par 
exemple  l es  condu i tes  métal l i ques  pou r l ' eau  (de  boi sson  e t  usée),  l es  baignoi res  métal l i ques,  l es  condu i tes  d u  
système  de  chauffage  cen tral ,  tou te  condu i te  i n téri eu re  de  gaz (don t  l ' i sol ati on  des  condu i tes  de  gaz extéri eu res  
est  aussi  exigée),  l es  connecteurs  de  terre  pou r l es  an tennes  et  réseaux de  té lécommun ications,  tou tes  l es  parti es  
métal l i ques  du  bâtiment  u ti l i sées  pou r l a  construction  comme l es  bétons  armés  d 'acier,  et  l es  conducteu rs  de  
protection  con tre  l a  foud re  et,  se lon  l e  système d ' i nstal l ati on ,  l 'é l ectrode  de  terre.  Les  exi gences  pour l a  l i aison  
équ ipotentiel le  peuvent être  trouvées  dans  l es  normes  de  l ’ I EC pour l ' i nstal l ati on  des  bâtiments .  Cel l es-ci  peuvent  
être  appropriées  pour l ' i nsta l l ati on  des  disposi ti fs  de  commande  q u i  comprennent  p l us ieurs  parti es  de  
composants  (par exemple  des  capteurs,  des  actionneu rs,  des  é l éments  de  commande  cen tral e,  des  é l éments  
d ' i n terfaces)  raccordées  en  paral l è l e  à  l ' i nstal l ati on  fi xe  du  bâtiment ou  par l ' i n terméd iai re  de  l ' i nsta l l ati on  fi xe  du  
bâtiment.  

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-01 -1 0]  

2.7. 1 5. 1  
l i aison  équ ipotentiel l e  de  protection  
l i aison  équ ipotentiel le  réal isée  à  des  fins  de  sécuri té  (protection  con tre  l es  chocs  
é lectriques)   

Note  1  à  l 'arti cl e:  La  l i aison  équ ipotentiel l e  foncti onnel l e  est  défi n ie  d ans  l e  [VEI  1 95-01 -1 6] .  

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-01 -1 5,  mod i fiée  – (protection  con tre  les  chocs  
é lectriques)  a  été  aj outé. ]  

 Défin i tions  concernant  les  éléments  consti tuants  des  d isposi ti fs  de  commande  2 .8

  2 .8. 1
élément sensible  
partie  d 'un  d ispositi f de  commande  q u i  est desti née  à  être  exposée  à  l ' i n fl uence de  l a  
grandeur de  manœuvre  à  l aquel le  répond  l 'action  automatique  d 'un  d ispositi f sensible  

  2 . 8.2
tête  de  commande  
ensemble  du  disposi ti f de  commande ,  à  l 'exception  de  tou t  élément  sensible  

Note  1  à  l 'arti cl e:  S i  l a  construction  du  d i sposi ti f n e  permet pas  de  fai re  u ne  tel l e  d i sti nction  en tre  élément 
sensible  e t  tête  de  commande ,  c'est  l 'ensemble  du  disposi ti f  q u i  est  appelé  él ément sensible .  

  2 . 8.3
organe de  manœuvre  
partie  qu i  est déplacée  manuel l ement,  soi t  en  la  t i ran t,  en  l a  poussant  ou  en  l a  retournant,  
pour provoquer l a  mise  en  marche du  disposi ti f de  commande  ou  pour l e  rég lage par 
l 'u ti l isateur 

Note  1  à  l 'arti cl e:  Est  exclu  de  cette  d éfi n i ti on ,  tou t  moyen ,  te l  qu 'une  vi s  poi n teau ,  permettan t  l e  rég lage  du  
d i sposi ti f par l e  fabrican t de  d i sposi ti fs  s i  ce  moyen  est  convenablement  immobi l i sé  dans  sa  pos i ti on  i n i ti a l e  ou  
s ' i l  nécess i te  un  ou ti l  pour l e  rég lage  par l e  fabricant de  d isposi ti fs .  
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  2 . 8.4
l iaison  de  manœuvre  
tout  é lémen t qu i  rel i e  l 'organe de  manœuvre  au  mécan isme du  disposi ti f de  commande  

  2 . 8.5
cordon  de  traction  
organe de  manœuvre  souple  sur l equel  une  traction  est  exercée  pour fa i re  une  manœuvre  

  2 . 8.6
moteur primaire  
tout d ispos i ti f fourn issant l 'énerg ie  mécan ique  nécessaire  à  la  transmission  pour un  
dispositi f de  commande automatique ,  te l  qu 'un  dispositi f de  commande à  
fonctionnement électrique ,  u ne  électrovanne ,  un  mécanisme à  fonctionnement 
électrique  ou  un  disposi ti f de  commande  à  base  de  temps  

Note  1  à  l 'arti cl e:  Ce  peut  être  u n  mécan isme à  accumu lati on  d 'énerg ie  (te l  q u 'un  moteu r à  ressort),  un  d i spos i ti f 
é l ectromagnéti que  (te l  qu 'un  moteur é l ectri q ue,  u n  é l ectro-aimant  pas  à  pas),  un  d i spos i ti f é l ectrotherm ique  (tel  
que  l ' é l ément chauffant  d 'un  régu lateur d 'énerg ie ) ,  ou  tou te  au tre  sou rce  d 'énerg i e  mécan ique.  

  2 . 8.7
l iaison  sélective  
d isposi ti f mécan ique  grâce  auquel  l 'organe de  manœuvre  peu t avoir une  action  priori ta i re  
par rapport  à  cel l e  du  moteur primaire  ou  de  la  grandeur de  manœuvre ,  pour provoquer ou  
au toriser l a  mise  en  marche  ou  l 'annu lation  d 'une  action  

  2 . 8.8
couvercle  
capot  
partie  access ib le  lorsque  l e  disposi ti f de  commande  est mon té  comme en  usage normal  e t  
qu i  ne  peut être  en levée  qu 'à  l 'a ide  d 'un  outi l  

Note  1  à  l 'arti cl e:  L 'en l èvement de  cette  parti e  ne  doi t  cependant pas  nécessi ter d 'outi l  spécial .  

  2 . 8.9
partie  (ou  é lément)  à  fixation  sans  vis  
partie  (ou  élémen t)  accessible  q u i ,  après  fixation ,  i nsta l l ation ,  montage  ou  assemblage  dans  
ou  sur un  matérie l  ou  au tre  é lémen t,  ou  encore  sur un  support spécia lement préparé,  est 
main tenu  en  place  par des  moyens  d i rects  qu i  ne  dépenden t pas  de  vis  

Note  1  à  l ' arti cl e:  Le  démontage  ou  en l èvement  peut  nécessi ter un  outi l ,  u ti l i sé  d i rectement su r l a  parti e  (ou  
é l ément),  ou  encore  u ti l i sé  pou r accéder au  moyen  de  retenue .  

Note  2  à  l 'arti cl e:  Comme exemples  de  parti es  q u i  n e  son t  pas  cons idérées  comme parties  (ou  él éments)  à  
fi xation  sans  vis ,  on  peu t  ci ter:   

– des  parti es  d 'é léments  fi xées  en  permanence  par ri vets ,  col l age  ou  moyens  analogues;  

– l es  connecteurs  à  l anguette;  

– l es  bornes  sans  vis ;  

– l es  fi ches  et  pri ses  de  cou ran t normal i sées;  

– l es  socles  de  connecteur normal i sés,  même s i  ces  socles  comportent  d es  d i sposi ti fs  à  l oquet  suppl émentai res  
desti nés  à  empêcher un  débranchement à  action  un i que;  

– l e  remplacement d ' une  l ampe  à  dou i l l e  à  baïonnette;  

– l a  construction  à  cosse  tou rnan te;  

– l a  construction  à  fi xation  par frottement.  
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 Défin i tions  concernant  les  d i fférents  types  de  bornes  et  connecteurs  u ti l isés  2.9
dans  l es  d isposi ti fs  de  commande  

  2 . 9. 1
borne  à  trou  
borne  comportan t un  trou  ou  une  cavi té  destinés  à  recevoi r un  conducteur qu i  est ensu i te  
b loqué  sous  l a  poin te  d 'une  ou  p l us ieurs  vis  

Note  1  à  l 'arti cl e:  La  press ion  de  serrage  est  appl i quée  soi t  d i rectement par l a  vi s ,  soi t  par l ' i n terméd ia i re  d 'u ne  
pièce  de  serrage  q u i  transmet l a  press ion  de  l a  vi s  (voi r F i gu re  1 1 ) .   

  2 . 9.2
borne  à  vis  
borne dans  laquel l e  l e  conducteur est serré  sous  l a  tête  d 'une  vis  

Note  1  à  l 'arti cl e:  La  pression  de  serrage  peut  être  appl i q uée  soi t  d i rectement par l a  tête  de  l a  vi s ,  soi t  par 
l ' i n terméd iai re  d 'u ne  pièce  te l l e  q u 'une  ronde l l e ,  une  pl aquette  ou  u n  d i sposi ti f évi tant  l ' effi l ochage  du  conducteu r 
(voi r F i gu re  1 0).  

  2 . 9.3
borne  à  gou jon  fi l eté  
borne dans  laquel l e  l e  conducteur est serré  sous  un  écrou  

Note  1  à  l ' arti cl e:  La  pression  de  serrage  peut  être  appl i quée  soi t  d i rectement  par u n  écrou  de  forme  appropriée,  
soi t  par l ' i n terméd iai re  d 'une  pi èce  tel l e  q u 'une  rondel l e ,  u ne  p l aquette  ou  un  d i spos i ti f évi tant  l 'effi l ochage  d u  
conducteur (voi r F i gu re  1 0).  

  2 . 9.4
borne  sans  vis  
borne dans  laquel le  l e  conducteur est b loqué  d i rectement ou  ind i rectement par des  é léments  
de  serrage  te ls  que  des  ressorts,  des  coins,  des  excentriques,  des  cônes  ou  équ iva lent  

Note  1  à  l 'arti cl e:  Ne  son t  pas  cons idérées  comme des  bornes  sans  vi s :   

−  l es  bornes  nécessi tant  l a  pose  préal abl e  de  d i sposi ti fs  spéciaux su r l es  conducteu rs ,  par exemple  l es  
connecteurs  à  l anguette ;   

−  l es  connexions  nécessi tant  l ' enrou l ement du  conducteu r (wrappi ng )  par exemple  cel l es  avec des  j oi n ts  
enrou l és ;   

−  l es  bornes  assurant  un  contact  d i rect  avec l es  conducteu rs  au  moyen  d 'arêtes  ou  de  po in tes  desti nées  à  percer 
l ' i solation .   

  2 . 9.5
connecteur à  languette  
assemblage  d 'une  l anguette  et  d 'un  réceptacle  permettant de  re l i er à  volonté  une  âme  
conductrice  ou  un  conducteur à  un  d ispositi f de  commande ,  à  une  au tre  âme ou  à  un  au tre  
conducteur 

  2 . 9.6
réceptacle  
partie  femel le  d 'un  connecteur à  languette  d esti née  à  être  fixée  en  permanence  sur une  âme 
conductrice  ou  un  conducteur (voir F igure  1 6)  

  2 . 9.7
languette  
partie  mâle  d 'un  connecteur à  l anguette  (vo i r F igures  1 4  et  1 5)  

  2 . 9.8
languette  inamovible  
languette  fi xée  de  man ière  permanen te  sur une  âme conductrice  ou  sur un  conducteur 
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  2 . 9.9
languette  fixe  
languette  fixée  de  man ière  permanen te  sur un  dispositi f de  commande  ou  en  fa isant partie  
i n tégrante  

  2 . 9. 1 0
connexion  
pièce  permettant l a  connexion  d 'un  conducteur à  un  dispositi f de  commande  d e  te l le  
man ière  que  son  remplacement nécess i te  un  outi l  spécial ,  u n  procédé spécia l  ou  une  
préparation  spécia le  de  l 'extrém i té  d 'un  conducteur 

Note  1  à  l 'arti cl e:  Le  soudage  à  l 'étai n  nécess i te  un  ou ti l  spécial .  Le  soudage  é l ectri q ue  est  un  procédé  spécial .  
La  pose  d 'une  cosse  su r l ' extrém i té  d 'un  conducteu r est  considérée  comme une  préparati on  spéciale.  

  2 . 9. 1 1
connexion  soudée  
connexion  d ans  laquel le  l e  conducteur est fixé  mécan iquement et  l a  continu i té  é lectrique  est  
assurée  par une  soudure  

  2 . 9. 1 2
borne  à  plaquette  
borne  dans  l aquel le  l 'âme d 'un  conducteur est serrée  sous  une  plaquette  au  moyen  de  deux 
ou  pl us  de  deux vis  ou  écrous  (voir F i gure  1 3a)  

  2 . 9. 1 3
borne  pour cosse  et barrette  
borne  à  serrage  sous  tête  de  vis  ou  borne  à  gou jon  fi l eté ,  prévue  pour l e  serrage  d 'une  
cosse  ou  d 'une  barrette  au  moyen  d 'une  vis  ou  d 'un  écrou  (voi r F igu re  1 3b)  

  2 . 9. 1 4
borne  à  capot taraudé  
borne  dans  l aquel l e  l 'âme d 'un  conducteur est serrée  au  moyen  d 'un  écrou  con tre  le  fond  
d 'une  fen te  pratiquée  dans  un  gou j on  fi l eté  

Note  1  à  l 'arti cl e:  L 'âme est  serrée  contre  l e  fond  de  l a  fen te  par une  ronde l l e  d e  forme  appropriée  pl acée  sous  
l 'écrou ,  par u n  téton  central  s i  l ' écrou  est  un  capot taraudé,  ou  par d 'au tres  moyens  auss i  effi caces  pou r 
transmettre  l a  press ion  de  l 'écrou  à  l ' âme à  l ' i n térieur d e  l a  fen te  (voi r F i gure  1 2 ) .  

  2 . 9. 1 5
borne  d 'équ ipotential i té  
borne  dont un  matérie l  ou  un  d ispos i ti f est mun i ,  et destinée  à  être  connectée  é lectriquement 
au  réseau  de  l i aison  équ ipotentiel le   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-32]  

  2 . 9. 1 6
borne  d 'équ ipotential i té  de  protection   
borne  destinée  à  des  fi ns  d 'équipotential i té  de  protection  

Note  1  à  l ' arti cl e:  Par exemple  un  écran  de  protection  ou  u ne  borne  PE  d 'un  disposi ti f de  commande  ou  d 'u n  
matériel .  

  2 . 9. 1 7
conducteur de  protection   
PE  
conducteur prévu  à  des  fi ns  de  sécuri té ,  par exemple  protection  contre  l es  chocs  électriques   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-09  ]  
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 Défin i tions  concernant  les  modes  de  connexion  aux d ispositi fs  de  commande  2. 1 0

  2 . 1 0. 1
conducteur externe  
câble  souple,  cordon ,  âme conductrice  ou  conducteur don t une  partie  sort d 'un  dispositi f de  
commande in tercalé ,  d 'un  disposi ti f de  commande à  montage i ndépendant  ou  d 'un  
matérie l  dans  ou  sur l equel  un  dispositi f de  commande  est monté  

Note  1  à  l 'arti cl e:  Un  te l  conducteur peu t  soi t  être  un  câble  d 'a l imentati on ,  un  câble  fonctionnel  ou  u n  cordon  de  
raccordement en tre  d i fférentes  parti es  d 'un  apparei l ,  soi t  consti tuer u ne  parti e  du  câblage  fi xe  d ' un  matérie l .  

  2 . 1 0.2
câblage fixe  
tout conducteur externe  qu i  est fixé  de  man ière  permanente  à  l a  structure  d 'un  bâtiment de  
man ière  te l l e  qu 'en  usage normal  i l  y a i t  peu  de  chances  qu 'un  effort quelconque soi t  
appl iqué  au  conducteur à  son  poin t de  fixation  au  matérie l  ou  au  dispositi f de  commande  

Note  1  à  l 'arti cl e:  U ne  tel l e  fi xation  à  l a  s tructure  du  bâtiment peu t  se  fai re,  par exemple ,  soi t  en  enfermant  l es  
conducteurs  dans  un  condu i t,  soi t  en  en terran t  des  câbl es  dans  l es  murs  ou  en  fi xan t  d e  façon  appropri ée  l es  
câbles  aux murs  ou  au tres  su rfaces.  

  2 . 1 0.3
conducteur in terne  
câble  souple,  âme conductrice  ou  conducteur qu i  n 'est n i  conducteur externe  n i  conducteur 
in tégré  

Note  1  à  l 'arti cl e:  U n  exemple  est  un  conducteu r à  l ' i n téri eur du  matérie l  pour i n terconnecter l e  disposi ti f de  
commande  e t  l e  matéri e l .  

  2 . 1 0.4
conducteur in tégré  
conducteur qu i  se  trouve  à  l ' i n térieur d 'un  dispositi f de  commande ,  ou  qu i  est u ti l i sé  pour l e  
raccordement permanent  des  bornes  ou  des  connexions  d 'un  dispositi f de  commande  

  2 . 1 0.5
câble  souple  non  fixé  à  demeure  
conducteur externe  souple  qu i  est re l i é  à  un  dispositi f de  commande  ou  à  un  apparei l  par 
l ' i n terméd iai re  d 'un  connecteur,  un  socle  ou  une  prise  mobi le  

  2 . 1 0.6
câble  souple  fixé  à  demeure  
conducteur externe  souple  rel ié  à  ou  mon té  sur un  dispositi f de  commande  par l ' une  des  
méthodes  de  2 . 1 0. 6. 1  à  2 . 1 0. 6. 4  

2. 1 0.6. 1  
fixation  de  type  X 
moyen  de  fixation  te l  que  l e  câble  souple  pu isse  être  faci l ement remplacé  sans  l 'a ide  d 'outi l s  
spéciaux  par des  câbles  normaux sans  préparation  spécia le  

2. 1 0.6.2  
fixation  de  type M  
moyen  de  fixation  te l  que  l e  câble  pu isse  être  faci lement remplacé  sans  l 'a i de  d 'outi ls  
spéciaux,  mais  destiné  à  être  u ti l i sé  un iquement avec un  câble  spécia l ,  te l  qu 'un  câble  qu i  
comporte  une  protection  surmou lée  ou  des  extrém i tés  spécia lement préparées  

Note  1  à  l 'arti cl e:  Ce  moyen  de  fi xation  ne  s 'appl i que  pas  s i  l e  câble  peut  être  remplacé  par un  câbl e  normal  au  
cours  des  opérati ons  d 'entreti en ,  à  moins  que  l a  norme  parti cu l i ère  du  matériel  n e  l e  permette.   
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2. 1 0.6.3  
fixation  de  type Y 
moyen  de  fixation  du  câble  souple  d 'a l imentation  te l  q ue  tou t remplacement est prévu  pour 
être  réal isé  par l e  fabrican t,  ses  représen tan ts  pour l 'en tretien  ou  une  personne qual i fiée  
s im i la i re  

2. 1 0.6.4  
fixation  de  type Z  
moyen  de  fixation  te l  que  le  câble  souple  ne  pu isse  être  remplacé  sans  bris  ou  destruction  
d 'une  partie  du  dispositi f de  commande  

  2 . 1 0.7
conducteur flottant  
amorce  
conducteur(s)  prévu(s)  pour l a  connexion  du  disposi ti f de  commande ,  une  extrém ité  étant 
connectée  de  façon  permanente  au  dispositi f de  commande  par l e  fabricant  d u  disposi ti f 
de  commande  

  2 . 1 0.8
pi le  primai re  
cel lu le  
tout  type  de  cel lu le  é lectroch im ique  dans  l equel  l a  réaction  é lectroch im ique  étud iée  n ’est  pas  
réversib le  

Note  1  à  l 'arti cl e:  U n  exemple  est  une  pi l e  a l cal i ne.  

  2 . 1 0.9
pi le  secondaire  
cel lu le  rechargeable  
tout type  de  cel lu le  é l ectroch im ique  dans  l equel  l a  réaction  é lectroch im ique  étud iée  est 
réversib le  

Note  1  à  l 'arti cl e:  U ne  p i l e  rechargeable  est  un  g roupe  de  deux pi l es  secondai res  ou  p l us.  

Note  2  à  l ' arti cl e:  Des  exemples  de  p i l es  rechargeables  son t  l es  p i l es  à  h yd ru re  métal l i que  de  n i ckel  (N iMH),  au  
i on -l i th i um  (Li - i on),  etc.  

 Défin i tions  concernant  le  fonctionnement des  d ispositi fs  à  action  du  type  2  2. 1 1

  2 . 1 1 . 1

tolérance de  fabrication  
d i fférence maximale  entre  l es  mesures  de  l a  valeur de  fonctionnement ,  de  temps ou  de 
séquence de  fonctionnement  i nd iquée  pour deux dispositi fs  de  commande  q uelconques  
fourn is  par l e  fabrican t sous  la  même référence un ique  de  type  et  soum is  aux mêmes essais  

Note  1  à  l ' arti cl e:  La  d i fférence  peut  être  rapportée  à  une  val eur absolue  s i  l e  paragraphe  approprié  de  l 'Arti cl e  1 5  
l 'au tori se.  

  2 . 1 1 . 2
dérive  
variation  maximale  de  l a  valeur,  du  temps ou  de  la  séquence de  fonctionnement  d 'un  
échanti l lon  quelconque,  susceptib le  de  se  produ ire  au  cours  des  essais  conformes  aux 
cond i tions  décri tes  dans  l a  présente  norme  

Note  1  à  l 'arti cl e:  Cette  vari ati on  peut  être  rapportée  à  une  val eu r absolue  ou  combinée  à  l a  tolérance de  
fabrication  s i  l e  paragraphe  approprié  de  l 'Arti cl e  1 5  l ' au tori se.   
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 Défin i tions  concernant  les  exigences  des  l ignes  de  fu i te  et  d istances  dans  l 'ai r 2 . 1 2

  2 . 1 2. 1
d istance dans  l ’ai r 
plus  courte  d istance  dans  l 'a i r en tre  deux parties  conductrices  ou  entre  une  partie  conductrice  
et  une  feu i l le  métal l i que  appl iquée  con tre  une  surface  en  matière  isolante  

Note  1  à  l 'arti cl e:  La  méthode  de  mesure  est  détai l l ée  à  l 'Annexe  B  et  à  l a  F i gu re  1 7.  

  2 . 1 2.2
l igne  de  fu i te  
plus  court chem in  le  l ong  d 'une  su rface  de  matière  i solante  en tre  deux parties  conductrices,  
ou  en tre  une  partie  conductrice  et une  feu i l l e  métal l i que  appl iquée  sur tou te  surface  
accessible  en  matière  i solante  

Note  1  à  l 'arti cl e:  La  méthode  de  mesure  est  détai l l ée  à  l 'Annexe  B  et  à  l a  F i gu re  1 7.  

  Vacant 2. 1 2.3

  Vacant 2. 1 2.4

  Vacant 2. 1 2.5

  Vacant 2. 1 2.6

  Vacant 2. 1 2.7

  2 . 1 2.8
pol lu tion  
toute  add i tion  de  matière  étrangère,  sol i de,  l i qu ide  ou  gazeuse  pouvant entraîner l a  réduction  
de  la  rig i d i té  d ié lectrique  ou  de  la  rés istivi té  surfacique  de  l ' i so lation  

  Environnement 2. 1 2.9

2. 1 2.9. 1  
macro-envi ronnement 
envi ronnement  d e  l a  p ièce  ou  de  tout  au tre  l ieu  dans  lequel  le  matérie l  est  i nsta l l é  ou  u ti l i sé  

2. 1 2.9.2  
microenvironnement 
environnement  imméd iat de  l ' i solation  in fluençant particu l i èrement l e  d imensionnement des  
l ignes  de  fu i te  

2. 1 2.9.3  
degré de  pol lution  
ch i ffre  caractérisant  l a  pol lu tion  attendue  du  microenvi ronnement  

Note  1  à  l 'arti cl e:  Les  degrés  de  pol lu tion  1 ,  2 ,  3  et  4  son t  u ti l i sés.  Voi r Annexe  N .  

 Défin i tions  d iverses  2 . 1 3

  2 . 1 3. 1
référence  un ique de  type  
code marqué  sur l e  dispositi f de  commande  q u ' i l  i denti fi e  de  man ière  non  équ ivoque et qu i  
permet de  commander au  fabrican t un  d isposi ti f de  rechange  parfai tement in terchangeable  
avec le  prem ier du  poin t  de  vue  é lectri que,  mécan ique,  des  d imensions  et  des  fonctions  

  2 . 1 3.2
outi l  
tournevis ,  p ièce  de  monnaie  ou  tout au tre  obj et permettant de  tourner un  écrou ,  une  vis  ou  un  
é lémen t analogue  
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  2 . 1 3.3
outi l  spécial  
outi l  q u i  ne  se  trouve  pas  normalement dans  une  maison ,  te l  qu 'une  clé  s ix  pans  

Note  1  à  l ' arti cl e:  Les  pièces  de  monnaie,  l es  tou rnevis  et  l es  cl és  pl ates  prévus  pou r tou rner des  écrous  carrés,  
s i x pans,  etc. ,  ne  son t  pas  considérés  comme des  outi l s  spéciaux.  

  2 . 1 3.4
usage normal  
emploi  d u  dispositi f de  commande  ou  du  matérie l  auquel  i l  est associé  aux fins  prévues  et  
conformément aux i nstructions  de  son  fabrican t  

Note  1  à  l ' arti cl e:  L 'usage normal  eng lobe  des  cond i ti ons  de  su rcharge  ou  de  fonctionnement anormal  prévues  
dans  l a  norme  parti cu l i ère  du  matériel .   

Note  2  à  l 'arti cl e:  En  revanche,  l 'usage normal  exclu t  des  opérati ons  éven tuel l ement  nécessai res  pou r main ten i r 
l e  disposi ti f de  commande  ou  l e  matériel  en  ord re  de  marche,  même s i  ces  opérati ons  d 'en tretien  son t  exécu tées  
par l 'u ti l i sateur  conformément aux i nstructions  du  fabricant.  

  2 . 1 3.5
entretien  par l ’u ti l i sateur 
maintenance  par l 'u ti l i sateur 
opérations  périod iques  nécessaires  pour main ten ir l e  d ispositi f de  commande ,  ou  le  
matérie l ,  en  ordre  de  marche,  l esquel les  son t déta i l l ées  dans  l es  i nstructions  du  fabricant  à  
l ’u ti l i sateur  

  2 . 1 3.6
entretien  
opérations  nécessaires  pour main ten i r l e  disposi ti f de  commande ,  ou  le  matérie l ,  en  ordre  
de  marche,  qu i  seraien t confiées  à  une  personne compéten te,  dans  un  atel i er,  par un  
é lectricien  ou  par un  organ isme de  service  

Note  1  à  l 'arti cl e:  Cela  comprend  l e  remplacement d ' un  câb l e  soupl e,  d 'u n  coupe-ci rcu i t  therm ique,  etc.  

  2 . 1 3.7
entretien  ou  réparation  par le  fabricant  
opérations  d ’entretien  qu i  ne  peuvent être  exécu tées  que  par l e  fabrican t ou  par ses  
représentan ts  agréés  

Note  1  à  l ' arti cl e:  Ces  opérati ons  peuvent nécessi ter des  outi l s  spéciaux  e t  couvren t l e  rég lage  par l e  fabri can t 
de  d i sposi ti fs  de  commande .  

  2 . 1 3.8
défai l lance  
cessation  de  l 'apti tude  d 'une  enti té  à  accompl i r une  fonction  requ ise  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -04-01 ]  

  2 . 1 3.9
panne 
état d 'une  en ti té  i napte  à  accompl i r une  fonction  requ ise,  non  comprise  l ' i napti tude  due  à  la  
main tenance préven tive  ou  à  d 'au tres  actions  programmées  ou  due  à  un  manque  de  moyens  
extérieurs  

Note  1  à  l ’ arti cl e:  Une  défai l l ance  es t  un  passage  d 'un  état  à  un  au tre,  par opposi ti on  à  une  panne ,  q u i  est  un  
état.  

Note  2  à  l ’ arti cl e:  Après  défai l l ance  d ' une  en ti té,  cette  en ti té  est  en  état  d e  panne .  

Note  3  à  l ’ arti cl e:  Cette  noti on ,  te l l e  qu 'e l l e  est  d éfi n ie,  ne  s 'appl i que  pas  à  u ne  en ti té  consti tuée  seu lement  d e  
l og iciel .  
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Note  4  à  l ’ arti cl e:  Une  panne  est  souvent  l a  conséquence  d 'une  défai l l ance  d e  l 'en ti té  e l l e-même,  mais  e l l e  peu t  
exi ster sans  défai l l ance  p réa l able.  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -05  01 ]  

  2 . 1 3. 1 0
réseau  in tel l igent  
réseau  d ’ énerg ie  é lectri que  qu i  u ti l i se  l es  technolog ies  d ’échange  d ’ i n formation  et de  
commande ,  l ’ i n formatique  d istribuée  et  l es  capteurs  et  actionneurs  associés,  pour des  
obj ecti fs  te ls  que:  

– i n tégrer l e  comportement et  les  actions  des  uti l i sateurs  du  réseau  et des  au tres  parties  
prenantes,  

– fourn i r efficacement une  a l imentation  en  é lectrici té  durable,  économ ique  et  sûre  

[SOURCE:  CEI  60050-61 7: 201 1 -1 0 ,  61 7-04-1 3]  

  2 . 1 3. 1 1
d isposi ti f de  commande activé  i n tel l igent  
d isposi ti f de  commande destiné  à  i n terag i r avec l e  réseau  in tel l igent  e t  qu i  permet de  
commander ou  d ’acti ver à  d is tance  certaines  fonctions  associées  au  taux de  facturation  de  
l ’é l ectrici té  ou  à  l a  gestion  de  l a  demande  en  é lectrici té,  généralement par communication  
avec la  rég ie  d ’électrici té  ou  par une  in terface  uti l isateur d istan te   

Note  1  à  l 'arti cl e:  Par exemple,  une  i n terface  d i stan te  i ncl u t  un  ord i nateur ou  u n  té léphone  i n tel l i gent.  

 Défin i tions  concernant  le  fabricant et l 'u ti l isateur 2 . 1 4

  2 . 1 4. 1
fabricant de  d ispositi fs  de  commande  
fabrican t du  dispositi f de  commande  

  2 . 1 4.2
fabricant de  matériel  
fabrican t de  matériel  dans  lequel ,  sur l equel  ou  avec l equel  l e  dispositi f de  commande  est  
u ti l i sé  

Note  1  à  l 'arti cl e:  Au  Canada  et  aux États-Un is ,  l e  fabricant de  matéri el  est  s i gna lé  comme l 'OEM  (fabrican t  
ori g i na l  du  matéri el ) .  L 'OEM  reçoi t  d es  disposi ti fs  de  commande  d u  fabrican t de  d i sposi ti fs  de  commande  
pou r i n tégration  à  ou  i ncorporation  dans  l e  matéri e l .  

  2 . 1 4.3
instal lateur 
personne  qual i fiée  pour i nsta l ler le  dispositi f de  commande  et  peu t-être  l e  matérie l  associé  

  2 . 1 4.4
uti l isateur 
personne  qu i  u ti l i se  l e  disposi ti f de  commande  à  l 'a i de  de  l a  documentation  (entretien  par 
l 'u ti l i sateur)  pendant sa  durée  normale  

Note  1  à  l ’ arti cl e:  L 'uti l i sateur  est  cons idéré  comme une  personne  i nexpérimentée.  

  2 . 1 4.5
dispositi fs  de  commande ou  systèmes de  sécuri té  fonctionnel le  peu  complexe  
système  ou  dispositi f de  commande  d e  sécuri té  dans  l equel  

– l es  modes  de  défai l lance  d e  chaque  composan t i nd ividuel  sont b ien  défin i s;  

– l e  comportement du  système  ou  du  dispositi f de  commande  en  cas  de  panne peut être  
totalement déterm iné  
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 Défin i tions  en  rapport  avec l es  thermistances  2. 1 5

Voir Annexe  J .  

 Défin i tions  relatives  à  l a  structure  des  d isposi ti fs  de  commande u ti l i sant des  2. 1 6
logiciels  

Voi r Annexe H .  

 Défin i tions  relatives  à  l 'absence d 'erreur pour l es  d isposi ti fs  de  commande 2. 1 7
uti l isant des  log iciels  

Voi r Annexe H .  

 Défin i tions  relatives  aux techn iques  de  contrôle  panne/erreur des  d ispositi fs  de  2. 1 8
commande uti l i sant des  log iciels  

Voi r Annexe H .  

 Défin i tions  relatives  aux essais  de  mémoire  des  d ispositi fs  de  commande  2. 1 9
uti l isant des  log iciels  

Voi r Annexe H .  

 Défin i tions  de  la  terminolog ie  des  log iciels  – Général i tés  2.20

Voir Annexe H .  

 Vacant  2.21

 Défin i tions  relatives  aux classes  de  fonctions  de  commande  2.22

Voi r Annexe H .  

 Défin i tions  relatives  à  l a  sécuri té  fonctionnel le  2. 23

Voi r Annexe H .  

 Défin i tions  l iées  à  l ’ accès  pour l ’ échange  de  données  2.24

Voi r Annexe H .  

3 Exigences  générales  

Les  dispositi fs  de  commande  d o iven t être  conçus  et  constru i ts  de  façon  te l l e  qu 'en  usage 
normal  i l s  fonctionnent  sans  provoquer de  b lessure  aux personnes  ou  de  dommage au  
matérie l  envi ronnant,  même en  cas  d 'u ti l i sation  sans  précau tion  pouvant se  produ ire  en  
usage normal .  

La vérification de la  conformité consiste,  en général,  à  effectuer les essais spécifiés 
applicables de  la  présente norme et de la  partie 2 appropriée.  
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4 Général i tés  sur les  essais  

Les essais mentionnés dans cette  norme sont des essais de type.   

NOTE  1  S i  l es  résu l tats  de  l ' un  d es  essais  spéci fi és  peuvent  être  déterm inés  sans  aucun  dou te  par évaluation ,  
a l ors  l e  ou  l es  essais  n 'on t  pas  besoin  d 'être  réal i sés.  

NOTE  2  Voi r aussi  l 'Annexe  H .  Les  exigences  de  l 'Annexe  H  ne  sont  pas  appl i cab les  aux d isposi ti fs  de  
commande  non  é l ectron iques,  à  moins  qu 'e l l es  ne  soien t  spéci fi ées  dans  une  parti e  2  appropriée  de  l a  présente  
norme.  

 Cond itions  d ’essai  4. 1

4. 1 . 1  Sauf spécification contraire dans la  présente norme,  les essais sont effectués sur des 
échantillons en état de livraison et montés dans la  position spécifiée par le fabricant mais,  s'il 
y a  lieu,  dans la  position de montage la  plus défavorable.  

4. 1 .2  Si la  température ambiante est susceptible d'influencer les résultats des essais,  elle  
doit être maintenue à  (20 ± 5)  °C,  sauf que,  en cas de doute,  elle doit être  maintenue à  (23 ±  
2)  °C,  sauf spécification contraire  dans un article particulier.   

4. 1 .3  Les organes de manœuvre  sont placés dans leur position la  plus défavorable,  qu'elle  
soit repérée,  intermédiaire ou de réglage par l'utilisateur,  à  moins que d'autres instructions 
ne figurent dans un article particulier.   

4. 1 .4  Sauf spécification contraire dans la  présente norme,  les essais sont effectués dans 
l'ordre des articles de la  présente norme.  

Voir aussi l'Annexe H.  

4. 1 .5  Pendant les essais de la  présente norme,  la  manœuvre  peut être effectuée,  si besoin  
est,  par l'équipement d'essai,  à  l'exception des essais à  grande vitesse de 17. 12.  

4.1 .6  Pendant et pour les besoins des essais de la  présente norme,  autres que les essais de 
17. 12,  la  liaison de manœuvre  peut être utilisée pour actionner le  dispositif de commande  
si l'organe de manœuvre  n'est pas livré par le  fabricant.   

4.1 .7  Les taux de  variation de  la  température déclarés en 7. 2 et utilisés dans l'Article 17 
(soit α1 ,  β1 ,  α2  et β2)  doivent avoir des tolérances d'essai de  ±12 K/h.  

Pour d'autres grandeurs de manœuvre,  les taux minimaux et maximaux de variation déclarés 
à  l'exigence 37 du Tableau 1  et utilisés à  l'Article  17 (soit α1 ,  β1 ,  α2  et β2)  doivent avoir des 
tolérances d'essai telles que spécifiées dans la  partie 2 appropriée.  

4. 1 .8  Pour tous les essais,  les instruments de mesure ou les moyens de mesure utilisés 
doivent être choisis de manière à  ne pas affecter de façon sensible les valeurs mesurées.  

4. 1 .9  à  4.1 . 1 1  Voi r Annexe  H .  

 Échanti l lons  requ is  4.2

4.2. 1  Un seul échantillon est soumis aux essais des Articles 5 à  11  et 18 à  27,  incluant les 
annexes y relatives.  Un jeu de trois échantillons est soumis aux essais restants.  

Si l'un des échantillons ne satisfait pas aux essais des Articles 12 à  17 inclus,  l'essai qui a  
causé la  non-conformité et tous ceux qui l'ont précédé qui peuvent avoir eu une influence sur 
le résultat de l'essai sont répétés sur un nouveau jeu d'échantillons identiques aux premiers,  
qui doivent alors tous satisfaire à  ces essais.   
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Le fabricant peut soumettre,  en  même temps que le premier jeu d'échantillons d'essai,  un ou 
plusieurs jeux supplémentaires à  utiliser dans le cas où un échantillon  du premier jeu ne  
satisferait pas aux essais.  En pareil cas,  l'autorité responsable des essais peut 
immédiatement procéder aux essais complémentaires sur le jeu de remplacement et le jeu 
n'est refusé que s'il se produit un autre cas de non-conformité.  Si les jeux d’échantillons 
supplémentaires ne  sont pas soumis en même temps,  la  non-conformité d'un échantillon peut 
entraîner le rejet de l'ensemble du lot.  

NOTE  Au  Canada  et  aux États-Un is ,  seu lement un  échan ti l l on  est  u ti l i sé  pour l es  essai s  des  Arti cl es  1 2  à  1 7  
i ncl us  et  l 'échanti l l on  soum is  à  essai  doi t  sati sfai re  aux essais .  

4.2.2  Vacant  

4.2.3  Pour certains essais destructifs de  la  présente norme,  des échantillons 
supplémentaires peuvent être nécessaires.   

4.2.4  Les dispositifs de commande  qui sont prévus pour satisfaire aux exigences de  
plusieurs parties 2 doivent,  en général,  subir les essais de  chaque partie 2 séparément.  

NOTE  Par un  accord  en tre  l e  fabrican t  et  l 'au tori té  responsable  des  essais ,  on  ne  véri fi e  qu 'une  seu le  foi s  l es  
exi gences  et  essais  communs  à  p l us ieu rs  parti es  2 ,  à  moins  que  l es  essais  communs  pu i ssent  i n fl uencer l es  
résu l tats  d e  l 'u n  quelconque  des  essais  parti cu l i ers.   

 I nstructions  pour l es  essais  4.3

 Selon  les  échanti l lons  soumis  4.3. 1

4.3. 1 . 1  Les dispositifs de commande  qui sont soumis à  l'essai dans un matériel ou avec 
un matériel,  peuvent être soumis à  essai soit dans le matériel ou avec le matériel,  auquel cas 
ils sont classés d'après la  charge spécifique déclarée,  soit séparément,  auquel cas ils 
peuvent être classés d'après,  soit la  charge spécifique déclarée,  soit une charge résistive 
pure,  ou encore d'après une charge résistive et inductive.  Dans l'un ou l'autre des deux 
derniers cas,  le courant qui circule dans le circuit approprié lorsque le  matériel fonctionne 
sous charge normale,  est considéré comme le  courant assigné de ce circuit.   

4.3.1 .2  Pour tous les dispositifs de commande  soumis à  l'essai,  que ce soit dans,  sur ou 
avec un matériel,  toutes autres informations correspondantes spécifiées en 7. 2 peuvent être 
obtenues par examen et en  effectuant des mesures sur le  matériel soumis.   

4.3.1 .3  Les dispositifs de commande intégrés  sont classés d'après la  charge spécifique 
déclarée et sont soumis à  essai dans le matériel,  ou partie de matériel,  pour lequel ils sont 
prévus.  

4.3.1 .4  Les dispositifs de commande  qui ne sont pas présentés à  l'essai dans ou avec un 
matériel sont soumis séparément aux essais.  

4.3. 1 .5  Les dispositifs de commande  destinés à  être utilisés avec des câbles souples 
fixés à  demeure  sont soumis à  essai avec le  câble approprié  raccordé.  

 Selon  les  caractéristiques  assignées  4.3.2

4.3.2 .1  Les dispositifs de commande  uniquement prévus pour un courant alternatif sont 
soumis à  essai en courant alternatif à  la  fréquence assignée,  si elle  est déclarée; Les 
dispositifs uniquement prévus pour un courant continu sont soumis à  essai en courant 
continu.  Les dispositifs pouvant fonctionner indifféremment en courant alternatif ou continu 
sont soumis à  essai dans le  cas le  plus défavorable  

4.3.2 .2  Les dispositifs de commande  prévus uniquement pour un courant alternatif qui ne 
comportent pas de déclaration de fréquence assignée sont soumis à  essai à  50 Hz ou 60 Hz,  
suivant la  valeur la  plus défavorable.  Les dispositifs de commande  ayant une fréquence 
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assignée dans une plage déclarée autre  que 50 Hz à  60 Hz sont soumis à  essai à  la  
fréquence la  plus défavorable dans la  plage marquée  ou déclarée.  

4.3.2 .3  Pour l'essai des dispositifs de commande  prévus uniquement pour un courant 
continu,  il est tenu compte de l'influence éventuelle de la  polarité sur le fonctionnement du 
dispositif de commande.   

4.3.2 .4  Lorsque les dispositifs de commande  ont des valeurs assignées différentes en  
courant alternatif et continu,  pour les essais des Articles 12,  13,  14 et 17,  deux jeux 
d'échantillons sont utilisés,  l'un pour les essais aux valeurs assignées alternatives,  l'autre 
pour les essais aux valeurs assignées continues.   

NOTE  L'au tori té  responsabl e  des  essais  au ra  tou te  l ati tude  pour fi xer un  nombre  restre in t  d 'essais  à  effectuer 
pou r couvri r l es  d i verses  valeu rs  assignées  déclarées.   

4.3.2 .5  Sauf spécification contraire,  les dispositifs de commande  pour lesquels une ou 
plusieurs plages de tensions sont déclarées doivent être soumis à  essai à  la  tension la  plus 
défavorable dans la  plage déclarée,  cette tension étant multipliée par le facteur indiqué à  
l'article approprié (voir 4. 3. 2. 7) .   

4.3.2 .6  Pour les dispositifs de commande  pour lesquels plusieurs valeurs assignées de  
tension ou de courant sont déclarées ou marquées,  les essais de l'Article 17 sont répétés 
pour chaque combinaison de tension et courant assignés.  

NOTE  L'au tori té  responsabl e  des  essais  au ra  tou te  l ati tude  pour fi xer un  nombre  restre in t  d 'essais  à  effectuer 
pou r couvri r l es  d i verses  valeu rs  assignées  déclarées.  

4.3.2 .7  Pour les dispositifs de commande  pour lesquels une plage de tensions est 
déclarée,  les essais sont effectués sur un jeu d'échantillons à  chaque limite de la  plage,  à  
moins que la  différence entre les limites de la  plage ne dépasse pas 10 %  de la  valeur 
moyenne de la  plage,  auquel cas les essais sont effectués sur un seul jeu d'échantillons à  la  
limite  supérieure de la  plage.  

4.3.2 .8  Les dispositifs de commande  destinés à  fonctionner avec une alimentation 
particulière sont soumis à  essai avec cette  alimentation.   

4.3.2 .9  Un circuit de raccordement au réseau d’alimentation en courant continu est classé 
comme circuit TBTS/TBTP,  circuit TBT ou circuit de tension réseau en  fonction de la  tension 
maximale de fonctionnement de l’alimentation.  Cette tension maximale de fonctionnement doit 
tenir compte de la  "tension flottante" de charge de pile secondaire associée au réseau 
d’alimentation prévu,  indépendamment des caractéristiques assignées de  tension indiquées 
pour l’équipement.  

NOTE  La  tension  fl ottan te  est  l a  tension  constante  appl i q uée  en  permanence  à  une  cel lu le  vol taïque  pour l a  
main ten i r complètement chargée.  La  tens ion  fl ottante  vari e  d e  man ière  s i gn i fi cati ve  selon  l a  composi ti on  ch im ique  
et  l a  construction  de  l a  p i l e  secondai re  et  en  fonction  de  l a  température  ambiante.  

4.3.2 .1 0  Les dispositifs de commande  alimentés par piles rechargeables font l’objet 
d’essais supplémentaires conformément à  l’Annexe V.  

4.3.2 .1 1  Voi r Annexe  J .  

 Selon  la  protection  contre  les  chocs  4.3.3

4.3.3.1  Si,  dans les dispositifs de commande des classes 0,  0I ou I,  ou dans les 
dispositifs de commande  destinés à  des matériels des classe 0,  0I ou I,  certaines parties 
sont tenues d’avoir une double isolation  ou une isolation renforcée ,  ces parties sont 
contrôlées selon les exigences appropriées spécifiées pour les dispositifs de commande de 
la  classe II.  
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4.3.3.2  Dans tout dispositif de commande de la classe I ainsi que dans tout dispositif de 
commande  utilisé dans un matériel de  la  classe I,  des surfaces accessibles métalliques non 
mises à  la  terre et des surfaces accessibles isolantes doivent être munies d'une isolation 
conforme aux exigences pour un dispositif de commande de la classe II (voir 9. 1 . 1 ) .   

4.3.3.3  Si,  dans les dispositifs de commande des classes 0,  0I,  I ou II,  ainsi que les 
dispositifs de commande  destinés à  des matériels des classes 0,  0I,  I ou II,  certaines 
parties sont tenues d’être alimentées à  l'aide de circuits TBTS,  ces parties sont également 
contrôlées selon les exigences appropriées pour la  protection par l'utilisation de TBTS  de 
11 . 2. 6.  

Si,  dans les dispositifs de commande de la classe I ou des dispositifs de commande  
destinés à  des matériels de classe I,  certaines parties sont tenues d’être  alimentées à  l'aide 
de  circuits TBTP,  ces parties sont également contrôlées selon les exigences appropriées pour 
la  protection par l'utilisation TBTP de 11 . 2. 6.  

NOTE  Par défi n i ti on  (2 . 7 . 5),  l es  disposi ti fs  de  commande  de  l a  classe  I I  ne  peuvent  pas  u ti l i ser des  ci rcu i ts  
TBTP.  

 Selon  les  variantes  du  fabricant  4.3.4

4.3.4.1  Les dispositifs de commande  identiques mais qui peuvent être ajustés par le  
fabricant ou qui peuvent en cours de fabrication recevoir des composants ou des parties 
différentes auxquelles correspondent des valeurs,  des temps ou des séquences de 
fonctionnement différentes sont,  pour les besoins de la  présente norme,  traités comme un 
lot homogène.  Normalement,  les dispositifs de commande  qui sont ajustés pour les 
conditions de service les plus sévères sont considérés comme suffisants.  Cependant,  
l'autorité responsable  des essais peut exiger des échantillons supplémentaires,  ajustés à  
d'autres valeurs,  s’il peut être démontré clairement que ces valeurs sont nécessaires à  
l'approbation de la  totalité de la  plage.   

4.3.4.2  Dans ces cas,  une attention particulière  doit être portée aux variations éventuelles 
des tolérances de fabrication  et de la  dérive  des valeurs,  temps et séquences de 
fonctionnement et,  pour les dispositifs de commande sensibles ,  aux valeurs minimales et 
maximales des pentes de variation de la  grandeur de manœuvre  appropriée qui peuvent être 
applicables aux différentes parties de la  plage.   

 Selon  la  fonction  4.3.5

4.3.5.1  Les dispositifs de commande  à plusieurs fonctions  doivent,  selon 6. 3,  être 
généralement soumis à  essai séparément pour chacune de ces fonctions.  Pendant les essais 
de contrôle d'une fonction particulière,  les grandeurs de manœuvre et les moteurs primaires  
associés aux autres fonctions doivent être maintenus à  la  valeur et la  position les plus 
sévères de la  ou des plages déclarées.   

4.3.5.2  De tels dispositifs de commande  ne disposant pas d'une section appropriée de  
l'Article 17 doivent être soumis à  essai suivant un processus décidé par accord entre le  
fabricant et l'autorité  responsable des essais de sorte que les valeurs ,  le temps et les 
séquences de fonctionnement  essentiels prévus soient soumis à  essai.   

4.3.5.3  Tout dispositif de commande  ayant une fonction qui n'est pas classée en 6. 3,  ou 
dans la  partie 2 appropriée,  peut être soumis à  essai et approuvé suivant cette norme,  sauf 
pour l'Article 17.  Un programme d'essai pour l'Article 17 doit être  basé dans la  mesure du 
possible sur l'objectif de cet article et doit être décidé par accord entre le fabricant et l'autorité  
responsable des essais.  

4.3.5.4  Voi r Annexe  J .  
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5 Caractéristiques  assignées  

 Tension  assignée maximale  5. 1

La  tension  ass ignée maximale  est 690  V.   

 Vacant  5.2

 Conformité  5.3

La conformité de 5. 1  et 5. 2 est vérifiée par les exigences d'informations de l'Article  7.  

6 Classi fication  

Les  disposi ti fs  de  commande  son t cl assés:   

 Selon  leur al imentation  6. 1

 Disposi ti fs  pour courant  a l ternati f seu lement  6. 1 . 1

NOTE  1  Les  disposi ti fs  pou r couran t a l ternati f seu lement  ne  peuvent  être  u ti l i sés  dans  l es  ci rcu i ts  à  courant  
conti nu  que  s i  l e  cou rant  ne  dépasse  pas  1 0  %  d u  couran t  a l ternati f ass igné  ou  0 , 1  A su ivant  l a  va leur l a  p l us  
fa ible.   

NOTE  2  Des  essais  supplémentai res  peuvent  être  requ is  pour établ i r l es  valeurs  assignées  en  cou ran t conti nu .   

 D i spositi fs  pour courant conti nu  seu lement.  6. 1 . 2

 Dispositi fs  pour courants  a l ternati f et  conti nu .  6. 1 . 3

 Dispositi fs  pour a l imen tation  spéci fi que  ou  mu l ti p le .  6.1 .4

 Dispositi fs  al imentés  par p i l e.  6. 1 .5

 Selon  le  type  de  charge  associé  à  chaque  ci rcu i t du  d ispositi f de  commande   6. 2

Un  disposi ti f de  commande  à  p lus ieurs  ci rcu i ts  ne  nécessi te  pas  d ’avoir l a  même 
classi fication  pour chaque  ci rcu i t.  

6.2. 1  C i rcu i ts  pour charges  pratiquement résisti ves  dont l e  facteur de  pu issance  n 'est pas  
i n férieur à  0 , 95.   

NOTE  De  te l s  ci rcu i ts  sont  u ti l i sables  avec des  charges  i nducti ves  à  cond i ti on  q ue  l e  facteu r de  pu i ssance  ne  soi t  
pas  i n féri eu r à  0 , 8  et  q ue  l a  charge  i n ducti ve  soi t  l im i tée  à  60  %  du  cou ran t assigné  avec charge  rés i sti ve.  Ces  
ci rcu i ts  sont  également  u ti l i sables  avec d 'au tres  charges  réacti ves  ne  dépassant pas  1 0  VA,  à  cond i ti on  que  l e  
courant  réacti f ne  d épasse  pas  5  %  du  courant  rés i sti f ass igné.   

6.2.2  C i rcu i ts  pour charges  rés istives  ou  pour charges  i nductives  don t l e  facteur de  
pu issance  n 'est pas  i n férieur à  0 , 6  ou  pour charge  m ixte  (rés istive  et i nductive) .  

NOTE  1  Comme exemple,  on  peu t  ci ter l e  ci rcu i t  d 'u n  venti l ateu r q u i  i ncorpore  à  l a  foi s  u n  é l ément chauffant  et 
un  moteur.  

NOTE  2  Les  ci rcu i ts  pou r charges  i n ducti ves  seu lement  peuvent  soi t  être  cl assés  conformément à  6 . 2 . 2 ,  l e  
fabrican t  d éclaran t  q ue  l a  charge  rés i sti ve  est  éga le  à  l a  charge  i n ducti ve,  soi t  être  cl assés  pour une  charge  
spéci fi que  déclarée.  

6.2.3  C i rcu i ts  pour charges  spéci fi ques  déclarées.  

NOTE  Comme exemples,  on  peu t  ci ter l es  ci rcu i ts  qu i  commandent l es  l ampes  à  fi l ament  de  tungstène  ou  
fl uorescentes,  des  charges  fortement  i n ducti ves  don t  l e  facteur de  pu i ssance  est  i n féri eur à  0 , 6,  des  charges  
capaci ti ves  et  des  con tacts  desti nés  à  ne  travai l l er qu 'à  vi de.   
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6.2.4  C i rcu i ts  pour couran t i n férieur à  20  mA.  

NOTE  Comme exemples,  on  peut  ci ter l es  ci rcu i ts  de  commande  des  voyants  au  néon  ou  des  l ampes  de  
s i gnal i sati on .   

6.2.5  C i rcu i ts  pour moteurs  a l ternati fs,  dont l es  caractéristiques  de  charge  sont  défin ies  
dans  l a  déclaration  du  fabrican t du  dispositi f de  commande .  

6.2.6  C i rcu i t pour auxi l i a i res.  

 Selon  leurs  fonctions  6.3

Un  dispositi f de  commande  peu t être  classé  pour pl us ieurs  fonctions,  auquel  cas  i l  est  d i t  
disposi ti f de  commande  mu l ti fonction .  

NOTE  Tou te  action  manuel l e  d ' un  di sposi ti f de  commande  au tomatique  ou  une  action  manuel le  d i sti ncte  
fa i sant  parti e  i n tég ra le  d ' un  d isposi ti f de  commande  au tomatique  n 'est  pas  cl assée  su i vant  6 . 3 .  

6.3. 1  –  thermostat;  

6.3.2  –  l im iteur de  température ;  

6.3.3  –  coupe-ci rcu it  thermique ;   

6.3.4  Vacant 

6.3.5  –  régulateur d 'énerg ie ;   

6.3.6  –  minuterie;   

6.3.7  –  minuterie  cycl ique ;  

6.3.8  –  dispositi f de  commande manuel le ;   

6.3.9  –  dispositi f de  commande sensible  (au tre  que  l es  d isposi ti fs  classés  de  6. 3. 1  à  
6. 3. 4) ;  

6.3. 1 0  –  dispositi f de  commande à  fonctionnement é lectrique ;   

6.3. 1 1  –  dispositi f de  protection  de  moteur;   

6.3. 1 1 . 1   – protecteur thermique  ;  

6.3. 1 2  –  é lectrovanne;  

6.3. 1 3  –  mécanisme à  fonctionnement électrique ;  

6.3. 1 4  –  disposi ti f de  commande de  protection ;  

6.3. 1 5  –  disposi ti f de  commande de  fonctionnement .  

NOTE  Des  cl assi fi cations  complémentai res  peuvent être  données  dans  l es  parti es  2  adéquates.  
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 Selon  les  caractéristiques  du  fonctionnement automatique  6.4

6.4. 1  –  action  de  type 1 ;   

6.4.2  –  action  de  type 2 ;   

6.4.3  Les  actions  de  type 1  e t  l es  actions  de  type 2  son t de  p lus  classées  su ivan t une  ou  
p lus ieu rs  caractéristiques  de  construction  ou  de  fonctionnement su ivan tes:   

NOTE  1  Ces  cl assi fi cations  supplémenta i res  ne  sont  appl i cables  q ue  s i  l es  décl arations  correspondantes  son t  
fa i tes  et  tous  l es  essais  appropriés  sati sfai ts .   

NOTE  2  Une  action  comportant  p l us  d 'u ne  caractéri sti que  peu t  être  cl assée  par u ne  combinaison  des  l ettres  
appropri ées,  par exemple  type  1 . C. L  ou  type  2 .A.E .   

NOTE  3  Une  action  manuel l e  n ’ est  pas  cl assée  sel on  6 . 4 . 3 .  

6.4.3.1  – fonctionnement  se  tradu isant  par une  coupure  totale  de  ci rcu i t  ( type  1 .A ou  
2 .A) ;   

6.4.3.2  –  fonctionnement  se  tradu isant par une  microcoupure  ( type  1 . B  ou  2 .B) ;  

6.4.3.3  –  fonctionnement  se  tradu isant  par une  micro-interruption  ( type  1 .C  ou  2 .C);  

6.4.3.4  –  mécan isme à  déclenchement l ibre  n e  pouvant être,  même momentanément,  
réarmé en  présence  d 'une  panne  ( type  1 .D  ou  2 .D);  

6.4.3.5  –  mécan isme à  déclenchement l ibre  n 'empêchan t pas  l 'ouverture  ou  le  main tien  
fermé de  ses  contacts  tant  que  l a  panne  pers iste  (type  1 . E  ou  2 . E) ;   

NOTE  Un  exemple  est  un  disposi ti f sensible  au  courant  qu i  est  tenu  de,  ou  peut,  être  réenclenché  
momentanément pour détecter s i  l e  couran t de  panne  pers i ste.  

6.4.3.6  –  action  d 'un  d isposi ti f q u i  ne  peu t être  réenclenchée qu 'à  l 'a ide  d 'un  outi l  ( type  
1 . F  ou  2 .F) ;  

6.4.3.7  –  action  d 'un  d ispos i ti f q u i  n 'est  pas  desti née  à  être  réenclenchée dans  l es  
cond i tions  de  charge  é lectri que  ( type  1 .G  ou  2 .G);  

6.4.3.8  –  un  mécan isme à  déclenchement l ibre  d ans  lequel  l 'ouverture  des  contacts  ne  
peu t être  empêchée,  et qu i  peut être  rem is  à  l a  posi tion  fermé après  
rétabl issement des  cond i ti ons  de  fonctionnement  normal  s i  l e  moyen  de  
réarmement est  main tenu  en  pos i tion  réarmement ( type  1 .H  ou  2 .H ) ;  

6.4.3.9  –  un  mécan isme à  déclenchement l ibre  d ans  lequel  l 'ouverture  des  contacts  ne  
peu t être  empêchée et  pour l equel  l e  fonctionnement du  dispositi f de  
commande  en  tant que  d ispos i ti f à  réarmement au tomatique  n 'est pas  adm is  s i  
l e  moyen  de  réarmement est main tenu  en  pos i tion  réarmement ou  m ise  en  
marche  ( type  1 . J  ou  2 . J );  

6.4.3. 1 0  –  pour les  actions  de  détection ,  pas  d 'accroissement de  la  valeur de 
fonctionnement  résu l tant  de  l a  rupture  de  l 'élément  sensible  ou  des  parties  
re l i an t  l 'élément  sensible  à  l a  tête  de  commande  ( type  1 .K ou  2 .K) ;  

6.4.3.1 1  –  une  action  qu i  ne  nécessi te  pas  de  source  d 'énerg ie  auxi l i a i re  externe  
d 'a l imen tation  é lectri que  pour l e  fonctionnement  envisagé  (type  1 . L  ou  2 . L);  

6.4.3.1 2  –  une  action  qu i  fonctionne  après  une  période  de  viei l l i ssement déclarée  ( type  
1 .M  ou  2 .M).  
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6.4.3. 1 3  Voi r Annexe H .  

 Selon  le  degré  de  protection  et l e  degré de  pol lution  6.5

6.5. 1  Se lon  les  degrés  de  protection  procurés  par l es  enveloppes  con tre  la  pénétration  de  
corps  sol i des  et  de  poussières  (voi r I EC  60529):  

IP0X,  I P1 X,  I P2X,  I P3X,  I P4X,  I P5X,  I P6X.  

6.5.2  Se lon  le  degré  de  protection  procuré  par les  enveloppes  contre  l es  effets  nu is ib les  dus  
à  l a  pénétration  de  l 'eau  (voi r I EC  60529):  

IPX0,  I PX1 ,  I PX2,  I PX3,  I PX4,  I PX5,  I PX6,  I PX7,  I PX8.  

NOTE  1  Un  d isposi ti f de  commande  d esti né  à  être  u ti l i sé  dans  un  envi ronnement  parti cu l i er peu t  être  u ti l i sé  
dans  un  environnement  d i fféren t  à  cond i ti on  que  l ' apparei l  soi t  mun i  d 'u ne  protection  complémentai re  appropri ée,  
s i  e l l e  est  prévue.  

NOTE  2  Combinaisons  préféren tie l l es  de  deg rés  de  protecti on  selon  6. 5. 1  et  6 . 5. 2 :  

Premier ch i ffre  
caractéristique  

Protection  con tre  l a  
pénétration  des  corps  

étrangers  

Deuxi ème ch i ffre  caractéristi que  

Protection  con tre  l a  pénétration  d ’ eau  

 0  1  2  3  4  5  6  7  8  

0  I P00          

1           

2  I P20  I P21         

3           

4   I P41   I P43  I P44      

5      I P54  I P55     

6       I P65   I P67  I P68  

6.5.3  Se lon  l e  ou  l es  degrés  de  pol lution  pour l e  ou  l esquels  l e  disposi ti f de  commande  
est  déclaré.  Voi r Annexe N .  

NOTE  I l  est  poss ible  q ue,  s i  un  disposi ti f de  commande  es t  monté  selon  l a  décl aration  d u  fabricant,  d i fféren tes  
parti es  d u  disposi ti f de  commande  so i en t  dans  des  macro-envi ronnements  ayant  des  degrés  de  pol lu tion  
d i fféren ts .  

 Selon  le  mode  de  connexion  6.6

6.6. 1  Dispositi f  comportant  au  moins  une  borne  destinée  à  être  rel i ée  à  un  câblage  fixe .  

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  conducteurs  flottants  son t  adm is.  

6.6.2  Disposi ti f  comportant au  moins  une  borne  destinée  au  raccordement d 'un  câble  
souple.  

Un  disposi ti f de  commande  peut  être  classé  selon  6. 6 . 1  et  6 . 6 . 2 .  

6.6.3  Dispositi f  sans  borne  desti née  à  l a  connexion  de  conducteurs  externes .  

Ce  type  de  dispositi f  n 'est desti né  qu 'au  raccordement de  conducteurs  i n tégrés  ou  
i n ternes .  
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6.6.4  Disposi ti f  d esti né  à  l a  connexion  de  pi le  primai re .  

6.6.5  Disposi ti f destiné  à  l a  connexion  de  pi le  secondaire  (cel lu le  rechargeable) .  

 Selon  les  l imi tes  de  température  ambiante  imposées  à  l a  tête  de  commande  6.7

6.7. 1  Disposi ti f  d on t l a  tête  de  commande  est  u ti l i sable  à  une  température  ambian te  se  
s i tuan t entre  une  va leur m in imale  (Tmin )  de  0  °C  et une  valeur maximale  (Tmax)  de  55  °C.  

6.7.2  Dispositi f  d on t la  tête  de  commande  est  destinée  à  fonctionner à  une  température  
ambian te  ayan t une  valeur maximale  (Tmax)  au tre  que  55  °C,  mais  non  i n férieure  à  30  °C,  ou  
une  va leur m in imale  (Tmin )  i n férieure  à  0  °C,  ou  l es  deux.  

NOTE  Les  valeurs  préféren tie l l es  pour Tmax  son t  30  °C,  55  °C,  70  °C,  85  °C,  1 05  °C,  1 25  °C,  1 50  °C.  Les  valeurs  
préféren tie l l es  pour Tmi n  son t  0  °C,  –1 0  °C,  –20  °C,  –30  °C  et  –40  °C.  

Des  va leu rs  d i fféren tes  de  ces  val eu rs  préférenti e l l es  sont  poss ibles.  

 Selon  la  protection  contre  les  chocs  électriques   6. 8

6.8. 1  Dispositi fs  de  commande  in tégrés :  

NOTE  Un  disposi ti f de  commande i n tégré  n ’ est  pas  cl assé,  mais  est  rattaché  à  l a  cl asse  du  matérie l  dont  i l  fa i t  
parti e .  

6.8.2  Disposi ti fs  de  commande incorporés  à  u ti l i ser dans:  

6.8.2 .1  –  du  matérie l  de  l a  cl asse  0;  

6.8.2 .2   –  du  matérie l  de  l a  classe  0I ;  

6.8.2 .3  –  du  matérie l  de  l a  cl asse  I ;  

6.8.2 .4  –  du  matérie l  de  l a  cl asse  I I ;  

6.8.2 .5  –  du  matérie l  de  l a  cl asse  I I I .  

NOTE  1  Pou r l a  coord ination  des  cl asses  0 ,  I ,  I I  e t  I I I  d e  matériel s  é l ectri ques,  voi r l ’ I EC 61 1 40  et  pour l es  
mesures  de  protection  dans  l ' i nstal l ati on  é l ectri q ue,  voi r l ’ I EC 60364.  

NOTE  2  Un  disposi ti f de  commande  d esti né  à  être  i ncorporé  dans  un  matériel  d 'une  cl asse  parti cu l i ère  peu t  
auss i  être  u ti l i sé  pou r une  cl asse  d i fférente  s i  l es  d i spos i ti ons  appropri ées  son t  pri ses  dans  l e  matérie l .  

6.8.3  Dispositi fs  de  commande intercalés  dans  un  câble  souple ,  dispositi fs  de  
commande séparés  ou  dispositi fs  de  commande à  montage  indépendant :  

6.8.3. 1  –  de  classe  0 ;  

6.8.3.2  –  de  classe  0 I ;  

6.8.3.3  –  de  classe  I ;  

6.8.3.4  –  de  classe  I I ;  

6.8.3.5  –  de  classe  I I I .  

NOTE  1  Pou r l a  coord ination  des  cl asses  0 ,  I ,  I I  e t  I I I  d e  matériel s  é l ectri ques,  voi r l ’ I EC 61 1 40  et  pour l es  
mesures  de  protection  dans  l ' i nstal l ati on  é l ectri q ue,  voi r l ’ I EC 60364.  

International  Electrotechnical  Commission

 



 – 330  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

NOTE  2  Un  d isposi ti f de  commande  desti né  à  être  i ncorporé  dans  un  matériel  d 'une  cl asse  parti cu l i ère  peu t  
auss i  être  u ti l i sé  pou r une  cl asse  d i fférente  s i  l es  d i spos i ti ons  appropri ées  son t  pri ses  dans  l e  matérie l .  

6.8.4  Dispositi fs  de  commande  u ti l i san t l a  TBTS  ou  l a  TBTP pour la  protection  con tre  l es  
chocs  électri ques  

6. 8.4.1  Dispositi fs  de  commande  u ti l i sant un  ou  p lus ieu rs  ci rcu i ts  TBTS ,  e t l e  cas  échéant,  
l es  i n formations  déclarées  dans  l e  Tableau  1 ,  exigence  86  

6.8.4.2  Dispositi fs  de  commande  u ti l i sant un  ou  p l us ieurs  ci rcu i ts  TBTP,  et le  cas  échéant,  
l es  i n formations  déclarées  dans  l e  Tableau  1 ,  exigence  86  

 Selon  le  type  de  coupure ou  d ' interruption  du  circu i t:  6.9

6.9. 1  –  coupure  totale ;  

6.9.2  –  microcoupure ;  

6.9.3  –  micro-in terruption ;  

6.9.4  –  coupure  sur tous  l es  pôles ;  

6.9.5  –  Voi r Annexe  H .  

NOTE  1  Certaines  normes  parti cu l i ères  du  matériel  peuvent  exiger u ne  coupure  totale ,  d 'au tres  peuvent 
au tori ser u ne  coupure  totale  ou  u ne  microcoupure  e t,  pour certa ines  normes  part i cu l i ères,  u ne  micro-
in terruption  est  su ffi sante.  

NOTE  2  Les  d i verses  fonctions  d 'un  même disposi ti f  peuvent  se  tradu i re  par des  types  d i fféren ts  de  coupure  ou  
d ' i n terrupti on  de  ci rcu i t.  

 Selon  le  nombre  de  cycles  de  manœuvre  (M )  pour chaque action  manuel le  6. 1 0

Les  valeurs  préféren tie l l es  sont:  

6.1 0.1  –  1 00  000  cycles;  

6.1 0.2  –  30  000  cycles;  

6. 1 0.3  –  1 0  000  cycles;  

6. 1 0.4  –  6  000  cycles;  

6. 1 0.5  –  3  000  cycles  1 );  

6. 1 0.6  –  300  cycles  1 );  

6. 1 0.7  –  30  cycles  1 ) .  

1 )  Ces  valeurs  ne  sont  appl i cabl es  qu 'à  des  actions  de  commande  réservées  à  certains  types  de  matérie l  et  à  
des  appl i cati ons  te l l es  que  l es  disposi ti fs  à  pri ses  de  tens ion  mu l ti pl es ,  l es  disposi ti fs  à  posi ti on  été/h i ver 
pou r chauffe-eau  et  l orsque  l a  norme  parti cu l i ère  l e  permet expl i ci tement.  

NOTE  Pour l es  disposi ti fs  à  p l us ieu rs  actions  manuel l es ,  u ne  valeu r d i fféren te  peu t  être  déclarée  pour 
chacune.  Pou r l es  di sposi ti fs  à  p l us ieurs  posi tions  ARRÊT,  on  cons idère  q ue  chaque  dépl acement d 'une  
posi tion  ARRÊT  à  l a  su ivan te  consti tue  u n  cycle  d e  manœuvre .  

 Selon  le  nombre  de  cycles  automatiques  (A)  pour chaque  action  automatique  6. 1 1

Les  valeurs  préféren tie l l es  sont:  

6.1 1 . 1  –  300  000  cycles;  

6. 1 1 .2  –  200  000  cycles;  

6. 1 1 .3  –  1 00  000  cycles;  
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6.1 1 .4  –  30  000  cycles;  

6.1 1 .5  –  20  000  cycles;  

6.1 1 .6  –  1 0  000  cycles;  

6. 1 1 .7  –  6  000  cycles;  

6. 1 1 .8  –  3  000  cycles  
1 )
;  

6.1 1 .9  –  1  000  cycles  
1 )
;  

6.1 1 . 1 0  –  300  cycles  
2)
;  

6. 1 1 . 1 1  –  30  cycles  
2)4 ) ;  

6. 1 1 . 1 2  –  1  cycle  
3) .  

1 )   Non  app l i cabl e  aux thermostats  e t  au tres  d i spos i ti fs  à  action  cycl i que  rapide.  

2)  N 'est  appl i cab le  q u 'à  u n  réarmement  manuel .  

3)  Un iquement pou r l es  d i sposi ti fs  à  action  u n ique  nécessi tant  l e  remplacement  d 'un  é l ément après  chaque  
fonctionnement.   

4)  Ne  peut  être  réarmé  qu 'au  cou rs  de  l 'entretien  opéré  par l e  fabrican t.  

NOTE  Pour l es  disposi ti fs  à  p l us ieu rs  actions  au tomati ques ,  u ne  valeur d i fféren te  peu t  être  déclarée  pou r 
chaque  action .  

 Selon  les  l imi tations  de  température  appl icables  à  l a  surface de  montage  du  6. 1 2
d ispositi f de  commande  

6. 1 2.2  Dispositi f  pour montage  sur une  surface  don t l a  température  ne  dépasse  pas  de  p l us  
de  20  K l a  température  ambiante  classée  comme en  6. 7.  

6.1 2.2  Dispositi f  pour montage  sur une  surface  don t la  température  dépasse  de  p lus  de  
20  K l a  température  ambian te  classée  comme en  6. 7.  

NOTE  C'est  par exemple  l e  cas  d 'un  disposi ti f de  commande  q u i  est  monté  sur l e  compresseur d 'u n  
réfri gérateur,  l a  su rface  de  montage  étan t  à  1 50  °C  a l ors  que  l 'él ément sensible  est  à  –1 0  °C  et  que  l a  
températu re  ambian te  n ’ est  que  de  30  °C.  

 Selon  la  valeur de  l ' i nd ice  de  résistance au  cheminement (IRC)  du  matériau  6. 1 3
isolant employé  

6. 1 3. 1   –  matériau  du  groupe  de  matériaux I I I b  ayan t un  I RC de  1 00  et au-dessus,  j usqu 'à  
1 75  exclu ;  

6.1 3.2   –  matériau  du  groupe de  matériaux I I I a  ayan t un  IRC de  1 75  et au -dessus,  j usqu 'à  
400  exclu ;  

6.1 3.3   –  matériau  du  groupe de  matériaux I I  ayan t un  IRC de  400  et au -dessus,  j usqu 'à  
600  exclu ;  

6.1 3.4   –  matériau  du  g roupe de  matériaux I  ayan t un  IRC de  600  et au-dessus.  

 Selon  la  période  des  contraintes  é lectriques  auxquel les  sont soumises  l es  parties  6. 1 4
isolantes  qu i  portent des  parties  actives  et entre  des  parties  actives  et des  
éléments  métal l iques  m is  à  l a  terre  

6. 1 4. 1  –  période  courte;  
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6.1 4.2  –  période  longue.  

NOTE  On  consi dère  que  l a  péri ode  des  contra i n tes  é l ectri q ues  est  l ongue  l orsque  l e  disposi ti f de  commande  
es t  i ncorporé  à  un  matériel  à  service  conti nu ;  et  éga lement l orsque  l e  côté  amont  d 'un  di sposi ti f de  commande  
i ncorporé  à  tou t  au tre  matérie l  n 'est  pas  hab i tuel l ement i solé  du  réseau  par l 'en lèvement d 'une  fi che  de  
branchement  ou  par l e  fonctionnement  d ’ un  di sposi ti f de  commande  fourn i ssant  une  coupure  totale .  

 Selon  la  construction  6. 1 5

6. 1 5.1   –  dispositi f de  commande intégré ;  

6. 1 5.2   –  disposi ti f de  commande incorporé ;  

6. 1 5.3   –  disposi ti f de  commande intercalé  dans  un  câble  souple ;  

6. 1 5.4   –  dispositi f de  commande séparé ;  

6.1 5.5   –  dispositi f de  commande à  montage indépendant pour:  

6.1 5.5. 1   –  montage  en  surface;  

6.1 5.5.2   –  montage  encastré;  

6.1 5.5.3   –  montage  sur un  panneau .  

6. 1 5.6  Voi r Annexe J .  

 Selon  les  exigences  de  viei l l issement  (Y)  du  matériel  dans  ou  avec lequel  l e  6. 1 6
disposi ti f de  commande est destiné  à  fonctionner 

6. 1 6. 1  –  60  000  h ;  

6. 1 6.2  –  30  000  h ;  

6.1 6.3  –  1 0  000  h ;  

6.1 6.4  –  3  000  h ;  

6. 1 6.5  –  300  h ;  

6. 1 6.6  –  1 5  h .  

NOTE  Les  disposi ti fs  de  commande  q u i  fonctionnent  pendant  l es  essais  d 'échauffement  ou  d 'endurance  de  l a  
norme du  matéri e l  n e  sont  pas  cl assés  selon  6. 1 6. 6.   

 Selon  l 'u ti l i sation  de  l a  thermistance  6. 1 7

Voi r Annexe J .  

 Selon  les  classes  de  fonctions  de  commande  6. 1 8

Voir Annexe  H .  
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7 Information  

 Exigences  générales   7. 1

Le  fabricant de  d isposi ti fs  de  commande  d oi t  fourn ir tou tes  l es  i n formations  u ti les  afi n  que:  

– un  disposi ti f de  commande  approprié  pu isse  être  sé lectionné;  

– l e  d ispositi f  pu isse  être  monté  et u ti l i sé  d 'une  man ière  tel l e  qu ' i l  satisfasse  aux exigences  
de  la  présente  norme;  et  

– l es  essais  correspondants  pu issent être  effectués  pour déterm iner la  conform ité  aux 
exigences  de  l a  présente  norme.  

 Méthodes  pour fourn i r l es  in formations  7.2

7.2. 1  Les  i n formations  doivent être  présentées  en  u ti l i sant  une  ou  pl us ieurs  des  méthodes  
su ivantes.  Les  i n formations  spéci fiées  pour l es  dispositi fs  de  commande  e t  l a  méthode 
appropriée  pour fourn ir ces  i n formations  doiven t su ivre  les  d ispos i tions  du  Tableau  1 .  

NOTE  1  La  présentati on  du  Tableau  1  n 'est  pas  nécessai rement l a  forme  prati q ue  u ti l i sée  pou r l ' échange  
d ' i n formations  en tre  l e  fabrican t  et  l e  l aboratoi re.  

–  Marquage (C)  – ces  in formations  doivent  se  trouver sur l e  dispositi f  même,  sauf que,  
dans  l e  cas  d 'un  disposi ti f de  commande intégré ,  ce  marquage  peut se  trouver sur une  
partie  ad jacente  du  matériel  à  cond i tion  qu ' i l  so i t  évident qu ' i l  s 'ag i t  d u  marquage  desti né  
au  dispositi f.  

 NOTE  2  Les  i n formations  données  par l e  marquage  (C)  peuvent  également  être  comprises  dans  l a  
documentation  (D,E).  

–  Documentation  sur copie  papier (D)  – ces  in formations  doiven t être  fourn ies  à  l 'uti l i sateur  
ou  à  l ' instal lateur  du  dispositi f de  commande  et  doivent être  composées  d ’ i nstructions  
l i s ib les.  Chaque  dispositi f  d o i t  être  accompagné par ce  genre  d ' i n formations.  Les  notices  
d ' instructions  a ins i  que  l es  au tres  documents  spéci fi és  dans  l a  présen te  norme doiven t 
être  réd igés  dans  la  ou  l es  l angues  officie l les  du  pays  dans  lequel  l e  dispositi f  est 
destiné  à  être  vendu .  

 Pour les  dispositi fs  de  commande  destinés  à  être  exclus ivement l i vrés  au  fabricant du  
matériel ,  l es  notices  d ' i nstruction  peuvent être  remplacées  par un  dépl ian t,  de  la  
correspondance  techn ique  ou  un  schéma,  etc.  I l  n ’est pas  nécessai re  que  chaque 
d isposi ti f soi t  accompagné  d 'un  document de  ce  genre.  

– Documentation  su r supports  électron iques  sur mémoire  i n terne  ou  externe  (E)  – ces  
i n formations  sont  données  comme variantes  aux i n formations  fourn ies  en  (D).  

–  Déclaration  (X)  – ces  i n formations  doivent être  fourn ies  à  l 'au tori té  responsable  des  
essais  en  fonction  d 'accords  passés  en tre  cette  au tori té  et le  fabricant.  E l l es  peuven t être  
présentées,  par exemple,  sous  forme de  marquage apposé  sur le  dispositi f,  de  dépl ian t,  
de  correspondance techn ique  ou  de  schémas,  ou  encore,  dans  l e  cas  d 'un  dispositi f  
soum is  sur,  dans  ou  avec un  matérie l ,  sous  forme de  mesures  et d 'examens  du  matérie l  
soum is.  I l  convient de  fourn i r également ces  i n formations  au  fabricant du  matériel ,  se lon  
l e  cas.  

7.2.2  Les  i n formations  présentées  comme exigées  au  ti tre  du  marquage (C)  ou  de  l a  
documentation  (D,E)  doiven t également être  fourn ies  à  l 'au tori té  responsable  des  essais  sous  
une  forme convenue s i  cette  au tori té  l 'exige.  

7.2.3  Pour l es  d isposi ti fs  de  commande  soum is  dans,  sur ou  avec un  matérie l ,  l 'exigence 
de  documentation  (D ,E)  est  remplacée par une  exigence de  déclaration  (X) .  

7.2.4  Pour un  disposi ti f de  commande  in tégré  qu i  fai t  partie  d 'un  dispositi f  p l us  
complexe,  l e  marquage  re lati f au  d ispositi f de  commande intégré  peut  être  compris  dans  l e  
marquage du  dispositi f  p lus  complexe.  
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7.2.5  L 'exigence de  documentation  (D ,E)  est cons idérée  comme satisfa i te  s i  l ' i n formation  

nécessai re  a  été  fourn ie  par marquage (C).  

7.2.5. 1  L 'exigence  de  déclaration  (X)  est  considérée  comme satisfai te  s i  l ' i n formation  
nécessai re  a  été  fourn ie  soi t  par l a  documentation  (D ,E)  soi t  par marquage  (C).  

7.2.6  A l 'exception  des  cas  prévus  en  7 . 4,  tou tes  l es  i n formations  su r l es  dispositi fs  de  
commande i ntégrés  sont fourn ies  par déclaration  (X).  Sauf spéci fication  con trai re  i nd iquée  
dans  une  partie  2  pour les  dispositi fs  de  commande incorporés ,  l es  seu les  marques  
ob l i gatoi res  marquages  exigés  son t l e  nom  du  fabrican t ou  sa  marque  de  fabrique  et l a  
référence un ique de  type ,  s i  l es  au tres  marquages  exigés  son t fourn is  dans  la  
documentation  (D ,E).  Pour l es  dispositi fs  de  commande incorporés  d éclarés  au  poin t à  
l ’exigence  50,  se  reporter aux expl ications  contenues  dans  l a  documentation  (D ,E)  selon  
7. 2. 1 .  

7.2.7  Pour l es  disposi ti fs  de  commande  q u i  ne  sont pas  in tégrés  ou  i ncorporés,  quand  le  
manque de  p lace  empêche  la  l i s i bi l i té  du  marquage spéci fié,  l e  dispositi f  d o i t  être  marqué  
un iquement de  l a  référence un ique  de  type  e t  du  nom  du  fabricant ou  de  sa  marque  de  
fabrique.  Les  au tres  marquages  nécessaires  exigés  doiven t fi gurer dans  l a  documentation  
(D,E) .  

7.2.8  I l  est perm is  d 'apposer des  marquages  supplémentai res,  à  cond i tion  qu ' i l s  ne  risquent 

pas  d 'engendrer des  malen tendus.  

7.2.9  Les  symboles  u ti l i sés  doivent être  l es  su i vants :  

Ampères  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   A 

Vol ts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   V 

Watts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   W 

Vol ts-ampères  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   VA 

Couran t a l ternati f (monophasé)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   ~ I EC 6041 7-5032  
(2002-1 0)

 
 

Couran t a l ternati f ( tri phasé)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3~  

Couran t a l ternati f ( tri phasé  avec neu tre)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3N~  

Couran t continu  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    I EC  6041 7-5031  
(2002-1 0)

 

Construction  de  classe  I I   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     I EC 6041 7-51 72  
(2003-02)  

 

Dispositi f de  commande de  classe  I I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .        CI EC 6041 7-51 80  
(2003-02)

 

 
L im i tes  de  température  ambiante  de  l a  tête  de  commande T   (La  l ettre  T  est  précédée  d u  s i gne  

moins  et  de  l a  va leu r n uméri que  
de  l a  températu re  l a  p l us  basse  s i  
Tmi n  es t  p l us  basse  q ue  0  °C;  e l l e  
est  su ivi e  d e  l a  val eur n uméri que  
de  l a  température  l a  p l us  é l evée  
s i  Tmax  d i ffère  de  55  °C. )  

Couran t ass igné  du  fus ib le  correspondant en  ampères  . . . . . . .    
I EC 6041 7-501 6  (2002-1 0)

 

Fréquence   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   H z  
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Borne  de  terre  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      I EC  6041 7-501 9  
(2006-08)  

Mise  à  la  terre  fonctionnel le  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     I EC  6041 7-501 8  
(201 1 -07)  

 

Pour l ' i den ti fication  du  degré  de  protection  procuré  par l 'enveloppe,  l es  symboles  de  6. 5  
doivent  être  u ti l i sés.  

NOTE  1  Les  i n formations  su r l a  tens ion  et  l e  cou ran t assignés  peu t  se  fai re  en  ch i ffres  seu lement,  l a  valeur du  
courant  ass igné  étan t  p l acée  devant ou  au -dessus  de  ce l l e  de  l a  tension  ass ignée  don t  e l l e  est  séparée  par un  
trai t.  Pou r l es  ci rcu i ts  à  charge  rés i sti ve  ou  i n ducti ve,  l e  courant  assigné  pou r l a  charge  i nducti ve  fi gu re  en tre  
paren thèses  à  l a  su i te  du  couran t ass igné  pou r l a  charge  rés i sti ve.  Le  symbole  désignant l a  nature  de  
l 'a l imentation  su i t  l es  i n d ications  de  cou rant  et  de  tension .  

La  tens i on ,  l e  courant  et  l e  type  d 'a l imentati on  peuvent  être  i nd iqués  comme su i t:  

1 6  (3)  A 250  V ~  ou  1 6  (3 )  /  250  ~  ou   1 6 3

250

( ) ~  

NOTE  2  Exemples  de  l a  façon  de  fourn i r des  i n formations  concernant  l es  l im i tes  de  températu re  d ' un  di sposi ti f:  

– 20T 30  (soi t  moins  20  °C  j usqu 'à  p l us  30  °C);  

– T85  (soi t  0  °C  j usqu 'à  85  °C) .  

NOTE  3  Pou r des  charges  spéci fi ques  déclarées,  i l  est  poss ible  de  se  référer à  un  schéma  ou  à  des  types,  par 
exemple:  

«moteur é l ectri q ue,  n °  de  schéma . . . ,  n °  de  nomenclatu re  . . .  fabri qué  par . . .  ou  5  ×  80  W,  fl uorescent» .  
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Tableau  1  (7.2  de  l ’ éd i tion  3)  – Information  requ ise   
et  méthodes  pour fourn ir l es  informations  (1  sur 4)  

In formation  Arti cle  ou  
paragraphe  

Méthode  

1  Nom  du  fabrican t  ou  sa  marque de  fabri que   7 . 2 . 6  C  

2  Référence  un ique  de  type  a  2 . 1 1 . 1 ,  
2 . 1 3. 1 ,  7 . 2 . 6  

C  

3  Tens ion  assignée  ou  pl age  de  tensions  assignées,  en  vol ts  (V)  2.1 .2,  4.3.2  
1 4.4,   

C  

4  Type  d 'a l imentation ,  sau f s i  l e  disposi ti f de  commande  peu t  fonctionner 
i nd i fféremment  en  courant  a l ternati f ou  con ti nu ,  ou  s i  l es  caractéri sti ques  
assignées  sont  l es  mêmes dans  l es  deux cas  

4 . 3. 2 ,  6 . 1  C  

5  Fréquence  s i  e l l e  n 'est  pas  comprise  dans  l a  p l age  de  50  Hz à  60  Hz i ncl us  4 . 3. 2  C  

6  Fonction  du  disposi ti f de  commande  2.2,  4.2.4,  4.3.5,  
6.3,  1 7.1 6 

D  ou  E  

6a  Construction  du  disposi ti f de  commande  e t  s i  ce l u i -ci  est  é l ectron i que  6. 1 5,  Annexe  
H ,  H . 2 . 5. 7  

D  X 

7  Le  type  de  charge  con trôlé  par chaque  ci rcu i t  b  6 . 2 ,  1 4 ,  1 7 ,  
23. 1 . 1  

C  

1 5  Degré  de  protecti on  procu rée  par l 'enveloppe  c  6 . 5. 1 ,  6 . 5. 2  
1 1 . 5  

C  

1 7  Bornes  susceptib les  d 'être  re l i ées  à  des  conducteurs  externes ,  de  phase,  de  
neu tre,  ou  i nd i fféremment à  l 'u n  ou  l ' au tre  

6. 6,  7 . 4 . 2  
7 . 4 . 3  

C  

1 8  Bornes  de  conducteurs  externes  p révues  pour u ne  gamme de  d imensions  de  
conducteur p l us  étendue  q ue  cel l es  qu i  fi gu ren t dans  l e  Tab leau  3  

1 0 . 1  D  ou  E  

1 9  Pour l es  bornes  sans  vis ,  moyen  de  connexi on  et  d e  déconnexi on  des  
conducteurs  d ,  s i  non  imméd iatement  i den ti fi abl es  

1 0  D  

20  Détai l  des  conducteu rs  spéciaux desti nés  à  être  rel i és  aux bornes  prévues  
pou r l es  conducteurs  i n ternes  

1 0 . 2 . 1  D  ou  E  

21  Températu re  maximale  des  bornes  pour conducteurs  in ternes  e t  bornes  
pou r conducteurs  externes  d e  d isposi ti fs  de  commandes  in tégrés  e t  
i ncorporés,  s i  supérieu re  à  85  °C  

1 4  X 

22  L im i tes  de  températu re  appl i cables  à  l a  tête  de  commande  s i  Tmi n  est  
i n férieu re  à  0  °C  ou  Tmax  au tre  que  55  °C  

6 . 7 ,  1 4 . 5  
1 4. 7,  1 7 . 3  

C  

23  Lim i tes  de  l a  température  des  su rfaces  de  montage  (Ts)  6 . 1 2. 2 ,  1 4 . 1 ,  
1 7 . 3  

C  

24  Class i fi cation  du  disposi ti f  se l on  l a  protection  con tre  l es  chocs  é lectri ques  6 . 8  X 

25  Pour l es  disposi ti fs  de  classe  I I ,  symbole  de  l a  construction  de  cl asse  I I  7 . 3  C  

26  Nombre  de  cycles  de  manœuvre  (M)  pour chaque  action  manuel l e  6 . 1 0,  1 7 . 1 0,  
1 7. 1 1  

X 

27  Nombre  de  cycles  au tomatiques  (A)  pou r chaque  action  au tomatique  6 . 1 1 ,  1 7 . 8,  
1 7. 9  

X 

28  Période  de  vi e i l l i ssement  (Y)  pour di sposi ti fs  de  commande  avec action  de  
type  1 M  ou  2M  

6 . 1 6,  1 7 . 6  X 

29  Pour chaque  ci rcu i t,  type  de  coupu re  ou  d ' i n terruption  2 . 4. 1 ,  2 . 4 . 2 ,  
2 . 4. 3,  2 . 4 . 4 ,  

6 . 9  

X 
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Tableau  1  (2 sur 4)  

In formation  Arti cle  ou  
paragraphe  

Méthode  

30  I RC des  matéri aux i solan ts  u ti l i sés  6. 1 3,   
Tableau  23,  

Note  de bas de 
tableau  b,   
Tableau  24,  

Note  de bas de 
tableau  d ,  
21 .2.7 

X 

31  Méthode  de  montage  d u  disposi ti f  e  1 1 . 6  D  

31 a  Méthode  de  m ise  à  l a  terre  du  disposi ti f de  commande  7 . 4 . 3 ,  9 ,  
9 . 1 . 1 ,  9 . 1 . 2  

D  

32  Type  de  fi xati on  des  câbles  souples  fixés  à  demeure  f  1 0 . 1 ,  1 1 . 7  D  ou  E  

33  Cond i ti on  de  transport  prévue  du  disposi ti f de  commande  g  1 6 . 1  X 

34  Détai l  de  tou te  l im i tation  d u  temps  de  fonctionnement  h  1 4 ,  1 7  D  ou  E  

35  Période  de  con trai n tes  é l ectri q ues  dans  l es  parti es  i solantes  6 . 1 4  X 

36  L im i tes  de  l a  grandeur de  manœuvre  pour tou t  élément sensible  au -dessus  
desquel l es  u ne  microcoupure  est  sû re  (voi r aussi  l 'Arti cle  H . 7,  poi n t  36)  

1 1 . 3 . 2  X 

37  Pen te  m in imale  ou  maximale  de  variati on  de  l a  g randeu r de  manœuvre,  ou  
fréquence  cycl i q ue  m in imale  ou  maximale  dans  l e  cas  d ' un  di sposi ti f de  
commande  sensible  i  

4 . 1 . 7,  1 5,  1 7  X 

38  Valeu rs  de  dépassement de  l a  grandeur de  manœuvre  nécessai res  au  bon  
fonctionnement ou  u ti l i sabl es  pour l es  essais ,  pou r l es  disposi ti fs  de  
commande  sensibles  

1 7  X 

39  Action  de  type  1  ou  de  type  2  6 . 4  D  ou  E  

40  Caractéri sti ques  complémentai res  pour action  de  type  1  ou  de  type  2  6 . 4 . 3,  1 1 . 4  D  ou  E  

41  Tolérance de  fabri cation  e t  cond i ti on  d 'essai  correspondante  2 . 1 1 . 1 ,  
1 1 . 4 . 3,  1 5,  
1 7 . 1 4  

X 

42  Dérive  2 . 1 1 . 2 ,  
1 1 . 4 . 3,  1 5,  
1 6 . 2 . 4  

X 

43  Caractéri sti ques  de  réencl enchement pou r action  de  coupe-ci rcu i t  j  6 . 4  D  ou  E  

44  S i  l e  disposi ti f de  commande  es t  desti né  à  être  tenu  à  l a  main  ou  à  être  
i ncorporé  à  u n  matérie l  tenu  à  l a  main  

 X 

45  L im i tati on  éven tuel l e  du  nombre  et  de  l a  réparti ti on  des  réceptacl es  d e  
connecteurs  à  l anguette  pouvant être  montés  

1 0. 2 . 4. 4  D  ou  E  

46  Toute  action  de  type  2  d o i t  être  conçue  de  man ière  à  confi ner l a  tol érance  
de  fabrication  e t  l a  dérive  de  sa  valeur de  fonctionnement,  de  son  temps  
de  fonctionnement  ou  de  sa  séquence  de  fonctionnement  dans  l a  l im i te  
déclarée  dans  l es  exi gences  41 ,  42  et  46  du  Tabl eau  1   

1 1 . 4 . 3  D  ou  E  

47  Extens ion  de  tou t  élément sensible  2 . 8. 1  D  X 

48  Valeur(s)  d e  fonctionnement  ou  temps  de  fonctionnement  2 . 3. 1 1 ,  
2 . 3. 1 2 ,  

6 . 4 . 3 . 1 0,  1 1 ,  
1 4 ,  1 5. 6, 1 7  

D  

49  Degré de pollution du  dispositif de commande  6 . 5. 3  D  ou  E  

50  Disposi ti f de  commande  p révu  pour l i vrai son  excl us ive  au  fabrican t de  
matéri el  

7 . 2 . 1 ,  7 . 2 . 6  X 

51  Températu res  de  l 'essai  au  fi l  i ncandescent  21 . 2 . 1 ,  
21 . 2 . 2 ,  2 1 . 2 . 3  
et  21 . 2 . 4   

X 

52  à  60  Voi r Annexe  H    

61  à  65  Voi r Annexe  J    

66  à  74  Voi r Annexe  H    
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Tableau  1  (3 sur 4)  

In formation  Arti cle  ou  
paragraphe  

Méthode  

75  Tension  assignée  de  choc  2 . 1 . 1 2 ,  20. 1  D  ou  E  

76  Type  de  revêtement de  l a  p l aque  de  ci rcu i t  Annexe  P  ou  
Annexe  Q  

X 

77  Températu re  pou r l 'essai  à  l a  b i l l e  21 .2.1 ,  21 .2.2,  
21 .2.3 et 21 .2.4 

D  X 

78 Couple maximal  déclaré sur manchon  simple uti l isant des matériaux 
thermoplastiques 

Tableau  20,  
Note  de bas de  

tableau  a 

D  ou  E  

79  Degré  de  pol lu tion  d ans  l e  microenvi ronnement  d e  l a  l i gne  de  fu i te  ou  
distance  dans  l ’ ai r,  s i  p l us  propre  que  celu i  du  d isposi ti f de  commande ,  et  
comment  i l  est  conçu  

Tableau  H . 24   D  X 

80  Tension  assignée  de  choc pour l a  l i gne  de  fu i te  ou  d istance  dans  l ’ ai r,  s i  
d i fférente  de  cel l e  du  disposi ti f de  commande ,  et  comment  e l l e  est  réal i sée  

Tableau  H.24  D  ou  E  

81  Les  va leu rs  prévues  pou r l es  tolérances  des  d i s tances  pou r l esquel l es  
l 'excl us ion  d u  mode  de  panne  «court»  est  revend i quée  

Tableau H.24  D  X 

82  Voi r Annexe  J    

85  Pour l es  disposi ti fs  de  classe  I I I ,  symbole  de  l a  construction  de  cl asse  I I I  7 . 4 . 6  C  

86  Pour l es  ci rcu i ts  TBTS  ou  TBTP,  l es  l im i tes  TBT  réal i sées  2 . 1 . 5,  T. 3. 2  D  X 

87  Pour l a  tension  access ible  d es  ci rcu i ts  TBTS  ou  TBTP,  s i  e l l e  d i ffère  de  8 . 1 . 1 ,  
l a  norme de  produ i t  à  l aquel l e  i l  est  fa i t  référence  pour l ' appl i cation  de  l a  
commande ,  dans  l aquel l e  norme  l e(s)  n i veau(x)  TBTS  ou  TBTP  accessib les  
est  (sont)  d onné(s)  

2 . 1 . 4 ,  6 . 8. 4 . 1 ,  
6 . 8 . 4 . 2 ,  8 . 1 . 1  

D  X 

88  Voir Annexe U    

89  Essais et groupes d’émission tels que déclarés selon la CISPR 1 1  23. 2 ,  H . 23. 1 . 2  X 

90  Les  essais  d ' immun i té  pour l es  disposi ti fs  de  commande de  protection  
d esti nés  à  être  u ti l i sés  avec l es  apparei l s  relevant de  l ’ I EC 60335  

Tableau  H . 1 3   X 

91  à  94  Voi r Annexe  H    

95   Couran t d e  cou rt-ci rcu i t  maximal  comme déclaré  1 1 . 3 . 5. 2 . 1  b )  D  X 

96  D i spos i ti f de  protection  contre  l es  su ri n tensi tés,  externe  au  disposi ti f de  
commande  

1 1 . 1 4  D  ou  E  

97  Pour l es  disposi ti fs  de  commande  i ncorporés  ou  l es  d isposi ti fs  de  
commande in tégrés ,  déterm iner s i  l ’ essai  d e  su rcharge  doi t  être  réa l i sé  au  
n i veau  de  commande  

27. 5. 3  X 

98  Al ti tude  maximale  à  l aquel l e  l e  disposi ti f de  commande  peu t  être  u ti l i sé  s i  
l ’ a l ti tu de  est  supéri eu re  à  2  000  m  

20. 1  X 

a  La  référence  un ique  de  type  do i t  être  te l l e  que  l e  fa i t  de  l a  ci ter en  en ti er permette  de  commander au  
fabrican t  u n  d isposi ti f  d e  remplacement parfa i tement  i n terchangeable  avec l 'ori g i na l  d u  poi n t  de  vue  de  ses  
caractéri sti ques  é lectri ques,  mécan iques,  d imensionne l l es  et  fonctionnel l es.  

 Cette  référence  peut  comprendre  une  référence  de  série  avec d 'au tres  marques  et  i n d ications,  comme une  
tens ion  assignée  ou  u ne  température  ambian te,  l ' ensemble  de  ces  données  consti tuan t  l a  référence un ique  
de  type .  

b  Pour l es  disposi ti fs  de  commande  q u i  comportent  p l us  d ' un  seu l  ci rcu i t,  l ' i n tensi té  appl i cable  à  chaque  
ci rcu i t  et  à  chaque  borne.  En  cas  de  d i fférences  d 'un  ci rcu i t  à  l 'au tre,  on  doi t  préciser à  quel  ci rcu i t  ou  à  
quel l e  borne  l ' i n formation  s 'appl i q ue.  Pou r l es  ci rcu i ts  à  charge  rés i sti ve  et  i n ducti ve,  l e  couran t ass igné  ou  
l a  charge  assignée  exprimée  en  VA,  avec l es  facteurs  de  pu i ssance  i nd iqués  dans  l e  tab l eau  appropri é  de  
1 7 . 2 .  

c  L 'exigence  de  marquage  (C)  ne  s 'app l i que  pas  aux disposi ti fs  de  commande  ou  à  l eu rs  parti es  cl assées  
I P00,  I P1 0,  I P20,  I P30  et  I P40.  

d  Au  Canada  et  aux États-Un is ,  l e  marquage  (C)  est  exigé  pou r l e  mode  de  connexion  et  de  déconnexion  des  
bornes  sans  vis  à  câbler su r p l ace.  
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Tableau  1  (4 sur 4)  

e  S i ,  pou r l es  d isposi ti fs  de  commande  à  montage  i ndépendan t,  i l  est  nécessai re  de  prend re  des  
précautions  parti cu l i ères  l ors  de  l ' i nstal l ati on  ou  de  l 'u ti l i sation  d u  d isposi ti f,  des  précis i ons  doi ven t  être  
données  à  cet  effet  dans  l a  noti ce  d ' i nstructions  qu i  accompagne  l e  disposi ti f.  

 Des  précauti ons  parti cu l i ères  peuvent être  nécessai res,  par exemple  dans  l e  cas  de  disposi ti fs  de  
commande  à  montage  indépendant  à  pose  encastrée.  Afi n  de  s 'assurer q u 'après  encastrement l es  
cond i ti ons  spéci fi ées  dans  l a  présente  norme  sont  respectées,  l a  noti ce  d ' i nstructions  doi t  comprendre  l es  
précis ions  appropriées  concernant:  

 – l es  d imensions  de  l ' emplacement  desti né  au  disposi ti f;  
 – l es  d imensions  et  l a  posi ti on  des  moyens  de  support  et  d e  fi xation  du  disposi ti f  à  l ' i n térieur de  cet  

emplacement;  
 – un  espace  m in imal  en tre  l es  d i fférentes  parti es  du  disposi ti f  e t  l es  parti es  de  l 'emplacement qu i  

l 'en tourent;  

 – l es  d imensions  m in imales  des  ouvertures  de  venti l ati on  et  l a  d i sposi ti on  correcte  de  cel l e-ci ;  
 – l e  raccordement  du  disposi ti f  à  l 'a l imentation  et  l ' i n terconnexion  des  é l éments  consti tuan ts  séparés  

éventuel s .  

 S i  l es  conducteurs  d 'a l imentati on  d 'u n  disposi ti f de  commande  peuvent  en trer en  con tact  avec des  parti es  
du  b l oc  ou  du  compartiment à  bornes  pour l e  câblage  fi xe ,  et  s i  ces  parti es  on t  une  températu re  q u i ,  en  
usage  normal ,  d épasse  l a  température  spéci fi ée  au  Tableau  1 3,  l a  noti ce  d ' i nstructions  doi t  éga lement  
i nd i quer que  l e  disposi ti f de  commande  do i t  être  raccordé  au  moyen  de  conducteurs  ayan t u ne  
caractéri sti que  T  appropriée  (voi r Note  de  bas  de  tab leau  a  d u  Tabl eau  1 3).  

 Pour l es  disposi ti fs  de  commande  avec câblage  en tre  un  capteur,  un  é l ément  sensib l e  ou  é l ément de  
manœuvre  et  l e  reste  d u  disposi ti f de  commande  où  une  parti e  de  ce  câbl age  fa i t,  ou  est  desti née  à  fai re,  
parti e  d 'une  i nstal l ati on  fi xe,  l e  fabricant  doi t  d onner d ans  l a  documentation  l es  i n formations  perti nentes  pou r 
l ' i nsta l l ati on  correcte  et  l e  type  appropri é  de  câble  ou  de  cordon  requ is  pou r cette  parti e  de  l ' i nsta l l ati on  fi xe.  

f  Les  disposi ti fs  de  commande i n tercal és  dans  un  câbl e  souple ,  séparés  e t  à montage  i ndépendan t,  
mun is  de  câbles  fixés  à  demeure  ayant  d es  fixations  du  type  Y  ou  du  type  Z ,  doi ven t  ê tre  accompagnés  
de  l a  documentation  (D)  comprenant  en  substance  l es  i n formations  su i vantes,  se lon  l e  cas:  

 – "Le  câbl e  d 'a l imentati on  de  ce  d i sposi ti f de  commande  ne  peu t  pas  être  remplacé;  s i  l e  câble  est 
endommagé,  i l  convien t  de  j eter l e  d i sposi ti f "  (Z)  

 ou  

 – " l e  câbl e  d 'a l imentati on  de  ce  d i sposi ti f n e  peut  être  remplacé  que  par l e  fabricant  ou  son  agent  ag réé"  (Y).  
g  La  méthode  d 'embal l age  n 'a  pas  à  être  déclarée.  
h  Pour l es  disposi ti fs  de  commande in tercal és  dans  un  câble  souple ,  l es  disposi ti fs  de  commande  

séparés  e t  l es  disposi ti fs  de  commande à  montage  i ndépendant,  cette  i n formation  do i t  être  fourn ie  par l a  
méthode  C.  

i  α1  =  pen te  ascendante  m in imale  

 β 1  =  pen te  descendante  m in imale  

 Les  pentes  (α1  et  β 1 )  de  l a  vari ati on  de  l a  grandeur de  manœuvre  son t  cel l es  q u i  correspondent à  un  
usage  normal .  

 α2  =  pen te  ascendante  maximale  (appl i cabl e  un i quement aux actions  du  type  2 )  

 β 2  =  pen te  descendante  maximale  (appl i cab le  u n iquement aux actions  du  type  2 ) .  

Aux fi ns  d 'essais ,  l es  val eu rs  de  α 1  e t  de  β 1  do i vent  être  conformes  aux val eu rs  décl arées  sans  pouvoi r être  
i n férieu res  aux l im i tes  données  pour l es  actions  du  type  1  ou  du  type  2  dans  l es  parti es  2  appropri ées.  Les  
val eu rs  de  α2  e t  β2  ne  sont  d onnées  q ue  pour l es  essais ;  e l l es  peuvent  être  remplacées  par l a  décl aration  
d 'une  valeur cycl i que  maximale.  Dans  l e  cadre  de  l a  présente  norme,  l es  taux de  variati ons  doi ven t  être  
exprimés  dans  l es  u n i tés  du  tabl eau  ci -après*:  

Grandeur de  manœuvre  Uni té  de  taux de  vari ation  

Pression  Pa/s  

Températu re  K/h  

Posi ti on  mm/s  

Écl ai rement  l ux/s  

Vi tesse  mm/s2  

N i veau  l i q u ide  mm/s  

Cou rant  A/s  

Hum id i té  %/s  

Débi t  d 'a i r  m 3/s2  
 

 *  Lors  de  l ' u ti l i sation  d 'au tres  grandeu rs  de  manœuvre,  ces  g randeurs  do ivent  être  exprimées  en  un i tés  S I .  
j  Le  fabrican t  peu t  d éclarer q ue  l e  réarmement manuel  ne  doi t  pas  être  effectué  avan t l e  terme d 'une  du rée  

spéci fi ée,  ou  au -delà  d 'une  val eur spéci fi que  de  l a  grandeur de  manœuvre .  
k  Vacant  
l  Vacant  
m  à  t  Voi r Annexe  H .  
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 Symbole  de  classe  I I  7.3

7.3. 1  Le  symbole  de  construction  de  l a  classe  I I  ne  doi t  être  u ti l i sé  que  pour l es  disposi ti fs  
de  commande  cl assés  se lon  l es  d ispos i ti ons  de  6 . 8. 3 . 4.  

7.3.2  Les  d imensions  des  symboles  de  l a  cl asse  I I  d oiven t être  te l les  que  l a  l ongueur des  
côtés  du  carré  extérieu r soi t égale  à  envi ron  deux fois  l a  l ongueur des  côtés  du  carré  
i n térieur.  

7.3.2 .1     La longueur des  côtés  du  carré  extérieur du  symbole  ne  doi t  pas  être  i n férieure  à  
5  mm,  à  moins  que  l a  d imension  l a  p l us  g rande  du  disposi ti f de  commande  ne  dépasse  pas  
1 5  mm,  auquel  cas  l es  d imensions  du  symbole  peuvent être  rédu i tes,  mais  l a  l ongueur des  
côtés  du  carré  extérieur ne  doi t pas  être  i n férieure  à  3  mm .  

7.3.2 .2  Les  dispositi fs  de  commande  fourn issant une  protection  con tre  l es  chocs  
é lectriques  te l l e  que  requ ise  pour l a  cl asse  I I  mais  qu i  comporten t des  bornes  pour l a  
con tinu i té  de  l a  m ise  à  l a  terre  à  des  fins  fonctionnel l es  ne  doivent pas  être  marqués  du  
symbole  pour l a  construction  de  classe  I I ,  I EC 6041 7-51 72  (2003-02) ,  mais  doiven t être  
cons idérés  comme des  disposi ti fs  de  commande  de  classe I .   

 Exigences  supplémentaires  de  marquage  7.4

7.4. 1  Le  marquage spéci fié  su r l e  d isposi ti f de  commande  d o i t  être  de  préférence apposé  
sur l e  corps  du  d isposi ti f,  mais  peut être  p lacé  su r des  parties  non  amovibles  d u  d ispos i ti f.  

Le  marquage spéci fié  doi t être  l i s ib le  et  durable.  

La conformité est vérifiée par examen et par les essais de  l'Annexe A .  

7.4.2  Les  bornes  des  d ispositi fs  de  commande  qu i  sont prévues  pour l e  raccordement des  
conducteurs  d 'a l imentation  doivent être  i nd iquées  par une  flèche  poin tée  vers  l a  borne,  sauf 
s i  l e  mode  de  branchement est sans  importance  ou  évident.  

La conformité est vérifiée  par examen.  

7.4.3  Les  bornes  à  re l i er exclus ivement à  un  conducteur externe  d e  neu tre  doivent être 
s i gnalées  par l a  l ettre  "N ".  

NOTE  Au  Royaume-Un i ,  l es  bornes  prévues  exclus i vement  pou r recevoi r un  conducteur acti f externe  d oi vent  
être  marquées  avec l a  l ettre  L.  

7.4.3.1  Les  bornes  de  terre  desti nées  aux conducteurs  externes  de  terre  ou  à  l a  conti nu i té  
de  la  m ise  à  l a  terre  et l es  bornes  servant à  l a  m ise  à  l a  terre  à  des  fi ns  fonctionnel l es  (par 
opposi ti on  à  des  fonctions  de  protection  contre  l es  chocs  é lectri ques)  doivent être  i nd iquées  

– pour la  terre  de  protection ,  par l e  symbole  de  terre  pour l a  terre  de  protection ,  I EC  6041 7-
501 9  (2006-08);  

– pour l a  terre  fonctionnel l e ,  par l e  symbole  de  terre  pour l a  terre  de  fonctionnel le ,  
I EC 6041 7-501 8  (201 1 -07).  

7.4.3.2  Tou tes  l es  au tres  bornes  doivent être  i den ti fi ées  de  façon  appropriée,  ou  l eurs  
fonctions  doivent être  évidentes  ou  encore  l e  ci rcu i t du  disposi ti f de  commande  d o i t  être  
vis ib le.  Les  symboles  fl èche,  N  ou  de  terre  ne  doiven t pas  être  u ti l i sés,  sauf comme ind iqué  
ci -dessus.  

La conformité  est vérifiée par examen.  
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NOTE  1  Au  Canada  et  aux États-Un is ,  l es  bornes  desti nées  au  raccordement de  conducteu rs  d 'a l imentation  m is  à  
l a  terre  doivent  être  réal i sées  de  man ière  à  présenter u ne  extrém i té  d e  cou leur b l anche  ou  g ri s  naturel  et  do iven t  
être  repérabl es  par rapport  aux au tres  parti es.  

NOTE  2  Au  Canada  et  aux É tats-Un is ,  l es  vi s  serre-fi l  desti nées  au  raccordement des  conducteurs  de  terre  des  
équ i pements  do iven t  avoi r une  tête  fendue  ou  hexagonal e  de  cou leur verte.  Les  connecteurs  à  press ion  de  fi l  
servan t au  raccordement des  conducteu rs  de  terre  doi vent  être  i denti fi és  par u n  marquage  TERRE  ou  par 
marquage  su r un  schéma de  câblage  apposé  su r l e  di sposi ti f de  commande .  Les  vi s  serre-fi l  ou  l es  connecteu rs  
à  pression  de  fi l  doi ven t  être  p l acés  de  façon  qu ' i l s  ne  soien t  pas  suscepti b les  d 'être  en levés  l ors  d es  opérati ons  
d 'entretien  d es  d isposi ti fs .  

NOTE  3  En  ce  qu i  concerne  7. 4. 2  à  7 . 4. 3. 2  i ncl us,  au  Canada  et  aux États-Un is ,  l es  règ l es  d ' i nstal l ati on  exigent  
des  marquages  complémentai res  ou  au tres.  

NOTE  4  Au  Royaume-Un i ,  l a  l ettre  L  ne  doi t  pas  être  u ti l i sée ,  sau f comme i nd iqué  en  7 . 4. 3  ci -dessus.  

7.4.4  Les  dispositi fs  de  commande  d esti nés  à  être  rég lés  par  l 'u ti l i sateur  ou  par l e  
fabricant du  matériel  pendant l ' i nsta l l ation  doiven t porter l ' i nd ication  du  sens  de  
l 'augmentation  ou  de  l a  d im inution  de  la  valeur de  réponse .  

NOTE  Une  i nd i cation  "+"  ou  "–"  est  su ffi san te.  

Les  disposi ti fs  de  commande  d esti nés  à  être  rég lés  par l e  fabricant  du  matériel  ou  son  
instal lateur  do iven t être  accompagnés  d 'une  documentation  (D)  i nd iquant l a  méthode  
appropriée  pour bloquer en  pos i ti on  de  rég lage .  

7.4.5  Les  parties  détru i tes  pendant l e  fonctionnement  n ormal  du  dispositi f de  commande ,  
et devant être  remplacées,  doivent porter une  i nd ication  pour faci l i ter l eur i denti fication  dans  
un  catalogue  ou  analogue,  même après  l eur fonctionnement,  à  moins  qu 'e l l es  ne  soien t  
destinées  à  n 'être  remplacées  que  l ors  des  opérations  d 'entretien  ou  réparation  par l e  
fabricant.  

7.4.6  Les  disposi ti fs  de  commande  d esti nés  à  être  re l i és  un iquement à  des  réseaux TBTS  
do ivent être  marqués  du  symbole  graph ique  IEC  6041 7-51 80  (2003-02).  Cette  exigence  ne  
s 'appl i que  pas  s i  l es  moyens  de  connexion  à  l 'a l imentation  sont prévus  pour la  seu le  
a l imentation  en  TBTS  ou  en  TBTP.  

Les  dispositi fs  de  commande  fourn issan t une  protection  contre  les  chocs  é lectriques  te l l e  
que  requ ise  pour l es  dispositi fs  de  commande de  classe I I I  mais  qu i  comporten t des  bornes  
pour l a  conti nu i té  de  la  m ise  à  la  terre  à  des  fins  fonctionnel l es  ne  doivent  pas  être  marqués  
du  symbole  pour l a  construction  de  classe  I I I ,  I EC  6041 7-51 80  (2003-02).  

7.4.7  Si  un  équ ipement est fourn i  avec une  p i l e  remplaçable  et s i  e l l e  est  remplacée par un  
type  i ncorrect susceptible  d ’engendrer un  risque  d ’explosion  (par exemple,  avec des  batteries  
au  l i th ium),  l es  spéci fications  su ivantes  s ’appl i quent:  

– s i  l a  p i l e  est destinée  à  être  remplacée  par l ’uti l i sateur,  un  marquage  doi t  ê tre  apposé à  
proxim i té  de  l a  p i le  ou  une  déclaration  doi t fi gurer dans  l es  i nstructions  d ’ u ti l i sation  et l es  
i nstructions  de  service;  

– s i  l a  p i l e  n ’est pas  desti née  à  être  remplacée par l ’uti l i sateur,  un  marquage doi t être  
apposé  à  proxim i té  de  l a  p i l e  ou  une  déclaration  doi t fi gurer dans  l es  i nstructions  de  
service.  

Ce  marquage ou  cette  déclaration  doi t  comporter l e  texte  su ivant ou  expression  analogue:   

ATTENTION  
RISQUE D’EXPLOSION  SI  LA PILE  EST REMPLACEE PAR UN  TYPE  INCORRECT  

ELIM INER LES  PILES  USAGEES  CONFORMEMENT AUX INSTRUCTIONS  

7.4.8  Le  compartiment  de  p i l e  des  dispositi fs  de  commande  comportan t des  p i les  
destinées  à  être  remplacées  par l ’uti l i sateur  d o i t  porter un  marquage i nd iquan t la  tension  de  
p i l e  et  l a  polari té  des  bornes.  

International  Electrotechnical  Commission

 



 – 342  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

S i  des  cou leurs  son t u ti l i sées,  l a  borne  pos i ti ve  est à  i den ti fi er en  rouge  et l a  borne  négative  
en  noi r.  

La  cou leur ne  doi t pas  u ti l i sée  comme seu le  i nd ication  pour i nd iquer l a  polari té.  

7.4.9  Les  i nstructions  re latives  aux disposi ti fs  de  commande  comportan t des  p i l es  
destinées  à  être  remplacées  par l ’uti l i sateur  do iven t comprendre  les  i n formations  su ivantes:  

– l a  référence  du  type  de  p i le ;  

– l ’orientation  de  la  pi l e  par rapport à  l a  polari té;  

– l a  méthode  de  remplacement des  pi l es ;  

– un  avertissement s i gnalant  de  ne  pas  u ti l i ser des  p i l es  d ’un  type  i ncorrect;  

– l e  mode de  tra i tement des  p i l es  non  étanches.  

Les  i nstructions  re lati ves  aux d ispositi fs  de  commande  comportant une  p i l e  con tenan t des  
matériaux dangereux pour l ’ environnement doivent fourn i r des  in formations  détai l lées  sur l a  
man ière  de  reti rer ou  é l im iner l a  p i l e  et  doiven t spéci fier que:  

– l a  p i l e  doi t  ê tre  reti rée  du  dispositi f de  commande  avan t l a  m ise  au  rebut;  

– l e  d ispositi f de  commande  d o i t  être  déconnecté  du  réseau  d ’a l imentation  avan t de  reti rer 
l a  p i l e ;  

– l a  p i l e  doi t  ê tre  é l im inée  en  toute  sécuri té.  

7.4. 1 0  Voi r Annexe V.  

8 Protection  contre  les  chocs  électriques  

 Exigences  générales  8. 1

8. 1 . 1  Les  dispositi fs  de  commande  d oivent être  constru i ts  de  façon  à  avoir une  protection  
adéquate  contre  le  contact acciden te l  avec des  parties  actives ,  dans  n ' importe  l aquel le  des  
posi tions  défavorables  pouvant surven i r en  usage normal ,  et  après  que  toutes  l es  parties  
amovibles ,  au tres  que  l es  l ampes  p lacées  derrière  un  capot  d étachable,  on t été  démontées.  
Cependan t,  pendant l a  m ise  en  p lace  ou  l e  démontage  des  lampes,  une  protection  contre  un  
contact  acciden te l  avec des  parties  actives  d e  l a  l ampe  doi t  ê tre  assurée.  

Sauf spéci fication  con trai re,  l es  ci rcu i ts  TBTS  ou  l es  ci rcu i ts  TBTP a l imentés  sous  une  
tension  ne  dépassant  pas  24  V ne  sont  pas  cons idérés  comme étan t des  parties  actives  
dangereuses .  

S i  les  ci rcu i ts  TBTS  ou  TBTP a l imentés  à  une  tens ion  dépassant 24  V,  ou  à  une  tension  
supérieure  à  cel le  déclarée  se lon  l ’exigence 87  du  Tableau  1 ,  son t accessibles,  le  courant 
en tre  la  ( l es)  partie(s)  accessible(s)  et  un  pôle  quelconque de  la  source  d 'al imentation  des  
ci rcu i ts  TBTS  ou  TBTP  doi t  être  conforme à  H . 8. 1 . 1 0. 1 .  

8. 1 . 1 . 1   I l  est  perm is  de  spéci fi er à  une  valeu r d i fférente  l a  tens ion  des  ci rcu i ts  TBTS  ou  
TBTP considérés  comme n 'étant pas  dangereux 

– s i  l e  disposi ti f de  commande  est prévu  un iquement pour une  u ti l i sation  dans  une  
appl ication  re levant d ’ une  au tre  norme de  produ i t dans  l aquel le  l a  va leur l im i te  de  l a  
tens ion  pour des  conducteurs  nus  access ib les  en  TBTS/TBTP est  d i fférente  

et  
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– s i  l e  fabrican t déclare  l 'appl ication ,  l a  norme de  produ i t  rég issant l 'appl ication ,  et  l e  n i veau  
de  tens ion  pour l es  ci rcu i ts  TBTS  ou  TBTP access ibles  cons idérés  comme non  dangereux 
par la  norme d 'appl ication  (Tableau  1 ,  exigence  86).   

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  parti es  raccordées  à  l a  TBT  i ssue  d 'un  transformateur de  sécuri té  sous  
une  tens ion  ne  dépassant pas  42, 4  V crête  ou  30  V effi caces  en  cond i ti ons  sèches,  ou  21 , 2  V crête  ou  1 5  V 
effi caces  l orsque  un  con tact  hum ide  est  susceptib le  de  se  produ i re  ne  son t  pas  considérées  comme étant  des  
parti es  actives  dangereuses .  

8. 1 .2  Pour l es  disposi ti fs  de  commande de  l a  classe  I I  e t  l es  disposi ti fs  destinés  au  
matérie l  de  l a  cl asse  I I ,  cette  exigence s 'appl ique  également à  tout con tact acciden tel  avec 
des  parties  métal l iques  séparées  des  parties  actives  dangereuses  par une  i solation  
principale  seu lement.  

8. 1 .3  Les  propriétés  isolan tes  des  vern is ,  de  l 'émai l ,  du  papier,  d u  coton ,  d 'une  pel l icu le  
d 'oxyde  sur des  parties  métal l i ques,  des  perles  i solantes  et de  l a  matière  de  rempl issage  ne  
doivent pas  être  considérées  comme assuran t l a  protection  requ ise  contre  les  con tacts  
accidente ls  avec des  parties  actives  dangereuses .  

NOTE  Les  matières  de  rempl i ssage  au todu rcissables  peuvent  être  touchées  sans  danger.  

8. 1 .4  Pour l es  dispositi fs  de  commande de  l a  classe I I  et  les  dispositi fs  d esti nés  aux 
matérie ls  de  l a  cl asse  I I  qu i  son t raccordés  en  usage normal  à  un  réseau  d 'a l imentation  en  
gaz ou  en  eau ,  tou te  partie  méta l l i que  raccordée de  façon  conductrice  aux tuyaux de  gaz ou  
en  contact  é lectri que  avec l e  système d 'eau  doi t être  séparée  des  parties  actives  
dangereuses  par une  double  isolation  ou  une  i solation  renforcée .  

8. 1 .5  Les  disposi ti fs  de  commande de  l a  classe I I  e t  l es  disposi ti fs  d estinés  au  matérie l  
de  l a  classe  I I  qu i  son t prévus  pour être  raccordés  en  permanence  à  un  câblage  fixe ,  do ivent 
être  conçus  de  façon  que  l e  degré  de  protection  con tre  l es  chocs  é lectri ques  spéci fié  ne  soi t  
pas  affecté  par l ' i nstal l ation  du  disposi ti f de  commande .  

NOTE  La  protection  contre  l es  chocs  é lectri ques  des  d isposi ti fs  de  commande  de  l a  cl asse  I I  à  montage 
indépendan t  peu t  être  affectée,  par exemple,  par l ' i nsta l l ati on  de  condu i ts  métal l i ques  ou  de  câbles  mun is  d 'une  
gaine  métal l i que.  

8. 1 .6  Pour les dispositifs de commande intégrés  et incorporés,  les essais de 8. 1 . 9 à  
8. 1 . 9. 5 inclus ne s'appliquent qu'aux parties accessibles lorsque le dispositif est monté dans 
une position conforme aux déclarations du fabricant et lorsque toutes ses parties amovibles  
ont été  enlevées.  

8. 1 .7  Pour les dispositifs de commande  intercalés dans un câble souple  et les 
dispositifs de commande séparés,  les essais de 8. 1 . 9 à  8. 1 . 9. 5 inclus sont effectués avec 
des câbles souples de la  section nominale la  plus petite ou la  plus grande spécifiée en 10. 1 . 4 
suivant le cas le  plus défavorable.  Les parties amovibles  sont enlevées et les couvercles  à  
charnières qui peuvent être ouverts sans l'aide d'un outil sont ouverts.  

8. 1 .8  Pour les dispositifs de commande à montage indépendant,  l'essai est effectué,  le  
dispositif étant monté comme en usage normal  et muni d'un câble souple ayant la  section 
nominale la  plus faible  ou la  plus grande spécifiée en 10. 1 . 4,  suivant le cas le plus 
défavorable,  ou d'un conduit rigide,  pliable ou souple.  Les parties amovibles  sont enlevées 
et les couvercles  à  charnières qui peuvent être ouverts sans l'aide d'un outil  sont ouverts.  

8. 1 .9  La  conformité  aux spécifications de 8. 1 . 1  à  8. 1 . 8 inclus est vérifiée par examen et par 
les essais suivants:  

Le doigt d'épreuve normalisé de la  Figure 2 est appliqué sans forcer dans toutes les positions 
possibles.  Les ouvertures qui ne permettent pas la  pénétration de ce doigt sont en outre  
soumises à  essai au moyen d'un doigt d'épreuve rigide et de mêmes dimensions,  qui est 
appliqué avec une force de 20 N;  si ce  doigt entre,  l'essai au moyen du doigt d'épreuve 
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représenté à  la  Figure 2 est répété,  le doigt étant introduit dans l'ouverture si cela s'avère 
nécessaire.  Si le doigt d'épreuve rigide n'entre pas,  la  force appliquée est portée à  30 N.  Si 
alors la  protection est à  ce point déplacée ou l'ouverture à  ce point déformée que le doigt 
d'épreuve représenté  à  la  Figure 2 peut entrer sans forcer,  l'essai avec ce dernier doigt est 
répété.  Un contact éventuel est décelé électriquement.  

NOTE  Pour décel er l es  con tacts  i ndés i rables ,  on  peut  u ti l i ser une  l ampe  avec une  tensi on  d 'au  moins  40  V.  

8. 1 .9 .1  Le doigt d'épreuve normalisé doit être conçu de façon que chacune des parties 
articulées puisse être  tournée de 90°,  par rapport à  l'axe du doigt,  dans une seule et même 
direction.  

8. 1 .9 .2  Les trous des parties isolantes et des parties métalliques non mises à  la  terre 
doivent en outre être contrôlés au moyen de la  broche d'épreuve représentée à  la  Figure 1 ,  
appliquée sans forcer dans toutes les positions possibles.  

8. 1 .9 .3  Il ne doit pas être possible de toucher ni avec le  doigt ni avec la  broche d'épreuve 
des parties actives dangereuses.  

8. 1 .9.4  Pour les dispositifs de commande  comportant des parties à  double isolation ,  il ne 
doit pas être possible de toucher avec le doigt d'épreuve les parties métalliques séparées des 
parties actives dangereuses  uniquement par une isolation principale.  

8. 1 .9.5  S'il existe des instructions concernant l'enlèvement d'une partie en usage normal ou 
pendant les opérations d'entretien par l'utilisateur,  et s'il n'y a  pas d'avertissement sur la  
partie  qui indique: «Débrancher avant enlèvement» ,  cette partie  est considérée comme 
amovible,  même si l'enlèvement est à  effectuer à  l'aide d'un outil.  S'il existe un tel 
avertissement sur la  partie,  il est permis,  après l'enlèvement,  de toucher des parties séparées 
des parties actives dangereuses  par une isolation principale.  

8. 1 . 1 0  Voi r Annexe  H .  

8. 1 . 1 1  En tre  des  ci rcu i ts  de  l a  cl asse  I I I  et des  ci rcu i ts  connectés  au  réseau  ou  à  l a  terre,  
l ' i solation  externe  du  transformateur d ' isolement de  sécuri té  d o i t  être  conforme à  toutes  l es  
exigences  qu i  s 'appl i quent  à  l ' i solation  de  l a  cl asse  I I .  

NOTE  Quand  l a  cl asse  I I I  n ' est  pas  spéci fi quement  exigée  pou r u n  ci rcu i t,  l es  exi gences  de  l a  cl asse  I I  n e  
s 'appl i quen t pas  en tre  un  ci rcu i t  de  l a  cl asse  I I I  et  l a  terre.  

8. 1 . 1 2  Une  partie  active  do i t  ê tre  considérée  dangereuse  s i  e l l e  dépasse  les  valeurs  
spéci fiées  en  8 . 1 . 1  et e l l e  n 'est pas  séparée  de  l a  source  par une  impédance de  protection  
conforme à  H . 8. 1 . 1 0  et  n 'est pas  un  conducteur PEN  ou  n 'appartien t  pas  au  réseau  de  
l i aison  équ ipotentiel l e .  

8. 1 . 1 3  Les  dispositi fs  de  commande  équ ipés  de  compartiments  de  p i l e  qu i  peuvent être  
ouverts  sans  l ’ a i de  d ’un  outi l ,  ou  qu i  se lon  l es  i nstructions  d ’ u ti l i sation  peuvent être  
remplacés  par l ’uti l i sateur  nécess i tent un iquement de  d isposer d ’ une  isolation  principale  
en tre  l es  parties  actives  e t  l a  su rface  in térieure  du  compartiment de  p i l e.  S i  l e  disposi ti f de  
commande  peu t être  m is  sous  tens ion  sans  les  p i l es,  une  double  isolation  ou  une  isolation  
renforcée  est  exigée.  

NOTE  S i  une  parti e  est  à  ret i rer afi n  d ’é l im iner l a  p i l e  avan t m ise  au  rebut  d u  disposi ti f de  commande ,  cette  
parti e  n ’ est  pas  considérée  comme détachabl e  même s i  l es  i nstructions  spéci fi en t  q u ’ i l  est  nécessai re  de  l a  reti rer.  

 Organes  de  manœuvre  et l i aisons  de  manœuvre  8.2

8.2. 1  U n  organe de  manœuvre  ne  doi t  pas  être  sous  tension .  
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8.2.2  U ne  l i aison  de  manœuvre  ne  doi t  pas  être  sous  tension  à  moins  que  l 'organe de  
manœuvre  associé  ne  soi t i so lan t et convenablement fixé,  ou  que  la  l iaison  de  manœuvre  
ne  soi t  pas  accessib le  l orsque  l 'organe  de  manœuvre  est  en levé.  

La conformité à  8. 2. 1  et 8. 2. 2 est vérifiée par examen et par les essais de 8. 1 .  

NOTE  On  considère  qu 'un  organe de  manœuvre  i sol é  est  convenablement fi xé  l orsqu 'on  ne  peut  l ' en l ever q u 'en  
l e  cassant,  en  l e  coupant  ou  après  l ' avoi r sérieusement endomagé.  

8.2.3  Pour les  disposi ti fs  de  commande  au tres  que  ceux de  l a  classe  I I I  ou  destinés  à  des  
apparei ls  au tres  que  ceux de  l a  classe  I I I ,  l es  poignées  et au tres  organes  de  manœuvre  
destinés  à  être  tenus  à  l a  main  en  usage normal  d o iven t être  en  matière  isolan te  ou  
recouverts  de  façon  appropriée  de  matière  isolan te.  S ' i l s  sont en  métal ,  l eurs  parties  
accessibles  do ivent  être  séparées  des  organes  de  manœuvre  ou  du  moyen  de  fixation  par 
une  i solation  supplémentai re  au  cas  où  ces  dern iers  présenteraient un  risque  quelconque 
de  deven i r acti fs  à  l a  su i te  d 'une  panne  d ' i solement.  

Pour les  dispositi fs  de  commande  pour raccordement à  un  câblage fixe ,  ou  pour les  
dispositi fs  de  commande  pour apparei ls  fixes,  cette  exigence  ne  s 'appl ique  pas  sous  
réserve  que  ces  parties  soient:  

– ou  rel i ées  de  façon  fiable  à  une  borne  de  terre  ou  un  con tact de  terre;  ou  

– séparées  des  parties  actives  dangereuses  par des  parties  métal l i ques  m ises  à  l a  terre.  

La  conformité est vérifiée par examen.  

NOTE  Les  parti es  séparées  des  parties  acti ves  dangereuses  par u ne  double  i solation  ou  une  i sol ation  
renforcée  n e  sont  pas  cons i dérées  comme susceptibles  de  deven i r conductri ces  en  cas  de  panne  d ' i solement.  

 Condensateurs  8.3

8.3. 1  Pour les  d isposi ti fs  de  commande in tercalés  dans  un  câble  souple  e t  les  
disposi ti fs  de  commande à  montage indépendant  de  l a  classe  I I ,  l es  condensateurs  ne  
doivent pas  être  re l i és  à  des  parties  métal l i ques  access ib les.  Pour l es  dispositi fs  de  
commande ,  destinés  aux matérie ls  de  la  classe  I I ,  l es  condensateurs  ne  doiven t pas  être  
re l i és  à  des  parties  méta l l i ques  susceptib les  d 'être  en  contact avec des  parties  métal l i ques  
access ib les  lorsque  le  dispositi f  est  monté  conformément aux déclarations  du  fabrican t.  Les  
enveloppes  métal l iques  des  condensateurs  doivent être  séparées  par une  i solation  
supplémentai re  d es  parties  métal l i ques  access ibles  et des  parties  métal l iques  qu i  son t  
susceptib les  d 'être  en  contact avec des  parties  méta l l i ques  accessib les  l orsque  le  d ispositi f  
est  monté  conformément aux déclarations  du  fabrican t.   

La conformité est vérifiée  par examen et d'après les exigences relatives à  l'isolation 
supplémentaire  aux Articles 13 et 20.  

8.3.2  Les  dispositi fs  de  commande  d esti nés  à  être  re l iés  au  ci rcu i t  d 'a l imentation  au  
moyen  d 'une  fiche  de  prise  de  courant doivent être  conçus  de  façon  qu 'en  usage normal ,  i l  
n ' y a i t  pas  de  risque  de  choc électri que  par des  condensateurs  chargés,  en  cas  de  contact  
avec les  broches  de  l a  fiche.  

La  conformité  est vérifiée  par l'essai suivant de 8. 3. 2. 1  à  8. 3. 2. 4  inclus,  effectué 10 fois.  

8.3.2 .1  Le  dispositif est alimenté sous la  tension assignée ou sous la  limite supérieure de 
la  plage de tensions assignées.  

8.3.2 .2  L'organe de manœuvre  éventuel est alors mis dans la  position «ARRÊT»,  si elle 
existe,  et le dispositif est séparé de la  source d'alimentation en retirant la  fiche du socle.  
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8.3.2 .3  Au bout de 1  s,  la  tension entre les broches de la  fiche est mesurée.  

8.3.2 .4   Cette tension mesurée ne doit pas dépasser 34 V crête.  Cet essai n'est effectué que 
si la  capacité  du condensateur dépasse 0, 1  µF.  

 Couvercles  et parties  actives  ou  dangereuses  non  isolées  8.4

Les  dispositi fs  de  commande  q u i  comportent un  couvercle  ou  un  capot  en  matériau  non  
métal l i que  doiven t être  conçus  de  façon  à  masquer les  vis  de  fixation  de  ce  couvercle ,  à  
moins  qu 'el l es  ne  soient m ises  à  l a  terre  ou  séparées  des  parties  actives  dangereuses  par 
une  double  i solation  ou  une  isolation  renforcée  ou  encore  qu 'e l les  ne  soient pas  
access ib les  après  montage  dans  l e  matériel .  

La conformité est vérifiée par examen.  

NOTE  1  Au  Canada  et  aux États-Un is ,  l a  d i sposi ti on  des  parties  actives  dangereuses  e t  l a  posi ti on  d u  
couvercle  do i vent  être  tel l es  que  l e  fa i t  d 'en l ever ou  de  replacer l e  couvercle  n 'expose  aucune  personne  à  un  
danger  d e  choc é l ectri q ue.  

NOTE  2  Au  Canada  et  aux États-Un is ,  l es  parti es  actives  dangereuses  e t  l es  parti es  mobi l es  dangereuses  
doi ven t être  d i sposées,  protégées  ou  en fermées  de  man ière  à  rédu i re  au  m in imum  l es  ri sques  qu 'e l l es  présenten t  
pou r l e  personnel  d 'en tretien  e t  de  réparation  procédant à  d es  opérations  de  remplacement  d 'ampou les,  de  tubes  
é lectron iques  ou  de  fus i bles,  de  l u bri fi cation  des  pi èces,  ou  d 'au tres  fonctionnements  anal ogues  effectués  
pendant l a  maintenance par l ’ u ti l i sateur  ou  l es  entretiens .  

 Voi r Annexe V.  8.5

9  Disposi tions  en  vue de  la  mise à  la  terre  de  protection  

 Exigences  générales  9. 1

9. 1 . 1  Les  parties  métal l iques  access ib les,  au tres  que  des  organes  de  manœuvre ,  d es  
disposi ti fs  de  commande intercalés  dans  un  câble  souple ,  séparés  et  à montage 
indépendant  d e  la  cl asse  0I  et  de  l a  classe  I  qu i  peuvent être  m ises  sous  tens ion  en  cas  de  
panne  d ' i solement,  doivent être  re l i ées  en  permanence et de  façon  sûre  à  une  borne  de  terre  
ou  à  une  connexion  de  terre  p lacée à  l ' in térieur du  dispositi f,  ou  au  contact de  terre  d 'un  
socle  de  connecteur.  

NOTE  1  La  ph rase  "re l i ées  en  permanence  et  d e  façon  sû re  à  u ne  borne  de  terre"  est  synonyme du  terme m i se  à  
l a  terre.  

NOTE  2  Les  parti es  séparées  des  parties  actives  par une  double  i solation  ou  u ne  i sol ation  renforcée ,  et  l es  
parti es  qu i  sont  séparées  des  parties  acti ves  par des  parti es  métal l i ques  re l i ées  à  une  borne  de  terre,  u ne  
connexion  d e  terre  ou  u n  con tact  de  terre  ne  sont  pas  cons idérées  comme des  parti es  susceptibles  d 'être  m ises  
sous  tension  en  cas  de  panne  d ' i solement.   

NOTE  3  Les  exigences  des  organes  de  manœuvre  son t  spéci fi ées  en  8. 2 . 3.  

9. 1 .2  Les  parties  métal l iques  access ib les ,  au tres  que  des  organes  de  manœuvre ,  des  
disposi ti fs  de  commande incorporés  et  i n tégrés  desti nés  aux apparei l s  de  l a  classe  0 I  et  
de  la  classe  I  q u i  peuvent être  m ises  sous  tension  en  cas  de  panne  d ' i so lemen t,  doiven t  
comporter une  d isposi ti on  en  vue  de  m ise  à  la  terre.  

NOTE  1  Les  di sposi ti fs  de  commande  in tégrés  e t  i ncorporés  peuvent  être  m is  à  l a  terre  par l eu rs  é l éments  de  
fi xation ,  à  cond i ti on  q ue  l e  con tact  se  fasse  par des  su rfaces  métal l i ques  propres.  Cette  remarque  s 'appl i q ue  
égal ement,  par exemple,  à  des  disposi ti fs  de  commande  comportan t  des  éléments  sensibles  métal l i ques  devant 
être  rel i és  de  façon  sû re  à  d es  parti es  métal l i ques  de  l 'apparei l ,  s i  l e  fabrican t  a  spéci fi é  cette  méthode  de  m ise  à  
l a  terre  dans  ses  déclarati ons.  

NOTE  2  Les  parti es  séparées  des  parties  actives  par une  double  i solation  ou  une  i sol ation  ren forcée  e t  l es  
parti es  qu i  sont  séparées  des  parties  acti ves  par des  parti es  métal l i ques  re l i ées  à  une  borne  de  terre,  u ne  
connexion  d e  terre  ou  u n  con tact  de  terre  ne  son t  pas  cons idérées  comme des  parti es  susceptibles  d 'être  m ises  
sous  tension  en  cas  de  panne  d ' i solement.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 347  –  
© I EC  201 5  

NOTE  3  Les  exigences  des  organes  de  manœuvre  son t  spéci fi ées  en  8 . 2 . 3 .  

9. 1 .3  Les  bornes  de  terre,  l es  connexions  d e  terre  et l es  con tacts  de  terre  ne  doiven t pas  
être  re l iés  é lectriquement à  une  borne  de  neu tre  quelconque.  

La conformité  à  9. 1 . 1  à  9. 1 . 3 est vérifiée par examen.  

 D i spositi fs  de  commande de  l a  classe  I I  et  de  l a  classe  I I I   9 . 2

Les  d isposi ti fs  de  commande de  la  cl asse  I I  et  de  l a  classe  I I I  ne  doiven t comporter aucune  
d isposi ti on  en  vue  de  l a  m ise  à  l a  terre  de  protection .  

La conformité est vérifiée par examen.  

 Connexions  de  terre  appropriées  9.3

 Exigences  générales  9.3. 1

La  connexion  en tre  une  borne  de  terre,  une  connexion  de  terre  ou  un  contact  de  terre  et l es  
parties  devant  y être  re l iées,  doi t  ê tre  de  fa ible  résistance.  

La conformité est vérifiée  par l'essai suivant:  

– On fait passer un courant à  1 , 5 fois le courant assigné mais non inférieur à  25 A  fourni par 
une source de courant alternatif dont la  tension à  vide ne dépasse pas 12 V,  de la  borne 
de  terre,  de la  connexion  de terre ou du contact de terre à  successivement chacune des 
parties métalliques accessibles.  

– La  chute de tension est mesurée entre la  borne de terre,  la  connexion  de terre ou le  
contact de terre et la  partie métallique accessible,  et la  résistance est calculée à  partir du 
courant et de cette chute  de tension.  En aucun cas la  résistance ne doit dépasser 0, 1  Ω .  
L'essai est poursuivi jusqu'à l'établissement de conditions stables.  

NOTE  1  On  prend  soi n  que  l a  rés i stance  de  contact  en tre  l ' extrém i té  de  l a  sonde  de  mesure  et  l a  parti e  
métal l i que  en  essai  n ' i n fl uence  pas  l es  résu l tats  de  l 'essai .  

NOTE  2  La  mesure  de  l a  rés i stance  comprend  l a  rés i stance  de  tou t  conducteur i n tégré ,  mais  l a  rés i stance  de  
tou t  conducteur externe  ou  i n terne  est  excl ue.  

 Câblage fixe  et  fixations  du  type X et  du  type  M  9.3.2

Les  bornes  de  terre  pour l e  raccordement d 'un  câblage fixe  ou  des  câbles  souples  fixés  à  
demeure  ayan t des  fixations  du  type  X et du  type  M  doivent  satisfai re  aux exigences  de  1 0. 1 .  

NOTE  1  Au  Canada  et  aux États-Un is ,  une  borne  plate  à  connexion  rapi de,  ayant  l es  d imensions  i n d iquées  dans  
l e  Tableau  2  peu t  être  u ti l i sée  comme borne  de  terre  non  access ible  à  cond i ti on  d 'avoi r des  moyens  add i ti onnels  
pou r empêcher l e  dép lacement en  cours  d 'u ti l i sation  et  d 'être  u ti l i sée  dans  un  ci rcu i t  ayant  un  d i sposi ti f de  
protection  comme spéci fi é  dans  l e  tableau .  

NOTE  2  Au  Canada,  en  Ch i ne  et  aux États-Un is ,  un  fi l  d e  m ise  à  l a  terre  d 'un  câblage  fi xe  ou  d 'u n  câbl e  soupl e  
d 'a l imentati on  ne  doi t  pas  être  term iné  par u ne  borne  à  connexion  rapide.  
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Tableau  2  (9.3.2  de  l ’ éd i tion  3)  – D imensions  de  
 l a  borne  de  connexion  rapide  (Canada et Etats-Unis)   

 
D imensions  nominales  

mm 

Caractéristique  assignée  
du  d isposi ti f de  protection  

du  ci rcu i t  
A 

Largeur  Épaisseur  Longueur   

4 , 8  0 , 5  6 , 4  20  ou  moins  

4 , 8  0 , 8  6 , 4  20  ou  moins  

5, 2  0 , 8  6 , 4  20  ou  moins  

6 , 3  0 , 8  8 , 0  60  ou  moins  

 

 Conducteurs  externes  9.3.3

La m ise  à  l a  terre  des  conducteurs  externes  ne  doi t  pas  se  fai re  par des  bornes  sans  vis ,  
cependant,  pour l es  fixations  du  type Y  e t  fixations  du  type Z ,  i l  est perm is  d 'u ti l i ser des  
bornes  de  terre  sans  vis  de  type  un i té  de  serrage  conformes  à  l ’ I EC  60998-2-2  ou  à  
l ’ I EC 60998-2-3  ou  sans  vis  de  type  un i té  de  serrage  conformes  à  l ’ I EC  60999-1 .  

 D imensions  des  bornes  de  terre  accessibles  9.3.4

Les  bornes  de  terre  accessib les  en  usage normal  do iven t permettre  l e  raccordement des  
conducteurs  ayan t des  sections  nom inales  comprises  en tre  2 , 5  mm² et 6  mm² et i l  ne  doi t  pas  
être  poss ib le  de  l es  desserrer sans  l 'a ide  d 'un  outi l .  

NOTE  Au  Canada  et  aux É tats-Un is ,  des  conducteurs  d 'au tres  sections  nom inales  sont  au tori sés.  

 D imensions  des  bornes  de  terre  non  accessibles  9.3.5

Les  bornes  de  terre  non  accessib les  en  usage normal  pour conducteurs  externes  d o iven t 
avoir une  section  égale  ou  supérieure  à  cel l e  qu i  est requ ise  pour l es  bornes  acti ves  
correspondantes.  

 Verrou i l l age  des  bornes  de  terre  9.3.6

Les  organes  de  serrage  des  bornes  de  terre  pour conducteurs  externes  d o ivent être  
protégés  efficacement contre  un  desserrage  acciden tel .  

La conformité aux spécifications de 9. 3. 2 à  9. 3. 6 inclus est vérifiée par examen,  par essai 
manuel et par les essais applicables de 10. 1 .  

NOTE  En  général ,  l es  constructions  u ti l i sées  habi tuel l ement pou r l es  bornes  acti ves  assuren t une  é l asti ci té  
su ffi sante  pou r que  l es  exi gences  d 'une  protection  effi cace  con tre  u n  desserrage  acciden tel  soient  sati sfai tes,  à  
cond i ti on  qu ' i l  n ' y  a i t  pas  de  n i veaux vibrato i res  excessi fs  n i  de  cycles  therm iques  rapides.  S i  l a  borne  est  soum ise  
à  des  vibrations  excessives  ou  à  des  cycles  therm iques  rapides,  des  d i sposi ti ons  spécial es,  par exemple  l ' emploi  
d 'une  parti e  su ffi samment é l asti que  tel l e  q u 'une  p l aque  de  serrage  imperdabl e  qu i  n 'est  pas  susceptib le  d 'être  
en levée  par i nadvertance,  peuvent  être  nécessai res  dans  l e  cas  des  bornes  à  trous .  

 Résistance  à  la  corrosion  9.4

Toutes  l es  parties  de  la  borne  de  terre  doiven t être  rés istan tes  à  l a  corros ion  résu l tant du  
contact en tre  ces  parties  et l e  cu ivre  du  conducteur de  terre  ou  de  tout au tre  méta l  en  contact 
avec ces  parties.  
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 Matériaux 9.4. 1

Le corps  de  l a  borne  de  terre  doi t ê tre  en  l a i ton  ou  en  un  au tre  métal  rés istant aussi  b ien  à  l a  
corrosion ,  à  moins  qu ' i l  ne  fasse  partie  i n tégrante  de  l 'armature  métal l ique  ou  de  l 'enveloppe  
métal l i que,  auquel  cas  toute  vis  ou  tou t écrou  doi t  être  en  la i ton ,  acier n ickelé  ou  au tre  métal  
satisfa isan t aux exigences  de  l 'Article  22 ,  ou  d 'un  au tre  métal  rés istan t auss i  b ien  à  l a  
corrosion .  

 Armatures  ou  enveloppes  en  alumin ium  9.4.2

Si  l e  corps  de  l a  borne  de  terre  fai t  partie  i n tégran te  d 'une  armature  ou  d 'une  enveloppe en  
a lum in ium  ou  en  a l l i age,  des  d isposi tions  doivent être  prises  pour é l im iner le  risque  d e  
corrosion  résu l tan t du  contact en tre  le  cu ivre  et l 'a lum in ium  ou  ses  a l l i ages.  

La conformité à  9. 4,  9. 4. 1  et 9. 4. 2 est vérifiée par examen et,  en cas de doute,  par analyse 
des matériaux en présence et de  leurs revêtements.  

NOTE  La  protection  contre  l a  corrosion  peut  être  obtenue  par p l acage  ou  par u n  procédé  analogue.  

 Au tres  exigences  9.5

 Parties  amovibles  9.5. 1

Si  une  partie  amovible  d 'un  disposi ti f de  commande  a  une  connexion  de  terre,  cette  
connexion  doi t être  établ i e,  l ors  de  la  m ise  en  p lace  de  l a  partie ,  avan t que  l es  connexions  
transportan t l e  courant l e  soient,  et l es  connexions  transportant l e  couran t doiven t être  
i n terrompues  l ors  de  l 'en lèvement de  la  partie  amovible,  avan t l a  coupure  de  l a  connexion  de  
terre.  

La  conformité  est vérifiée par examen.  

 D ispositi f de  commande incorporé  9.5.2

Si  un  dispositi f de  commande incorporé  est  susceptib le,  après  avoi r été  monté  dans  le  
matérie l ,  d 'être  séparé  de  sa  m ise  à  l a  terre  normale  pour des  essais ,  des  réglages  ou  des 
opérations  d 'entretien  effectués  a lors  que  l e  matérie l  est sous  tens ion ,  i l  doi t  être  équ ipé  
d 'une  connexion  ou  d 'un  conducteur de  terre  te l  q u ' i l  ne  soi t  pas  nécessaire  de  le  débrancher 
pour effectuer ces  essais ,  réglages  ou  opérations  d 'entretien .  

La conformité est vérifiée par examen.  

NOTE  1  C'est,  par exemple ,  l e  cas  des  disposi ti fs  de  commande  thermosensib les,  ou  de  dég ivrage  des  
réfri gérateurs.  

NOTE  2  Dans  l es  pays  membres  du  CENELEC,  9 . 5. 2  n 'est  pas  appl i cabl e.  

1 0  Bornes  et connexions   

Voi r auss i  l 'Article  20,  trois ième a l inéa.  

 Bornes  et  connexions  pour conducteurs  externes  en  cu ivre  1 0 . 1

1 0 . 1 . 1  Les  bornes  pour câblage fixe  e t  pour câbles  souples  fixés  à  demeure  ayan t des 
fixations  du  type X  e t  du  type M ,  à  l 'exception  de  ce l l es  qu i  sont spéci fiées  en  1 0. 1 . 3  
doivent employer des  vis ,  des  écrous  ou  tou t au tre  moyen  de  serrage  aussi  efficace  ne  
nécess i tant pas  d 'outi l  spécial  pour l a  connexion  et l a  déconnexion .  

1 0. 1 . 1 . 1  Les  bornes  ou  connexions  pour des  câbles  souples  fixés  à  demeure  ayan t des  
fixations  du  type Y  e t  d u  type  Z  peuvent nécess i ter l 'emploi  d 'un  outi l  spécial  pour l a  
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connexion  ou  l a  déconnexion ,  mais  doivent satisfai re  aux exigences  appl icables  aux bornes  
et  connexions  pour conducteurs  in ternes .  

La conformité à  10. 1 . 1  et 10. 1 . 1 . 1  est vérifiée par examen et par essai.  

NOTE  1  Les  bornes  à  vi s  conformes  à  l ’ I EC 60998-2-1 ,  l es  bornes  sans  vis  conformes  à  l ’ I EC 60998-2-2  ou  à  
l ’ I EC 60998-2-3  et  l es  organes  de  serrage  conformes  à  l ’ I EC 60999-1  sont  considérés  comme des  d i sposi ti fs  
effi caces.  

NOTE  2  Les  connecteu rs  à  l anguette  son t  consi dérés  comme nécess i tant  l ' emploi  d 'u n  outi l  spécial .  

1 0. 1 . 2   Les  vis  et  l es  écrous  pour l e  serrage  des  conducteurs  externes  do iven t avoir un  
fi l etage  métri que  I SO ou  un  fi l etage  auss i  efficace.  I l s  ne  doiven t pas  servi r à  l a  fixation  
d 'au tres  é léments;  i l s  peuvent tou tefois  serrer des  conducteurs  in ternes  s i  ceux-ci  sont 
d isposés  de  façon  qu ' i l s  ne  soien t pas  susceptib les  de  se  déplacer l ors  du  raccordement des  
conducteurs  externes .  

La conformité est vérifiée par examen.  

NOTE  1  Provisoi rement,  l es  fi l etages  S I ,  BA et  F i l etages  un i fi és  son t  considérés  comme étant  aussi  effi caces  que  
l e  fi l etage  métri que  I SO.  

NOTE  2  Un  essai  d 'équ i val ence  d 'effi caci té  est  à  l 'étude.  En  attendant qu ' i l  soi t  agréé,  tou tes  l es  valeurs  de  
couple  appl i cabl es  à  des  fi l etages  au tres  q u ’ I SO (métri ques),  S I ,  BA,  et  F i l etages  un i fi és  son t  augmentées  de  
20  % .  

1 0. 1 .3  Connexions  soudées,  brasées,  serties  ou  analogues  

Les  connexions  soudées,  brasées,  serties  ou  analogues  ne  doivent pas  être  u ti l i sées  pour la  
connexion  des  câbles  souples  fixés  à  demeure  ayan t des  fixations  du  type X  e t  du  type M ,  
à  moins  qu 'e l les  soient  au torisées  dans  l a  norme du  matérie l  correspondan te.  Lorsque  de  
te l l es  connexions  son t u ti l i sées  pour des  conducteurs  externes ,  e l les  doivent également 
satisfai re  aux exigences  de  1 0 .2 . 2  et  1 0 . 2 . 3 .  

La conformité est vérifiée par examen.  

NOTE  En  général ,  l es  normes  parti cu l i ères  du  matérie l  l im i tent  l 'u ti l i sation  de  te l l es  connexions.  

1 0. 1 .4  Les  bornes  pour un  câblage  fixe  ou  pour des  câbles  souples  fixés  à  demeure  
ayan t des  fixations  du  type X  ou  du  type M  do iven t permettre  au  moins  l e  raccordement de  
conducteurs  don t l a  section  nom inale  est  ind iquée  dans  l e  Tableau  3.  

La conformité est vérifiée par examen,  par mesure et en raccordant des conducteurs de la  
plus petite et de la  plus grande section spécifiée ou déclarée.  
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Tableau  3  (1 0 . 1 .4 de  l ’ éd i tion  3)  – Sections  min imales  des  conducteurs  

 
Courant ci rcu lan t dans  l a  borne  a  

Sections  nominales  b  
mm 2  

A Conducteurs  pour câbles  souples  Conducteurs  pour câblage  fi xe  

J usqu 'à  6  i ncl us  c  0 , 5  à  1  1  à  1 , 5  

au -dessus  de  6,  j usqu 'à  1 0  i ncl us  0 , 75  à  1 , 5  1  à  2 , 5  

au -dessus  de  1 0 ,  j usqu 'à  1 6  i n cl us  1  à  2 , 5  1 , 5  à  4  

au -dessus  de  1 6 ,  j usqu 'à  25  i n cl us  1 , 5  à  4  2 , 5  à  6  

au -dessus  de  25,  j usqu 'à  32  i n cl us  2 , 5  à  6  4  à  1 0  

au -dessus  de  32 ,  j usqu 'à  40  i n cl us  4  à  1 0  6  à  1 6  

au -dessus  de  40,  j usqu 'à  63  i n cl us  6  à  1 6  1 0  à  25  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A sont  à  l ’ étude.  

b  Aux É tats-Un is ,  d 'au tres  sections  de  conducteu rs  son t  appl i cables.  

c  Les  sections  nom inales  spéci fi ées  ne  s 'appl i q uen t pas  aux bornes  des  ci rcu i ts  TBTS  ou  TBTP  dont  l e  cou ran t 
ne  dépasse  pas  3  A.  

 

1 0. 1 .4. 1  S i  une  borne  est prévue  pour une  gamme plus  étendue  de  d imensions  de  
conducteurs  pour câblage  fixe  ou  pour câbles  souples  que  cel les  i nd iquées  aux colonnes  2  
et  3  du  Tableau  3 ,  cette  précis ion  doi t figurer dans  l es  déclarations  du  fabrican t.  

NOTE  1  Au  Canada  et  aux États-Un is ,  l es  l i gnes  de  fu i tes  e t  distances  dans  l 'ai r  en tre  l es  bornes  déclarées  
comme conducteurs  externes  d u  câblage  fi xe  e t  en tre  de  te l l es  bornes,  au tres  que  l es  bornes  de  m ise  à  l a  terre,  
et  l es  p i èces  métal l i ques  ad jacentes  doi ven t  répondre  aux exigences  de  l 'Arti cl e  20  et,  d e  p l us,  q uand  el l es  son t  
mesurées  selon  l a  Note  2  d e  1 0 . 1 . 4 . 1 ,  e l l es  do ivent  être  au  moins  de  

– 6 , 4  mm  pour l es  tens ions  assignées  ne  dépassant  pas  250  V;  

– 8 , 0  mm  pour l es  tens ions  assignées  supéri eu res  à  250  V mais  ne  dépassant pas  400  V;  

– 9 , 6  mm  pour l es  tens ions  assignées  supéri eu res  à  400  V.  

NOTE  2  Au  Canada  et  aux É tats-Un is ,  l a  mesure  des  l i gnes  de  fu i te  e t  des  distances  dans  l 'ai r  aux bornes  est  
effectuée  deux foi s ,  u ne  foi s  avec des  conducteurs  de  l a  p l us  g rande  section  u ti l i sable  et  une  foi s  sans  conducteur.  

1 0. 1 .5  Les  bornes  pour un  câblage fixe  ou  pour les  câbles  fixés  à  demeure  ayan t des  
fixations  du  type  X  ou  du  type M  do ivent être  fixées  de  te l l e  man ière  que  le  serrage  ou  l e  
desserrage  du  moyen  de  connexion  n 'entraîne  n i  desserrage  de  l a  borne,  n i  efforts  anormaux 
sur l es  conducteurs  in ternes ,  n i  réduction  des  l ignes  de  fu i te  et  distances  dans  l 'ai r  en  
dessous  des  va leurs  spéci fi ées  à  l 'Article  20.  

La conformité est vérifiée par examen et par une mesure effectuée après 10 opérations de  
serrage et de desserrage d'un conducteur de la  plus grande section spécifiée en 10. 1 . 4,  le  
conducteur étant déplacé à  chaque desserrage.  Pour les parties filetées,  le  couple de serrage 
maximal appliqué est soit celui indiqué dans le Tableau 20,  soit le couple  spécifié à  la  figure 
applicable (voir Figures 10 à  13 incluse)  suivant la  valeur la  plus grande.  

Au cours de  l'essai,  les bornes ne doivent pas se desserrer et il ne doit pas se produire de 
dommages tels que rupture de vis,  ou endommagements de fente de tête de vis,  de filets,  de  
rondelles,  d'étrier ou d'autres parties,  qui puissent compromettre l'usage ultérieur de la  borne.  

NOTE  1  Cette  exigence  n ' impose  pas  que  l a  borne  so i t  conçue  de  man ière  à  empêcher une  rotati on  ou  un  
dépl acement,  à  cond i ti on  tou tefoi s  que  ce  mouvement  éven tuel  n 'affecte  pas  l a  conform i té  aux au tres  exigences  de  
l a  présente  norme.  

NOTE  2  Pour évi ter l e  d esserrage  des  bornes,  on  peu t  u ti l i ser deux vi s  de  fi xation ,  u ne  vi s  dans  u n  évi dement ou  
tou t  au tre  moyen  approprié.  
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NOTE  3  L'en robage  dans  u ne  mati ère  de  rempl i ssage  ou  dans  une  rés ine  du rci ssan te  n 'est  cons idéré  comme un  
moyen  su ffi sant  d 'empêcher l e  desserrage  de  l a  borne  q ue  s i :  

– l 'en robage  n 'est  pas  soum is  à  d es  con trai n tes  mécan iques  résu l tan t  de  l a  connexi on  ou  déconnexi on  du  
conducteur ou  de  l 'emploi  d e  l ' apparei l ;  et  

– l es  caractéri sti ques  de  l a  matière  de  rempl i ssage  ne  sont  pas  affectées  par l a  températu re  qu i  est  suscepti b l e  
d 'attei nd re  l a  borne  dans  l es  cond i ti ons  l es  p l us  défavorables  spéci fi ées  dans  l a  présente  norme.  

1 0. 1 .6  Les  bornes  pour un  câblage  fixe  ou  pour des  câbles  souples  fixés  à  demeure  
ayan t des  fixations  du  type X  ou  du  type M  d o ivent  être  conçues  de  façon  que  l 'âme du  
conducteur soi t  serrée  entre  des  surfaces  métal l i ques  avec une  press ion  de  contact suffisante  
et sans  dommage excessi f pour l e  conducteur,  sauf que  pour les  bornes  sans  vis  destinées  
à  des  ci rcu i ts  dont l e  cou ran t ne  dépasse  pas  2  A,  l ' une  des  surfaces  de  serrage  peu t être  en  
matière  non  métal l i que.  

La conformité est vérifiée par examen de la  borne et des conducteurs après l'essai de 10. 1 . 5.  

NOTE  On  considère  comme excessivement  endommagés  des  conducteu rs  présentant  d es  en tai l l es  profondes  ou  
du  ci sai l l ement.  

1 0. 1 .7  Les  bornes  pour un  câblage  fixe  ou  pour les  câbles  fixés  à  demeure  ayan t des  
fixations  du  type X  ne  doivent pas  exiger une  préparation  spécia le  des  conducteurs  pour 
réal iser une  connexion  correcte.  

1 0. 1 .7. 1  Les  bornes  ayan t des  fixations  du  type X  peuvent  avoir p lusieurs  moyens  de  
connexion  s i  au  moins  l ' un  de  ces  moyens  est  conforme à  cette  exigence,  même si  l a  
connexion  i n i ti a le  établ i e  en  us ine  u ti l i se  un  au tre  moyen  de  connexion .  Dans  ce  cas,  le  
moyen  i n i ti a l  do i t  satisfai re  aux exigences  re lati ves  aux bornes  et connexions  pour 
conducteurs  in ternes .  

La conformité est vérifiée  par examen.  

NOTE  L'expression  "préparation  spécia le  d 'u n  conducteur"  comprend  l e  soudage  de  ses  bri ns ,  l 'u ti l i sati on  des  
cosses,  l a  confection  d 'œi l l ets ,  etc. ,  mais  non  l a  rem ise  en  forme du  conducteur avant  son  i n troduction  dans  l a  
borne  n i  l e  retoronnage  d 'une  âme câblée  pou r consol i der l 'extrém i té.  

1 0. 1 .8  Les  bornes  pour un  câblage  fixe  ou  pour les  câbles  fixés  à  demeure  ayan t des  
fixations  du  type X  et  du  type M  do ivent être  conçues  ou  d isposées  de  façon  que  n i  l es  
conducteurs,  n i  l es  bri ns  d 'une  âme câblée  ne  pu issen t s 'échapper lors  du  serrage  des  vis  ou  
des  écrous  de  fixation ,  ou  l ors  de  l ' u ti l i sation  d 'un  moyen  de  fixation  aussi  efficace.  

1 0. 1 .8. 1  La  conformité est vérifiée par l'essai suivant.  

1 0. 1 .8.2  Les bornes sont équipées des conducteurs prévus selon l'utilisation de la  borne,  
conformément au Tableau 4.  Les âmes des conducteurs pour câblage fixe  sont redressées 
avant d'être introduites dans les bornes.  

1 0. 1 .8.3  Les fils des câbles souples sont tordus de façon régulière à  raison d'un tour par 
20 mm.  Le conducteur est introduit dans la  borne sur la  longueur minimale spécifiée ou,  si 
aucune longueur n'est spécifiée,  jusqu'à ce qu'il dépasse juste de l'autre côté de la  borne.  
L'introduction du conducteur se fait dans la  position où il risque le plus de s'échapper et la  vis 
est serrée avec un couple égal aux deux tiers de la  valeur spécifiée dans le  Tableau 20.  

1 0. 1 .8.4  Pour les câbles souples,  l'essai est répété avec un nouveau conducteur tordu 
comme le premier mais en sens inverse.  Après l'essai,  aucun brin du conducteur ne doit 
s'être  échappé par l'intervalle  qui sépare le  moyen de serrage du dispositif de retenue.  
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Tableau  4  (1 0. 1 .8  de  l ’éd i tion  3)  – Conducteurs  de  borne   

Courant ci rcu lan t dans  l a  borne  a  
A 

Conducteur à  engager (nombre  de  brins  et d i amètre  
nominal  de  chaque  brin  en  m i l l imètres)  

Conducteurs  pour câbles  
souples  

Conducteurs  pour 
câblage  fi xe  

Conducteurs  pour câbles  
souples  

Conducteurs  pour 
câblage  fixe  

0  à  6  – 32  ×  0 , 20  – 

6  à  1 0  0  à  6  40  ×  0 , 25  7  ×  0 , 52  

1 0  à  1 6  6  à  1 0  50  ×  0 , 25  7  ×  0 , 67  

1 6  à  25  1 0  à  1 6  56  ×  0 , 30  7  ×  0 , 85  

25  à  32  1 6  à  25  84  ×  0 , 30  7  ×  1 , 04  

– 25  à  32  94  ×  0 , 30  7  ×  1 , 35  

32  à  40  32  à  40  80  ×  0 , 40  7  ×  1 , 70  

40  à  63  40  à  63  1 26  ×  0 , 40  7  ×  2 , 1 4  

a  Des  exigences  pou r l es  appl i cations  supérieures  à  63  A son t  à  l ’ étude.  

 

1 0. 1 .9  Les  bornes  doivent être  conçues  de  façon  à  serrer l e  conducteur de  façon  fi able.  

La conformité  est vérifiée par l'essai suivant.  

1 0. 1 .9. 1  Les bornes sont équipées de conducteurs de la  plus petite et de la  plus grande 
section nominale spécifiée en 10. 1 . 4,  à  âmes rigides ou souples selon le cas applicable ou le  
plus défavorable,  puis les vis sont serrées avec un couple égal aux deux tiers de la  valeur 
spécifiée dans le Tableau 20.  Chaque conducteur est ensuite soumis à  une traction dont la  
valeur est donnée par le  Tableau 5,  appliquée sans secousse pendant 1  min dans l'axe du 
logement du conducteur.  

1 0. 1 .9.2  Normalement,  la  force de traction est exercée directement sur le conducteur à  
proximité de son point d'entrée dans la  borne.  Toutefois,  si la  fixation du conducteur 
comprend un dispositif supplémentaire serti ou serré sur l'âme conductrice ou sur son 
isolation et s'étendant sur une longueur d'au plus 30 mm mesurée à  partir du point d'entrée 
du conducteur dans la  borne,  il convient d'appliquer cet essai de traction à  ce dispositif,  et 
non à  la  borne proprement dite.  

1 0. 1 .9.3  Pendant l 'essai ,  l e  conducteur ne  doi t  pas  se  déplacer dans  l a  borne  de  façon  
notable.  
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Tableau  5  (1 0. 1 .9  de  l ’éd i tion  3)  – Valeurs  d ’essai  de  traction  du  conducteur  

 
Couran t ci rcu lan t dans  l a  borne  a  

Force  de  traction  
N  

A Bornes  pour conducteurs  pour 
câbles  souples  

Bornes  pour conducteurs  pour 
câblage  fixe  

J usqu 'à  3  i ncl us   20  b   20  b  

au -dessus  de  3,  j usqu 'à  6  i ncl u s   30   30  

au -dessus  de  6 ,  j usqu 'à  1 0  i ncl us   30   50  

au -dessus  de  1 0,  j usqu 'à  1 6  i n cl us   50   50  

au -dessus  de  1 6,  j usqu 'à  25  i n cl us   50   60  

au -dessus  de  25,  j usqu 'à  32  i n cl us   60   80  

au -dessus  de  32,  j usqu 'à  40  i n cl us   90   90  

au -dessus  de  40,  j usqu 'à  63  i n cl us    1 00   1 00  

a   Des  exigences  pour l es  appl i cations  supéri eu res  à  63  A son t  à  l ’ étude.  

b  Appl i cab le  seu lement aux ci rcu i ts  TBTS  ou  TBTP  et  aux au tres  appl i cati ons  pou r l esque l l es  l es  
caractéri sti ques  des  conducteu rs  ne  sont  pas  précisées.   

 

1 0. 1 . 1 0  Les  bornes  doiven t être  conçues  de  façon  à  ne  pas  atteindre  en  usage normal  u ne  
température  excess ive  susceptib le  de  détériorer l eur support i so lant ou  l ' i solation  des  
conducteurs  serrés.  

La conformité  est vérifiée au cours des essais d'échauffement de  l'Article 14.  

1 0. 1 . 1 1  Les  bornes  doiven t être  d isposées  de  façon  que  chacun  des  conducteurs  d 'un  
câblage fixe  ou  câble  souple  pu isse  être  raccordé  ra isonnablement près  des  au tres  
conducteurs  du  même câble,  sauf s i  une  ra ison  techn ique  valable  s 'y oppose.  

La conformité  est vérifiée par examen.  

1 0. 1 . 1 2  Les  bornes  pour câbles  souples  fixés  à  demeure  ayan t  des  fixations  du  type X  e t  
du  type  M  do ivent être  d isposées  ou  abri tées  de  façon  que  s i  un  brin  vien t à  se  détacher 
après  raccordement des  conducteurs,  i l  n ' y a i t  pas  de  risque  de  contact accidentel  en tre  des  
parties  actives  e t  des  parties  méta l l i ques  accessibles ,  e t dans  l e  cas  de  dispositi fs  de  l a  
classe I I  ou  desti nés  au  matérie l  de  l a  cl asse  I I ,  en tre  les  parties  actives  e t  l es  parties  
métal l i ques  séparées  des  parties  métal l i ques  accessib les  par une  isolation  supplémentai re  
seu lement.  De  p l us,  i l  ne  doi t  pas  y avoir de  risque  d e  court-ci rcu i ter une  action  déclarée  
assurant  une  coupure  totale  ou  une  microcoupure .  

La conformité est vérifiée par examen et par l'essai suivant:  

– L'extrémité d'une âme câblée ayant une section nominale égale à  la  section minimale 
spécifiée pour l'essai de 10. 1 . 4 est dépouillée de son enveloppe isolante sur une longueur 
de 8 mm.  Un brin du conducteur est décâblé et les autres brins sont introduits 
complètement et serrés dans la  borne.  Le  brin décâblé est plié,  sans déchirer l'enveloppe 
isolante,  dans toutes les directions possibles,  mais sans angles vifs le long de cloisons.  

– Le brin décâblé d'un conducteur relié à  une borne active ne doit toucher aucune partie  
métallique accessible ou en liaison avec une partie métallique accessible ou,  dans le cas 
de dispositifs de la classe II ou destinés au matériel de la  classe II,  aucune partie 
métallique séparée des parties actives par une isolation supplémentaire  seulement.  

– Le brin décâblé d'un conducteur relié à  une borne de terre ne doit toucher aucune partie 
active.  
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– Le brin décâblé d'un conducteur relié à  une borne active ne  doit pas devenir accessible,  ni 
pouvoir court-circuiter une action déclarée assurant une coupure totale  ou une 
microcoupure.  

1 0. 1 . 1 3  Les  bornes  doiven t être  conçues  de  man ière  que  l a  con tinu i té  du  ci rcu i t  ne  soi t  pas 
maintenue  par une  pression  de  contact transm ise  par une  matière  isolante  au tre  que  
céram ique  ou  une  au tre  matière  isolan te  ayan t des  caractéristi ques  au  moins  équ iva len tes,  à  
moins  que  l 'é l astici té  des  parties  métal l i ques  associées  soi t  su ffisan te  pour compenser tout  
retrai t  et  tou te  déformation .  

La conformité est vérifiée  par un examen initial et par d'autres examens des bornes après que 
les échantillons ont subi les essais de l'Article 17.  

NOTE  Pour de  te l l es  appl i cations,  l es  matières  i solan tes  sont  j ugées  su r l eu r stabi l i té  d imensionnel l e  d ans  l a  
p l age  de  températures  pou r l aquel l e  l e  di sposi ti f de  commande  es t  prévu .  

1 0. 1 . 1 4  Les  vis  et  au tres  parties  fi letées  des  bornes  doiven t être  en  méta l .   

La conformité  est vérifiée par examen.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  normes  nati ona les  exigen t  que,  l orsque  l es  vi s  son t  u ti l i sées  pour des  
conducteurs  de  d i amètre  égal  ou  i n férieur à  2 , 5  mm ,  l a  connexi on  doi t  comporter des  pi nces  ou  des  vi s  de  serrage  
avec l es  p l aques  des  bornes  ayant  des  cosses  tournées  vers  l e  hau t,  ou  anal ogue,  pour ma in ten i r l es  fi l s  en  p l ace.  
Les  épaisseurs  des  p l aques  des  bornes  son t  de  1 , 27  mm  (0, 050  i n )  pou r d es  d imensions  de  fi l  supéri eu res  à  
1 , 6  mm  (# 1 4  AWG) et  de  0 , 76  mm  m in imum  (0 , 030  i n )  pour des  d imensions  de  fi l  i n féri eu res  ou  égal es  à  1 , 6  mm.  
Les  vi s  des  bornes  ne  doivent  pas  être  pl us  peti tes  q ue  #8  Un i fi é,  sauf qu 'une  vi s  de  # 6  Un i fi é  peu t  être  u ti l i sée  
pou r l e  raccordement  d 'u n  fi l  d e  1 , 29  mm  (# 1 6),  d ' un  fi l  d e  1 , 02  mm  (# 1 8)  ou  d ' un  seu l  fi l  d e  1 , 6  mm  (#1 4).  

1 0. 1 . 1 5  Les  bornes  à  trou  e t  l es  bornes  à  capot taraudé  d o iven t être  conçues  de  façon  à  
permettre  l 'engagement d 'une  longueur su ffisante  du  conducteur pour que  son  extrém ité  
dépasse  nettement l 'extrém i té  de  l a  vis  pour assurer un  serrage  efficace  du  conducteur dans  
l a  borne.  

La conformité est vérifiée pour les bornes à  trou  par une mesure de la  dimension "g" de la  
Figure 11  et pour les bornes à capot taraudé  par la  distance minimale  spécifiée à  la  
Figure 12.  

NOTE  Au  Canada  et  É tats-Un is ,  l es  Parag raphes  1 0 . 1 . 1 6  et  1 0 . 1 . 1 6. 1  s 'appl i quent:  

1 0. 1 . 1 6  Conducteurs  flottants  (amorces)  

Au  Canada  et  aux É tats-Un is ,  où  des  conducteurs  flottants  (amorces )  peuvent  être  u ti l i sés  pour des  connexi ons  
de  raccordement d e  disposi ti fs  de  commande  à  montage  indépendant,  l es  conducteu rs  de  connexion  ne  doi ven t  
pas  être  p l us  peti ts  que  0 , 82  mm².  L ' i solati on  doi t  être  d 'au  moins  0 , 8  mm  d 'épai sseur,  s i  e l l e  est  en  
thermoplasti que,  ou  d 'au  moins  0 , 8  mm  d 'épai sseur s i  e l l e  es t  en  caou tchouc,  avec u n  gu i dage  thermoplasti q ue  de  
0 , 8  mm  d 'épaisseu r.  

Les  conducteu rs  doi ven t  avoi r une  l ongueu r m in imale  de  1 50  mm  et  doiven t  être  d i sposés  de  façon  à  être  
i naccessib les  l orsqu ' i l s  son t  i nstal l és  conformément aux prati ques  de  câbl ages  national es.  En  complément,  l a  
connexi on  term inal e  d u  di sposi ti f de  commande  d 'u n  te l  conducteu r,  s i  e l l e  est  p l acée  dans  l a  même boîte  de  
câblage,  ne  doi t  pas  être  d 'u ne  constructi on  à  borne  fi l etée  à  moins  que  l e  d i spos i ti f d e  connexion  soi t  rendu  
i nu ti l i sable  pou r l a  connexi on  d 'un  conducteur externe .  

La  construction  à  borne  fi l etée  peut  ne  pas  être  rendue  i nu ti l i sable  s i  l 'extrém i té  à  connecter du  conducteu r est  
i solée,  et  q u 'un  marquage  su r l e  d i sposi ti f i n d i que  cl ai rement  l 'usage  prévu  du  conducteur.  

La  conform i té  est  véri fi ée  par examen .  

1 0. 1 . 1 6. 1   Au  Canada  et  aux É tats-Un is ,  l es  conducteurs  flottan ts  d o i ven t  être  mun is  d 'un  renforcement pou r 
évi ter q ue  l a  contrai n te  soi t  transm ise  à  l a  borne,  aux épi ssures  (par exemple  pour des  connexions  torsadées)  ou  
au  câbl age  i n terne.  

La  conform i té  est  véri fi ée  par examen  et  en  appl i q uan t une  traction  de  44  N  su r l es  conducteurs  pendant 1  m in .  
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Pendant  l 'essai ,  l e  conducteu r ne  doi t  pas  être  endommagé  et  ne  pas  s 'être  dépl acé  l ong i tud inalement  de  p l us  de  
2  mm .  

 Bornes  et  connexions  pour conducteurs  in ternes  1 0.2

1 0.2. 1  Connexion  des  conducteurs  

Les  bornes  et connexions  pour conducteurs  i n ternes  doivent permettre  l e  raccordement de  
conducteurs  ayan t des  sections  nom inales  i nd iquées  par le  Tableau  6 .  

Tableau  6  (1 0 .2. 1  de  l ’éd i tion  3)  – Sections  nominales  des  conducteurs   

Courant ci rcu lan t dans  l a  borne  ou  connexion  a  
A 

Section  nominale  b  min imale  du  conducteur  
mm 2  

J usqu 'à  3  i ncl us  

au -dessus  de  3,  j usqu 'à  6  i ncl u s  

au -dessus  de  6,  j usqu 'à  1 0  i ncl us  

au -dessus  de  1 0 ,  j usqu 'à  1 6  i n cl us   

au -dessus  de  1 6 ,  j usqu 'à  25  i n cl us  

au -dessus  de  25,  j usqu 'à  32  i n cl us   

au -dessus  de  32 ,  j usqu 'à  40  i n cl us  

au -dessus  de  40,  j usqu 'à  63  i n cl us   

–  c  

0, 75  

1  

1 , 5  

2 , 5  

4  

6  

1 0  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

b  Aux États-Un is ,  d 'au tres  sections  de  conducteu rs  son t  appl i cables.  

c  Aucun  m in imum  n 'est  spéci fi é,  mais  l e  fabrican t  d oi t  décl arer l a  section  à  u ti l i ser pou r l es  essais .  

 
NOTE  Les  exi gences  de  1 0. 2 . 1  ne  s 'appl i quent  pas  aux bornes  de  d i spos i ti fs  q u i  ne  sont  pas  desti nées  à  recevoi r 
des  conducteu rs  normal i sés  sans  préparation  spécia le,  n i  aux bornes  qu i ,  par l eu r conception  et  l eu r desti nati on ,  
ne  peuvent  recevoi r d es  conducteurs  normal i sés,  n i  aux bornes  qu i  son t  spécial ement conçues  pour recevoi r des  
conducteurs  de  section  d i fféren te  et  q u i  son t  d esti nées  excl us ivement  à  certa i ns  types  d 'apparei l s .  Par exemple,  
un  thermostat  desti né  à  être  i ncorporé  dans  l e  ti ssu  d 'u ne  couvertu re  chauffan te.  

1 0.2.2  Adaptabi l i té  à  l a  fonction  

Les  bornes  et  connexions  do ivent être  adaptées  à  leur fonction .  Les  raccordements  pour 
des  connexions  soudées,  serties  ou  brasées  doivent être  suffisamment robustes  pour rés ister 
aux con tra in tes  rencontrées  en  service  normal .  

La  conformité  est vérifiée par examen.  

1 0.2.3  Bornes  soudées  

Lorsqu ' i l  est fa i t  usage  de  bornes  soudées,  l e  conducteur doi t être  d isposé  ou  fixé  de  façon  
que  l e  main tien  en  pos i ti on  ne  dépende  pas  seu lement de  la  soudure,  à  moins  que  des  
séparations  ne  soien t prévues  de  sorte  que  les  l ignes  de  fu i te  et  distances  dans  l 'ai r  en tre  
l es  parties  actives  e t  l es  au tres  parties  métal l i ques  ne  pu issent  être  rédu i tes  à  moins  de  
50  %  des  valeurs  spéci fiées  dans  l 'Article  20 ,  au  cas  où  l e  conducteur s 'échapperai t de  l a  
connexion  soudée.  

La  conformité est vérifiée par examen.  

NOTE  En  général ,  l 'accrochage  avan t soudage  est  considéré  comme un  moyen  approprié  pou r main ten i r en  p l ace  
l e  conducteur,  à  cond i ti on  que  l e  trou  par l equel  l e  conducteur est  i n trodu i t  n e  soi t  pas  excessivement g rand ,  et  
que  l e  conducteu r ne  fasse  pas  parti e  d 'un  fi l  rosette  mépl at  à  deux conducteurs.  

D 'au tres  méthodes  de  main ti en  en  pos i ti on  du  conducteur,  te l l es  que  l e  resserrement d es  bords  d ' une  l anguette  de  
soudu re,  sont  considérées  comme convenabl es.  
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1 0.2.4 Connecteurs  à  l anguette,  bornes  sans  vis  plate  

1 0 .2.4. 1  Les  languettes  fa isant partie  i n tégran te  d 'un  dispositi f de  commande  d o iven t 
satisfai re  aux exigences  d imensionnel les  de  la  F igure  1 4  ou  1 5.  

La conformité est vérifiée par des mesures.  

Des l anguettes  d e  d imensions  au tres  que  cel les  i nd iquées  à  l a  F igure  1 4  ou  1 5  peuven t être  
u ti l i sées  à  cond i tion  que  l es  d i fférences  de  d imensions  et de  formes  soient assez importan tes  
pour rendre  impossible  un  engagement erroné  dans  un  réceptacle  n ormal i sé  (voi r F i gure  1 6).  

Pour les  d imensions  des  F igures  1 4 ,  1 5  et  1 6,  l es  d imensions  physiques  de  l ’ I EC  61 21 0  
peuvent être  u ti l i sées  comme al ternative.  Les  exigences  de  performances  de  l ’ I EC  61 21 0  ne  
son t pas  appl icables.  

Des  languettes  assuran t un  détrompage des  réceptacles  selon  leur polari té  peuven t être  
u ti l i sées  (F igure  1 6).  

1 0.2.4.2  Les  languettes  fa isant partie  d 'un  dispositi f de  commande  d oivent être  en  
matériau  et revêtement appropriés  à  l a  température  maximale  des  l anguettes  i nd iquée  au  
Tableau  7 .  Des  matériaux et des  revêtements  d i fférents  de  ceux qu i  sont spéci fiés  dans  l e  
tab leau  peuvent être  employés  à  cond i tion  que  l eurs  caractéristi ques  é lectri ques  et 
mécan iques  soien t au  moins  équ ivalentes,  particu l i èrement sur l e  p l an  de  l a  rés istance  à  l a  
corrosion  et  de  la  robustesse  mécan ique.  

Tableau  7  (1 0 .2.4.2  de  l ’ éd i tion  3)  – Matériau  des  languettes  et de  l eur revêtement  

 
M atériau  et  revêtement des  l anguettes  

Température  maximale  
des  l anguettes  

°C  

Cu i vre  nu  1 55  

Lai ton  nu  21 0  

Cu i vre  recouvert  d 'éta in  et  a l l i ages  de  cu i vre  1 60  

Cu i vre  recouvert  de  n i ckel  et  a l l i ages  de  cu i vre  1 85  

Cu i vre  recouvert  d 'argent  et  a l l i ages  de  cu ivre  205  

Acier recouvert  de  n i ckel  400  

Acier i noxydabl e  400  

 

La conformité est vérifiée en  mesurant la  température atteinte  pendant les essais de 
l'Article 14.  

NOTE   Les  températu res  i n d i quées  correspondent à  un  rég ime  con ti nu .  Des  températures  momentanément p l us  
é l evées  son t  possib l es,  par exemple  l ors  d ' un  échauffement  excessi f mais  temporai re  d 'un  disposi ti f de  
commande  thermosensible .  

1 0.2.4.3  Les  languettes  fa isant partie  i n tégran te  d 'un  dispositi f de  commande  d o iven t 
avoi r une  robustesse  su ffisan te  pour permettre  l ' i nsertion  et l 'en lèvement des  réceptacles  
sans  causer de  dommages  au  disposi ti f  de commande  susceptib le  d 'affecter l a  conform ité  à  
l a  présente  norme.  

La conformité est vérifiée par l'application,  sans secousses,  des forces de traction axiales 
égales à  celles indiquées dans le  Tableau 8.  Ces forces ne doivent causer ni déplacement ni 
dommages notables.  
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Tableau  8  (1 0 .2.4.3  de  l ’ éd i tion  3)  – Valeurs  des  forces   
de  traction  axiales  pour l ’ insertion  et  l ’ en lèvement de  l anguette   

Tai l l e  de  l a  l anguette  
(voi r F i gu re  1 6)  

Force  de  poussée  a  
N  

Force  de  traction  a  
N  

2 , 8  50  40  

4 , 8  60  50  

6 , 3  80  70  

9 , 5  1 00  1 00  

a  Les  val eu rs  données  dans  l e  tableau  son t  d es  val eu rs  maximales  adm issibles  pou r l ' i nsertion  et  l 'en lèvement 
d 'un  réceptacle  d 'u ne  l anguette .  

 

1 0.2.4.4  Les  l anguettes  fa isan t partie  i n tégran te  d 'un  d ispositi f de  commande  d o ivent  être  
su ffisamment espacées  pour permettre  l 'engagement des  réceptacles  appropriés .  

Pour les  d imensions  des  F igures  1 4 ,  1 5  et 1 6,  l es  d imensions  phys iques  de  l ’ I EC  61 21 0  
peuven t être  u ti l i sées  comme al ternative.  Les  exigences  de  performances  de  l ’ I EC  61 21 0  ne  
son t pas  appl icables.  

La conformité est vérifiée par l'engagement du réceptacle approprié sur chaque languette  
sauf spécification contraire en 7. 2.  Cet engagement ne doit entraîner aucune déformation de 
la  languette ou des parties adjacentes.  De plus,  les lignes de fuite  et les distances dans 
l'air ne  doivent pas être réduites en dessous des valeurs spécifiées à  l'Article 20.  

NOTE  Aux l anguettes  con formes  à  l a  F i gure  1 4  ou  1 5  correspondent l es  réceptacles  d e  l a  F i gu re  1 6.  

 Bornes  et  connexions  pour conducteurs  in tégrés  1 0.3

I l  n 'existe  pas  d 'exigences  ou  d ’essais  spéci fi ques  pour l es  bornes  ou  connexions  pour 
conducteurs  i n tégrés  selon  l 'Article  1 0  mais  l es  exigences  appropriées  des  au tres  articles  
peuvent s 'appl iquer.  

1 1  Exigences  de  construction  

 Matériaux 1 1 . 1

 Matières  isolantes  – Imprégnées  1 1 . 1 . 1

Le  bois,  l e  coton ,  l a  soie,  l e  papier ord inaire  et  l es  matières  fibreuses  ou  h ygroscopiques  
analogues  ne  doivent pas  être  u ti l i sés  comme isolan t,  sauf s ' i l s  sont imprégnés.  

La  conformité est vérifiée  par examen.  

NOTE  Une  matière  i solante  est  considérée  comme imprégnée  s i  un  i sol ant  approprié  rempl i t  prati q uement  l es  
i n tersti ces  en tre  l es  fi bres  de  l a  matière.  

 Parties  transportant le  courant  1 1 . 1 . 2

Pour l es  p ièces  en  la i ton  venues  de  fonderies  ou  de  décol letage,  transportan t l e  couran t,  
au tres  que  l es  parties  fi l etées  des  bornes,  l 'a l l i age  u ti l i sé  doi t  conten i r au  moins  50  %  de  
cu ivre,  et pour les  p ièces  venues  de  découpage  dans  des  feu i l les  l am inées,  l 'a l l i age  u ti l i sé  
doi t  conten i r au  moins  58  %  de  cu ivre.  

La  conformité est vérifiée  par examen et analyse du matériau.  
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 Câbles  souples  fixés  à  demeure  1 1 . 1 .3

1 1 . 1 .3. 1  Les  câbles  souples  fixés  à  demeure  d es  disposi ti fs  de  commande de  la  
classe  I  d oivent  comporter une  isolation  du  conducteur à  gaine  vert/jaune  qu i  est  re l i ée  à  l a  
borne  ou  à  l a  connexion  d e  m ise  à  l a  terre  du  disposi ti f de  commande ,  ou  au  con tact de  
m ise  à  l a  terre  du  socle  de  connecteur ou  de  l a  pri se,  s ' i l  en  existe.  

1 1 . 1 . 3.2  L ' i so lation  du  conducteur dont l a  gaine  est repérée  par la  combinaison  des  cou leurs  
vert/jaune  ne  doi t  pas  être  re l i ée  à  des  bornes  ou  des  connexions  au tres  que  l es  bornes  ou  
l es  connexions  de  terre.  

La  conformité  à  11 . 1 . 3. 1  et 11 . 1 . 3. 2 est vérifiée par examen.  

 Protection  contre  les  chocs  électriques  1 1 . 2

 Double  i solation  1 1 . 2. 1

Pour l es  d ispos i ti fs  de  commande à  double  i solation ,  l a  conception  doi t être  te l l e  que  
l ' isolation  principale  et  l ' i solation  supplémentai re  pu issent être  soum ises  à  essai  
séparément,  à  moins  qu ' i l  ne  soi t poss ib le  de  véri fi er d 'une  au tre  man ière  l eurs  propriétés  
respectives.  

1 1 .2. 1 . 1  S ' i l  n 'est pas  poss ib le  de  soumettre  à  essai  séparément l ' i solation  principale  e t  
l ’ i solation  supplémentaire ,  et  s ' i l  n 'est  pas  possible  de  véri fier l eurs  propriétés  par un  au tre 
moyen,  l ' i so lation  est  considérée  comme une  isolation  renforcée .  

La conformité  est vérifiée par examen et par essai.  

NOTE  Des  échanti l l ons  ayan t subi  une  préparati on  spéci a le,  ou  d es  échanti l l ons  des  parti es  i sol an tes,  sont  
cons idérés  comme des  moyens  de  véri fi cation .  

 Dérogation  à  l a  double  isolation  ou  isolation  renforcée  1 1 .2.2

Les  disposi ti fs  de  commande de  l a  classe I I  e t  l es  d ispositi fs  d estinés  au  matérie l  de  l a  
cl asse I I  doivent être  conçus  de  façon  que  l es  l ignes  de  fu i te  e t  l es  distances  dans  l 'ai r  sur 
une  i solation  supplémentai re  ou  une  i solation  renforcée  ne  pu issen t être  rédu i tes,  par 
su i te  des  effets  de  l 'usure,  en  dessous  des  va leurs  spéci fiées  à  l 'Article  20.  I l s  doivent être  
constru i ts  de  façon  que  s i  des  fi l s ,  des  vis ,  des  écrous,  des  rondel l es,  des  ressorts,  des  
réceptacles  p l ats  pour connecteur à  l anguette  ou  des  p ièces  analogues  se  desserrent  ou  se  
détachent,  i l s  ne  pu issen t en  usage normal  se  p lacer dans  une  posi tion  te l l e  que  l es  l ignes  
de  fu i te  e t  l es  distances  dans  l 'air  sur une  i solation  supplémentaire  ou  une  i solation  
renforcée  so ien t rédu i tes  à  moins  de  50  %  de  l a  va leur spéci fi ée  à  l 'Article  20.  

La conformité  est vérifiée  par examen,  par mesure et/ou par essai manuel.  

Dans le cadre de cette  exigence:  

– on ne s'attend pas à  ce que deux fixations indépendantes se desserrent en même temps;  

– les parties fixées au moyen de vis ou écrous et rondelles de blocage sont considérées 
comme non susceptibles de se desserrer,  sous réserve qu'il ne soit pas exigé que ces vis 
ou écrous soient démontés en entretien  ou en maintenance par l'utilisateur;  

– les ressorts ou les pièces élastiques qui ne se desserrent pas ou ne se détachent pas au 
cours des essais des Articles 17 et 18 sont considérés comme satisfaisant aux exigences;  

– les fils à  connexions soudées sont considérés comme n'étant pas fixés de façon 
appropriée à  moins d'être maintenus en position près de leur connexion ,  
indépendamment de la  soudure;  

– les fils connectés aux bornes sont considérés comme n'étant pas fixés de façon 
appropriée sauf en cas de fixation supplémentaire près de la  borne.  Dans le cas des 
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conducteurs câblés,  cette fixation supplémentaire doit serrer l'enveloppe isolante  et non 
l'âme conductrice;  

– les conducteurs rigides courts sont considérés comme non susceptibles de se séparer des 
bornes s'ils restent en place quand l'un(e)  quelconque des vis ou écrous est desserré(e) .  

 Conducteurs  in tégrés  1 1 .2.3

1 1 .2.3. 1  Les  conducteurs  in tégrés  do ivent être  suffisamment rig i des,  su ffisamment b ien  
fixés  et suffisamment b ien  i solés  pour qu 'en  usage normal  l es  l ignes  de  fu i te  et  l es  
distances  dans  l 'ai r  n e  pu issen t être  rédu i tes  en  dessous  des  va leurs  spéci fi ées  à  
l 'Article  20.  

1 1 .2.3.2  L ' i so lation ,  s i  e l le  existe,  doi t être  étud iée  de  man ière  à  évi ter tou te  détérioration  au  
cours  du  montage  ou  en  usage normal .  

La  conformité à  11 . 2. 3. 1  et 11 . 2. 3. 2 est vérifiée par examen,  par des mesures et par un essai 
manuel.  

NOTE  Un  conducteu r est  considéré  comme étan t  n u  s i  son  i solation  n 'est  pas  au  moins  équ i val ente  du  poin t  de  
vue  é lectri que  à  cel l es  q u i  son t  spéci fi ées  pour d es  câbles  souples  dans  l es  normes  appl i cables  de  l ’ I EC,  ou  s i  e l l e  
ne  sati sfai t  pas  à  l 'essai  d e  ri g i d i té  d i é lectri que  qu i  cons iste  à  appl i quer une  tension  spéci fi ée  en tre  l 'âme 
conductri ce  et  une  feu i l l e  méta l l i que  appl i q uée  au tou r de  l ' i sol ation ,  d ans  l es  cond i ti ons  spéci fi ées  à  l 'Arti cl e  1 3.  

 Gaines  de  câbles  souples  1 1 .2.4

A l ' i n térieur du  dispositi f de  commande ,  l a  gaine  d 'un  câble  souple  ne  doi t  ê tre  u ti l i sée  
comme isolation  supplémentai re  q u 'à  l 'endroi t  où  e l l e  n 'est pas  soum ise  à  des  cond i ti ons  
mécan iques  ou  therm iques  excessives  et dans  l a  mesure  où  ses  propriétés  i solan tes  ne  sont  
pas  i n férieures  à  cel l es  spéci fiées  pour l es  gaines  des  câbles  souples  dans  l ’ I EC 60227-1  ou  
dans  l ’ I EC  60245-1 .   

La  conformité est vérifiée par examen et,  si nécessaire,  par des essais portant sur les gaines 
des câbles souples,  conformément à  l’IEC 60227-1  ou à  l’IEC 60245-1 .  

 Impédance  de  protection  1 1 .2.5

Voi r Annexe H .  

1 1 .2.6  Protection  contre  l es  chocs  électriques  par l 'u ti l isation  de  la  TBTS ou  de  l a  
TBTP 

Voi r Annexe T.  

1 1 .2.7  Connexions  entre  ci rcu i ts  TBTS/TBTP internes  et externes  

Des  mesures  appropriées  doivent  être  prises  pour empêcher l ' i n terconnexion  d 'un  ci rcu i t  
TBTS  i n tégré  à  un  ci rcu i t  TBTP externe  et  vice  versa.   

L 'a l imentation  d 'un  dispositi f de  commande de  l a  classe I I I  à  parti r d 'une  source  TBTS  
externe au  moyen  d 'un  raccordement séparable  ne  doi t être  poss ib le  qu 'au  moyen  d 'un  
système de  fiche  et de  socle  déd iés  qu i  ne  peuvent pas  être  montés  su r ou  i n terconnectés  
avec d 'au tres  systèmes  de  raccordement.  

La conformité est vérifiée par examen.  

1 1 .2.8  Protection  contre  l es  surintensités  

Les  d isposi ti fs  de  commande doivent être  capables  d ’achem iner l es  couran ts  susceptib les  
de  ci rcu ler dans  des  cond i ti ons  anormales  pendant des  périodes  de  temps  équ ivalant à  ce l l es  
déterm inées  par les  caractéristi ques  du  d ispos i ti f de  protection  s i  ce la  est i nd iqué  à  l ’exigence  
96  du  Tableau  1 .   
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La conformité  est vérifiée par l’essai de  27.5.   

 Manœuvre  et  fonctionnement 1 1 .3

 Coupure totale  1 1 .3. 1

Les  dispositi fs  de  commande  d ont certaines  pos i ti ons  sont  déclarées  comme produ isan t 
une  coupure totale  d e  ci rcu i t doivent être  conçus  de  façon  que,  dans  l es  pos i ti ons  déclarées,  
l a  séparation  des  con tacts  soi t assurée  pour tous  l es  pôles  d 'a l imentation  au tres  que  l a  terre,  
à  une  valeur au  moins  égale  aux valeurs  correspondan tes  de  l 'Article  20.  La  séparati on  des  
con tacts  peu t être  obtenue  par action  automatique  ou  action  manuel le ,  mais  toute  action  
automatique  u l térieure  ne  doi t pas  fa i re  en  sorte  qu 'une  quelconque  séparation  de  contacts  
soi t  rédu i te  en  dessous  de  l a  va leur m in imale  spéci fi ée.  

S i  la  déconnexion  est  auss i  déclarée  produ i re  une  coupure sur tous  les  pôles ,  l e  
fonctionnement  des  con tacts  dans  chaque pôle  d 'a l imentation  doi t  être  prati quement 
s imu l tané.  

La conformité est vérifiée par examen et par les essais des Articles 13 et 20,  si nécessaire.  

 M icrocoupure  1 1 .3.2

Les  dispositi fs  de  commande  d ont certaines  pos i ti ons  sont  déclarées  comme produ isan t 
une  microcoupure  de  ci rcu i t  doivent être  conçus  de  façon  que,  dans  l es  posi tions  déclarées,  
l a  séparation  des  contacts  soi t assurée  pour au  moins  un  pôle  d 'a l imentation  pour satisfai re  
aux exigences  de  ri g id i té  d ié lectri que  de  l 'Article  1 3 ,  mais  aucune  valeur de  distance  dans  
l ’ ai r  n 'est spéci fiée.  La  séparation  des  con tacts  peu t être  obtenue  par action  au tomatique  ou  
action  manuel le ,  mais  tou te  mod i fication  u l térieure  de  l a  grandeur de  manœuvre  en tre  les  
l im i tes  déclarées  au  Tableau  1 ,  exigence 36,  ou  de  la  température  de  l a  tête  de  commande  
en tre  l es  l im i tes  déclarées  au  Tableau  1 ,  exigence 22,  ne  doi t pas  provoquer un  
fonctionnement  qu i  rédu i ra i t la  séparation  des  contacts  de  façon  que  l es  exigences  de 
l 'Article  1 3  ne  soien t p lus  satisfai tes.  

La conformité est vérifiée par examen et,  si nécessaire,  par les essais de l'Article 13,  
exécutés aux limites de température déclarées.  

 Boutons  de  réarmement 1 1 .3.3

Les  boutons  de  réarmement des  disposi ti fs  de  commande  do iven t être  d isposés  ou  
protégés  de  façon  qu ' i l  so i t  peu  probable  qu ' i l s  pu issen t être  réarmés  acciden tel l ement.  

La conformité  est vérifiée par examen.  

NOTE  1  Cette  exigence  excl u t  par exemple  l es  bou tons  de  réarmement montés  dans  u ne  posi ti on  te l l e  qu ' i l s  
pu i ssen t être  réenclenchés  en  poussant l e  disposi ti f  de  commande  con tre  un  mur ou  en  poussant u n  meuble  
contre  l e  disposi ti f.   

NOTE  2  Cette  exi gence  ne  s 'appl i que  pas  aux di sposi ti fs  de  commande  à  réarmement manuel  avec actions  à  
déclenchement l ibre .  

 Rég lage par le  fabricant 1 1 .3.4

Les  organes  desti nés  au  rég lage  des  dispositi fs  de  commande  par l e  fabricant doivent être  
fixés  de  façon  à  empêcher un  déplacement acciden tel  après  rég lage .  

La  conformité  est vérifiée par examen.  

 Contacts  – Général i tés  1 1 .3.5

1 1 .3.5. 1   Les  contacts  don t l a  capaci té  de  coupure  en  courant con ti nu  est  supérieure  à  0 , 1  A 
et qu i  peuven t être  manœuvrés  doivent être  conçus  de  te l l e  man ière  que  l es  vi tesses  de  
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rapprochement et  d 'écartement des  surfaces  de  con tact soien t i ndépendantes  de  la  vi tesse  
de  manœuvre .  

La conformité est vérifiée  par examen.  

NOTE  Cette  exi gence  n 'est  pas  appl i cabl e  aux contacts  qu i  sont  expl i ci tement  excl us  de  1 1 . 3 . 7 .  

1 1 .3.5.2  Les  systèmes  d e  fonctions  de  commande de  classe  C  d oiven t comprendre  au  
moins  deux é léments  de  commutation  pour mettre  d i rectement hors  tension  l es  bornes  de  
sécuri té.   

NOTE  Un  seu l  rela i s  actionnant  d eux contacts  i ndépendants  est  considéré  comme un  seu l  é l ément  de  
commutation .   

1 1 .3.5.2. 1  Dispositions  pour préven i r les  erreurs  de  cause  commune  

Des mesures  doivent être  prises  pour assurer la  protection  contre  l es  défai l lances  d e  deux 
(au  moins)  é léments  de  commutation ,  en  ra ison  d ’une  cause  commune,  par un  court-ci rcu i t 
externe  qu i  pourrai t empêcher l ’arrêt  de  sécuri té  d u  dispositi f de  commande .  

Les  méthodes  acceptables  sont,  par exemple:  

– une  protection  contre  l es  surin tens i tés ,   

– une  l im i tation  du  courant,  ou   

– des  moyens  de  détection  des  pannes  i n ternes.  

La  perti nence des  mesures  de  main tien  de  la  capaci té  à  in terrompre  l a  m ise  sous  tens ion  des  
bornes  de  sortie  de  sécuri té  par au  moins  un  é lément de  commutation  ou  l ’ i n terruption  d ’ un  
d ispos i ti f de  protection  con tre  l es  surin tens i tés  doi t  être  véri fi ée  par l ’essai  su ivant.  

Les bornes de sortie de sécurité du dispositif de commande  sont connectées à  un  
commutateur permettant de commander le  courant de court-circuit.  Ce commutateur étant 
ouvert,  le  dispositif de commande  est connecté comme indiqué en  H. 27. 1 . 1 . 2 avec les 
sorties mises sous tension afin de simuler un fonctionnement normal (contacts des éléments 
de commutation internes fermés) .  

Le  matériel d’essai doit présenter les caractéristiques suivantes:   

a)  si des dispositifs de protection contre les surintensités sont utilisés,  le  réseau 
d’alimentation du dispositif de commande  doit être en mesure de fournir un courant de 
court-circuit d’au moins 500 A.  

b)  si des techniques de limitation du courant sont utilisées comme mesure de  protection (un 
transformateur,  par exemple) ,  le  réseau d’alimentation du dispositif de commande  ne  
doit pas limiter le courant de court-circuit déclaré (Tableau 1 ,  exigence 95) .  

1 1 .3.5.2. 1 . 1  Un court-circuit est appliqué entre les bornes de sortie de sécurité du dispositif 
de commande en fermant le  commutateur.  

L’essai est réalisé pendant 1  h  ou à  travers le  commutateur en l’absence de  courant.  

Si un dispositif de protection contre les surintensités peut être remplacé et qu’il a  fonctionné 
pendant l’essai,  il doit être remplacé et l’essai répété deux fois de plus en essayant de 
redémarrer le dispositif de commande  et en maintenant le  commutateur fermé.  

L’essai est répété à  l’aide du même échantillon ou sur un échantillon  différent,  le  
commutateur étant maintenu en position fermée avant la  première séquence de démarrage.  

1 1 .3.5.2. 1 .2  Si une fonction de  détection de  panne  du dispositif de commande  ouvre les 
éléments de commutation ou déclenche l’arrêt de sécurité,  l’essai est répété deux fois en 
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essayant de redémarrer le dispositif de commande  tout en  maintenant le court-circuit 
externe.  

La  conformité est vérifiée conformément à  H. 27. 1 . 1 . 3 et à  l’Article 15.  

Après l’essai,  au moins un élément de commutation du dispositif de commande  doit être en 
mesure de mettre  hors tension les bornes de sortie de sécurité ou un  dispositif de protection 
contre les surintensités non remplaçable a  définitivement interrompu l’alimentation des bornes 
de sortie de sécurité.  

 Contacts  pour coupure  totale  et m icrocoupure  1 1 .3.6

Les  con tacts  produ isan t  une  coupure totale  ou  une  microcoupure  d on t l a  capaci té  de  
coupure  en  couran t con ti nu  ne  dépasse  pas  0, 1  A ou  qu i  coupent des  couran ts  a l ternati fs,  et 
qu i  peuven t être  manœuvrés,  doiven t être  conçus  de  te l l e  man ière  qu ' i l s  ne  prennent au  
repos  que  des  posi tions  ouvertes  ou  des  pos i ti ons  fermées.  

La conformité est vérifiée par examen et,  dans le  cas d'une position fermée,  par application 
des exigences de température de l'Article 14 et,  dans le cas d'une position ouverte,  par 
application des exigences de l'Article  13 concernant les microcoupures.  Cependant,  lorsque 
l'organe de manœuvre  peut occuper une position intermédiaire  voisine d'une position 
repérée  déclarée pour une coupure totale,  les essais des Articles 13 et 20 concernant les 
coupures totales  sont applicables à  cette position intermédiaire.  

 Exclusions  pour 1 1 .3 .5  et 1 1 . 3.6   1 1 .3.7

Les  exigences  de  1 1 . 3. 5  et  1 1 . 3. 6  ne  doiven t pas  s ’appl iquer aux con tacts  dont l 'examen  
montre  qu ' i l s  ne  peuven t fonctionner ou  ne  son t pas  destinés  à  fonctionner en  charge,  n i  aux 
con tacts  qu i  ne  produ isent  pas  d 'arc  dans  l es  cond i ti ons  d 'usage  normal .  

1 1 .3.7. 1  La  conformité est vérifiée par examen et,  si nécessaire,  par l'essai de  11 . 3. 7. 2.  

1 1 .3.7.2  Une tension continue égale à  la  tension maximale de service  est appliquée aux 
contacts en série avec une résistance telle que le courant se produisant en usage normal  
soit obtenu.  Il ne doit pas être possible de maintenir un arc par l'ouverture lente des contacts.  

1 1 .3.8  Posi tion  de  repos  des  contacts  

Dans  tou te  posi tion  de  repos  de  l 'organe de  manœuvre ,  l es  con tacts  doiven t être,  so i t  dans  
l eur pos i ti on  prévue  ouverte  ou  fermée,  soi t dans  une  posi tion  ne  présentan t aucun  danger  à  
l ' i n térieur du  d ispos i ti f ou  du  matériel .  

La  conformité  est vérifiée par examen.  

NOTE  1  Le  terme «posi ti on  de  repos  de  l 'organe de  manœuvre»  couvre  tou te  pos i ti on ,  qu 'e l l e  so i t  repérée,  
i n terméd i ai re  ou  de  rég lage  par l 'u ti l i sateur.  

NOTE  2  Afi n  d 'essayer d 'obten i r une  posi tion  i n termédiai re  d e  l 'organe  de  manœuvre ,  en tre  tou tes  l es  
posi ti ons  i ndexées,  marquées  ou  de  repos  prévu ,  l 'organe  de  manœuvre  peu t  être  acti onné  comme en  usage  
normal .  Mai n ten i r l 'organe  de  manœuvre  en  pos i ti on  n 'est  pas  une  manœuvre .  

1 1 .3.9  Disposi ti f de  commande à  cordon  de  traction  

Les  d isposi ti fs  de  commande à  cordon  de  traction  d o iven t être  conçus  de  façon  qu 'après  
une  manœuvre  du  dispositi f  su ivie  du  re lâchement du  cordon  de  traction ,  l es  parties  
concernées  du  mécan isme ne  pu issent normalement manquer de  reven i r à  une  posi tion  
permettan t l 'exécu tion  imméd iate  du  mouvement su ivant du  cycle  de  manœuvre  du  dispositi f 
de  commande .  

La conformité est vérifiée par examen et par l'essai suivant.  
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NOTE  1  Les  disposi ti fs  de  commande à  cordon  de  tracti on  peuvent  être  manœuvrés  d 'une  posi tion  repérée  à  
l a  su ivan te  par u ne  traction  temporai re  et  un i forme exercée  sur l e  cordon  avec une  force  verti cal e  de  45  N  ou  u ne  
force  obl i q ue  à  45°  d e  70  N ,  l e  disposi ti f de  commande  é tan t  monté  dans  n ' importe  quel l e  pos i ti on  déclarée.  

NOTE  2  Les  forces  de  manœuvre  des  disposi ti fs  de  commande  manœuvrés  par u n  moyen  au tre  qu 'un  cordon  
de  traction  ne  son t  pas  spéci fi ées.  L 'atten ti on  est  atti rée  su r l a  norme  du  matéri e l  correspondant  où  de  tel l es  
exi gences  peuvent être  données.  

 Actions  1 1 .4

 Actions  combinées  1 1 .4. 1

Un  dispositi f de  commande  comportan t p lus ieurs  actions,  dont  l 'une  est  conçue  pour 
fonctionner après  l a  défai l lance  d 'une  ou  d 'autres  actions,  doi t être  constru i t de  te l l e  façon  
que  cette  action  reste  opérante  après  la  défai l l ance  d 'une  portion  quelconque spéci fique  de  
toute(s)  au tre(s)  action(s).  

La conformité est vérifiée par examen et,  si nécessaire,  par des essais après avoir rendu 
toutes les autres actions inopérantes.  

 Rég lage par le  fabricant 1 1 .4.2

Une action  de  type  2  pour l aquel l e  un  réglage  par l e  fabrican t  de  sa  valeur de  
fonctionnement,  d e  son  temps de  fonctionnement  ou  de  sa  séquence de  fonctionnement  
a  é té  prévu ,  doi t être  conçue de  façon  qu ' i l  so i t  poss ib le  de  voi r s i  l e  rég lage  i n i tia l  a  été  ou  
non  mod i fié  u l térieurement.  

La conformité est vérifiée par examen.  

 Action  de  type 2  1 1 .4.3

Toute  action  de  type 2  d o i t  être  conçue de  man ière  à  confiner l a  tolérance  de  fabrication  et  
l a  dérive  d e  sa  valeur de  fonctionnement,  d e  son  temps de  fonctionnement  ou  de  sa  
séquence de  fonctionnement  d ans  l a  l im i te  déclarée  dans  l es  exigences  41  et 42  du  
Tableau  1 .  

La conformité est vérifiée par les essais des Articles 15 à  17 inclus.  

 Action  de  type  1 .A ou  2 .A 1 1 .4.4

Une action  de  type  1 .A ou  2 .A doi t  fonctionner de  façon  à  satisfa i re  aux exigences  de  ri g id i té  
d ié lectri que  et de  d istance  dans  l 'ai r  spéci fiées  pour une  coupure  totale .  

La conformité est vérifiée par les essais de l'Article 13 et les exigences appropriées de  
l'Article 20.  

 Action  de  type 1 .B  ou  2 .B  1 1 .4.5

Une action  de  type  1 . B  ou  2 .B  doi t  fonctionner de  façon  à  satisfa i re  aux exigences  de  ri g id i té  
d ié lectrique  spéci fiées  pour une  microcoupure .  

La conformité est vérifiée par l'essai de l'Article 13 et les exigences appropriées de  
l'Article 20.  

 Action  de  type 1 .C  ou  2 .C  1 1 .4.6

Une action  de  type  1 .C  ou  2 .C  doi t fonctionner de  façon  à  i n terrompre  l e  ci rcu i t par une  
micro-in terruption .  

La  conformité  est vérifiée par les exigences appropriées de l'Article  20.  
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 Action  de  type  1 .D  ou  2 .D  1 1 .4.7

Une action  de  type  1 .D  ou  2 .D  doi t  être  conçue de  façon  que  l a  coupure  ne  pu isse  être  n i  
empêchée n i  gênée  par un  éven tuel  mécan isme de  réenclenchement et qu 'après  l a  coupure ,  
i l  ne  soi t pas  possib le  de  refermer le  ci rcu i t,  même temporai rement,  tan t  que  l a  cond i tion  de  
dépassement ou  de  panne  pers iste.  

La conformité  est vérifiée par examen et par essai.  

 Action  de  type 1 .E  ou  2.E  1 1 .4.8

Une action  de  type  1 . E  ou  2 . E  doi t ê tre  conçue  de  façon  que  l a  coupure  ne  pu isse  être  n i  
empêchée n i  gênée  par un  éventuel  mécan isme de  réenclenchement et  que  les  con tacts  ne  
pu issent être  n i  empêchés  de  s 'ouvri r,  n i  main tenus  fermés  tant que  l a  cond i tion  de  
dépassement ou  de  panne  pers iste.  

La conformité  est vérifiée par examen et par essai.  

 Action  de  type 1 .F  ou  2 .F  1 1 .4.9

Une action  de  type  1 . F  ou  2 .F  doi t  être  conçue de  façon  qu 'après  l e  montage  du  dispositi f de  
commande  conformément aux i nstructions  du  fabricant,  i l  ne  pu isse  être  réenclenché qu 'à  
l 'a ide  d 'un  outi l .  

La conformité  est vérifiée par examen et par essai.  

NOTE  Cette  exigence  est  considérée  comme sati sfai te  s i  l e  montage  dans  l 'apparei l  est  te l  qu 'un  ou ti l  so i t  
nécessai re  pour accéder au  di sposi ti f de  commande .  

 Action  de  type  1 .G  ou  2 .G  1 1 .4. 1 0

Une action  de  type  1 .G  ou  2 .G  doi t être  conçue  de  façon  qu ' i l  soi t  poss ible  de  réarmer l e  
dispositi f de  commande ,  après  qu ' i l  a  fonctionné  (fonctionnement non  i n tentionnel )  dans  les  
cond i ti ons  de  charge  é lectri que.  

La conformité est vérifiée par examen et en réarmant une fois le dispositif à  sa tension 
assignée et à  son courant assigné.  

 Action  de  type  1 .H  ou  2 .H  1 1 .4. 1 1

Une action  de  type  1 . H  ou  2 .H  doi t être  conçue  de  façon  que  l 'ouverture  des  contacts  ne  
pu isse  être  empêchée  et  que  l a  rem ise  au tomatique  des  contacts  en  pos i ti on  fermée pu isse  
se  fai re  s i  l e  moyen  de  réarmement est main tenu  en  posi ti on  de  réarmement.  Le  disposi ti f de  
commande  ne  doi t  pas  se  réarmer au tomatiquement à  une  température  supérieure  à  –35  °C  
avec le  mécan isme de  réarmement en  posi tion  normale.  

La conformité est vérifiée  par examen et par essai.  

 Action  de  type 1 . J  ou  2 .J  1 1 .4. 1 2

Une action  de  type  1 . J  ou  2 . J  doi t être  conçue  de  façon  que  l 'ouverture  des  con tacts  ne  
pu isse  être  empêchée,  et que  l e  fonctionnement du  dispositi f de  commande  en  tan t que  
d ispos i ti f au tomatique  de  réarmement ne  soi t pas  adm is  s i  l e  moyen  de  réarmement est  
main tenu  en  posi ti on  de  réarmement.  Le  d isposi ti f de  commande  ne  doi t  pas  se  réarmer 
au tomatiquement à  une  température  supérieure  à  –35  °C.  

La  conformité  est vérifiée par examen et par essai.  
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 Action  de  type  1 .K ou  2 .K 1 1 .4. 1 3

Une action  de  type  1 .K ou  2 .K doi t être  conçue de  façon  qu 'en  cas  d 'une  rupture  dans  
l 'élément sensible ,  ou  dans  tou te  au tre  partie  en tre  l 'élément sensible  e t  l a  tête  de  
commande ,  l a  coupure  déclarée  i n tervienne  avant que  la  valeur,  temps  ou  séquence de  
fonctionnement  d éclaré  ne  soi t dépassé.  

NOTE  L'essai  est  spéci fi é  dans  l a  parti e  2  appropriée.  

 Action  de  type  1 .L  ou  2 .L  1 1 .4. 1 4

Une action  de  type  1 . L  ou  2 . L  doi t être  conçue  de  façon  qu 'en  cas  de  défai l l ance  d ans  
l 'a l imentation  é lectri que,  le  d ispos i ti f accompl isse  l a  fonction  prévue  i ndépendamment de  
toute  source  d 'énerg ie  ou  d 'a l imentation  é lectrique  externe  ou  auxi l i a i re.  

La conformité est vérifiée par examen.  

NOTE  Un  ressort  ou  un  poi ds  s imple  à  action  d i recte  n 'est  pas  considéré  comme une  sou rce  d 'énerg i e  ou  
d 'a l imentati on  é l ectri q ue  externe  ou  auxi l i a i re.  

 Action  de  type  1 .M  ou  2 .M  1 1 .4. 1 5

Une action  de  type  1 .M  ou  2 .M  doi t être  conçue  de  façon  que  l e  d isposi ti f fonctionne  de  la  
man ière  prévue  après  la  procédure  de  vie i l l i ssement déclarée.  

La conformité est vérifiée  par l'essai de 17. 6.  

1 1 .4. 1 6  Voi r Annexe  H .  

1 1 .4. 1 7  Voir Annexe  J .  

 Ouvertures  dans  l es  enveloppes  1 1 .5

Les  trous  d 'écou lement éven tuels  doivent avoir une  section  m in imale  de  20  mm²;  une  section  
maximale  de  40  mm² et une  d imension  m in imale  de  3  mm .  

La conformité est vérifiée  par examen.  

NOTE  1  Les  exigences  suppl émentai res  de  rés i stance  à  l ' h um id i té  son t  contenues  à  l 'Arti cl e  1 2 .  

NOTE  2  Les  disposi ti fs  de  commande  c l assés  I PX7  peuvent comporter un  moyen  pour ouvri r un  trou  
d 'écou lement.  

NOTE  3  Aux É tats-Un i s ,  i l  exi ste  des  exigences  suppl émentai res  pou r l es  ouvertu res  dans  l es  enveloppes 
desti nées  à  l a  ven ti l ati on ,  au  d ra inage,  au  montage  de  composants,  au  j eu  au tou r d 'u n  cadran ,  d 'un  bou ton ,  d ' un  
l evi er,  d 'un  tube  capi l l a i re  ou  analogue.  

 Montage des  d ispositi fs  de  commande  1 1 .6

1 1 .6. 1  Les  d ispositi fs  de  commande  d o iven t être  conçus  de  façon  que  le  montage  selon  
l es  méthodes  déclarées  par l e  fabrican t ne  compromette  pas  l a  conform ité  aux exigences  de  
l a  présente  norme.  

1 1 .6.2  Les  méthodes  de  montage  déclarées  doiven t i n terd i re  tou te  rotation  ou  tout 
déplacement du  disposi ti f de  commande ,  qu i  ne  peut  en  ou tre  être  démonté  du  matérie l  
qu 'à  l 'a i de  d 'un  outi l ,  s i  un  te l  déplacement ou  démontage  risque  d 'affecter la  conform ité  à  la  
présente  norme.  S i  un  démontage  ou  démontage  partie l  est nécessaire  au  bon  
fonctionnement du  dispositi f,  l es  exigences  des  Articles  8 ,  1 3  et  20  doiven t être  satisfai tes  
avant et  après  un  te l  démontage.  
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La conformité à  11 . 6. 1  et 11 . 6. 2 est vérifiée par examen et par un essai manuel.  

NOTE  On  cons idère  que  l es  disposi ti fs  de  commande  au tres  que  ceux à  manœuvre  rotati ve,  qu i  son t  fi xés  à  
l 'a i de  d ' un  écrou  se  vi ssant  su r une  seu le  traversée  concentri que  par rapport  à  l 'organe  de  manœuvre ,  sati sfon t  à  
cette  exigence  à  cond i ti on  que  l e  serrage  de  l 'écrou  nécessi te  un  outi l  e t  que  l es  parti es  concernées  a ien t  une  
robustesse  su ffi san te.  Un  disposi ti f de  commande  incorporé  monté  par u ne  fi xation  sans  vi s  est  considéré  
comme sati sfai san t  à  cette  exi gence  s ' i l  n e  peu t  être  en levé  du  matérie l  qu 'à  l 'a i de  d 'un  ou ti l .  

 

1 1 . 6.3  Montage de  d ispositi fs  de  commande à  montage  indépendant 

1 1 .6.3. 1  Les  dispositi fs  de  commande à  montage indépendant  au tres  que  ceux prévus  
pour montage  en  panneau  doivent:  

– so i t  équ iper une  boîte  normale  comme annoncé;  

– soi t  être  fourn is  avec une  boîte  de  condu i ts  s i  une  boîte  spéciale  de  condu i ts  est  exigée,  
ou  

– être  prévus  pour montage  en  sai l l i e  sur une  surface  p lane.  

1 1 .6.3.2  S i  une  boîte  spécia le  de  condu i ts  est  exigée,  e l l e  doi t  ê tre  fourn ie  en  même temps  
que  l e  disposi ti f de  commande  et  la  boîte  doi t  ê tre  prévue  avec les  en trées  pour condu i ts  
spéci fiées  dans  l ’ I EC 60423.  

1 1 .6.3.3  Les  d ispositi fs  de  commande à  montage indépendant  pour montage  en  sai l l ie ,  
u ti l i sés  en  instal lation  en terrée  (câblage  caché)  sans  boîte  de  sortie  doivent être  pourvus  de  
trous  convenables  à  l 'arrière  du  dispositi f de  commande ,  permettant une  i nsta l lation  et une  
connexion  faci les  aux bornes.  

1 1 .6.3.4  Les  d isposi ti fs  de  commande à  montage indépendant  pour montage  en  sai l l ie ,  
u ti l i sés  en  câblage  exposé,  doivent  être  pourvus  d 'en trées  de  câble  ou  de  condu i t,  de  parois  
défonçables  ou  de  presse-étoupe qu i  permetten t l a  connexion  de  modèles  appropriés  de  
câble  ou  de  condu i ts  répondan t aux normes  I EC l es  concernant.  

1 1 .6.3.5  Les  dispositi fs  de  commande à  montage  indépendant  pour montage  en  sai l l i e  
ou  les  sous-bases  pour de  te ls  disposi ti fs  de  commande  d o ivent  être  constru i ts  de  façon  
que  l es  bornes  pour conducteurs  externes  soien t accessib les  et pu issen t être  u ti l i sées  
l orsque  l e  dispositi f de  commande  ou  l a  sous-base  est correctement fixé  à  son  support et 
que  son  capot  (ou  le  dispositi f de  commande)  est reti ré.  

1 1 .6.3.6  Les  disposi ti fs  de  commande  pour montage  su r une  boîte  de  sortie  ou  enveloppe  
s im i la i re  doivent avoir l es  bornes  de  câblage,  l es  au tres  parties  actives  e t  l es  parties  
métal l i ques  tranchantes,  m ises  à  l a  terre  ou  non ,  s i tuées  et protégées  de  façon  à  ne  pas  être 
appl iquées  con tre  l e  câblage  dans  l a  boîte  ou  l 'enveloppe pendant l ' i nsta l l ation  du  dispositi f 
de  commande .  

1 1 .6.3.7  Dans  l e  cas  où  des  bornes  de  câblage  s i tuées  à  l 'arrière  son t u ti l i sées,  e l l es  
doivent être  encastrées  ou  protégées  par des  écrans  à  proxim i té,  des  matériaux i solants ,  ou  
l 'équ ivalent,  qu i  empêcheron t l e  contact  avec le  câblage  i nstal l é  dans  l a  boîte.  

La conformité à  11 . 6. 3. 1  à  11 . 6. 3. 7 inclus est vérifiée  par examen.  

Des  bornes  qu i ,  à  l ' i n térieur de  la  boîte  ne  dépassen t pas  l e  p lan  du  bord  de  la  face  de  la  
boîte  sont acceptables.  

Les  d isposi ti fs  de  protection  des  bornes  de  câblage  qu i  s 'étendent de  6 , 5  mm  au  moins  au-
delà  de  ces  bornes,  avec un  d ispos i ti f de  protection  correspondant en tre  les  deux pôles  de  
mécan ismes,  son t acceptables.  
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 F ixation  des  câbles  1 1 .7

 Flexion  1 1 .7. 1

1 1 .7. 1 . 1  Les  câbles  souples  des  disposi ti fs  de  commande  in tercalés  dans  un  câble  
souple  e t  séparés  d o ivent être  capables  de  supporter l e  nombre  de  fl exions  susceptib les  de  
se  produ ire  en  usage normal .  S i  un  d ispos i ti f de  protection  du  câble  est nécessaire  pour 
satisfai re  à  cette  exigence,  i l  ne  doi t  pas  fa i re  partie  i n tégran te  du  câble  souple  s i  celu i -ci  
u ti l i se  une  fixation  du  type  X.  

1 1 .7. 1 .2  La  conformité est vérifiée en soumettant le dispositif de commande  équipé du 
câble ou du jeu de câbles prévu à  l'essai suivant.  

1 1 .7. 1 .2. 1  Le  dispositif de commande  est monté dans l'appareil d'essai de flexion 
représenté à  la  Figure 9.  L'axe d'oscillation est choisi de façon que le poids qui est fixé au 
câble et le  câble lui-même aient un mouvement latéral d'amplitude minimale au cours de 
l'essai.   

Les échantillons de dispositifs de commande à  câble méplat sont montés de manière que le 
grand axe de la  section du câble soit parallèle  à  l'axe d'oscillation.  Chaque câble souple 
passant par l'ouverture d'entrée est lesté avec un  poids de 1  kg.  On fait circuler dans chaque 
âme conductrice soumise à  l'essai un courant égal à  celui qu'elle conduit lorsque le dispositif 
fonctionne à  la  tension assignée,  la  tension appliquée entre les âmes étant la  tension 
assignée maximale.  La tête oscillante est animée d'un mouvement de va-et-vient sur 90° (45° 
de part et d'autre de la  verticale) ,  et le nombre total de flexions (mouvements de 90°)  est de  
5 000,  à  raison de 60 à  la  minute.  

1 1 .7. 1 . 2.2  Après cet essai,  l’échantillon ne doit présenter aucune détérioration au sens de la  
présente norme.  Pendant l'essai,  il ne doit se produire ni interruption du courant ni court-
circuit entre les conducteurs individuels,  et les brins câblés cassés ne doivent pas percer 
l'isolation jusqu'à  la  surface extérieure de l'accessoire.  Un court-circuit entre les conducteurs 
individuels est considéré comme s'étant produit si le  courant atteint le double de la  valeur du 
courant d'essai.  

1 1 .7. 1 . 2.3  Il est admis qu'un maximum de 10 %  du nombre total des conducteurs de câble 
souple doit s’être  rompu.  

 D ispositi fs  d ’arrêt de  traction  et de  torsion  1 1 .7.2

1 1 .7.2. 1  Les  disposi ti fs  de  commande  au tres  que  les  d isposi ti fs  i n tégrés  et  incorporés  
destinés  à  recevoir des  câbles  souples  fixés  à  demeure  do ivent comporter les  d ispos i ti fs  
d 'arrêt de  traction  et de  tors ion  te ls  que  les  conducteurs  soien t protégés  con tre  l es  efforts  de  
traction ,  y compris  de  torsion ,  à  l 'endroi t  où  i l s  son t raccordés  aux bornes,  et  te ls  que  l es  
gaines  soient protégées  con tre  l 'abras ion .  La  façon  prévue  de  réal iser l a  protection  contre  l a  
traction  et l a  protection  con tre  l a  tors ion  doi t  être  faci l e  à  reconnaître.  

1 1 .7.2.2  Les  d isposi ti fs  d 'arrêt de  traction  et de  tors ion  pour l es  d isposi ti fs  de  commande 
de  l a  classe  I I  do ivent être  en  matière  i solan te  ou ,  s ' i l s  sont en  méta l ,  séparés  des  parties  
métal l i ques  accessibles  ou  d 'une  feu i l l e  méta l l i que  sur des  surfaces  access ib les  non  
métal l i ques,  par une  i solation  conforme aux exigences  de  l ' i solation  supplémentai re .  

1 1 .7.2.3  Les  d ispos i ti fs  d 'arrêt de  traction  et de  tors ion  pour dispositi fs  de  commande  
au tres  que  ceux de  l a  classe  I I  d oiven t être  en  matière  isolante,  ou  mun is  d 'une  enveloppe 
isolante,  s i  un  panne  d ' i solation  sur l e  câble  peu t rendre  l es  parties  métal l i ques  accessib l es  
actives.  Le  revêtement i solant  éventuel  doi t  ê tre  fixé  au  d ispos i ti f d 'arrêt de  traction  et  de  
tors ion  à  moins  qu ' i l  ne  s 'ag isse  d 'une  traversée  faisan t partie  du  d ispos i ti f de  protection  des  
câbles  prévue  pour satisfa i re  aux exigences  de  1 1 . 7 . 1 .  

1 1 .7.2.4  Les  d isposi ti fs  d 'arrêt de  traction  et de  tors ion  doiven t être  conçus  de  façon  que:  
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– l e  câble  ne  pu isse  en trer en  con tact avec des  vis  de  serrage  de  ces  d isposi ti fs  s i  ces  vis  
son t des  parties  méta l l i ques  accessib les ;  

– l e  câble  ne  soi t  pas  main tenu  par une  vis  métal l i que  qu i  appu ie  d i rectement sur l e  câble;  

– pour l es  fixations  du  type  X  e t  d u  type M ,  au  moins  une  partie  soi t fixée  de  façon  sûre;  

– pour l es  fixations  du  type  X  et  du  type M ,  l e  remplacement du  câble  ne  nécess i te  pas  
d 'outi l  spécial ;  

– pour l es  fixations  du  type  X,  i l s  soient  efficaces  pour les  d i fféren ts  types  de  câbles  qu i  
peuven t être  raccordés;  

– pour l es  fixations  du  type X,  i l s  soient conçus  et d isposés  de  façon  que  l e  remplacement 
du  câble  souple  pu isse  être  effectué  faci l emen t.  

1 1 .7.2.5  Pour l es  fixations  au tres  que  cel les  du  type Z ,  l es  procédés  de  fortune  te ls  que  l a  
fixation  du  câble  par un  nœud  ou  la  fixation  des  extrém ités  par une  ficel le  ne  doiven t pas  être  
employés.  

1 1 .7.2.6  Les  presse-étoupe ne  doiven t pas  être  u ti l i sés  comme d isposi ti fs  d 'arrêt de  traction  
et de  tors ion  pour les  d isposi ti fs  de  commande i ntercalés  dans  un  câble  souple  ayan t des  
fixations  du  type X,  à  moins  que  ne  soient prévus  des  moyens  permettan t l e  serrage  de  tous  
les  types  et tou tes  l es  sections  de  câble  mentionnés  en  1 0 . 1 . 4.  

1 1 .7.2.7  Les  vis  éven tuel l es  qu i  doivent être  manœuvrées  l ors  du  remplacement du  câble  ne  
doivent pas  servi r à  fixer d 'autres  é léments  sauf s i ,  l orsqu 'el les  sont oubl i ées  ou  remplacées  
de  façon  i ncorrecte,  l e  disposi ti f  ne  fonctionne  p lus  ou  est  man i festement i ncomplet,  ou  s i  
l ' é lémen t destiné  à  être  fixé  par ces  vis  ne  peu t être  en levé  sans  l 'a i de  d 'un  outi l  l ors  du  
remplacement du  câble  souple.  

1 1 .7.2.8  La  conformité aux spécifications de 11 . 7. 2. 1  à  1 1 . 7. 2. 7 inclus est vérifiée par 
examen et par les essais de  11 . 7. 2. 9 à  11 .7. 2. 15 inclus.  Les dispositifs de commande 
incorporés  et intégrés qui sont destinés au raccordement de câbles souples sont soumis à  
essai conformément à  la  norme applicable pour le matériel dans lequel ils sont intégrés où 
incorporés.  

1 1 .7.2.9  Le dispositif de commande  est muni d'un câble souple et les conducteurs sont 
introduits dans les bornes,  les vis éventuelles des bornes étant serrées juste assez pour que 
les conducteurs ne puissent pas aisément changer de position.  Le dispositif d'arrêt de traction 
et de torsion est utilisé de la  manière prévue,  les vis étant serrées avec un couple égal aux 
deux tiers de  celui spécifié en 19. 1 .  

1 1 .7.2. 1 0  Après cette préparation,  il ne  doit pas être possible de repousser le  câble à  
l'intérieur du dispositif au point que le câble ou les parties internes puissent être 
endommagés,  ou que les parties internes du dispositif soient gênées de façon que la  
conformité à  la  présente norme soit affectée.  

1 1 .7.2. 1 1  Le  câble est ensuite soumis à  des tractions dont la  valeur et le nombre sont 
indiqués dans le Tableau 9.  Les tractions sont appliquées dans la  direction la  plus 
défavorable,  sans secousse,  chaque fois pendant 1  s.  

1 1 .7.2. 1 2  Immédiatement après,  le  câble est soumis pendant 1  min à  un couple de torsion 
dont la  valeur est indiquée dans le  Tableau 9.  
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Tableau  9  (1 1 .7.2  de  l ’éd i tion  3)  – Valeurs  de  couple  de  torsion  et  de  traction   

Disposi ti f de  commande  Force  de  traction  a  
N  

Couple  de  torsion  a  
Nm  

Nombre de  tractions  a  

Disposi ti fs  de  commande  séparés  
et  d i sposi ti fs  de  commande  à  
montage  indépendan t:  

   

J usqu 'à  1  kg  i ncl us   30  0 , 1  25  

Au-dessus  de  1  kg ,  j usqu 'à  4  kg  
i ncl us   

60  0 , 25  25  

P l us  de  4  kg  1 00  0 , 35  25  

Disposi ti fs  i n tercal és  dans  un  
câble  souple:  (à  l ' excl us ion  des  
disposi ti fs  séparés )  

90  0 , 25  1 00  

a  Certa ines  normes  parti cu l i ères  du  matérie l  peuvent imposer des  val eu rs  d i fférentes.  

 
1 1 . 7.2. 1 3  Pour la  fixation du type X,  les essais sont d'abord effectués avec le câble le plus 
léger admissible  de la  plus petite section mentionnée en 10. 1 . 4,  puis avec le câble le plus 
voisin de la  plus forte section mentionnée.  Pour les fixations du type M,  du type Y ou du 
type Z,  seul le câble déclaré ou monté est utilisé.  

1 1 .7.2. 1 4  Pendant les essais,  le  câble  ne doit pas être endommagé.  Après les essais,  on ne 
doit pas constater un déplacement longitudinal du câble de plus de 2 mm,  les conducteurs ne 
doivent pas s'être déplacés dans les bornes sur une distance de plus de 1  mm et il ne  doit 
pas y avoir de contrainte notable à  la  connexion.  Les lignes de fuite  et distances dans l'air 
ne  doivent pas être réduites au-dessous des valeurs spécifiées à  l'Article 20.  

1 1 .7.2. 1 5  Pour mesurer le  déplacement l ong i tud inal  on  fai t  avant l es  essais  une  marque  sur 
l e  câble  soum is  à  l a  traction  à  une  d istance  d 'envi ron  20  mm  du  d isposi ti f d 'arrêt de  traction  et  
de  tors ion .  Après  les  essais,  on  mesure  l e  déplacement de  l a  marque  sur l e  câble  par rapport 
au  d ispos i ti f d 'arrêt de  traction  et  de  torsion ,  le  câble  étan t main tenu  tendu .  

 D imensions  des  câbles  souples  fixés  à  demeure  1 1 .8

1 1 .8. 1  Les  câbles  souples  fixés  à  demeure  n e  doiven t pas  être  pl us  l égers  que  l es  câbles  
sous  ga ine  ord inai re  de  caou tchouc (désignation  I EC  60245 53)  ou  l es  câbles  sous  gaine  
l égère  de  pol ych lorure  de  vi n yle  (dés ignation  I EC  60227  53) .  L'u ti l i sation  d 'un  câble  souple  
p lus  léger est adm issib le  s i  e l le  est au torisée  dans  la  norme particu l ière  du  matériel  ou  pour 
l a  connexion  à  des  d isposi ti fs  TBTS  externes  (capteurs/un i tés).  

La conformité est vérifiée  par examen.  

1 1 .8.2  Les  dispositi fs  de  commande  équ ipés  de  câbles  souples  fixés  à  demeure  do ivent 
l 'être  avec des  câbles  dont les  conducteurs  on t des  sections  au  moins  égales  aux valeurs  du  
Tableau  1 0 .  
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Tableau  1 0  (1 1 .8.2  de  l ’ éd i tion  3)  – Valeurs  du  conducteur de  câble  min imal   

Courant dans  l e  ci rcu i t  appl i cable  a  
A 

Sections  nominales  b  
mm 2  

J usqu 'à  6  i ncl us  c  0 , 75  

au -dessus  de  6,  j usqu 'à  1 0  i ncl us  1  

au -dessus  de  1 0 ,  j usqu 'à  1 6  i n cl us  1 , 5  

au -dessus  de  1 6 ,  j usqu 'à  25  i n cl us  2 , 5  

au -dessus  de  25,  j usqu 'à  32  i n cl us  4  

au -dessus  de  32 ,  j usqu 'à  40  i n cl us  6  

au -dessus  de  40,  j usqu 'à  63  i n cl us  1 0  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

b  Aux États-Un is ,  d 'au tres  sections  de  conducteu rs  son t  appl i cables.  

c Les  sections  i n férieures  à  0 , 75  mm 2  son t  adm ises  pour l es  disposi ti fs  de  l a  classe  I I I  ou  s i  l a  norme  
parti cu l i ère  du  matérie l  ou  d ' i n stal l ati on  au tori se  de  te l l es  sections.  

La conformité  est vérifiée par examen.  

1 1 .8.3  Dans  les  disposi ti fs  de  commande ,  l 'espace i n térieur prévu  pour le  l ogement des  
câbles  souples  doi t  être  su ffisant  pour que  leur i n troduction  et l eur connexion  soient  faci les,  
l es  capots  éventuels  devan t pouvoi r être  refermés  sans  risque  d e  dommage pour les  
conducteurs  ou  l eurs  gaines  isolan tes.  I l  doi t  être  poss ib le  de  véri fier l e  montage  correct des  
conducteurs  avan t l a  rem ise  en  place  du  capot .  

La conformité est vérifiée par examen et par un essai de montage de la  plus forte section de 
conducteur mentionnée en 10. 1 . 4.  

 Entrées  1 1 .9

1 1 .9. 1  Les  en trées  de  câbles  souples  externes  doivent être  conçues  et profi l ées  ou  doivent 
être  mun ies  de  traversées  de  te l l e  façon  que  le  revêtement du  câble  pu isse  être  i n trodu i t  sans  
risque  d e  détérioration .  

1 1 .9. 1 . 1  Les  en trées  de  condu i t et l es  parties  défonçables  des  dispositi fs  de  commande à  
montage indépendant  do ivent être  conçues  ou  s i tuées  de  te l le  man ière  que  l a  pénétration  
de  l 'embou t de  condu i t,  ou  de  ses  accessoires  n 'affecte  pas  l a  protection  con tre  l es  chocs  
é lectriques  n i  ne  rédu ise  les  l ignes  de  fu i te  ou  d istances  dans  l 'ai r  en  dessous  des  valeurs  
spéci fiées  à  l 'Article  20.  

La conformité  est vérifiée par examen.  

1 1 .9.2  En  l 'absence  d 'une  traversée,  l 'en trée  du  câble  doi t  être  en  matière  isolante.  

1 1 .9.3  Lorsque  l 'en trée  est  équ ipée  d 'une  traversée,  cel le-ci  doi t être  en  matière  isolante  et  

– doi t être  de  forme te l le  qu 'el l e  ne  pu isse  endommager l e  câble,  

– doi t  être  fixée  de  façon  sûre,  

– ne  doi t  pas  pouvoi r être  en levée  sans  l 'a i de  d 'un  outi l ,  

– ne  doi t  pas  fa i re  partie  i n tégran te  du  câble  s i  une  fixation  de  type X  est u ti l i sée.  

1 1 .9.4  Une  traversée ne  doi t pas  être  en  caou tchouc,  sauf dans  l e  cas  des  fixations  du  
type  M ,  du  type Y  e t  du  type Z  pour l es  d ispositi fs  de  commande des  classes  0 ,  0 I  ou  I  où  
l e  caou tchouc est adm is  s i  l a  traversée fa i t  partie  i n tégran te  d 'une  ga ine  en  caoutchouc 
nature l .  

La conformité aux spécifications de 11 . 9. 1  à  11 . 9. 4 inclus est vérifiée par examen et par un 
essai manuel.   
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1 1 .9.5  Les  enveloppes  des  disposi ti fs  de  commande à  montage indépendant  prévus  pour 
être  re l iés  en  permanence au  câblage  fixe  do iven t avoi r des  entrées  de  câble,  des  en trées  
de  condu i t,  des  entrées  défonçables  ou  des  presse-étoupe qu i  permettent la  connexion  du  
condu i t,  du  câble  ou  du  câble  souple  appropriés.  

 Socles  de  connecteurs  et prises  1 1 . 1 0

1 1 . 1 0.1  Les  socles  et l es  prises  desti nés  à  être  u ti l i sés  par l 'uti l i sateur  pour 
l ' i n terconnexion  des  dispositi fs  de  commande  e t  des  matérie ls  associés  doivent être  conçus  
de  man ière  à  rendre  improbable  leur engagement mutuel  ou  avec des  socles  et des  prises  
destinées  à  établ i r des  connexions  avec d 'au tres  systèmes ,  s i  un  te l  engagement représente  
un  risque  d ' i ncend ie ,  de  b lessure  ou  de  choc é lectrique  pour l es  personnes  ou  un  dommage 
pour l e  matérie l  ou  son  envi ronnement.  

La conformité est vérifiée  par examen.  

1 1 . 1 0.2  Les  dispositi fs  de  commande intercalés  dans  un  câble  souple  mun is  d 'un  socle  
ou  d 'une  prise  doivent avoir des  caractéristiques  assignées  ou  doiven t être  protégés  de  façon  
à  évi ter une  surcharge  accidentel le  du  dispositi f,  des  socles  ou  des  prises  en  usage normal .  

La conformité est vérifiée  par examen.  

1 1 . 1 0.3  Les  disposi ti fs  de  commande  équ ipés  de  broches,  l ames  ou  au tres  moyens  de  
branchement/adaptation ,  desti nés  à  être  i n trodu i ts  dans  des  prises  fixes  doiven t être  
conformes  aux exigences  du  système de  prise  approprié .  

S i  des  dispositi fs  de  commande i ntercalés  dans  un  câble  souple  mun is  d 'une  fiche  et d 'un  
socle  de  prise  de  couran t,  dans  l esquels  la  fiche  peu t être  connectée  à  un  socle  de  couran t  
de  charge  ass igné  supérieur à  celu i  du  dispositi f de  commande ,  l e  disposi ti f de  
commande  d o i t  être  pourvu  d 'un  fus ib le  i ncorporé  ou  d 'un  d ispos i ti f de  protection  pour l im i ter 
l e  courant à  l a  va leur assignée du  disposi ti f de  commande .  Les  essais  de  la  fonction  de  
protection  son t fa i ts  dans  l a  séquence d 'essais  se lon  27 .5.  

La  partie  socle-prise  de  courant du  dispositi f de  commande  do i t  être  conforme à  l a  norme 
appropriée  pour l e  système de  prise  et socle  de  prise  de  courant.  La  partie  commande  d o i t  
être  conforme à  l a  présente  norme.  

NOTE  Cet arti cl e  n 'est  pas  appl i cabl e  au  Canada  et  aux É tats-Un is .  

La conformité est vérifiée  par examen et par les essais basés sur les circuits spécifiés pour le  
système de socles de connecteurs.  

 Exigences  pendant l e  montage  et  l es  opérations  de  main tenance et  d 'entretien  1 1 . 1 1

 Capots  et l eurs  fixations  1 1 . 1 1 .1

1 1 . 1 1 .1 . 1  Pour l es  dispositi fs  de  commande autres  qu ' intégrés ,  l e  fai t  d 'en lever un  capot  
ou  un  couvercle ,  i ncl uant l e  capot  d u  compartiment de  p i l e,  prévu  pour être  en levé  l ors  du  
montage  ou  pendan t l es  opérations  de  maintenance et d 'entretien  du  dispositi f  ou  de  
l 'apparei l  par l 'u ti l i sateur  n e  doi t pas  changer l es  réglages  i n i tiaux s i  ce la  ri sque  d 'affecter l a  
conform ité  à  l a  présente  norme.  

1 1 . 1 1 .1 . 2  La  fixation  de  ces  capots  d o i t  ê tre  te l l e  qu ' i l s  ne  pu issen t être  n i  déplacés  n i  
remontés  de  façon  i ncorrecte  s i  ce la  pouvai t  indu i re  en  erreur l 'uti l isateur  ou  affectai t l a  
conform i té  à  l a  présente  norme.  La  fixation  des  capots  prévus  pour être  en levés  pour 
montage  ne  doi t pas  servi r à  main ten i r des  é léments  au tres  que  les  organes  de  manœuvre  
ou  des  j o in ts .  

La  conformité  à  11 . 11 . 1 . 1  et 11 . 11 . 1 . 2 est vérifiée par examen.  
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NOTE  1  Au  Canada  et  aux États-Un is ,  un  capot  fi xé  sans  vi s  d émontabl e  sans  l 'a i de  d 'un  outi l  e t  qu i  d onne  
accès  à  des  parties  acti ves  d o i t  subi r l es  essais  su ivan ts :  

Un  capot  n e  doi t  pas  se  décrocher sous  l 'effet  d 'u ne  traction  d i recte  de  60  N .  Pou r cet  essa i ,  l e  capot  est  sa i s i  en  
deux poi n ts  convenabl ement  chois i s .  L 'essai  d oi t  être  effectué  avant  et  après  1 0  démontages  et  remontages  du  
capot.  

Un  capot  d oi t  rés i ster à  des  chocs  de  1 , 35  Nm  sur tou tes  ses  faces  accessibles  (un  choc par face)  sans  
dépl acement et  sans  dommages  pour l es  parti es  i n ternes  du  disposi ti f de  commande  n i  perturbation  de  son  
fonctionnement  à  l a  su i te  de  l ' essai .  Le  rayon  de  l a  b i l l e  à  employer pour cet  essai  d oi t  être  d 'au  moins  25, 4  mm.  

NOTE  2  Au  Canada  et  aux États-Un is ,  l a  con ti nu i té  é l ectri que  de  ci rcu i ts  de  m ise  à  l a  terre  pou r des  capots  fi xés  
sans  vi s  doi t  être  conforme aux exigences  de  9 . 3  et  9 . 5.  

1 1 . 1 1 . 1 . 3  Capots  des  enveloppes  

NOTE  Au  Canada  et  aux É tats-Un is ,  i l  y  a  des  exigences  supplémentai res  pour l es  portes  et  l es  capots  d es  
enveloppes  permettan t  l 'accès  aux fus ibles  ou  à  n ' importe  quel  d i sposi ti f de  protection  con tre  l es  su rcharges  don t  
l e  fonctionnement normal  exi ge  l e  remplacement,  ou  s ' i l  est  nécessai re  d 'ouvri r l e  capot  en  rapport  avec l e  
fonctionnement  normal  du  d i spos i ti f de  protection  contre  l es  surcharges.  

1 1 . 1 1 . 1 .4 Vi tre  recouvrant une ouverture  

NOTE  Au  Canada  et  aux É tats-Un is ,  i l  y a  des  exigences  supplémentai res  pou r l es  matériaux en  verre  ou  
s im i l a i res  recouvrant  une  ouvertu re  d 'observation .  

1 1 . 1 1 . 1 .5  Parties  non  détachables  

Les  parties  non  détachables  fourn issan t l e  degré  de  protection  nécessai re  contre  l es  chocs  
é lectriques,  l ' hum id i té  ou  l e  con tact avec l es  p ièces  mobi les  doiven t être  fi xées  de  façon  sû re  
et  doiven t rés ister aux efforts  mécan iques  se  produ isant  en  usage  normal .  

Les  d ispos i ti fs  encl i quetables  u ti l i sés  pour l a  fixation  des  parties  non  détachables  doiven t 
avoi r une  posi tion  verrou i l l ée  éviden te.  Les  propriétés  de  fixation  des  d ispos i ti fs  
encl iquetables  u ti l i sés  dans  les  p ièces  susceptibles  d 'être  démontées  pendan t l ' i nsta l lation  ou  
l ’entretien  ne  doivent  pas  se  dégrader.  

La conformité  est vérifiée  par les essais de 11 . 11 . 1 . 5. 1  à  1 1 . 11 . 1 . 5. 3.  

1 1 . 1 1 . 1 .5. 1  Les pièces susceptibles d'être démontées pendant l'installation ou l’entretien  
sont démontées et remontées 10 fois avant d'effectuer l'essai.  

NOTE  L’entretien  i ncl u t  l e  changement  du  câbl e  souple  d 'a l imentation .  

1 1 . 1 1 . 1 .5.2  Pour les essais de 1 1 . 11 . 1 . 5. 3,  le  dispositif de commande  doit être à  
température ambiante.  Cependant,  dans les cas où la  conformité peut être affectée par la  
température,  l'essai est aussi effectué aussitôt après que le dispositif de commande  ait 
fonctionné dans les conditions spécifiées à  l'Article 14.  

1 1 . 1 1 . 1 .5.3  Une force est appliquée sans secousse dans la  direction la  plus défavorable  
pendant 10 s,  aux zones du capot ou de la  pièce susceptibles d'être faibles.  La  force à  
appliquer doit être comme suit:  

– Force de poussée 50 N 

– Force de traction:  

a)  Si la  forme de la  pièce est telle que le  bout des doigts   
ne  peut pas glisser facilement 50 N 

b)  Si la  partie dépassant de la  pièce pour la  saisir est   
inférieure à  10 mm dans la  direction de démontage  30 N 
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La force de poussée est appliquée au moyen d'un doigt d'essai rigide aux dimensions 
semblables à  celles du doigt d'essai normalisé  de  la  Figure 2.  

La  force de traction est appliquée par tout moyen convenable (par exemple,  une ventouse)  
qui n'affecte  pas les résultats d'essai.  

Pendant que l'essai de traction de a)  ou de b)  est exécuté,  l'ongle d'essai de  la  Figure 3 est 
inséré dans toutes les ouvertures ou jointures avec une force de 10 N.  L'ongle d'essai est 
ensuite poussé latéralement avec une force de 10 N;  il n'est ni tourné ni utilisé comme levier.  

Si la  forme de la  pièce est telle qu'une traction axiale est improbable,  aucune traction n'est 
appliquée mais l'ongle d'essai de la  Figure 3 est inséré dans toutes les ouvertures ou 
jointures avec une force de 10 N,  il est ensuite tiré pendant 10 s au moyen de la  boucle avec 
une force de  30 N dans la  direction du démontage.  

Si le capot ou la  pièce est susceptible d'être soumis à  une torsion,  un couple comme détaillé 
ci-dessous doit être  appliqué en même temps que la  traction ou la  poussée:  

– pour des dimensions maximales inférieures ou égales à  50 mm  2 Nm 

– pour des dimensions maximales supérieures à  50 mm   4 Nm 

Le  couple est aussi appliqué quand l'ongle d'essai est tiré  au moyen de la  boucle.  

Si la  partie dépassant de la  pièce pour la  saisir est inférieure à  10 mm,  le couple ci-dessus 
est réduit de 50 % de sa  valeur.  

1 1 . 1 1 .1 .5.4  Pendant et après les essais de 1 1 . 11 . 1 . 5. 3,  les pièces ne doivent pas se 
séparer et doivent rester en position  verrouillée,  sinon elles sont jugées être  des pièces 
amovibles.  

1 1 . 1 1 .1 .6  U n  capot ,  qu i  peu t être  ôté  à  l a  main ,  ne  doi t pas  se  séparer quand  une  force  
d 'écrasement ne  dépassan t pas  45  N  combinée  à  une  force  de  l 'essai  de  traction  ne  
dépassant pas  1 5  N  est  appl i quée  en  deux poin ts  quelconques  séparés  au  maximum  par 
1 25  mm,  mesurée  par une  bande  tendue  fermement sur cette  portion  de  l a  surface  du  capot  
qu i  peut  être  en tourée  par la  paume de  la  main .  L'essai  est  effectué  avan t et  après  1 0  
démontages  et remon tages.  

 Moyens  de  fixation  du  capot  1 1 . 1 1 .2

Les  vis  de  fixation  des  capots  ou  des  couvercles  q u i  doiven t être  en levées  l ors  du  mon tage  
et pour l es  opérations  de  maintenance ou  d 'entretien  par l 'u ti l i sateur  d o iven t être  
imperdables.  

La conformité est vérifiée par examen.  

NOTE  Cette  exi gence  est  considérée  comme sati sfai te  s i  l es  vi s  en  question  son t  mun ies  de  rondel l es  serran tes  
de  carton  ou  d 'u ne  matière  ana logue.  Voi r 1 9 . 1 . 5.  

 Organe de  manœuvre  1 1 . 1 1 .3

1 1 . 1 1 .3. 1  Le  montage  et l 'en lèvement de  l 'organe de  manœuvre  d 'un  disposi ti f de  
commande  conformément à  l a  méthode  prévue  ne  doivent  causer aucun  dommage.  

1 1 . 1 1 .3.2  S i  l es  l im i tes  supérieure  et i n férieure  de  l a  p lage  de  réglage  à  l a  d ispos i tion  du  
fabricant ou  de  l 'u ti l i sateur d 'une  action  de  type 2  son t matéria l isées  par des  moyens  
mécan iques  associés  à  un  organe de  manœuvre ,  ce  dern ier ne  doi t  pas  être  démontable  
sans  l 'ai de  d 'un  outi l .  
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1 1 . 1 1 .3.3  S i  u n  organe  de  manœuvre  d 'un  dispositi f de  commande  à  action  de  type 1  
comportant une  posi ti on  "ARRÊT"  ou  un  organe de  manœuvre  d 'un  dispositi f  q ue lconque à  
action  de  type 2  est u ti l i sé  pour i nd iquer l 'état du  disposi ti f,  i l  ne  doi t  pas  être  poss ib le  de  
monter cet  organe  de  manœuvre  d ans  une  posi ti on  i ncorrecte.  

La conformité aux spécifications de 11 . 11 . 3. 1  à  11 . 11 . 3. 3 inclus est vérifiée par examen et,  
pour les organes de manœuvre  qui ne nécessitent pas d'outil pour leur démontage,  par 
l'essai de 18. 9.  

NOTE  Des  normes  parti cu l i ères  d u  matéri e l  peuvent  exi ger qu ' i l  soi t  impossib le  d e  monter d 'une  man ière  
i ncorrecte  l 'organe  de  manœuvre  q u i  est  u ti l i sé  pou r i nd iquer l 'état  du  disposi ti f.  

 Parties  qu i  servent d ' isolation  supplémentai re  ou  d ' isolation  renforcée  1 1 . 1 1 .4

Les  parties  des  disposi ti fs  de  commande  qu i  serven t d ' i solation  supplémentaire  ou  
d ' i solation  renforcée  e t  qu i  son t susceptib les  d 'être  oubl i ées  l ors  du  remontage  du  d isposi ti f 
après  des  opérations  de  maintenance ou  d 'entretien  par l 'u ti l isateur,  doiven t être  fixées  de  
te l l e  man ière  qu ' i l  soi t  impossib le  de  les  en lever sans  dommages  sérieux,  ou  conçues  de  tel l e  
man ière  qu ' i l  so i t  impossible  de  l es  remonter dans  une  pos i tion  i ncorrecte  et que  l eur 
om ission  rende  l e  disposi ti f  i nopéran t ou  man i festement i ncomplet.  

La conformité est vérifiée  par examen.  

NOTE  Une  enveloppe  métal l i que  recouverte  d 'u ne  couche  de  vern i s  ou  d 'u n  revêtement du  même genre  
s 'en levant a i sément  par g rattage  n 'est  pas  considérée  comme sati sfai san t  à  cette  exi gence.  

 Manchons  u ti l i sés  comme i solation  supplémentai re   1 1 . 1 1 .5

Des  manchons  i solan ts  u ti l i sés  comme isolation  supplémentai re  sur des  conducteurs  
in tégrés  d o ivent  être  main tenus  en  pos i ti on  par des  moyens  sûrs .  

La conformité est vérifiée  par examen et par un  essai manuel.  

NOTE  Un  manchon  est  cons i déré  comme étan t  fi xé  par d es  moyens  sû rs  s i  on  ne  peut  l 'en lever qu 'en  l e  cassant 
ou  l e  coupant,  ou  s ' i l  est  serré.  

 Cordons  de  traction  1 1 . 1 1 .6

Un  cordon  de  traction  d o i t  être  i so lé  des  parties  actives  et  l e  dispositi f de  commande  do i t  
être  conçu  de  te l le  man ière  qu ' i l  soi t  poss ib le  de  monter ou  de  remplacer le  cordon  de  
traction  sans  que  l es  parties  actives  d eviennen t accessib les .  

La  conformité  est vérifiée par examen.  

 Revêtements  i solants  1 1 . 1 1 .7

Les  revêtements  et cl o isons  i solants  et au tres  é léments  analogues  doivent avoi r une  
rés istance  mécan ique  adéquate  et doivent être  fixés  de  façon  sûre.  

La  conformité  est vérifiée par examen.   

 D ispositi fs  de  commande uti l i sant des  log iciels  1 1 . 1 2

Voi r Annexe H .  
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 D i sposi ti fs  de  commande de  protection  et  éléments  consti tuants  des  systèmes  1 1 . 1 3
de commande  de  protection  

 Dispositi fs  de  commande de  protection  1 1 . 1 3.1

Les  dispositi fs  de  commande  de protection  d o iven t  

– être  conçus  et constru i ts  pour être  sûrs  et aptes  pour l 'usage  auquel  i l s  son t desti nés,  et  
prendre  en  compte  l es  spéci fications  d 'en tretien  et d 'essais  des  apparei ls,  quand  c'est  
poss ib le,  

– être  i ndépendants  des  au tres  fonctions,  sauf s i  l eur fonction  de  sécuri té  ne  peu t être  
affectée  par aucune  des  au tres  fonctions,  

– être  conformes  aux règ les  appropriées  de  conception  en  vue  d 'obten i r une  protection  sûre  
et  efficace.  

Ces  règ les  comprennen t,  en  particu l i er,  l es  modes  de  sécuri té  i n tri nsèque,  l a  redondance,  l a  
d i vers i té,  et  l 'au tod iagnostic.  

Les  d ispositi fs  de  commande de  fonctionnement  ne  doiven t pas  être  u ti l i sés  comme des  
dispositi fs  de  commande de  protection .  

La conformité est vérifiée par les essais appropriés spécifiés dans la  présente norme et dans 
la  partie  2 concernée.  

 D i spositi fs  l imiteurs  de  pression  1 1 . 1 3.2

Ces d isposi ti fs  doiven t être  conçus  de  façon  que  l a  pression  dans  l 'appl i cation  commandée  
n 'excède  pas  l a  press ion  maximale  adm ise;  cependant,  une  surpression  de  courte  durée  de  
1 0  %  de  la  press ion  maximale  adm ise  est acceptable,  dans  les  cas  où  cela  est poss ib le ,  ou  
lorsqu 'e l le  n 'est pas  spéci fiée  dans  l a  norme appropriée  re lati ve  à  l 'appl ication  commandée.  

 D i sposi ti fs  de  survei l l ance de  l a  température  1 1 . 1 3.3

Ces  d isposi ti fs  doiven t avoi r un  temps  de  réponse  approprié  pour l es  aspects  sécuri té  et  
cohérent avec l a  fonction  de  mesure.  

1 1 . 1 3.4  Pi les  

1 1 . 1 3.4. 1  Les  dispositi fs  de  commande  comportant des  p i les  doiven t  être  conçus  pour 
rédu i re  l e  risque  d ’ i ncend ie,  d ’explosion  et de  fu i tes  de  produ i ts  ch im iques  en  cond i tions  
normales  et après  une  panne  s imple  dans  l e  dispositi f de  commande .  Pour l es  p i l es  
remplaçables  par l ’uti l i sateur,  l a  conception  doi t  rédu ire  l a  probabi l i té  d ’ i nversion  de  polari té  
si  ce la  risque  d ’engendrer un  danger.  

1 1 . 1 3.4.2  Les  ci rcu i ts  de  p i l e  conçus  pour une  capaci té  tota le  de  p i l e  >  1  000  mAh  doiven t  
être  conçus  de  sorte  que:  

– l es  caractéristiques  de  sortie  d ’un  ci rcu i t de  charge  de  p i le  soient compatib les  avec sa  p i l e  
rechargeable  (voir l ’Annexe V) ;  et  

– pour l es  p i l es  non  rechargeables,  un  rég ime  de  décharge  supérieur aux recommandations  
du  fabricant  de  pi l e  et une  charge  non  i n ten tionnel l e  soient  évi tés;  et  

– pour l es  p i les  rechargeables  (voir l ’Annexe V) ,  un  rég ime de  charge  et de  décharge  
supérieur aux recommandations  du  fabricant  de  pi l e ,  et  u ne  charge  i nversée,  so ien t 
évi tés;  et  

– l es  p i l es  remplaçables  doiven t:   

avoi r des  contacts  qu i  ne  peuvent pas  être  m is  en  court-ci rcu i t  avec l e  doig t  d ’épreuve 
(Figure  2 );  ou  
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être  i n tri nsèquement protégées  pour empêcher d ’engendrer un  danger  au  sens  de  la  
norme.  

NOTE  Une  i nversi on  de  charge  d ’ une  pi l e  rechargeabl e  se  produ i t  l orsque  l a  pol ari té  du  ci rcu i t  de  charge  est  
i nversée  et  favori se  l a  d écharge  de  l a  p i l e.  

1 1 . 1 3.4.3    Lorsqu ’une  pi l e  d ’une  capaci té  >  1  000  mAh  contien t de  l ’ é lectrol yte  l i qu ide  ou  en  
gel ,  un  bac support  de  p i les  doi t  être  fourn i  et  capable  de  conten i r tou te  éven tuel le  fu i te  de  
l i qu ide  résu l tan t de  l ’ accumu lation  de  press ion  i n terne  dans  la  p i le .  L ’exigence  de  fourn i ture  
d ’un  bac support de  p i les  ne  s ’appl i que  pas  s i  l a  construction  de  la  p i l e  rend  peu  probable  une  
fu i te  de  l ’ é lectrol yte.  

NOTE  Un  exemple  de  construction  de  pi l e  rendant  peu  probabl e  une  fu i te  d ’é lectrol yte  est  l e  type  de  cel lu le  à  
soupape  étanche  ou  de  dégazage.  

1 1 . 1 3.4.3. 1    S i  un  bac support  de  p i les  est exigé,  sa  capaci té  doi t  être  au  moins  égale  au  
volume de  l ’é lectrol yte  de  tous  l es  cel lu les  d e  l a  pi l e  ou  au  volume d ’une  seu le  cel lu le  s i  l a  
conception  de  la  p i l e  rend  peu  probable  une  fu i te  s imu l tanée  de  p l us ieurs  cel lu les .  

NOTE  S i  un  boîti er s imple  contien t  p l us ieurs  cel lu les  (par exemple,  l es  s i x cel lu les  d ans  un  accumu lateu r au  
plomb  1 2  V ) ,  sa  cassure  ri sque  d ’en traîner un  p l us  g rand  vol ume  de  fu i te  q ue  cel u i  généré  par une  cel lu le  s imple.  

1 1 . 1 3.4.4    La conformité aux spécifications de 1 1 . 13. 4. 1  à  11 . 13. 4. 3. 1  est vérifiée par 
examen et évaluation des données fournies par le fabricant de matériel  et le  fabricant de 
pile.  

En l’absence de données appropriées,  la  conformité est vérifiée par les essais de 1 1 . 13. 4. 4. 1  
à  11 . 13. 4. 4. 4 et 1 1 . 13. 4.5.  Cependant,  les piles à  sécurité intrinsèque dans les conditions 
spécifiées ne sont pas soumises à  essai dans ces conditions.  Les piles de consommation 
courante,  carbone/zinc ou alcalines non rechargeables sont considérées comme sûres en 
conditions de court-circuit.  Elles ne sont par conséquent pas soumises à  un essai de 
décharge ni à  un essai d’étanchéité dans des conditions de stockage.  La pile  utilisée pour les 
essais suivants est une pile non rechargeable neuve ou fournie ou recommandée par le  
fabricant pour utilisation avec le  dispositif de commande.  

1 1 . 1 3.4.4. 1   Mise en charge non intentionnelle  d’une pile non rechargeable.  La pile est 
chargée tout en faisant l’objet d’une rapide simulation d’une défaillance  de  composant 
susceptible de se produire dans le  circuit de charge et de donner lieu à  une mise en charge 
non intentionnelle de la  pile.  Pour réduire au minimum la  durée de l’essai,  la  défaillance  
retenue est celle qui provoque le courant de charge le plus élevé.  La pile est ensuite chargée 
pendant une seule période de 7 h  en maintenant la  défaillance  simulée.  

1 1 . 1 3.4.4.2    Régime de décharge excessif.  La  pile est soumise à  une décharge rapide en 
mettant en circuit ouvert ou en court-circuit tout composant limiteur de courant ou de tension 
dans le  circuit de charge de  la  pile en essai.  

NOTE  Certains  des  essais  spéci fi és  peuvent être  dangereux pour l es  personnes  chargées  de  l es  réal i ser;  i l  
convi en t  donc de  prendre  tou tes  l es  mesures  appropriées  pour protéger l e  personnel  contre  d ’éven tue l s  dangers  
d ’ ord re  ch im ique  ou  d ’ explosi on .  

1 1 . 1 3.4.4.3  Voir Annexe V.  

1 1 . 1 3.4.4.4  Ces essais ne doivent en aucun cas donner lieu aux résultats suivants:  

– fuites de produits chimiques dues à  des fissures,  ruptures ou éclatement de l’enveloppe 
de la  pile,  si ces fuites risquent d’affecter l’isolation exigée; ou 

– débordement de liquide provenant de tout limiteur de pression dans la  pile,  à  moins que 
ce débordement ne soit contenu par le dispositif de commande  sans risque  de  
dommage à  l’isolation ou dommage  pour l’utilisateur;  ou 

– explosion de la  pile,  si cette explosion risque de blesser un utilisateur;  ou 
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– émission de flamme ou éjection de métal fondu vers l’extérieur de  l’enveloppe du 
dispositif de commande.  

1 1 . 1 3.4.5  À l’issue des essais,  l’équipement est soumis aux essais de rigidité diélectrique de 
13. 2.  

1 1 . 1 3.5  D ispositi fs  de  commande activés  in tel l igents  

1 1 . 1 3.5. 1  U n  disposi ti f de  commande activé  i n tel l i gent  do i t  ê tre  conçu  de  sorte  que  les  
s i gnaux de  communication  externe  (données  ou  pu issance appelée)  ne  remplacen t pas  de  
man ière  i nvolonta ire  l es  paramètres  de  fonctionnement d ’ un  dispositi f de  commande à  
action  de  type  2 ,  n i  ne  perturbent aucune  fonction  de  protection  du  disposi ti f de  
commande .  

I l  est adm is  qu ’un  dispositi f de  commande activé  i n tel l igent  mod i fi e  l es  paramètres  de  
fonctionnement d ’un  d ispositi f de  commande  d e  type  2  dans  des  l im i tes  défin ies  tan t que  
l es  fonctions  de  protection  demeuren t i n tactes.  

1 1 . 1 3.5.2  U n  d isposi ti f de  commande activé  in tel l i gent  q u i  i n tègre  des  fonctions  
d ’exploi tation  et de  protection  doi t être  évalué  comme étant un  d isposi ti f de  commande de  
protection .   

1 1 . 1 3.5.3  Tout transmetteur ou  modu le  de  commun ication  externe  au  dispositi f de  
commande  e t  qu i  sert  d ’ i n terface  entre  le  dispositi f de  commande  et  l e  réseau  de  
té lécommunication  doi t satisfa i re  à  l a  CEI  621 51  ou  l a  CEI  62368-1 .  Les  mesures  visan t à  
assurer la  protection  con tre  l es  chocs  é lectriques  défin ie  dans  l a  présente  norme (par 
exemple,  Annexe T)  doiven t néanmoins  être  satisfai tes.  

1 1 . 1 3.5.4  Tout transmetteur ou  modu le  de  communication  fa isant partie  i n tégrante  du  
disposi ti f de  commande activé  i n tel l igent doi t  satisfai re  aux exigences  de  la  présente  
norme.   

1 1 . 1 3.5.5 La conformité  de 11 . 13. 5 est vérifiée par évaluation du dispositif de commande  
conformément aux exigences de H.27. 1  et aux autres exigences pertinentes de la  présente 
norme.  

1 2  Résistance à  l 'humidi té  et à  la  poussière  

 Protection  contre  la  pénétration  de  l 'eau  et de  la  poussière  1 2 . 1

1 2. 1 . 1  Les  dispositi fs  de  commande  d o ivent  procurer l e  degré  de  protection  con tre  l a  
pénétration  de  l 'eau  et de  l a  pouss ière  approprié  à  l eur classi fication  I P  l orsqu ' i ls  sont mon tés  
ou  u ti l i sés  de  l a  man ière  déclarée.  

1 2 . 1 .2  La vérification de la  conformité consiste d'abord à  préparer le dispositif de 
commande  de la  manière indiquée de 12. 1 . 3 à  12. 1 . 6,  puis à  effectuer l'essai approprié 
spécifié dans l’IEC 60529.  Immédiatement après l'essai approprié,  le dispositif doit satisfaire 
à  l'essai diélectrique de 13. 2 et un examen doit montrer que l'eau qui pourrait avoir pénétré  
dans le dispositif ne peut avoir de conséquences néfastes: en particulier,  il ne doit pas y 
avoir de traces d'eau,  sur les isolations,  qui pourraient entraîner une réduction des lignes de 
fuite  et des distances dans l'air en dessous des valeurs spécifiées à  l'Article  20.  

1 2. 1 .3  Les dispositifs de commande  sont placés pendant 24 h  dans une salle  d'essai à  
atmosphère normale  avant d'être soumis à  l'essai approprié.  

1 2. 1 .4  Les dispositifs de commande  munis de câbles souples amovibles  sont équipés 
d'un socle de connecteur et d'un câble souple appropriés; les dispositifs de commande  
munis de câbles souples fixés à demeure  ayant des fixations du type X sont équipés des 
conducteurs appropriés de la  plus petite section spécifiée en 10. 1 . 4.  Les dispositifs de 
commande  munis de câbles souples fixés à demeure  ayant des fixations du type M,  du 
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type Y ou du type Z sont soumis à  essai avec les câbles déclarés dans les instructions du 
fabricant ou livrés avec les échantillons.  

1 2. 1 .5  Les parties amovibles  sont enlevées et soumises,  s'il y a  lieu,  en même temps que 
la  partie  principale,  aux essais correspondants.  

1 2. 1 .6  Les bagues d'étanchéité des presse-étoupe et les autres moyens éventuels 
permettant d'assurer l'étanchéité sont vieillis dans une atmosphère qui a  la  composition et la  
pression de l'air ambiant,  en  les suspendant librement dans une étuve à  air chaud renouvelé 
par tirage naturel.  Ils sont maintenus pendant 10 jours (240 h)  dans l'étuve à  une température 
de (70 ± 2)  °C.  

NOTE  Aux É tats-Un is ,  i l  exi ste  des  exigences  supplémentai res  re lati ves  aux j o i n ts ,  presse-étoupe  et  pâtes  
d 'étanchéi té  u ti l i sés  pour évi ter l 'en trée  néfaste  d 'eau  et  aux produ i ts  adhési fs  u ti l i sés  pou r l a  fi xation  desd i ts  j o i n ts  
à  une  enve loppe  ou  couvercle  su r des  disposi ti fs  d esti nés  à  être  i nstal l és  dans  des  endroi ts  où  i l s  son t  exposés  
à  l a  p l u ie,  et  fonctionnant  à  ou  en  dessous  de  60  °C.  

1 2. 1 .6. 1  Vacan t 

1 2. 1 .6.2  Immédiatement après le traitement de  vieillissement,  les pièces sont retirées de  
l'étuve et laissées au repos,  à  la  température de l'air ambiant et à  l'abri de la  lumière du jour,  
pendant au moins 16 h  avant d'être réassemblées.  Les presse-étoupe et les autres moyens 
d'assurer l'étanchéité sont alors serrés avec un couple égal aux deux tiers de celui donné 
dans le  Tableau 20.  

 Protection  contre  les  condi tions  d 'humid i té   1 2 .2

1 2.2. 1  Tous  les  dispositi fs  de  commande  d o ivent rés ister aux cond i tions  d 'hum id i té  
susceptib les  de  se  produ ire  en  usage  normal .  

Voi r aussi  l 'Annexe  J .  

1 2 .2.2  La  conformité est vérifiée par la  séquence d'essais décrite en 12. 2. 3 après l'épreuve 
hygroscopique décrite  de  12. 2. 5 à  12. 2. 9 inclus.  

1 2 .2.3  Pour les dispositifs de commande  intercalés dans un câble souple,  les 
dispositifs de commande séparés  et les dispositifs de commande à montage 
indépendant,  l'essai de 13. 2 est effectué immédiatement après l'épreuve hygroscopique.  
Pour les dispositifs de commande incorporés et intégrés,  l'essai de  13. 2 est effectué 
immédiatement après l'épreuve hygroscopique.  Ces essais doivent être  effectués de telle  
sorte qu'il ne se produise pas de condensation sur une surface quelconque des échantillons 
d'essai.   

1 2.2.4  Le  dispositif de commande  ne  doit présenter aucun dommage qui compromettrait la  
conformité à  la  présente  norme.  

1 2.2.5  Les entrées de conducteurs,  s'il en existe,  et les trous d'écoulement sont laissés 
ouverts.  Si un dispositif classé IPX7 comporte un trou d'écoulement,  ce dernier est ouvert.  

1 2.2.6  Les parties amovibles  sont enlevées et soumises,  s'il y a  lieu,  en même temps que 
la  partie  principale  à  l'épreuve hygroscopique.  

1 2.2.7   Avant d'être placé dans l'enceinte humide,  l'échantillon est porté à  une température 
comprise entre t et (t + 4)  °C.  L'échantillon est alors maintenu dans l'enceinte humide 
pendant:  

– 2 jours (48 h)  pour les dispositifs de commande  IPX0; 

– 7 jours (168 h)  pour tous les autres dispositifs de commande.  
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1 2.2.8  L'épreuve hygroscopique est effectuée dans une enceinte humide contenant de l'air 
avec une humidité relative comprise entre 91  %  et 95 %.  La température de l'air,  en tout 
endroit où les échantillons peuvent être placés,  est maintenue,  à  1  K près,  à  une valeur 
appropriée (t)  comprise entre 20 °C et 30 °C.  

1 2.2.9  Après ce traitement,  les essais de l'Article 13 sont effectués soit dans l'enceinte 
humide,  soit dans un local où les dispositifs ont été entreposés pour les porter à  la  
température spécifiée après le remontage des parties amovibles éventuelles.  

NOTE  1  Pour porter l 'échanti l l on  à  l a  température  spéci fi ée,  on  peu t,  dans  l a  p l upart  d es  cas,  l e  l a i sser séjou rner 
à  cette  température  pendant 4  h  au  moins  avant  l ' épreuve  hyg roscopi que.  

NOTE  2  Une  hum id i té  re l ati ve  comprise  en tre  91  %  et  95  %  peu t  être  obtenue  en  pl açan t dans  l 'encei n te  hum ide  
une  sol u ti on  satu rée  dans  l 'eau  de  su l fate  de  sod i um  (Na 2SO4)  ou  d e  n i trate  de  potassium  (KNO3)  cette  sol u ti on  
ayan t u ne  su rface  de  contact  avec l ' a i r su ffi samment  étendue.  I l  est  importan t  de  vei l l er à  ce  que  l 'échanti l l on  en  
essai  ne  so i t  pas  soum is  à  l a  condensation  ou  à  d 'au tres  agen ts  de  contam ination  de  l a  sol u ti on  sal i ne  ou  d 'une  
parti e  quelconque  de  l ' apparei l  d 'essai .  

NOTE  3  Les  cond i ti ons  imposées  pour l 'encein te  hum ide  exigen t  un  brassage  constant  d e  l 'a i r à  l ' i n térieu r et,  en  
général ,  une  i solati on  therm ique  de  l ' encei n te.  

1 2.3  Pour l es  disposi ti fs  de  commande intercalés  dans  un  câble  souple  e t  pour l es  
dispositi fs  de  commande séparés ,  un  échanti l l on  est soum is  à  l 'essai  de  1 2. 3 . 1  à  1 2. 3. 7  
i nclus  avant de  subir l es  au tres  essais  de  l 'Article  1 2 .   

Les  d ispositi fs  de  commande de  l a  classe  I I I  ne  son t pas  soum is  aux essais  de  ces  
paragraphes.  

NOTE  Dans  l es  pays  membres  du  CENELEC,  1 2 . 3  n 'est  pas  appl i cable.  

1 2.3. 1  Le  dispositif de commande  est relié à  une tension d'alimentation égale à  1 , 06 fois 
la  tension assignée.  L'essai est effectué avec le  courant assigné maximal et à  la  température 
ambiante déclarée maximale.  

1 2.3.2  Le  courant de fuite  est mesuré entre les parties indiquées en 13. 3. 1 .   

1 2.3.3  Les circuits de  mesure pour les dispositifs de commande  utilisant différentes 
sources d'alimentation sont décrits dans les figures mentionnées ci-dessous.  

– pour un dispositif de commande  monophasé de tension assignée ne dépassant pas 
250 V,  ou pour un dispositif de commande  triphasé utilisé comme un dispositif de 
commande  monophasé,  s'il est de la  classe II,  voir Figure 25; s'il est d'une classe autre 
que la  classe II,  voir Figure 26;  

– pour un dispositif de commande  monophasé de tension assignée dépassant 250 V,  ou 
pour un dispositif de commande  triphasé inapte à  être  utilisé  comme un dispositif de 
commande  monophasé,  s'il est de la  classe II,  voir Figure 27; s'il s'agit d'un dispositif de 
commande  d'une classe autre que la  classe II,  voir Figure 28;  

– pour un dispositif de commande  diphasé de tension assignée ne dépassant pas 250 V et 
d'une classe autre que la  classe II,  voir Figure 29 ou 30,  selon l'usage.  

Les dispositifs de commande  pour les matériels monophasés de tension assignée 
supérieure à  250 V doivent être reliés à  deux conducteurs de phase,  le conducteur de phase  
restant n'étant pas utilisé.  

Un circuit de  mesure approprié est présenté  à  l'Annexe E.   

1 2.3.4  Pendant les mesures,  tous les circuits de commande  doivent être fermés.  
Cependant,  pour les dispositifs de commande  soumis à  essai conformément aux  
Figures 26,  29 et 30,  les courants de fuite  doivent être vérifiés avec l'interrupteur S1  en 
position ouverte et en  position fermée.  
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Il est admis de court-circuiter des points de  contact pour simuler des circuits fermés.  

1 2.3.5  Le  circuit de mesure doit avoir une impédance totale de (1  750 ±  250)  Ω  et doit être 
shunté par un condensateur tel que la  constante de temps du circuit soit de  (225 ±  15)  µs.  

1 2.3.6  Le circuit de mesure ne doit pas avoir une erreur de mesure dépassant 5 % pour un 
courant de fuite indiqué de 0, 75 mA et doit avoir une précision de 5 % pour toutes les 
fréquences de la  gamme 20 Hz à  5 kHz.  

1 2.3.7  Le courant de fuite  maximal,  après stabilisation de la  température du dispositif de 
commande,  ne doit pas dépasser les valeurs données en 13. 3. 4.  

1 3  Résistance d 'isolement et rig idi té  d iélectrique  

 Résistance  d ’ isolement  1 3. 1

La rés istance  d ' i solement des  dispositi fs  de  commande  in tercalés  dans  un  câble  souple ,  
séparés  et  à montage  indépendant  do i t  être  adéquate.  

1 3. 1 . 1  La  conformité est vérifiée par l'essai de 13. 1 . 2 à  13. 1 . 4 inclus.  Cet essai est effectué 
lorsqu'il est spécifié  à  l'Article 12.  

1 3. 1 .2  Lorsqu'on mesure l'isolation renforcée  ou l'isolation supplémentaire  des parties 
autres que métalliques,  chaque surface appropriée de l'isolation est recouverte d'une feuille  
métallique de manière à  fournir une électrode pour l'essai.  

1 3. 1 .3  On mesure la  résistance d'isolement sous une tension continue de 500 V environ,  la  
mesure étant effectuée après 1  min  d'application de la  tension.  

1 3. 1 .4  La  résistance d'isolement ne doit pas être inférieure à  celle  indiquée dans le  
Tableau 11 .  

Tableau  1 1  (1 3. 1  de  l ’ éd i tion  3)  – Résistance d ’ isolement m in imum  

I solation  à  soumettre  à  essai  Résistance  d ' i solemen t  
MΩ  

I solation  fonctionnel le  – 

I solation  principale  2  

I solation  supplémentai re  5  

I solation  renforcée  7  

 

 Rig id i té  d iélectrique  1 3.2

La  rig id i té  d ié lectrique  de  tous  les  dispositi fs  de  commande  do i t  être  adéquate.  

1 3.2. 1  La  conformité est vérifiée par l'essai suivant de 13.2. 2 à  13. 2. 4 inclus,  à  l’aide des 
tensions d’essai d’isolation ou de déconnexion du Tableau 12.  Cet essai est effectué lorsqu'il 
est spécifié à  l'Article 12 et à  l'Article 17.  
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Tableau  1 2  (1 3.2  de  l ’ éd i tion  3)  – Tensions  d ’essai   
d ’ i solation  ou  de  déconnexion  a  (1  sur 2)   

I solation  ou  déconnexion   
à  soumettre  à  essai  c  d  e  

Tension  d 'essai  en  fonction  des  tensions  de  servi ce  b  

Jusqu ’à  
50  V f  

(Classe  I I I )  

Jusqu ’à  
50  V f ou  g  

(Au tre  que   

Classe  I I I )  

Au-dessus  
de  50  V,  
jusqu 'à  
1 30  V 

i nclus  g  

Au-dessus  
de  1 30  V,  
jusqu 'à  
250  V 

i nclus  g  

Au-dessus  
de  250  V,  
j usqu 'à  
440  V 

i nclus  g  

Au-dessus  
de  440  V,  
jusqu 'à  
690  V 

i nclus  g  

I solation  fonctionnel l e  h  1 00  1 00  260  500  880  1  380  

I solation  principale  i  j  500  1  250  1  330  1  450  1  640  1  890  

I solation  supplémentai res  i  j  k  l  -  1  250  1  330  1  450  1  640  1  890  

I solation  renforcée  i  j  k  l  m  -  2  500  2  660  2  900  3  280  3  780  

Coupure  électron ique  n  o  1 00  1 00  260  500  880  1  380  

Microcoupure  p  1 00  1 00  260  500  880  1  380  

Coupure  totale  p  500  1  250  1  330  1  450  1  640  1  890  

Micro-in terruption  q  -  -  -  -  -  -  

 

I solation  ou  déconnexion  à  
soumettre  à  essai  c d   

Tension  d 'essai  en  fonction  de  l a  tension  de  service  (U )  b  q  

TBTS  e  
Tension  de  service   

≤  50  V  f  

Tension  de  service  f  

50  V <  U ≤  690  V  

I solation  fonctionnel le  g  1 00  1 00  2  ×  U 

I solation  principale  h  i  500   1  250  1  200  +  U 

I solation  supplémentai re  h  i  j  k  l  – 1  250  1  200  +  (U)   

I solation  renforcée  h  i  j  k  l  – 2  500  2  400  +  (2  ×  U)   

Coupure  totale  o  N/A 1  250  1  200  +  U 

Microcoupure  o  1 00  1 00  2  ×  U 

Coupure  électron ique  m n  1 00  1 00  – 

Micro-in terruption  p  – – – 

NOTE  1  Un  poten tiel  en  cou ran t conti nu  équ i val an t  à  1 , 41 4  foi s  l a  tension  d ’ essai  spéci fi ée  dans  l e  Tableau  1 2  
peut  être  appl i qué.   

NOTE  2  Pou r l es  disposi ti fs  de  commande  d esti nés  à  être  i ncorporés  dans  un  apparei l  ou  à  être  u ti l i sés  
con joi n tement avec d ’ au tres  matéri e l s ,  l es  val eu rs  d ’ essai  d e  ri g i d i té  d i é l ectri q ue  p l us  é l evées  de  l a  norme de  
matérie l  peuvent  être  pri ses  en  considération .  

 
a  Au  Canada  et  aux É tats-Un i s ,  d 'au tres  valeurs  son t  appl i cabl es.  Vacant  
b  Le  transformateur de  hau te  tension  u ti l i sé  pour cet  essai  doi t  être  conçu  de  façon  que  l orsque  l es  bornes  de  

sorti e  son t  en  court-ci rcu i t  après  l 'a j ustement d e  l a  tension  de  sorti e  à  l a  tension  d 'essai ,  l e  couran t d e  sorti e  
soi t  au  moins  éga l  à  200  mA.  Le  rel ai s  à  maximum  de  cou ran t ne  do i t  pas  déclencher à  u n  couran t de  sorti e  
de  moins  de  1 00  mA.  On  doi t  prendre  soin  q ue  La  val eu r effi cace  de  l a  tension  d 'essai  soi t  doi t  être  mesurée  
à  ±3  %  près.  Voi r aussi  l 'Annexe  H .  

c  Les  composants  spéciaux suscepti bles  d 'empêcher l 'exécu ti on  de  l ’ essai  te l s  que  l es  parti es  é l ectron iques,  
l es  l ampes  au  néon ,  l es  bobi nes  ou  l es  enrou l ements  doi ven t  être  déconnectés  su r un  pô le  ou  shun tés  selon  
l ' i solation  soum ise  à  l ’ essai .  Les  condensateu rs  doi ven t  être  shun tés,  sauf pour l es  essais  pou r l ' i solation  
fonctionnel l e  l orsqu ’un  pôle  est  déconnecté.  S i  cette  façon  de  procéder se  révè le  i nappl i cable,  l es  essais  
des  Arti cl es  1 5  à  1 7  sont  cons i dérés  comme su ffi sants.  

d  Pour l es  disposi ti fs  de  commande des  classes  I  e t  0I  e t  pou r l es  disposi ti fs  de  commande  desti nés  à  
des  apparei l s  de  cl asse  I ,  i l  fau t  prend re  soi n  de  main ten i r u ne  attention  parti cu l i ère  doi t  ê tre  accordée  au  
main ti en  d ’ une  distance dans  l ’ ai r  su ffi sante  en tre  l a  feu i l l e  métal l i que  et  l es  parti es  métal l i q ues  
accessibl es  pour évi ter de  dépasser l es  l im i tes  adm issib les  pour l ' i sol ation  en tre  l es  parti es  actives  e t  l es  
parti es  métal l i ques  m ises  à  l a  terre.  

e       I l  convient  de  vei l l er en  effectuan t  l es  essai s  à  évi ter de  su rcharger l es  composants  des  di sposi ti fs  de  
commande  électron iques .  

f  e  Pas  d 'exi gences  j usqu 'à  une  tens ion  de  24  V en  valeur effi caces  en  couran t a l ternati f s i  l e  ci rcu i t  est  i solé  de  
l 'a l imentation  par u ne  double  i solation  ou  u ne  i solation  renforcée  (peu t  être  m is  à  l a  terre) .  
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g  f  S 'appl i que  aux disposi ti fs  de  commande  ga l van i quement  re l i és  à  l 'a l imentati on .  
h  g  L ’ i solation  fonctionnel l e  des  cartes  imprimées  soum ise  en  usage  normal  à  une  tens i on  i n féri eu re  ou  égale  

à  50  V n 'est  pas  soum ise  aux essais  de  1 3. 2 .  
i  h  Voi r 1 3 . 3 . 1 .  

j  i  Toute  p ièce  métal l i q ue  en  con tact  avec une  pi èce  métal l i que  access ible  est  également  considérée  comme 
accessible.  

k j  Pour l es  essais  d 'une  i solation  supplémentai re  ou  renforcée ,  l a  feu i l l e  métal l i que  est  appl i quée  de  tel l e  
man ière  que  tou te  matière  de  rempl i ssage  éven tuel l e  soi t  soum ise  à  l ’ essai  effi cacement sur une  des  
su rfaces  i solan tes  access ibles.  

l  k  Pour l es  parties  accessibles  q u i  sont  protégées  au  moyen  d 'une  impédance  de  protection ,  l es  essais  son t  
effectués  l es  composants  étant  déconnectés,  l e  poin t  m i l i eu  des  deux impédances  étan t  cons idéré  comme 
une  parti e  métal l i q ue  i n terméd iai re.  

m  l  Pour l es  disposi ti fs  de  commande  q u i  comporten t  u ne  i solation  renforcée  e t  une  double  i solation ,  i l  
convi en t  d e  prendre  des  précau tions  parti cu l i ères  pour vei l l er à  ce  q ue  l a  tension  app l i q uée  à  l ' i solation  
renforcée  ne  d épasse  pas  l es  l im i tes  adm issibles  pour l ' i solation  principal e  ou  l es  p ièces  supplémentai res  
qu i  consti tuent  l a  double  i solation .  

n  m  Le  d i spos i ti f q u i  effecti vement provoque  l a  coupure  est  d 'abord  reti ré  du  ci rcu i t.  S i  nécessai re,  tou te  en trée  
du  disposi ti f de  commande  est  connectée  de  façon  q ue  l e  d i spos i ti f provoque  l a  coupu re.  La  tension  d 'essai  
est  a l ors  appl i quée  aux bornes  et  connexions  d u  d i spos i ti f q u i  est  traversé  par l e  courant  d e  charge.  

o  n  Voi r Arti cl e  H . 28.   
p  o  Pour l 'essai  d es  coupures  totales  e t  des  microcoupures ,  l es  contacts  sont  ouverts  au tomatiquement ou  

manuel l ement,  et  soum is  à  essai  dès  que  poss ibl e  après  l 'ouverture  pour véri fi er q ue  l a  séparati on  des  
contacts  et  l e  comportement  d u  support  i sol ant  sont  sati sfai san ts .   

 Dans  l e  cas  des  disposi ti fs  de  commande  thermosensibles ,  i l  peu t  être  nécessai re  de  fourn i r des  
échanti l l ons  parti cu l i ers  spéci al ement  cal i brés  pou r ouvri r en tre  1 5  °C  et  25  °C  afi n  de  permettre  l a  
réa l i sation  de  cet  essai  à  l a  température  ambian te  imméd iatement après  l eur retrai t  d e  l 'étuve  hum id i fi an te.   

q  p  I l  n ' y a  pas  d 'exi gence  de  ri g i d i té  d i é lectri que  pou r l es  micro-in terruptions ,  d ans  l a  mesure  où  l a  
sati sfaction  aux essais  des  Arti cl es  1 5  à  1 7  i ncl us  est  considérée  comme suffi san te.  De  p l us ,  pour u n  
d isposi ti f de  commande  q u i  ne  présente  aucune  microcoupure  d ans  u ne  pos i ti on  de  son  organe de  
manœuvre  e t  des  micro-in terruptions  d ans  l es  au tres  posi ti ons,  l es  posi ti ons  correspondant aux micro-
in terruptions  ne  fon t  l 'ob jet  d 'aucune  exigence  de  ri g i d i té  d i é lectri q ue.  

q  Tou tes  l es  tensi ons  a l ternati ves  sont  des  tensions  effi caces  à  une  fréquence  de  50  Hz à  60  Hz.  

1 3.2.2  Lorsqu'on mesure l'isolation renforcée  ou l'isolation supplémentaire  des parties 
autres que métalliques,  chaque surface appropriée de l'isolation est recouverte d'une feuille  
métallique de manière à  fournir une électrode pour l'essai.  

1 3.2.3  L'isolation est soumise à  une tension pratiquement sinusoïdale  de fréquence 50 Hz 
ou 60 Hz.  La tension dont la  valeur est indiquée dans le Tableau 12 est appliquée pendant  
1  min  à  l'isolation ou à  la  coupure figurant dans ce même tableau.  

1 3.2.4  Au début de l'essai,  la  tension appliquée ne dépasse pas la  moitié  de la  valeur 
spécifiée,  puis elle est amenée rapidement à  la  pleine valeur.  Il ne doit se produire ni 
contournement ni avarie.  Des décharges luminescentes sans chute de tension sont négligées.  

 Essais  complémentai res  pour d ispositi fs  de  commande intercalés  dans  un  câble  1 3.3
souple  et d ispositi fs  de  commande  séparés  

Pour l es  disposi ti fs  de  commande intercalés  dans  un  câble  souple  et  pour l es  disposi ti fs  
de  commande séparés ,  après  l es  essais  de  1 3 . 1  ou  1 3 . 2 ,  se lon  ce  qu i  convien t,  l 'échanti l l on  
qu i  a  été  soum is  aux essais  de  1 2 .3  doi t subi r l es  essais  de  1 3. 3 . 1  à  1 3 .3 . 4  i nclus.  

Les  disposi ti fs  de  commande de  l a  classe  I I I  ne  son t pas  soum is  aux essais  de  ces  
paragraphes.  

1 3.3. 1  Une tension d'essai,  continue pour les dispositifs de commande  pour le courant 
continu seulement et alternative pour tous les autres dispositifs de commande,  est 
appliquée entre toutes parties actives  et 

– les parties métalliques accessibles;  
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– une feuille métallique avec une surface ne dépassant pas 20 cm ×  10 cm en contact avec 
les surfaces accessibles  en  matière  isolante,  reliées entre elles.  

Les mesures doivent être  faites individuellement ainsi que collectivement lorsque les surfaces 
sont accessibles simultanément d'une surface à  l'autre.  

Lorsqu'une surface est inférieure à  20 cm ×  10 cm,  la  feuille  métallique est tenue d’avoir la  
même dimension que la  surface.  La feuille métallique n’est pas tenue de rester en place 
suffisamment longtemps pour affecter la  température du dispositif de commande.  

Si le dispositif de commande  est pourvu d'une broche ou d'un conducteur de terre,  le  
conducteur de terre est à  déconnecter à  la  source d'alimentation.  

1 3.3.2  La  tension est égale à  

– 1 , 06 fois la  tension assignée,  ou 1 , 06 fois la  limite supérieure de la  plage de tensions 
assignées,  pour les dispositifs de commande  pour courant continu seulement,  pour les 
dispositifs de commande  monophasés et pour les dispositifs de commande  triphasés 
qui conviennent aussi à  une alimentation monophasée,  si la  tension assignée ou la  limite  
supérieure de la  plage de tensions assignées ne dépasse pas 250 V;  

– 1 , 06 fois la  tension assignée,  ou 1 , 06 fois la  limite supérieure de la  plage de tensions 
assignées,  divisée par 3 ,  pour les autres dispositifs de commande .  

1 3.3.3  Le  courant de fuite  est mesuré dans les 5 s qui suivent l'application de la  tension 
d'essai.  

1 3.3.4  Le courant de fuite  maximal vers les parties métalliques accessibles et la  feuille 
métallique ne doit pas dépasser les valeurs suivantes:  

– pour les dispositifs de commande des classes 0,  0l   0, 5 mA,  

– pour les dispositifs de commande de la  classe l  0, 75 mA,  et 

– pour les dispositifs de commande de classe II   0, 25 mA.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  valeurs  pour l es  di sposi ti fs  de  commande  a l imentés  en  250  V ou  moins  
sont  l es  su ivan tes:   

– pou r l es  disposi ti fs  de  commande des  classes  0 ,  0I  e t  I    0 , 5  mA;  

– pou r l es  disposi ti fs  de  commande de  classe  I I     0 , 25  mA.  

1 4 Échauffements  

1 4. 1  Les  dispositi fs  de  commande  e t  l eurs  supports  ne  doivent  pas  atteindre  des  
températures  excessives  en  usage normal .  

1 4. 1 . 1  La  conformité  est vérifiée par l'essai de 14. 2 à  14. 7 inclus.  

1 4. 1 .2  Pendant cet essai,  les températures ne doivent pas dépasser les valeurs spécifiées 
dans le  Tableau 13 et les dispositifs de commande  ne doivent subir aucune modification 
telle que la  conformité à  la  présente norme et en particulier aux Articles 8,  13 et 20 soit 
compromise.  

1 4.2  Les bornes et les connexions  destinées au raccordement des conducteurs externes  
autres que ceux des câbles fixés à demeure  ayant des fixations du type M,  du type Y ou 
du type Z doivent être équipées de conducteurs de la  section intermédiaire correspondant au 
type de conducteur et aux caractéristiques assignées utilisés en 10. 1 . 4.  
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1 4.2. 1  Si les fixations du type M,  du type Y ou du type Z sont utilisées,  le câble déclaré 
par le  fabricant ou livré  avec le dispositif de commande doit être  utilisé  pour l'essai.  

1 4.2.2  Si une borne est conçue aussi bien  pour des câbles souples que pour des 
conducteurs fixes,  le câble souple approprié est utilisé.  

1 4.2.3  Les bornes non destinées au raccordement des conducteurs externes  doivent être 
équipées de conducteurs de la  section minimale spécifiée en 10. 2. 1  ou de conducteurs 
spéciaux si ceux-ci sont déclarés en 7. 2.  

1 4.3  Les dispositifs de commande intercalés  dans un câble souple  sont montés ou 
posés sur une surface de  contreplaqué peinte en noir mat.  

1 4.3. 1  Les dispositifs de commande à montage indépendant sont montés comme en 
usage normal.  

1 4.4  Les dispositifs de commande  doivent être reliés à  une alimentation ayant la  tension 
la  plus défavorable comprise entre 0, 94 VR  et 1 , 06 VR.  Les circuits non sensibles à  la  tension 
peuvent être reliés à  une tension inférieure (mais non inférieure de 10 % à  VR  et chargés de 
façon telle que le  courant le plus défavorable compris entre 0, 94 et 1 , 06 fois le courant 
assigné circule dans le circuit) .  

NOTE  Aux É tats-Un is ,  l 'essai  est  effectué  aux tensi ons  spéci fi ées  en  1 7 . 2 . 3. 1  et  1 7 . 2 . 3 . 2 .   

1 4.4. 1  Les circuits et les contacts qui ne sont pas destinés aux charges externes doivent 
être spécifiés par le  fabricant.  

1 4.4.2  Les organes de manœuvre  sont placés dans la  position la  plus défavorable.  

1 4.4.3  Les contacts devant être initialement fermés pour les besoins de l'essai sont fermés 
avec le  courant et la  tension assignés du circuit.  

1 4.4.3. 1  Pour les dispositifs de commande thermosensibles ,  l'élément sensible  est 
chauffé ou refroidi à  une température qui diffère de (5 ±  1 )  K de la  température de 
fonctionnement mesurée dans les conditions du présent article,  de manière que les contacts 
associés soient en position  fermée.  

1 4.4.3.2  Pour tous les autres types de dispositifs sensibles,  l'élément sensible  doit être 
maintenu dans des conditions telles que les contacts soient fermés,  mais aussi près que 
possible  du point d'ouverture.  

1 4.4.3.3  Il peut être nécessaire d'élever ou d'abaisser,  suivant le  cas,  la  valeur de 
fonctionnement de la  grandeur de manœuvre  au-delà de la  valeur de fonctionnement de  
façon à  faire fonctionner des contacts,  puis de ramener la  valeur de la  grandeur de 
manœuvre  au niveau requis.  

1 4.4.3.4  Pour les autres dispositifs de commande automatiques,  la  séquence ou partie de 
la  séquence de fonctionnement  la  plus difficile  doit être  choisie.  

1 4.4.4  Si le  dispositif de commande  commence à  fonctionner pendant l'essai,  il est réglé 
de manière que ses contacts restent constamment fermés.  

1 4.4.4. 1  Si un réglage pour refermer les contacts s'avère difficile,  l'essai est arrêté.  Une  
nouvelle  valeur de fonctionnement  est déterminée pour recommencer l'essai.  

1 4.5  Les dispositifs de commande  sont soumis à  essai dans une enceinte de chauffage 
et/ou de réfrigération permettant d'obtenir les conditions ambiantes de 14. 5. 1  et 14. 5. 2.  

International  Electrotechnical  Commission

 



 – 386  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

Sauf dans le  cas des dispositifs de commande  soumis aux essais dans ou avec les 
appareils,  l'essai doit être effectué dans un environnement protégé des courants d'air.  La  
convection naturelle est autorisée.  

1 4.5. 1  La  température de la  tête de commande  est maintenue entre Tmax  et soit  
(Tmax  +  5)  °C,  soit 1 , 05 fois Tmax,  suivant la  valeur la  plus élevée.  La  température des 
surfaces de montage est maintenue entre Ts  max  et soit (Ts  max  +  5)  °C,  soit 1 , 05 fois Ts  max  
suivant la  valeur la  plus élevée si Ts  max  diffère de Tmax.  

1 4.5.2  Les dispositifs de commande intercalés  dans un câble souple,  les dispositifs de 
commande à  montage indépendant et les parties des dispositifs de commande intégrés 
et incorporés  qui sont accessibles lorsque le  dispositif est monté en position d'usage 
normal doivent être maintenus à  une température comprise entre 15 °C et 30 °C,  les 
températures résultantes mesurées étant corrigées pour une température ambiante de 
référence de 25 °C.  

1 4.6  Les températures spécifiées pour la  tête de commande,  les surfaces de montage et 
l'élément sensible  doivent être atteintes en 1  h  environ.   

1 4.6. 1  Les conditions électriques et thermiques sont maintenues pendant 4 h  ou 1  h  après 
l'obtention d'un état de régime suivant la  période la  plus courte.   

1 4.6.2  Pour les dispositifs de commande  à  fonctionnement limité à  des courtes périodes 
ou à  fonctionnement intermittent,  la  ou les périodes de repos déclarées au Tableau 1 ,  
exigence 34 doivent être incluses dans la  période de 4 h.  

1 4.7  La  température du milieu dans lequel se situe la  tête de commande  et la  valeur de la  
grandeur de manœuvre  à  laquelle l'élément sensible  est exposé doivent être mesurées 
aussi près que possible du centre de l'espace occupé par les échantillons à  une distance 
d'environ 50 mm du dispositif de commande.  

1 4.7. 1  La  température des parties et des surfaces indiquées dans le Tableau 13 doit être 
déterminée à  l'aide de couples thermoélectriques à  fil fin  ou par des moyens équivalents 
choisis et disposés de  façon à  réduire au minimum leur influence sur la  température de la  
partie  en  essai.  

1 4.7.2  Les couples thermoélectriques employés pour déterminer la  température des 
surfaces sont fixés sur la  face intérieure de plaquettes en cuivre ou laiton noirci,  de 15 mm de 
diamètre et 1  mm d'épaisseur et encastrés de  niveau avec la  surface.  Autant qu'il est 
possible,  la  position du dispositif de commande  est choisie telle que les parties susceptibles 
d'atteindre les températures les plus élevées soient en contact avec les plaquettes.  

1 4.7.3  Pour la  détermination des températures des organes de manœuvre  et autres 
poignées,  boutons,  manettes et organes analogues,  sont prises en considération les autres 
parties qui sont saisies en usage normal et,  pour les parties en matière  non métallique,  les 
parties en contact avec du métal chaud.  

1 4.7.4  La  température de l'isolation électrique,  autre que celle des enroulements,  est 
déterminée à  la  surface de  l'isolation,  aux endroits où une défaillance  pourrait provoquer:  

– un  court-circuit;  

– un danger d'incendie;  

– un effet néfaste sur la  protection contre les chocs électriques;  

– l'établissement d'un contact entre les parties actives  et des parties métalliques 
accessibles;  

– un contournement de l'isolation;  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 387  –  
© I EC  201 5  

– une réduction des lignes de fuite  ou des distances dans l'air en dessous des valeurs 
spécifiées à  l'Article 20.  

Tableau  1 3  (1 4. 1  de  l ’ éd i tion  3)  – Températures  de  chauffage  maximum (1  sur 4)  

Parties  
Température  

maximale  admissible  
°C  

Broches  des  socles  de  connecteurs  et  d es  d i sposi ti fs  enfi chab les  a :   

–  pou r cond i ti ons  très  chaudes   1 55  

–  pou r cond i ti ons  chaudes   1 20  

–  pou r cond i ti ons  froides    65  

Enrou lements  b  c  d  e  e t  tôl es  de  noyau  en  contact  avec ceux-ci ,  s i  l ' i solation  des  
enrou l ements  est:  

 

–  en  matière  de  l a  cl asse  A  1 00  [90]  

–  en  matière  de  l a  cl asse  E   1 1 5  [1 05]  

–  en  matière  de  l a  cl asse  B   1 20  [1 1 0]  

–  en  matière  de  l a  cl asse  F   1 40  

–  en  matière  de  l a  cl asse  H   1 65  

Bornes  et  connexions  pou r conducteurs  externes  a  f g    85  

Au tres  bornes  et  connexions  a  h    85  

Envel oppe  i sol an te  en  caoutchouc ou  en  polych lorure  de  vi nyl e  des  conducteu rs:  a   

–   s i  des  fl exi ons  se  produ isent  ou  sont  susceptib l es  de  se  produ i re    60  

–  s i  des  fl exi ons  ne  se  produ isen t  pas  ou  ne  son t  pas  suscepti b l es  de  se  produ i re    75  

–  avec i nd icati on  de  température  ou  valeur assignée  de  l a  température  val eu r i nd i quée  

Gaine  de  câble  u ti l i sée  comme i solation  supplémentai re  i    60  

Caou tchouc au tre  que  synthéti que  employé  pour l es  bagues  d 'étanchéi té  ou  au tres  
parti es  don t  l a  détéri oration  pourrai t  rédu i re  l a  conform i té  à  l a  présente  norme:  

 

–  l orsqu ' i l  est  u ti l i sé  comme i solation  supplémentai re  ou  comme i solation  renforcée    65  

–  dans  l es  au tres  cas    75  

Mati ères  u ti l i sées  pou r l ' i sol ati on  au tres  q ue  cel l es  u ti l i sées  pour l es  fi l s  i  j  k:   

–   texti l es ,  papi er ou  carton  imprégnés  ou  vern i s    95  

–  s trati fi és  agg lomérés  avec:   

 rés ines  mélam ine-formaldéhyde,  phénol -formaldéhyde  ou  phénol -furfural   1 1 0  [200]  

 rés ines  à  base  d 'u rée-formaldéhyde    90  [1 75]  

– Mati ères  mou lées  j   

 phénol -formaldéhyde  à  charge  cel l u l os i que   1 1 0  [200]  

 phénol -formaldéhyde  à  charge  m inérale   1 25  [225]  

 mélam ine-formaldéhyde   1 00  [1 75]  

 u rée-formaldéhyde    90  [1 75]  

 pol yester renforcé  de  fi bre  de  verre   1 35  

 m ica  pur et  matériaux en  céram ique  fortement  fri ttés  l orsque  ces  produ i ts  son t  
u ti l i sés  comme i solation  supplémentai re  ou  comme i solation  renforcée  

 425  

 au tres  matières  thermodurcissables  et  tou tes  l es  matières  thermoplasti q ues  l  –  

Toutes  surfaces  accessibles  à  l 'exception  de  cel l es  d es  organes  de  manœuvre ,  d es  
poignées,  des  boutons,  des  manettes  et  des  organes  anal ogues  

  85  
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Tableau  1 3  (2 sur 4)  

Parties  
Température  

maximale  admissible  
°C  

Surfaces  accessibles  des  poi gnées,  des  bou tons,  des  manettes  et  des  organes  
anal ogues  u ti l i sés  pou r l e  transport  d u  disposi ti f:  

 

– en  métal  55  

– en  porcel aine  ou  matière  vi tri fi ée  65  

– en  matière  mou lée  caoutchouc  ou  bo is  75  

Surfaces  accessibles  des  organes  de  manœuvre  ou  d 'au tres  poignées,  manettes  et  
organes  ana logues  q u i  ne  sont  tenus  que  pendant d e  courtes  périodes:  

 

– en  métal  60  

– en  porcel aine  ou  matière  vi tri fi ée  70  

– en  matière  mou lée  caoutchouc  ou  bo is  85  

Bois  en  général  90  

Surfaces  en  con trepl aqué  pe in tes  85  

P ièces  en  cu i vre  ou  en  l a i ton  desti nées  à  condu i re  l e  cou ran t  a  m  n  230  

P ièces  en  acier condu isan t  l e  courant  a  400  

Autres  pi èces  condu isant  l e  couran t a  m  –  

a  Pour ces  parti es,  l es  essais  d e  1 4 . 7  est  répété  après  l es  essa is  de  l 'Arti cl e  1 7 .   

b  La  classi fi cation  est  conforme  à  l ’ I EC 60085.  

 Comme exemples  de  matières  de  l a  cl asse  A,  on  peu t  ci ter:  l e  coton ,  l a  soie  natu rel l e ,  l a  so ie  arti fi cie l l e  et  l e  
papi er imprégnés,  l es  émaux o léo-rés i neux,  ou  à  base  de  rés i nes  pol yam ide.   

 Comme exemples  de  matières  de  l a  cl asse  B ,  on  peut  ci ter:  l a  fi bre  de  verre,  l es  rés ines  mélam ine-
formaldéhyde  et  phénol -formal déhyde.  

 Comme exemples  de  matières  de  l a  cl asse  E ,  on  peut  ci ter:   

  – l es  rés ines  mou lées  à  charge  cel l u l os ique,  l es  strati fi és  coton  et  l es  strati fi és  papier agg l omérés  avec 
des  rés i nes  mélam ine-formaldéhyde,  phénol -formaldéhyde  ou  phénol -fu rfu ral ;     

  – l es  rés ines  pol yester à  chaînes  transversales,  l es  fi lms de  tri acétate  de  cel l u l ose,  l es  fi lms  de  
téréphtal ate  de  po lyéthylène;  

  – l es  to i l es  vern i es  à  base  de  téréphtalate  de  pol yéthylène  agg l omérées  avec des  vern i s  à  base  de  rés ines  
a l kydes  mod i fi és  à  l 'hu i l e ;  

  – l es  émaux à  base  de  rés i nes  formol -pol yvinyl e,  pol yu réthanne  ou  époxyde.  

 Des  essais  de  viei l l i ssement  accéléré  p l us  importan ts  et,  en  ou tre,  des  essais  de  compati b i l i té  son t  exi gés  
pou r des  systèmes  d ' i solati on  de  l a  cl asse  B  et  d es  cl asses  de  températu res  pl us  é l evées.  

 Pour l es  moteurs  fermés  u ti l i sant  des  matières  des  cl asses  A,  E  et  B ,  l es  températu res  peuvent  être  
augmentées  de  5  K.  Un  moteur fermé est  un  moteur constru i t  de  façon  à  empêcher l a  ci rcu lati on  de  l 'a i r 
en tre  l ' i n térieur et  l ' extéri eu r de  l 'enveloppe,  mais  non  su ffi samment  en fermé pour être  cons idéré  comme 
hermétique  (étanche  à  l ' a i r) .  

c  Pour ten i r compte  du  fa i t  que  l a  températu re  des  enrou l ements  des  moteurs  un iversel s ,  des  re lai s ,  des  
solénoïdes,  etc.  est  généra lement  i n férieure  à  l a  moyenne  aux poin ts  accessib les  aux couples  
thermoélectri q ues,  l es  valeurs  qu i  ne  son t  pas  en tre  crochets  sont  appl i cab les  quand  l a  méthode  de  l a  
rés i stance  est  employée  et  l es  valeurs  en tre  crochets  s 'app l i quent  l orsque  des  thermocouples  sont  u ti l i sés.  
Pour l es  en rou lements  des  vi breurs  et  des  moteurs  à  couran t a l ternati f,  l es  valeurs  q u i  ne  son t  pas  en tre  
crochets  s 'app l i q uent  dans  l es  deux cas.  
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Tableau  1 3  (3 sur 4)  

d  La  valeur de  l 'échauffement  d 'un  enrou lement  en  cu ivre  est  calcu lée  à  parti r de  l a  formu le:  

( ) ( )121
1

12 234,5 ttt
R

RR
t −−+

−
=Δ

�

 

 où    

 Δt est l 'échauffement;  

 R1  est  l a  rés i stance  au  début  d e  l 'essai ;  

 R2  est  l a  rés i stance  à  l a  fi n  de  l 'essai ;  

 t1  es t  l a  températu re  ambiante  de  service  au  début  de  l 'essai ,  à  rég ler su r Tmax
;  

 t2  es t  l a  températu re  ambian te  de  service  à  l a  fi n  d e  l 'essai ;  

 Au  début  de  l ' essai ,  l es  en rou l ements  sont  tenus  de  se  trouver à  T
max

.  

 I l  est  recommandé  de  déterm iner l a  rés i stance  des  enrou l ements  à  l a  fi n  de  l 'essai  en  effectuant  l es  mesures  
de  rés i stance  aussi tôt  q ue  poss ible  après  l 'ouverture  du  ci rcu i t,  pu i s  à  des  i n terval l es  rapprochés,  de  façon  à  
pouvoi r tracer une  cou rbe  de  variati on  de  l a  rés i stance  en  fonction  du  temps  pour déterm iner l a  rés i stance  
au  moment  de  l 'ouvertu re  d u  ci rcu i t.   

 La  températu re  maximale  atte i n te  pour l es  besoins  de  l 'Arti cl e  1 4  est  obtenue  en  a j ou tant  l 'échauffement  à  
T
max

.  

e  Pour l es  peti ts  en rou lements  dont  l a  section  n 'a  pas  de  p l us  fa i ble  d imension  supéri eure  à  5  mm,  l a  
températu re  maximale  perm ise,  mesurée  par l a  méthode  de  l a  rés i stance,  est:  

 

 Classe  °C   

 A 1 05  

 E 1 20  

 B 1 30  

 F 1 55  

 H  1 80  

 

f  Pour l es  disposi ti fs  de  commande  q u i  sont  soum is  aux essais  montés  dans  ou  su r d es  matéri e l s ,  seu les  l es  
températu res  des  bornes  pour conducteu rs  fi xes  sont  véri fi ées,  car de  tel s  apparei l s  ne  son t  généralement  
pas  l i vrés  avec des  conducteurs  externes .  Pou r l es  matéri el s  mun is  de  bornes  au tres  que  cel l es  pou r 
conducteurs  fi xes,  on  re l ève  l a  température  de  l ' i sol ation  des  conducteurs  externes  au  l i eu  de  l a  
températu re  des  bornes.  

 Aux É tats-Un is ,  l a  températu re  maximale  au tori sée  est  d e  75  °C.  Des  températures  supérieu res  son t 
au tori sées  s i  l e  disposi ti f de  commande  porte  l a  marque  T  obl i gatoi re  représentant  l a  caractéri sti que  
ass ignée  des  conducteurs  externes .  

g   Pour l es  disposi ti fs  de  commande  in tégrés  e t  i ncorporés ,  aucune  l im i te  de  températu re  n 'est  appl i cable  
mais  l 'atten tion  est  atti rée  su r l e  fa i t  q ue  l a  p l upart  d es  normes  de  matérie l s  l im i tent  l a  températu re  des  
bornes  des  matériel s  fi xes  à  85  °C,  q u i  est  l a  températu re  maximale  adm ise  pou r l es  câbl es  i solés  au  PVC 
ord inai re.  I l  convi en t  q ue  l a  températu re  maximale  enreg i strée  ne  dépasse  pas  l a  va l eur déclarée  au  
Tableau  1 ,  exi gence  21 .  

 S i  un  di sposi ti f de  commande  est  i ncorporé/i n tégré  dans  un  apparei l ,  l es  bornes  des  conducteurs  
externes  seron t,  en  tan t  que  parti es  de  l 'apparei l ,  soum ises  aux essais  spéci fi és  par l a  norme  de  l 'apparei l  
et  l eu r conform i té  véri fi ée  selon  l es  l im i tes  de  températu re  de  cette  norme.  

h  La  température  mesurée  ne  doi t  pas  dépasser 85  °C,  à  moins  qu 'une  valeur p l us  é l evée  n 'a i t  été  d éclarée  
par l e  fabrican t.  

i  Les  va leu rs  de  températu re  i n d iquées  qu i  dépendent  des  matières  u ti l i sées  peuvent être  dépassées  s ' i l  est  
reconnu  par l ' expérience  que  l es  matières  u ti l i sées  présenten t  des  propriétés  parti cu l i ères  de  rés i stance  à  l a  
chaleu r.  
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j  Les  val eu rs  en tre  crochets  s 'appl i quent  aux parti es  d 'un  matéri au  u ti l i sées  pour d es  organes  de  manœuvre ,  
des  poi gnées,  des  bou tons,  d es  manettes  et  des  organes  analogues  et  qu i  son t  en  con tact  avec d u  métal  
chaud  mais  ne  son t  pas  access ibles.  

k  Lorsqu 'une  p i èce  métal l i que  est  en  contact  avec une  parti e  en  matière  i sol an te,  on  suppose  que  l a  
températu re  de  l a  matière  i solan te  au  poi n t  de  con tact  est  l a  même que  cel l e  de  l a  parti e  métal l i que.  

l  Les  températu res  maximales  adm iss ibles  ne  doi ven t  pas  ê tre  supéri eu res  aux températures  acceptabl es  
démontrées  pour l es  matéri aux en  questi on .  Ces  températu res  doi vent  être  en reg istrées  en  vue  des  essais  
de  l 'Arti cl e  21 .  

m  Les  températu res  maximales  adm issib les  ne  doi vent  pas  être  supéri eu res  aux températures  acceptabl es  
démontrées  pou r l es  matéri aux en  question .  

n  Des  températures  pl us  é l evées  sont  perm ises  pou r des  a l l i ages  cu ivre  spéci fi ques  s i  e l l es  sont  j usti fi ées  par 
des  i n formations  su r l es  essais  l i és  à  une  norme  reconnue  de  l a  métal l u rg ie,  fourn ies  par l e  fabrican t 
d 'a l l i age.  Voi r égal ement note  de  bas  de  tab leau  m .  

 

1 5  Tolérances  de  fabrication  et dérive  

1 5. 1  Les  parties  des  d isposi ti fs  de  commande  qu i  participen t à  une  action  de  type 2  
do ivent répondre  à  des  tolérances  de  fabrication  su ffisamment étroi tes  en  ce  qu i  concerne  
l eurs  valeurs ,  temps  et  séquences  de  fonctionnement  déclarés.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  tolérances  de  fabrication  e t  l a  dérive  son t  exprimées  sous  forme de  
to lérances  séparées  appl i cables  à  l a  val eur de  foncti onnement  d éclarée.  Pou r certa i ns  disposi ti fs  de  
commande  à  action  de  type  2 ,  l es  valeurs  de  tolérances  de  fabrication  e t  d e  dérive  adm issib les  sont  
précisées.  La  cohérence  est  ensu i te  déterm inée,  à  l ' a i de  de  l 'appare i l  spéci fi é ,  par mesure  de  l a  valeur de  
fonctionnement  d e  l ' échanti l l on  et  comparaison  à  l a  valeur de  fonctionnement  d éclarée.  

1 5.2  La conformité est vérifiée  par les essais appropriés de cet article .  

1 5.3  Pour les dispositifs de commande  dont le fonctionnement normal se traduit par leur 
destruction complète ou partielle,  les essais des paragraphes appropriés de l'Article 17 sont 
considérés comme suffisants.  

1 5.4  Pour les dispositifs de commande  dont le  fonctionnement dépend de la  méthode de 
montage sur un appareil ou de l'incorporation dans un appareil,  les tolérances de 
fabrication  et la  dérive  doivent être déclarées séparément sous la  forme de valeurs 
comparatives.  Il convient d'exprimer la  tolérance de fabrication  sous la  forme d'une plage ou 
d'une fourchette (par exemple 10 K)  et la  dérive  sous la  forme d'une variation (par exemple,  
±  10 K ou +5 K,  –10 K) .  

1 5.5  L'étroitesse (ou la  cohérence)  doit être déterminée de la  manière suivante:  

1 5.5. 1  L'appareil d'essai doit être tel que le dispositif de commande  soit monté de la  
manière déclarée par le  fabricant.  

1 5.5.2  Pour les dispositifs de commande sensibles,  l'appareil d'essai doit de préférence 
être commandé par le  fonctionnement normal du dispositif.  

1 5.5.3  Cependant,  la  nature exacte de l'appareil d'essai n'est pas déterminante car il est 
destiné à  fournir des valeurs comparatives,  et non des valeurs de réponse.  Il convient,  
cependant,  qu'il stimule aussi exactement que possible les conditions de  service normal du 
dispositif de commande.  
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1 5.5.4  L'essai doit normalement être effectué dans les conditions électriques suivantes:  
tension assignée maximale  (VR max)  et courant assigné maximal (IR max)  à  moins que des 
valeurs différentes aient été déclarées à  l'exigence 41  du Tableau 1 .  

Cependant,  le  fonctionnement du dispositif de commande  doit être provoqué par un 
dispositif convenable avec un courant lu ne dépassant pas 0, 05 A .  

1 5.5.5  Pour les dispositifs de commande sensibles ,  la  vitesse de variation de la  grandeur 
de manœuvre  doit être quelconque,  à  moins qu'une valeur particulière n'ait été déclarée à  
l'exigence 37 du Tableau 1 .  

1 5.5.6  Les valeurs de fonctionnement,  le  temps de fonctionnement ou la  séquence de 
fonctionnement approprié doivent être relevés pour chaque échantillon.  Entre deux 
échantillons quelconques,  la  différence de valeur relevée ne doit en aucun cas dépasser la  
tolérance de fabrication  déclarée.  

1 5.5.7  Les valeurs relevées sont également utilisées comme valeurs de référence pour 
chaque échantillon lors de la  répétition des essais correspondants après les essais 
d’environnement de l'Article 16 et les essais d'endurance de l'Article 17 pour permettre de 
déterminer la  dérive.  

1 5.6  Pour les dispositifs de commande  dont le fonctionnement ne  dépend pas de la  
méthode de montage sur un matériel ou d'incorporation dans un matériel (par exemple les 
minuteries,  les dispositifs sensibles  au courant,  les dispositifs sensibles  à  la  tension,  les 
régulateurs d'énergie  ou le  courant de relâchement des dispositifs à fonctionnement 
électrique) ,  l'étroitesse des tolérances doit être déterminée de la  manière suivante:  

1 5.6. 1  Les tolérances de fabrication  et/ou la  dérive  peuvent être exprimées sous la  forme 
d'une valeur absolue.  Dans ce cas,  une déclaration unique couvrant à  la  fois les tolérances 
de fabrication  et la  dérive  peut être effectuée.  

1 5.6.2  La  valeur de fonctionnement,  le  temps de fonctionnement ou la  séquence de 
fonctionnement approprié doivent être initialement mesurés pour tous les échantillons et 
doivent être compris dans les limites déclarées par le  fabricant.  

1 5.6.3  L'appareil d'essai doit simuler les conditions d'usage normal les plus sévères 
déclarées.  

1 5.6.4  Si une valeur de la  dérive  a  été déclarée séparément au Tableau 1 ,  exigence 42,  les 
valeurs mesurées pour chaque échantillon doivent être relevées pour servir de valeurs de 
référence lors de la  répétition des essais après les essais d’environnement de l'Article  16 et 
les essais d'endurance de l'Article  17,  pour permettre de déterminer la  dérive.   

1 5.7  Voi r Annexe J .  

1 5.8  Voir Annexe  J .  

1 6  Contraintes  cl imatiques  

 Transport et  stockage  1 6. 1

Les  dispositi fs  de  commande  sens ibles  aux contra in tes  cl imatiques  de  température  doiven t 
pouvoi r supporter sans  i nconvén ien t l e  n iveau  de  contrain te  approprié  susceptib le  de  se  
produ ire  pendant l e  transport ou  l e  s tockage.  
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1 6. 1 . 1  La  conformité est vérifiée par les essais appropriés de 16. 2 qui sont effectués en 
maintenant le  dispositif de commande  dans des conditions identiques aux conditions de  
transport déclarées.  En l'absence de telles déclarations,  le dispositif est soumis à  essai avec 
son organe  ou sa  liaison de manœuvre  dans la  position la  plus défavorable.  

 Contrainte  cl imatique  de  température  1 6.2

1 6.2. 1  L'effet de la  température est vérifié de la  manière suivante:  

– Le  dispositif complet doit être  maintenu à  une température de (–10 ± 2)  °C pendant une 
période de  24 h.  

– Le  dispositif complet doit être ensuite maintenu à  une température de (60 ±  5)  °C 
pendant une période de 4 h.  

NOTE  En  F in l ande,  en  Norvège  et  en  Suède,  des  valeurs  d i fféren tes  de  températu re  et  de  temps  peuvent être  
exi gées.   

1 6.2.2  Pendant ces deux périodes,  le  dispositif n'est pas mis sous tension.  

1 6.2.3  Après chaque essai,  un dispositif comportant un organe  ou une liaison de 
manœuvre  doit pouvoir être manœuvré correctement et assurer le  type de coupure déclaré 
pour autant que cela puisse être  déterminé sans démontage du dispositif.  Cet essai est 
effectué à  la  température ambiante normale.  

Le dispositif de commande  est maintenu à  température ambiante pendant 8 h  avant d'être 
manœuvré.  

1 6.2.4  De plus,  pour les dispositifs de commande  à  action de type 2,  l'essai approprié de 
l'Article 15 doit être répété après chacun des essais mentionnés ci-dessus.  Pour un même 
échantillon,  la  différence entre les valeurs relevées au cours de ces essais et la  valeur 
relevée au cours de l'essai de l'Article 15 ne doit pas dépasser la  dérive  déclarée à  
l'exigence 42 du Tableau 1 .  

1 7  Endurance  

 Exigences  générales  1 7. 1

1 7. 1 . 1  Les  disposi ti fs  de  commande ,  y compris  l es  d ispos i ti fs  qu i  sont soum is  aux essais  
montés  sur ou  dans  un  matérie l ,  doivent supporter l es  con train tes  mécan iques ,  é l ectri ques  et 
therm iques  susceptib les  de  se  produ i re  en  usage  normal .  

1 7. 1 .2  Les  d ispositi fs  de  commande  à  action  de  type 2  d o iven t fonctionner de  façon  que  
toute  valeur,  tou t temps ou  séquence de  fonctionnement  ne  varient  pas  d 'une  quan ti té  
supérieure  à  la  dérive  déclarée.  

1 7. 1 .2. 1  La  conformité  à  17. 1 . 1  et 17. 1 . 2 est vérifiée par les essais de 17. 1 . 3,  comme 
indiqué en 17. 16.  

1 7. 1 .3  Séquence  et condi tions  d 'essais   

1 7. 1 .3. 1  En général,  la  séquence d'essais est la  suivante:  

– un essai de vieillissement selon 17. 6 (cet essai ne s'applique qu'aux actions de type 1 .M 
ou 2.M);  

– un essai de surtension pour action automatique  accélérée selon 17.7 (Aux États-Unis,  au 
Canada et dans tous les pays qui utilisent un essai de surcharge,  cet essai est remplacé 
par un  essai de surcharge. ) ;  
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– un essai de fonctionnement pour action automatique  accélérée selon 17. 8;  

– un essai de fonctionnement pour action automatique  à  faible vitesse selon 17. 9 (cet 
essai n'est applicable qu'aux actions automatiques à  fermeture ,  ouverture lentes) ;  

– un essai de surtension pour action manuelle  à  vitesse accélérée selon 17. 10.  (Aux États-
Unis,  au Canada et dans tous les pays qui utilisent un essai de surcharge,  cet essai est 
remplacé par un essai de surcharge. ) ;  

– un essai de fonctionnement pour action manuelle  à  faible vitesse selon 17. 11 ;  

– un essai de fonctionnement pour action manuelle  à  vitesse élevée selon 17. 12 (cet essai 
est applicable uniquement pour les actions multipolaires,  et lorsqu'une inversion de  
polarité se produit pendant le  fonctionnement) ;  

– un essai de fonctionnement pour action manuelle  à  vitesse accélérée selon 17. 13.  

1 7. 1 .3.2  Pendant l'essai,  les conditions électriques,  thermiques et mécaniques doivent être,  
en  général,  celles spécifiées en  17.2,  17. 3 et 17. 4.  Les exigences générales d'essai sont 
données de 17. 6 à  17. 14 inclus.  Les exigences particulières d'essai sont données dans la  
partie  2 correspondante.  

1 7. 1 .3.3  Pour une action manuelle  faisant partie  d'une action automatique,  les essais 
correspondants sont normalement spécifiés au paragraphe applicable à  l'action 
automatique.  Cependant,  dans le cas où ces essais ne sont pas spécifiés,  17. 10 à  17. 13 
inclus sont applicables à  de  telles actions manuelles.  

1 7. 1 .3.4  Après  tous  les  essais  spéci fiés ,  l es  échan ti l l ons  doiven t satisfa i re  aux exigences  de  
1 7 . 1 4 ,  sauf spéci fication  con trai re  dans  l a  partie  2  appropriée.  

1 7. 1 .4  Voi r Annexe H .  

 Cond itions  électriques  pour l es  essais  1 7.2

1 7.2. 1  Chaque circuit d'un dispositif de commande  doit être chargé conformément aux 
valeurs assignées déclarées par le fabricant.  Les circuits et les contacts qui ne sont pas 
destinés à  commander des charges externes sont mis en fonctionnement avec les charges 
indiquées.  Certains circuits inverseurs peuvent nécessiter un essai séparé de chaque partie  
du circuit si le  fabricant le déclare dans ses instructions,  particulièrement si les valeurs 
assignées pour une partie du circuit inverseur dépendent du courant qui circule dans l'autre  
partie.  

1 7.2.2  Dans tous les pays qui utilisent un essai de surtension,  les charges électriques sont 
spécifiées au Tableau 14 à  la  tension assignée VR,  cette tension étant augmentée à  1 , 15 VR,  
pour l'essai de surtension de 17.7 et 17. 10.  L'essai de surtension n'est pas utilisé au Canada 
et aux États-Unis.  

1 7.2.3  Au  Canada,  aux États-Un is  et  d ans  tous  l es  pays  qu i  u ti l i sent  un  essai  d e  su rcharge,  l es  cond i ti ons  
spéci fi ées  au  Tableau  1 5  et  au  Tab leau  1 6  s 'appl i q uent.  Les  essais  de  su rcharge  son t  effectués  sur un  seu l  pôle  
ou  débattement,  l es  au tres  pôl es  ou  débattements  étant  à  l a  charge  normale.  

1 7.2.3. 1  Au  Canada,  aux É tats-Un is  et  dans  tous  l es  pays  qu i  u ti l i sen t  un  essai  de  su rcharge,  l es  tensi ons  
d 'essai  (VT)  sont:   

– 1 20  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  1 1 0  V  et  1 20  V;   

– 240  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  220  V  et  240  V;   

– 277  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  254  V  et  277  V;   

– 480  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  440  V  et  480  V;   

– 600  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  550  V  et  600  V.  
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1 7.2.3.2   Si la  valeur assignée du dispositif de commande  ne  se situe pas à  l'intérieur des 
plages de tensions indiquées,  il est soumis à  essai sous sa tension assignée.  

1 7.2.4  Quand il existe un système de neutre à  la  terre,  l'enveloppe doit être reliée par un 
fusible  calibré à  3 A  au conducteur de protection  du circuit,  et pour les autres systèmes,  
l'enveloppe doit être reliée à  travers un fusible de ce calibre au pôle de phase qui risque le  
moins d'être  mis à  la  terre.  

1 7.2.5  Pour les actions de type 1 .G ou 2 G et les autres actions à  vide,  des interrupteurs 
auxiliaires sont utilisés pour simuler le fonctionnement prévu pendant l'essai.  
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Tableau  1 4  (1 7.2 .1  de  l ’ éd i tion  3)  – Conditions  électriques  pour l 'essai  de  surtension   
(ce  tabl eau  s 'app l i que  à  tous  l es  pays  à  l ' exception  d u  Canada  et  d es  É tats-Un i s)  

Type  de  ci rcu i t   C i rcu i t al ternati f  Circu i t  continu  

selon  classi fication  
de  6.2  

Opération  V  A  Facteur de  pu i ssance  
(±0, 05)  a  

V  A  Constan te  de  temps  (±1  ms)  

Charge  prati q uement 
rés i sti ve  (classée  en  

6. 2 . 1 )  

Fermeture  et  
ouverture  

VR  

 

IR  0 , 95  VR  IR  

 

Non  i nducti ve  

Charge  rés i sti ve  ou  
i nducti ve  (classée  en  

6. 2 . 2)  

Fermeture  b  VR  6 , 0  IX   
ou  IR  

se lon  l a  p l us  g rande  
val eu r ari thmétique  

0 , 6  
0 , 95  

VR  2 , 5  IX   
ou  IR  

se lon  l a  p l us  g rande  val eu r 
ari thmétique  

7, 5  

 Ouvertu re  VR  IX   
ou  IR  

se lon  l a  p l us  g rande  
val eu r ari thmétique  

0 , 95   IX   
ou  IR  

se lon  l a  p l us  g rande  val eu r 
ari thmétique  

Non  i nducti ve  

Charge  spéci fi q ue  
déclarée  (classée  en  

6 . 2 . 3)  

Fermeture  et  
ouvertu re  

VR  Selon  charge  VR  Se lon  charge  

Charge  20  mA 
(classée  en  6 . 2 . 4 )  

Fermeture  et  
ouvertu re  

VR  20  mA 0 , 95  VR  20  mA Non  i nducti ve  

Charge  par moteur 
déclarée  (classée  en  

6 . 2 . 5)  

Fermeture  et  
ouvertu re  

VR  Se lon  déclaration  VR  Se lon  déclaration  

Charge  par mode 
pi lote  (cl assée  en  

6 . 2 . 6)  

Fermeture  b  

Ouvertu re  

VR  

VR  

1 0  VA/ VR  

VA/ VR  

0 , 35  

0 , 95  

 c  

a  Les  rés i stances  et  l es  i nductances  ne  son t  pas  rel i ées  en  para l l è l e,  sauf s ’ i l  est  fa i t  usage  d ’ une  i nductance  à  a i r,  auquel  cas  une  rés i stance  absorbant envi ron  1  %  du  couran t  
traversan t l ' i nductance  est  re l i ée  en  para l l è l e  avec cette  i nductance  à  a i r.  Les  i nductances  à  noyau  de  fer peuvent être  u ti l i sées  s i  l e  couran t est  prati quement s i nusoïdal .  Pou r l es  
essais  en  tri phasé,  l es  i nductances  à  noyau  tri phasé  son t  u ti l i sées.  

b   Les  cond i ti ons  de  fermeture  spéci fi ées  sont  main tenues  pendant une  période  comprise  en tre  50  ms  et  1 00  ms  avant  d 'être  rédu i tes  aux cond i ti ons  d 'ouvertu re  spéci fi ées  au  moyen  
d 'un  i n terrupteur auxi l i a i re.  Dans  n ' importe  l equel  des  essais  du  présent arti cl e,  s i  l ' ouvertu re  du  con tact  se  produ i t  moins  de  2  s  après  sa  fermeture,  l es  cond i ti ons  spéci fi ées  pou r 
l a  fermeture  son t  égal ement  u ti l i sées  pour l ' ouverture.   

c  Ces  va leu rs  ne  son t  pas  appl i cables.  
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Tableau  1 5  (1 7.2 .2  de  l ’ éd i tion  3)  – Conditions  électriques  pour les  essais  de  surcharge  de  1 7.7  et  1 7.1 0  
(Ce  tabl eau  s 'appl i que  au  Canada,  aux É tats-Un is  et  à  tous  l es  pays  q u i  u ti l i sent  u n  essai  d e  su rcharge)  

Type  de  ci rcu i t  Opération  Ci rcu i t  al ternati f Ci rcu i t  continu  

V A Facteur de  
pu issance  

V A 

Charge  prati q uement  
rés i sti ve  (classée  en  6. 2 . 1 )  

Fermeture  et  ouvertu re  VT  1 , 5IR  1 , 0  VT  1 , 5IR  

I nducti ve  
(au tre  q ue  par moteur)  

Fermeture  et  ouvertu re  VT  1 , 5IX  0 , 75-0, 8  VT  1 , 5IX  

Charge  par moteur déclarée  
(classée  en  6 . 2 . 5)  

Fermeture  et  ouvertu re  VT  6Im  
ou  sel on  décl aration  

0 , 4-0, 5  
ou  selon  
déclaration  

VT  1 0Im  
ou  selon  décl aration  

Charge  par mode pi lote  Fermeture  1 , 1  VT  1 1  VA/ VT  0 , 35  maximum  
ou  selon  
déclaration  

 

(cl assée  en  6 . 2 . 6)  Ouvertu re  1 , 1  VT  1 , 1  VA/ VT  
ou  selon  décl aration  

Selon  déclaration  

Les  abréviati ons  su i vantes  on t  été  u ti l i sées:   

VR  es t  l a  tens ion  ass ignée,  VT  est  l a  tension  d 'essai  (voi r 1 7. 2 . 3 . 1 ) .  U n  ci rcu i t  d ans  l equel  l a  tension  en  ci rcu i t  fermé est  1 00  %  à  1 1 0  %  de  VT  est  acceptabl e  pour l es  essais .  

Im  es t  l e  couran t assi gné  dans  l e  cas  d 'une  charge  par moteur,  IR est l e  couran t assigné  dans  l e  cas  d 'une  charge  rés i sti ve,  IX  est  l e  couran t assigné  dans  l e  cas  d 'u ne  charge  
i nducti ve.  

A des  fi ns  d 'essai ,  u ne  charge  par mode pi lote  se  compose  d 'un  é l ectro-a imant représentan t  l e  bobi nage  de  l ' a imant à  commander.  Le  cou rant  normal  est  cel u i  qu i  est  d éterm iné  à  
parti r d es  val eu rs  assignées  de  tension  et  de  vol tampères  de  l ’ é l ectro-aimant.  Le  cou rant  d 'essai  est  l e  cou rant  normal  et,  pou r un  courant  a l ternati f,  l e  facteur de  pu i ssance  doi t  
être  de  0 , 35  ou  moins  et  l e  courant  d 'appel  do i t  être  d e  1 0  foi s  l e  couran t normal .  Le  con tacteu r d ’ essai  do i t  être  l i bre  de  fonctionner,  c’ est-à-d i re  ne  pas  être  b l oqué  soi t  en  
posi ti on  ouverte,  soi t  en  posi ti on  fermée.  

Une  valeur ass ignée  par mode  pi lote  à  courant  a l ternati f peu t  être  déterm inée  pou r u n  di sposi ti f de  commande  ayan t  été  soum is  à  essai  pou r l a  commande  d 'un  moteu r à  cou ran t 
a l ternati f su r l es  bases  su i vantes:  

– pendant  l ' essai  de  su rcharge,  on  a  fai t  établ i r et  couper par l e  disposi ti f,  pendant  50  cycles  à  une  cadence  de  6  cycles  par m inu te,  u n  courant  d ’ une  val eur équ ivalen te  à  s i x foi s  
l e  courant  d u  moteur à  p l e i ne  charge  à  un  facteur d e  pu i ssance  de  0 , 5  ou  moins,  et  

–  l e  courant assigné d 'appel  par mode pi lote  (1 0  foi s  l e  couran t  normal )  ne  doi t  pas  être  de  p l us  de  67  %  de  l a  val eur normale  de  l ' essai  de  su rcharge  décri t  ci -dessus.  

Pour l es  disposi ti fs  de  commande  q u i  peuvent  fermer un  ci rcu i t  moteur en  cond i ti ons  de  rotor b l oqué  mais  auxquel s  on  ne  demande  j amais  d 'ouvri r l e  ci rcu i t  dans  de  te l l es  
cond i ti ons,  ce  qu i  su i t  s 'appl i q ue:  

–  au  Tableau  1 5:  

 a)  1 00  %  VT  en  a l ternati f et  0 , 5  VT  en  courant  con ti nu  pou r 1 , 5  foi s  l e  courant  assigné  

 b)  1 00  %  VT  pou r l e  courant  d e  rotor b l oqué  (fermeture  seu lement)  

–  au  Tableau  1 6:  

 1 00  %  VT  en  a l ternati f et  0 , 5  VT  en  couran t conti nu .  

Un  i n terrupteur non  prévu  d 'ori g i ne  pou r fermer et  ouvri r l e  couran t d u  moteu r d ans  l es  cond i ti ons  de  rotor b l oqué,  mais  qu i  a  u n  moyen  de  rég lage  ou  de  régu l ation  manuel  q u i  peu t  
l u i  permettre  d 'être  u ti l i sé  a i ns i ,  doi t  sati sfai re  aux exigences  de  1 7 . 7  pour un  essai  de  rotor b l oqué.  

Pour u n  i n terrupteu r prévu  pour foncti onner en  cou rant  con ti nu ,  l e  nombre  de  fonctionnements  d oi t  être  de  ci nq  (5),  menés  à  i n terva l l es  d e  30  s  et  l ' apparei l  d oi t  aussi  sati sfai re  
aux exigences  du  poin t  a)  ci -dessus.  
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Tableau  1 6  (1 7.2 .3  de  l ’ éd i tion  3)  – Condi tions  électriques  pour les  essais  de  surcharge  de  1 7.8,  1 7.9,  1 7 .1 1 ,  1 7.1 2  et  1 7. 1 3  
(Ce  tabl eau  s 'appl i que  au  Canada,  aux É tats-Un is  et à  tous les pays qui utilisent un essai de surcharge)  

  C i rcu i t  al ternati f  Circu i t  continu  

Type de  ci rcu i t  Opération  V  A  Facteur de  
pu issance  

V  A  

Charge  prati q uement 
rés i sti ve  

(classée  en  6 . 2 . 1 )  

Fermeture  et  ouvertu re  VT  IR  1  VT  IR  

I nducti ve  
(au tre  q ue  par moteu r)  

Fermeture  et  ouvertu re  VT  IX  0 , 75-0, 8  VT  IX  

Charge  par moteur déclarée  
(classée  en  6. 2 . 5)  

Fermeture  et  ouvertu re  VT  Im  
ou  selon  charge  

0 , 75-0, 8  
ou  selon  
déclaration  

VT  Im  

Charge  par mode pi lote  Fermeture  1 , 1  VT  1 0  VA/ VT  0 , 35  maximum   

(cl assée  en  6 . 2 . 6)  Ouvertu re  1 , 1  VT  VA/ VT  ou  selon  
déclaration  

ou  selon  
déclarati on  

Selon  déclaration  

Les  abréviati ons  su i van tes  on t  été  u ti l i sées:   

VR  est  l a  tension  assignée,  VT  est  l a  tens ion  d 'essai  (voi r 1 7 . 2 . 3. 1 ).  

Im  est  l e  courant  ass igné  dans  l e  cas  d 'une  charge  par moteur,  IR est  l e  courant  ass igné  dans  l e  cas  d 'une  charge  rés i sti ve,  IX  est  l e  courant  assigné  dans  l e  cas  d 'une  charge  
i nducti ve.  

NOTE  A des  fi ns  d 'essai ,  u ne  charge  par mode pi lote  se  compose  d 'un  é l ectro-aimant  représentan t  l e  bobi nage  de  l 'a imant à  commander.  Le  couran t normal  est  cel u i  qu i  est 
déterm iné  à  parti r des  val eu rs  ass ignées  de  tension  et  de  vol tampères  de  l ’ é l ectro-aimant.  Le  cou rant  d 'essai  est  l e  courant  normal  et,  pour un  cou ran t a l ternati f,  l e  facteur de  
pu i ssance  doi t  être  d e  0 , 35  ou  moins  et  l e  courant d 'appel  d oi t  être  d e  1 0  fo i s  l e  courant  normal .  Le  con tacteur d ’essai  d oi t  être  l i bre  de  fonctionner,  c’ est-à-d i re  ne  pas  être  b loqué  
soi t  en  posi ti on  ouverte,  soi t  en  posi ti on  fermée.  

Une  valeur assignée  par mode  pi lote  à  courant  a l ternati f peu t  être  déterm inée  pou r u n  di sposi ti f de  commande  ayan t  été  soum is  à  essai  pou r l a  commande  d 'un  moteu r à  cou ran t 
a l ternati f su r l es  bases  su i vantes:  

– pendant  l ' essai  de  su rcharge,  on  a  fa i t  établ i r et  couper par l e  disposi ti f,  pendant  50  cycles  à  une  cadence  de  6  cycl es  par m inu te,  u n  courant  d ’ une  val eur équ ivalente  à  s i x foi s  
l e  courant  d u  moteur à  p l ei ne  charge  à  un  facteur d e  pu i ssance  de  0 , 5  ou  moins,  et  

–  l e  courant assigné  d 'appel  par mode pi lote  (1 0  foi s  l e  cou rant  normal )  ne  doi t  pas  être  de  p l us  de  67  %  de  l a  va leu r normale  de  l 'essai  d e  surcharge  décri t  ci -dessus.  
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 Cond i tions  thermiques  pour l es  essais   1 7.3

1 7.3. 1  Les exigences suivantes sont applicables à  toutes les parties du dispositif de 
commande  à  l'exception d'un élément thermosensible:  

– les parties qui sont accessibles lorsque le dispositif de commande  est monté selon les 
instructions du fabricant doivent être exposées à  la  température ambiante normale (voir 
4. 1 ) ;  

– la  surface de  montage du dispositif de commande doit être maintenue entre Ts  max,  et soit 
(Ts  max  +  5)  °C,  soit 1 , 05 fois Ts  max,  suivant la  valeur la  plus élevée;  

– le reste de la  tête de commande  doit être maintenu entre Tmax  et soit (Tmax  +  5)  °C,  soit 
1 , 05 fois Tmax,  suivant la  valeur la  plus élevée.  Si Tmin  est inférieure à  0 °C,  des essais 
complémentaires doivent être effectués avec la  tête de commande  maintenue entre Tmin  
et (Tmin  –  5)  °C.  

1 7.3.2  Pour les essais de  17. 8 et 17. 13,  les températures de  17.3. 1  sont applicables à  la  
seconde moitié de chaque essai.  Pour la  première moitié,  la  tête de commande  est 
maintenue à  la  température ambiante.  

Des échantillons supplémentaires seront nécessaires si les essais doivent être effectués aux 
deux températures (Tmax  et Tmin ) .  

 Cond i tions  manuel les  et mécan iques  des  essais   1 7.4

1 7.4. 1  Pour toutes les actions manuelles ,  chaque cycle de manœuvre  doit comprendre un  
mouvement de l'organe de manœuvre  tel que le dispositif de commande  prenne 
successivement toutes les positions correspondant à  cette action avec retour à  la  position 
initiale,  sauf si plusieurs positions ARRÊT du dispositif de commande  ont été prévues,  
auquel cas chaque action manuelle  doit comprendre un mouvement d'une position ARRÊT 
à  la  position ARRÊT suivante.  

1 7.4.2   L'organe de manœuvre  doit être  déplacé aux vitesses suivantes:  

– pour l'essai à  faible vitesse:  

 (9 ±  1 )° par s pour les mouvements rotatifs;  

 (5 ±  0, 5)  mm/s pour les mouvements linéaires;  

– pour l'essai à  grande vitesse: 

 l'organe de manœuvre  doit être déplacé à  la  main aussi vite que possible.  Si un 
dispositif de commande  n'est pas muni d'un organe de manœuvre ,  l'autorité 
responsable des essais doit l'équiper d'un organe de manœuvre  convenable;  

– pour l'essai à  vitesse accélérée:  

 (45 ± 5)° par s pour les mouvements rotatifs;  

 (25 ± 2, 5)  mm/s pour les mouvements linéaires.  

1 7.4.3  Pendant l'essai à  faible  vitesse de 17. 4. 2:  

il faut prendre soin que l'appareil d'essai actionne l'organe de manœuvre,  sans jeu excessif 
entre l'appareil d'essai et l'organe de manœuvre.  

1 7.4.4  Pendant l'essai à  vitesse accélérée de 17. 4. 2:  

– il faut prendre soin que l'appareil d'essai détermine le  libre déplacement de l'organe de 
manœuvre  de façon à  ne pas entraver le  fonctionnement normal du mécanisme;  

– pour les dispositifs  de commande  dans lesquels les mouvements de l'organe de 
manœuvre  sont limités:  
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•  il doit y avoir une pause d'au moins 2 s  à  chaque changement de sens;  

•  un couple (pour les dispositifs de commande  rotatifs)  ou une force (pour les 
dispositifs de commande non rotatifs)  doit être appliqué(e)  à  l'extrémité de chaque 
mouvement pour vérifier la  bonne tenue mécanique des butées.  Le couple exercé doit 
avoir une valeur de cinq fois le couple normal de commande ou 1 , 0 Nm suivant la  
valeur la  plus faible avec un minimum de 0, 2 Nm.  La  force appliquée doit avoir une 
valeur de cinq fois la  force normale de commande ou 45 N,  suivant la  valeur la  plus 
faible avec un minimum de 9 N.  Si le  couple normal de commande dépasse 1 , 0 Nm ou 
si la  force normale de commande dépasse 45 N,  le couple ou la  force appliqué(e)  doit 
être égal(e)  au couple ou à  la  force normal(e)  de commande; 

– pour les dispositifs de commande  rotatifs dont le mouvement n'est pas limité  dans les 
deux sens,  les trois quarts du nombre de cycles de manœuvre  de chaque essai doivent 
être effectués dans le sens des aiguilles d'une montre,  les autres cycles étant effectués 
en sens inverse;  

– pour les dispositifs de commande  unidirectionnels,  l'essai doit être effectué dans le sens 
spécifié  pour autant que les couples mentionnés ci-dessus ne permettent pas de faire 
tourner l'organe de manœuvre  dans le  sens opposé.  

1 7.4.5  Le dispositif de commande ne doit pas faire l'objet d'une lubrification supplémentaire  
au cours de ces essais.  

 Exigences  concernant  l a  rig id i té  d iélectrique  1 7.5

1 7.5. 1  Après tous les essais du présent article,  les exigences de 13. 2 doivent s’appliquer,  
mais les échantillons ne sont pas soumis à  l'épreuve hygroscopique avant l'application de la  
tension d'essai.  Les tensions d'essai doivent être de 75 %  des valeurs correspondantes de 
13. 2.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l a  tension  d ’essai  d oi t  être  d e  l a  val eu r spéci fi ée  en  1 3 . 2 .  

 Essai  de  viei l l i ssement  1 7.6

1 7.6. 1  Au cours de cet essai,  l'élément sensible  doit être maintenu à  la  valeur de la  
grandeur de manœuvre  qui a  été déterminée et utilisée à  l'Article  14.  Les autres parties du 
dispositif de commande doivent être maintenues aux températures indiquées en 17. 3.  Le 
dispositif de commande  est chargé électriquement comme décrit en 17. 2 pour les conditions 
de coupure applicables.  La durée de l'essai est de (100 + 0, 02 y)  h,  y étant la  valeur déclarée 
en 7. 2.  Cet essai s'applique aux dispositifs de commande  aux actions de  type 1 .M ou 2.M.  

1 7.6.2  Si au cours de cet essai,  l'action se déclenche,  la  valeur de la  grandeur de 
manœuvre  est augmentée ou diminuée de façon à  provoquer l'action inverse,  puis ramenée à  
une valeur différant d'une valeur «x»  de la  première pour permettre la  reprise de l'essai.  Cette 
opération peut être répétée autant de fois qu'il est nécessaire pour terminer l'essai ou jusqu'à  
ce que les limites de la  dérive  déclarée de 7. 2 soient dépassées,  lors de  la  répétition de  la  
procédure applicable de l'Article 15.  La valeur de «x»  est donnée dans la  partie 2 
correspondante.   

 Essai  de  surtension  (ou  essai  de  surcharge  au  Canada,  aux États-Un is  et  dans  1 7.7
tous  l es  pays  qu i  u ti l i sent un  essai  de  surcharge)  pour action  automatique  
accélérée  

1 7 .7. 1  Les conditions électriques doivent être celles spécifiées en 17. 2 pour une surtension 
(ou pour les conditions de surcharge) .  

1 7.7.2  Les conditions thermiques doivent être  celles spécifiées en 17. 3.  
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1 7.7.3  Méthode opératoire et vitesse de fonctionnement:  

– pour les actions de type 1 ,  la  vitesse de fonctionnement et la  méthode opératoire 
doivent faire l'objet d'un accord entre l'autorité  responsable des essais et le fabricant;  

– pour les actions de type 2,  la  méthode de fonctionnement doit être celle qui résulte de 
la  conception du dispositif.  Pour les actions de type 2 basées sur la  détection d'une 
grandeur,  le  taux de fonctionnement peut être augmenté,  soit à  l'accélération des cycles 
déclarée dans le Tableau 1 ,  ou soit les taux de changement de quantité  d’activation ne 
dépassent pas alpha2 et beta2 déclarées dans ce même paragraphe 

NOTE  1  La  méthode  opératoi re  cons iste  par exemple  à  remplacer l e  capi l l a i re  d 'u n  système hyd rau l i que  par un  
d i sposi ti f pneumatique,  ou  à  remplacer l e  moteur primaire  par un  moteu r à  vi tesse  d i fféren te.  

– Les dispositifs de commande  de type 2 sont soumis aux essais avec la  valeur 
d'ouverture la  plus défavorable déclarée au Tableau 1 ,  exigence 48.  

NOTE  2  Pou r l es  disposi ti fs  de  commande  fonctionnant à  l a  températu re  et  à  l a  press ion ,  i l  s 'ag i t  normalement 
de  l a  val eu r maximale.  

1 7.7.4  Pour les actions de type 2 basées sur la  détection d'une grandeur,  le dépassement à  
chaque cycle de fonctionnement doit être compris dans les limites déclarées en 7. 2.  

1 7.7.5  Pour une action basée sur la  détection d'une grandeur,  on peut augmenter la  pente 
de variation de  la  grandeur de manœuvre,  et pour les autres actions de type 1 ,  on peut 
inhiber le moteur primaire  entre les cycles de fonctionnement,  pour autant que cela  
n'affecte pas sensiblement les résultats de l'essai.  

1 7.7.6  Le nombre de cycles automatiques que comporte le présent essai est un dixième du 
nombre déclaré en 7. 2 ou 200 suivant la  valeur la  plus faible.  

1 7.7.7  Pendant l'essai,  les organes de manœuvre  sont placés dans leur position la  plus 
défavorable.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l e  nombre  de  cycles  es t  l im i té  à  50.  

 Essai  d 'action  automatique  accélérée  1 7.8

1 7.8. 1  Les conditions électriques doivent être celles spécifiées en 17. 2.   

1 7.8.2  Les conditions thermiques doivent être celles spécifiées en 17. 3.   

1 7.8.3  La  méthode opératoire et la  vitesse de fonctionnement doivent être celles utilisées 
au cours de  l’essai de 17.7.3.  

1 7.8.4  Le nombre de cycles automatiques (sauf pour les actions automatiques à fermeture 
et ouverture lentes,  comme indiqué plus loin)  doit être celui qui est déclaré en 7. 2 diminué 
du nombre de cycles effectivement exécutés au cours de l'essai de 17. 7.  Pendant cet essai,  
les organes de manœuvre  doivent être placés dans leur position la  plus défavorable.  
Pendant l'essai,  la  défaillance  d'un composant quelconque d'une action de type 1  qui n'est 
pas déterminante au regard des exigences de l'essai et que l'on peut,  selon toute  
vraisemblance,  attribuer à  l'accélération de l'essai,  ne doit pas constituer une cause de rejet,  
à  condition que le composant soit réparable ou remplaçable,  ou que l'essai puisse être 
poursuivi d'une manière différente et convenue,  de sorte que le nombre total de cycles 
automatiques spécifié  en  7. 2 puisse être  accompli.   

  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 401  –  
© I EC  201 5  

1 7.8.4. 1  Pour les actions automatiques à fermeture et ouvertures lentes ,  le  nombre de  
cycles automatiques spécifiés en 17. 8. 4 et effectués au cours du présent essai est limité à  
75 %.  Les 25 %  restants correspondent à  l'essai de 17. 9.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l e  nombre  de  cycles  pou r l es  actions  de  type  2  e t  certa i nes  actions  de  
type  1  est  spéci fi é.  

 Essai  d 'action  automatique  l ente  1 7.9

1 7.9. 1  Les actions automatiques à fermeture et ouverture lentes  doivent être soumises à  
essai par l'exécution du 25 %  restant de nombre de cycles automatiques spécifiés en 17. 8.  

1 7.9.2  Les conditions électriques et thermiques doivent être celles spécifiées en 17. 2 et 
17. 3.  

1 7.9.3  La  méthode opératoire consiste soit à  imposer une variation à  la  grandeur de 
manœuvre  que détecte l'élément sensible ,  soit à  agir sur le moteur primaire.  Pour les 
dispositifs de commande sensibles,  les pentes de variation de la  grandeur de manœuvre  
doivent être les valeurs α1  et β1  déclarées en 7. 2.  Pour un dispositif de commande 
sensible,  il est admis de changer la pente de variation de la  grandeur de manœuvre;  et pour 
un dispositif de commande automatique,  il est admis d'inhiber le moteur primaire  entre 
deux fonctionnements ,  à  condition que cela n'affecte pas sensiblement les résultats.  Pour 
les dispositifs de commande sensibles,  le  dépassement à  chaque fonctionnement  doit 
être compris entre les valeurs déclarées en 7. 2.  Pour l'application de cet essai à  une action 
de type 2,  il est essentiel de surveiller de manière continue et d'enregistrer la  valeur de 
fonctionnement,  les dépassements ou les séquences de fonctionnement.  

1 7.9.3. 1  Cette surveillance est également recommandée pour les autres types de dispositif 
de commande  de façon à  déterminer la  cohérence des essais.  

1 7.9.4  Si seulement la  fermeture,  ou l'ouverture,  est une action automatique  lente,  il est 
admis,  par suite d'accord intervenu entre l'autorité responsable des essais et le fabricant,  
d'accélérer le reste de l'action à  laquelle  les dispositions de 17. 8 sont applicables.  

 Essai  de  surtension  (ou  essai  de  surcharge au  Canada,  aux États-Un is  et  dans  1 7. 1 0
tous  l es  pays  qu i  u ti l i sent l 'essai  de  surcharge)  pour action  manuel le  accélérée  

1 7. 1 0. 1  Les conditions électriques doivent être celles spécifiées en 17. 2 pour une surtension 
(ou pour les conditions de surcharge) .  

1 7. 1 0.2  Les conditions thermiques doivent être  celles spécifiées en 17. 3.   

1 7. 1 0.3  La  méthode opératoire doit être celle  spécifiée en 17. 4 pour l’essai à  vitesse 
accélérée.  Le nombre de cycles de manœuvre  doit être un dixième du nombre déclaré en 7. 2 
ou 100,  suivant la  valeur la  plus faible.  Pendant l'essai,  les éléments sensibles  sont 
maintenus à  des valeurs appropriées de la  grandeur de manœuvre  et les moteurs 
primaires  sont disposés de manière que la  manœuvre  produise le  fonctionnement désiré.  

1 7. 1 0 .4  Au  Canada  et  aux États-Un i s  où  l 'essai  de  surcharge  est  appl i cable,  l e  nombre  de  cycl es  est  l im i té  à  
50.   

 Essai  d 'action  manuel le  à  faible  vi tesse  1 7. 1 1

1 7. 1 1 . 1  Les conditions électriques doivent être celles spécifiées en 17. 2.  

1 7. 1 1 .2  Les conditions thermiques doivent être  celles spécifiées en  17.3.  

1 7. 1 1 .3  La  méthode opératoire  doit être celle  spécifiée en 17. 4 pour l’essai à  faible  vitesse.  
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1 7. 1 1 .4  Le nombre de cycles de manœuvre  doit être un  dixième du nombre déclaré en 7. 2 
ou 100,  suivant la  valeur la  plus faible.  Pendant l'essai,  les éléments sensibles  sont 
maintenus à  des valeurs appropriées de la  grandeur de manœuvre  et les moteurs 
primaires  sont disposés de manière que la  manœuvre  produise le  fonctionnement désiré.  

 Essai  d 'action  manuel le  à  grande vi tesse  1 7. 1 2

NOTE  Cet essai  est  app l i cab le  u n iquement pou r l es  actions  mu l ti pola i res ,  et  l orsqu 'une  i nvers ion  de  pol ari té  se  
produ i t  pendant  cette  acti on .  

1 7. 1 2. 1  Les conditions électriques sont spécifiées en 17. 2.  

1 7. 1 2 .2  Les conditions thermiques sont celles spécifiées en 17. 3.  

1 7. 1 2 .3  La  méthode opératoire  est celle  spécifiée en 17. 4 pour l’essai à  grande vitesse.   

1 7. 1 2 .4  Le nombre de  cycles de manœuvre  est 100.  Pendant les essais,  les éléments 
sensibles  sont maintenus à  des valeurs appropriées de la  grandeur de manœuvre  et les 
moteurs primaires  sont disposés de manière que la  manœuvre  produise le fonctionnement 
désiré.  

1 7. 1 2 .5  Au  Canada  et  aux États-Un i s  où  l 'essai  de  surcharge  est  appl i cable,  l e  nombre  de  cycl es  est  l im i té  à  
50.   

 Essai  d 'action  manuel le  à  vi tesse  accélérée  1 7. 1 3

1 7. 1 3.1  Les conditions électriques sont celles spécifiées en 17. 2.  

1 7. 1 3.2  Les conditions thermiques sont celles spécifiées en 17. 3.  

1 7. 1 3.3  La  méthode opératoire  est celle  spécifiée en 17. 4 pour l'essai à  vitesse accélérée.  

1 7.1 3.4  Le nombre de cycles de manœuvre  est égal au nombre déclaré en 7. 2 diminué du 
nombre de cycles effectués au cours des essais de 17. 10,  17. 11  et 17. 12.  Pendant l'essai,  les 
éléments sensibles  sont maintenus à  des valeurs appropriées de la  grandeur de manœuvre  
et les moteurs primaires  sont disposés de  manière que la  manœuvre  produise le 
fonctionnement désiré.  

1 7.1 3.5  Pendant l'essai,  la  défaillance  d'un composant quelconque d'une action de type 1  
autre qu’un dispositif de commande de protection  qui n'est pas déterminante au regard des 
exigences de l'essai ne constitue pas une cause de rejet à  condition que le composant soit 
réparable ou remplaçable ou que l'essai puisse être poursuivi d'une manière différente et 
convenue telle  que le  nombre total de cycles de manœuvre  spécifié  puisse être accompli.  

 Évaluation  de  l a  conformité  1 7 . 1 4

Après l'exécution de tous les essais applicables de 17. 6 à  17. 13 inclus,  modifiés selon la  
partie  2 correspondante,  le dispositif de commande  doit être considéré comme conforme:  

– si toutes les actions automatiques et manuelles fonctionnent de la  manière prévue selon 
les termes de la  présente norme;  

–  si les exigences de l'Article 14 concernant les points désignés à  la  Note de bas de tableau 
a  du Tableau 13,  c'est-à-dire les bornes,  les parties transportant le  courant et les surfaces 
de support,  sont encore satisfaites;  

– si les exigences des Articles et Paragraphe 8,  17. 5 et 20 sont toujours satisfaites.  Pour les 
essais de 17. 5 et de l'Article 20,  les dispositifs de commande  pour lesquels des 
échantillons spéciaux ont été  soumis à  l'Article  13 sont soumis à  essai dans une condition 
adéquate pour s'assurer que les contacts sont ouverts;  
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– si,  pour les actions de type 2,  lors de la  répétition de l'essai applicable de l'Article 15,  la  
valeur de fonctionnement,  le  temps de fonctionnement ou la  séquence de 
fonctionnement se trouve,  selon le cas déclaré,  soit à  l'intérieur de la  plage des valeurs 
de la  dérive,  soit l'intérieur de la  plage des valeurs d'une combinaison de la  dérive  et des 
tolérances de fabrication;  

– si les coupures de circuit déclarées pour chaque action manuelle  peuvent encore être 
obtenues;  

– s'il n'y a  aucune trace de pannes  électriques transitoires entre  les parties actives  et les 
parties métalliques mises à  la  terre,  les parties métalliques accessibles ou les organes de 
manœuvre.  

Voi r auss i  l 'Annexe  H .  

 Vacant 1 7. 1 5

 Essai  pour l es  d ispositi fs  à  usages  particu l iers  1 7 . 1 6

Les essais applicables pour les dispositifs de commande  à  usages particuliers sont 
spécifiés dans la  partie 2 correspondante.  

1 7. 1 7  à  1 7.1 8  Voi r Annexe  J .  

1 8  Résistance mécanique 

 Exigences  générales  1 8. 1

1 8. 1 . 1  Les  disposi ti fs  de  commande  d o ivent être  constru i ts  de  man ière  à  pouvoi r 
supporter l es  contrain tes  mécan iques  susceptib les  de  se  produ ire  en  usage  normal .  

1 8. 1 .2  Les  organes  de  manœuvre  d es  dispositi fs  de  commande des  classes  I  et  I I  ou  
des  dispositi fs  d esti nés  à  des  apparei ls  des  classes  I  et  I I  doiven t avoi r une  rés istance  
mécan ique  suffisan te  ou  être  constru i ts  de  façon  qu 'une  protection  adéquate  con tre  les  chocs  
é lectriques  soi t  main tenue  en  cas  de  rupture  de  l 'organe de  manœuvre .  

1 8. 1 .3  Les  d ispositi fs  de  commande intégrés  et  incorporés  n 'on t pas  à  subir l es  essais  
de  1 8. 2  car l eur rés istance  aux chocs  sera  soum ise  à  essai  se lon  l a  norme particu l i ère  de  
l 'apparei l .  

1 8. 1 .4  La  conformité est vérifiée  par les essais applicables de  18. 2 à  18.8 inclus effectués 
séquentiellement sur un échantillon.  

1 8. 1 .5  Après les essais appropriés,  le dispositif de commande  ne  doit présenter aucun 
dommage qui compromettrait la  conformité à  la  présente norme et en particulier aux 
exigences des Articles 8,  13 et 20.  On ne doit pas constater de décollement des revêtements,  
barrières ou autres éléments d'isolation.  

Il doit encore être possible d'enlever et de replacer les parties amovibles et autres parties 
externes,  telles que  les capots,  sans que ces parties ou leurs revêtements ne  se brisent.  

Après cet essai,  le  dispositif de commande  doit pouvoir être manœuvré dans toutes les 
positions qui correspondent à  une coupure totale  ou à  une microcoupure  de circuit.  

En cas de doute,  l'isolation supplémentaire  ou l'isolation renforcée  est soumise à  un essai 
de rigidité  diélectrique selon les exigences de l'Article  13.  

Une détérioration de la  peinture,  de faibles renfoncements qui ne réduisent pas les lignes de 
fuite  ou les distances dans l'air au-dessous des valeurs spécifiées à  l'Article 20 et de  
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petites ébréchures qui n'affectent pas la  protection contre les chocs électriques ou l'humidité 
ne sont pas retenus.  Des fissures non visibles à  l'œil nu et des fissures superficielles dans 
des matières moulées en fibre renforcée et matières analogues sont négligées.  Si une 
enveloppe  décorative est doublée par une enveloppe  intérieure,  il n'est pas tenu compte du 
bris de l'enveloppe  décorative,  si l'enveloppe  intérieure satisfait à  l'essai après l'enlèvement 
de l'enveloppe  décorative.  

1 8. 1 .6  Au  Canada  et  aux États-Un is ,  s i  l es  fi l ets  pour l e  branchement  d ' un  condu i t  métal l i que  son t  taraudés  sur 
l a  total i té  d ' un  trou  dans  une  paro i  d 'une  envel oppe  ou  s i  une  construction  équ i val ente  est  u ti l i sée,  i l  ne  doi t  pas  y 
avoi r d 'arête  vi ve,  pas  moins  de  troi s  n i  p l us  de  ci nq  fi l ets  complets  dans  l e  métal  et  l a  construction  d u  d i sposi ti f 
doi t  être  tel l e  qu 'une  dou i l l e  de  condu i t  appropri ée  pu i sse  être  fi xée  correctement.  

1 8. 1 .6. 1  Au  Canada  et  aux États-Un is ,  s i  l es  fi l ets  pou r l e  branchement  d 'un  condu i t  métal l i que  ne  sont  pas  
taraudés  su r l a  tota l i té  d 'un  trou  dans  une  paroi  d ' une  enveloppe,  l e  manchon  d 'un  condu i t  ou  é l ément anal ogue,  i l  
doi t  y avoi r au  moins  3 , 5  fi l ets  complets  dans  l e  métal ;  ce  taraudage  sera  doté  d ' une  bu tée  de  condu i t  et  au ra  un  
trou  d 'en trée  l i sse  b ien  arrond i  d 'u n  d i amètre  i n terne  approximativement  égal  à  cel u i  d u  condu i t  métal l i que  ri g i de  
de  ta i l l e  correspondante  qu i  d oi t  procu rer u ne  protection  aux conducteurs  équ i va len te  à  cel l e  procurée  par u ne  
dou i l l e  d e  condu i t  s tandard .  

1 8. 1 .6.2   Aux États-Un is ,  une  envel oppe  fi l etée  pou r supporter un  condu i t  métal l i que  ri g i de  doi t  présenter au  
moins  ci nq  fi l ets  complets  pour l ' i nserti on  d u  condu i t.  

La conformité  à  18. 1 . 6,  18. 1 . 6. 1  et 18. 1 . 6. 2 est vérifiée par examen.  

1 8. 1 .6.3  Au  Canada  et  aux É tats-Un is ,  un  manchon  de  condu i t  ou  manchon  fi l eté  fi xé  à  l ' envel oppe  par 
serti ssage  ou  par u n  moyen  s im i l a i re  doi t  pouvoi r rés i ster sans  arrachement  aux essais  su i van ts :  

– traction  d i recte  de  890  N  pendant 5  m in .  Pour cet  essai ,  l e  d i sposi ti f est  tenu  d ’être  supporté  par un  condu i t  
ri g i de  de  l a  man ière  prévue  et  de  supporter un  poids  suspendu  de  90, 8  kg ;  

– l e  d i spos i ti f est  tenu  d ’être  supporté  de  façon  ri g i de  par u n  moyen  au tre  que  l es  raccords  de  condu i t.  Une  force  
de  fl exion  de  67, 8  Nm  est  à  appl i quer pendant 5  m in  au  condu i t  perpend icu la i rement à  son  axe  et  l e  bras  de  
l evi er à  mesurer d e  l a  paroi  de  l 'enve loppe  sur l aque l l e  l e  manchon  est  s i tué  au  poin t  d 'app l i cation  de  l a  force  
de  fl exion ;  

– un  couple  de  67, 8  Nm  est  à  appl i q uer au  condu i t  pendant  5  m in  dans  l e  sens  d u  serrage  de  l a  connexion  et  l e  
bras  de  l evier à  mesurer à  part i r du  centre  du  condu i t.  

I l  peu t  s 'en  su i vre  une  déformation  de  l 'enve loppe  en  essai .  Cette  déformation  ne  consti tue  pas  une  défai l l ance .  

 Résistance  aux chocs  1 8.2

1 8.2. 1  A  l'exception des dispositions de 18. 4,  les dispositifs de commande  intercalés  
dans un câble souple,  séparés  et à montage indépendant sont vérifiés en appliquant des 
coups à  l'échantillon au moyen de l'appareil prévu dans l’IEC 60068-2-75.  

1 8.2.2  Toutes les surfaces qui sont accessibles lorsque le dispositif de commande  est 
monté  comme en usage normal sont soumises à  essai avec l'appareil de choc.  

1 8.2.3  Les dispositifs de commande  sont maintenus en contact avec une plaque carrée de 
175 mm de côté de contreplaqué de 8 mm d'épaisseur sans aucun renfort métallique,  montée 
verticalement sur un bâti rigide fixé à  un mur massif de brique,  de béton ou matériau 
analogue.  

1 8.2.4  Des coups sont appliqués à  toutes les surfaces accessibles,  y compris les organes 
de manœuvre,  sous des angles quelconques,  l'appareil d'essai étant étalonné pour délivrer 
une énergie de (0, 5 ± 0, 04)  Nm.  

1 8.2.4. 1  Les dispositifs de commande  au pied doivent être soumis au même essai,  mais 
en utilisant un  appareil d'essai étalonné pour délivrer une énergie de choc de (1 , 0 ±  0, 05)  Nm.  

1 8.2.5  Pour toutes les surfaces,  trois coups sont appliqués en chaque point qui est 
susceptible de présenter une faiblesse.  
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1 8.2.5. 1  Il faut veiller à  ce que les conséquences de chaque série  de trois  coups n'aient pas 
d'influence sur la  série suivante.  

1 8.2.5.2  Si l'on se doute qu'un défaut a  été favorisé par l'application des coups précédents,  
ce défaut est négligé et le groupe de trois coups qui a  entraîné le défaut est appliqué au 
même endroit sur un nouvel échantillon,  qui doit alors satisfaire à  l'essai.  

1 8.2.6  Les lampes de signalisation et leurs capots  ne sont soumis à  cet essai que s'ils font 
saillie par rapport à  l'enveloppe de plus de 10 mm ou si leur surface dépasse 4 cm² à  moins 
qu'ils ne fassent partie  d'un organe de manœuvre,  auquel cas ils doivent être soumis à  essai 
de la  même manière qu'un organe de manœuvre.  

 Vacant  1 8.3

 Variante  de  conformité  – Résistance aux chocs  1 8.4

NOTE  Au  Canada  et  aux États-Un is ,  l es  épaisseurs  m in imales  de  l a  feu i l l e  d e  métal  ou  de  l 'envel oppe  métal l i que  
i nd i quées  dans  l es  Tabl eaux 1 7  et  1 8  sont  consi dérées  comme sati sfai san t  aux exi gences  de  1 8. 2  et  l es  essais  
spéci fi és  ne  sont  pas  requ is .  

Tableau  1 7  (1 8.4.1  de  l ’ éd i tion  3)  – Épaisseur min imale  de  l a  feu i l le  métal l ique  pour l es  
enveloppes  en  acier au  carbone ou  en  acier inoxydable  

Sans  cadre  de  support a  Avec cadre  de  support ou  renforcement 
équ ivalent a  

Épaisseur m in imale  en  pouces  
(mm)  

Largeur maximale  b  

en  pouces  (cm)  
Longueur 
maximale  c  

en  pouces  (cm)  

Largeur maximale  b  

en  pouces  (cm)  
Longueur 
maximale  c  

en  pouces  (cm)  

Non  recouvert  Recouvert de  
métal  

 4 , 0  (1 0 , 2)  Non  l im i tée   6 , 25  (1 5, 9)  Non  l im i tée  0 , 020  d  (0 , 51 )  0 , 023  d  (0 , 58)  
 4 , 75  (1 2 , 1 )   5 , 75  (1 4, 6)   6 , 75  (1 7, 1 )   8 , 25   (21 , 0)    
 6 , 0  (1 5, 2)  Non  l im i tée   9 , 5  (24, 1 )  Non  l im i tée  0 , 026d  (0 , 66)  0 , 029  d  (0 , 74)  

 7 , 0  (1 7, 8)   8 , 75  (22, 2)   1 0 , 0  (25, 4)   1 2 , 5  (31 , 8)    

 8 , 0  (20, 3)  Non  l im i tée   1 2 , 0  (30, 5)  Non  l im i tée  0 , 032  (0 , 81 )  0 , 034  (0, 86)  
 9 , 0  (22 , 9)   1 1 , 5   (29, 2)   1 3, 0  (33, 0)   1 6, 0  (40, 6)    
 1 2 , 5  (31 , 8)  Non  l im i tée   1 9, 5  (49, 5)  Non  l im i tée  0 , 042  (1 , 07)  0 , 045  (1 , 1 4)  

 1 4 , 0  (35, 6)   1 8 , 0   (45, 7)   21 , 0  (53, 3)   25, 0  (63, 5)    
 1 8 , 0  (45, 7)  Non  l im i tée   27, 0  (68, 6)  Non  l im i tée  0 , 053  (1 , 35)  0 , 056  (1 , 42)  
 20 , 0  (50, 8)   25, 0   (63, 5)   29, 0  (73, 7)   36, 0  (91 , 4)    

 22 , 0  (55, 9)  Non  l im i tée   33, 0  (83, 8)  Non  l im i tée  0 , 060  (1 , 52)  0 , 063  (1 , 60)  
 25, 0  (63, 5)   31 , 0   (78, 7)   35, 0  (88, 9)   43, 0  (1 09, 2 )    

 25, 0  (63, 5)  Non  l im i tée   39, 0  (99, 1 )  Non  l im i tée  0 , 067  (1 , 70)  0 , 070  (1 , 78)  

 29, 0  (73, 7)   36, 0   (91 , 4)   41 , 0  (1 04, 1 )   51 , 0  (1 29, 5)    
 33 , 0  (83, 8)  Non  l im i tée   51 , 0  (1 29, 5)  Non  l im i tée  0 , 080  (2 , 03)  0 , 084  (2 , 1 3)  
 38, 0  (96, 5)   47 , 0   (1 1 9, 4)   54, 0  (1 37, 2 )   66, 0  (1 67, 6)    

 42 , 0  (1 06, 7)  Non  l im i tée   64, 0  (1 62, 6)  Non  l im i tée  0 , 093  (2 , 36)  0 , 097  (2 , 46)  
 47 , 0  (1 1 9, 4)   59, 0   (1 49, 9)   68, 0  (1 72, 7)   84, 0  (21 3, 4)    
 52 , 0  (1 32, 1 )  Non  l im i tée   80, 0  (203, 2 )  Non  l im i tée  0 , 1 08  (2 , 74)  0 , 1 1 1  (2 , 82)  

 60 , 0  (1 52, 4)   74 , 0   (1 88, 0)   84, 0  (21 3, 4)   1 03, 0  (261 , 6)    
 63 , 0  (1 60, 0)  Non  l im i tée   97, 0  (246, 4)  Non  l im i tée  0 , 1 23  (3 , 1 2 )  0 , 1 26  (3, 20)  

 73, 0  (1 85, 4)   90 , 0   (228, 6)   1 03, 0  (261 , 6)   1 27, 0   (322, 6)    
a  En  référence  aux Tableaux 1 7  et  1 8,  un  cadre  support  est  une  s tructu re  d 'ang le  ou  u ne  gou l otte  ou  u ne  section  ri g i de  

pl i ée  de  feu i l l e  métal l i q ue,  fi xée  de  façon  ri g i de  à  l a  su rface  enve loppe  et  ayant  approximativement  l es  mêmes  d imensions  
extérieures;  i l  a  u ne  ri g i d i té  en  tors ion  su ffi sante  pour rés i s ter aux moments  de  tors ion  q u i  peuvent  être  appl i q ués  par 
l ' i n terméd iai re  d e  l a  su rface  enveloppe  l orsqu 'e l l e  est  tordue.  Une  construction  consi dérée  comme ayant u n  renforcement 
équ i va len t  peu t  être  réal i sée  par d es  conceptions  offrant  u ne  structure  auss i  ri g i de  qu 'une  s tructu re  constru i te  avec un  
cadre  angu lai re  ou  des  gou l ottes.  Les  constructions  considérées  comme ne  comportant  pas  de  cadre  support  sont:  a )  une  
feu i l l e  s imple  avec fl asques  s imples  préformés  ou  bords  préformés,  b)  une  feu i l l e  s imple  ondu lée  ou  stri ée,  c)  une  surface  
enveloppe  attachée  de  façon  l âche  à  un  support,  par exemple  par des  cl i ps  à  ressort.  

b   La  l argeur est  l a  p l us  peti te  d imension  d 'u ne  feu i l l e  d e  métal  rectangu lai re  q u i  fa i t  parti e  de  l 'enve loppe.  Les  surfaces  
ad jacentes  d ' une  envel oppe  peuvent  avoi r des  supports  communs  et  être  fa i tes  dans  une  feu i l l e  s imple.  

c   «Non  l im i tée»  ne  s 'appl i q ue  q ue  s i  l e  bord  de  l a  su rface  es t  un  fl asque  d 'au  moins  0 , 5  i n  (1 2 , 7  mm)  ou  est  fi xé  à  des  
surfaces  ad j acentes  qu i  n e  son t  pas  en levées  en  usage  normal .  

d   La  feu i l l e  d 'acier pour une  enveloppe  desti née  à  u n  usage  à  l 'extéri eu r ne  doi t  pas  avoi r une  épa isseur i n férieu re  à  0 , 034  
i n  (0 , 86  mm)  s i  e l l e  est  recouverte  de  zi nc et  i n féri eure  à  0 , 032  i n  (0 , 81  mm)  s i  e l l e  n 'est  pas  recouverte.  
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Tableau  1 8  (1 8.4.2  de  l ’ éd i tion  3)  – Épaisseur min imale  de  l a  feu i l le  métal l ique  pour l es  
enveloppes  en  alumin ium,  cu ivre  ou  l ai ton  

Sans  cadre  de  support a  Avec cadre  de  support ou  renforcement équ ival ent a  

Largeur maximale  b  

en  pouces  (cm)  
Longueur maximale  c  

en  pouces  (cm)  
Largeur maximale  b  

en  pouces  (cm)  
Longueur maximale  c  

en  pouces  (cm)  
Épaisseur maximale  
en  pouces  (mm) 

 3 , 0  (7, 6)  Non  l im i tée   7 , 0  (1 7, 8)  Non  l im i tée  0 , 023  d  (0 , 58)  
 3 , 5  (8 , 9)  4 , 0  (1 0 , 2 )   8 , 5  (21 , 6)  9 , 5   (24, 1 )   
 4 , 0  (1 0 , 2)  Non  l im i tée   1 0 , 0  (25, 4)  Non  l im i tée  0 , 029   (0 , 74)  

 5 , 0  (1 2 , 7)  6 , 0  (1 5, 2 )   1 0 , 5  (26, 7)  1 3, 5   (34, 3)   
 6 , 0  (1 5, 2)  Non  l im i tée   1 4 , 0  (35, 6)  Non  l im i tée  0 , 036   (0 , 91 )  

 6 , 5  (1 6, 5)  8 , 0  (20, 3)   1 5, 0  (38, 1 )  1 8 , 0   (45, 7)   

 8 , 0  (20, 3)  Non  l im i tée   1 9 , 0  (48, 3)  Non  l im i tée  0 , 045   (1 , 1 4)  
 9 , 5  (24, 1 )  1 1 , 5  (29, 2)   21 , 0  (53, 3)  25, 0   (63, 5)   
 1 2 , 0  (30, 5)  Non  l im i tée   28, 0  (71 , 1 )  Non  l im i tée  0 , 058   (1 , 47)  

 1 4 , 0  (35, 6)  1 6 , 0  (40, 6)   30 , 0  (76, 2)  37, 0   (94, 0)   
 1 8, 0  (45, 7)  Non  l im i tée   42 , 0  (1 06, 7)  Non  l im i tée  0 , 075   (1 , 91 )  
 20, 0  (50, 8)  25, 0  (63, 4)   45, 0  (1 1 4, 3)   55, 0   ( 1 39, 7)   

 25, 0  (63, 5)  Non  l im i tée   60 , 0  (1 52, 4)  Non  l im i tée  0 , 095   (2 , 41 )  
 29, 0  (73, 7)  36, 0  (91 , 4)   64 , 0  (1 62, 6)   70 , 0   ( 1 98, 1 )   

 37, 0  (94, 0)  Non  l im i tée   87, 0  (221 , 0)  Non  l im i tée  0 , 1 22   (3 , 1 0)  

 42 , 0  (1 06, 7)  53, 0  (1 34, 6)   93 , 0  (236, 2 )   1 1 4, 0   (289, 6)   
 52 , 0  (1 32, 1 )  Non  l im i tée   1 23, 0  (31 2, 4)  Non  l im i tée  0 , 1 53   (3 , 89)  
 60, 0  (1 52, 4)  74, 0  (1 88, 0)   1 30, 0  (330, 2 )  1 60, 0   (406, 4)   
a  En  référence  aux Tabl eaux 1 7  et  1 8 ,  un  cad re  support  est  une  structure  d 'ang le  ou  une  gou lotte  ou  u ne  section  ri g i de  p l i ée  
de  feu i l l e  métal l i que,  fi xée  de  façon  ri g i de  à  l a  su rface  d 'enve loppe  et  ayan t approximati vement l es  mêmes  d imensions  
extérieures;  i l  a  u ne  ri g i d i té  en  tors i on  su ffi sante  pour rés i ster aux moments  de  tors ion  qu i  peuvent être  appl i q ués  par 
l ' i n terméd iai re  de  l a  surface  enve loppe  l orsqu 'e l l e  est  tordue.  Une  construction  consi dérée  comme ayant  un  renforcement 
équ i va len t  peu t  être  réal i sée  par d es  conceptions  offrant  u ne  structure  aussi  ri g i de  q u 'une  structure  constru i te  avec un  
cadre  angu la i re  ou  des  gou lottes.  Les  constructions  cons idérées  comme ne  comportant  pas  de  cadre  support  sont:  a)  une  
feu i l l e  s imple  avec fl asques  s imples  préformés  ou  bords  préformés,  b)  une  feu i l l e  s imple  ondu l ée  ou  stri ée,  c)  une  surface  
enveloppe  attachée  de  façon  l âche  à  un  support,  par exemple  par des  cl i ps  à  ressort.  

b  La  l argeu r est  l a  p l us  peti te  d imension  d 'u ne  feu i l l e  de  métal  rectangu l ai re  qu i  fa i t  parti e  d e  l ' envel oppe.  Les  su rfaces  
ad jacentes  d ' une  envel oppe  peuvent  avoi r des  supports  communs  et  être  fai tes  dans  une  feu i l l e  s imple.  

c   «Non  l im i tée»  ne  s 'appl i que  q ue  s i  l e  bord  de  l a  su rface  est  un  fl asque  d 'au  moins  0 , 5  i n  (1 2 , 7  mm)  ou  est  fi xé  à  d es  
su rfaces  ad j acentes  qu i  n e  son t  pas  en levées  en  usage  normal .  

d  Les  feu i l l es  d 'a l um in ium ,  de  cu ivre  ou  de  l a i ton  pour une  envel oppe  desti née  à  un  u sage  à  l ' extéri eu r (étanche  ou  
imperméable)  ne  doi ven t  pas  avoi r une  épaisseu r i n féri eu re  à  0 , 029  i n  (0 , 74  mm).  

 

1 8.4. 1  Le  métal  forgé  doi t  avoi r une  épaisseur d 'au  moins  3  mm  et  d 'au  p lus  6  mm  aux 
endroi ts  destinés  aux trous  fi letés  pour l es  condu i ts .  Tou tefois ,  l e  métal  «mou lé»  peu t avoir 
une  épaisseur d 'au  moins  1 , 6  mm  sur une  surface  au  p lus  égale  à  1 50  cm ² et n 'ayan t pas  de 
d imension  supérieure  à  1 50  mm  aux au tres  endroi ts  que  ceux prévus  pour les  trous  fi l etés  
pour l es  condu i ts,  et  peut avoi r une  épaisseur de  2 , 4  mm  au  moins  pour les  surfaces  p l us  
l arges.  

 D i spositi fs  de  commande séparés  1 8 .5

1 8.5. 1  Les dispositifs de commande séparés  doivent en plus être vérifiés par l'essai de 
18. 5. 2 et 18. 5. 3 à  l'aide de l'appareil représenté à  la  Figure 4.  

1 8.5.2  Deux mètres de  câble souple du type le plus léger spécifié  en  10. 1 . 4 doivent être 
raccordés aux bornes d'entrée et fixés de la  manière prévue.  Les dispositifs de commande  
destinés à  être utilisés avec un  câble souple  raccordé aux bornes de sortie doivent de même 
être équipés de 2 m du type de câble le plus léger prévu,  raccordés et disposés de la  manière 
illustrée à  la  Figure 4.  

L'échantillon doit être posé ou placé sur une surface de verre,  comme illustré,  et le câble 
souple doit être soumis à  une traction progressive ne dépassant pas la  valeur indiquée au 
Tableau 9.  Si l'échantillon bouge,  il est tiré aussi lentement que possible  sur la  surface de 
verre jusqu'à ce  qu'il tombe sur le bois dur recouvert de  béton.  
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La hauteur de la  surface de verre au-dessus de la  surface de bois est de 0, 5 m.  Les 
dimensions du bois dur recouvert de béton doivent être suffisantes pour que le dispositif de 
commande  y reste après sa  chute.  

Cet essai est répété trois fois.  

1 8.5.3  Après les essais,  l'échantillon doit être évalué comme indiqué en 18. 1 . 5.  

 D isposi ti fs  de  commande intercalés  dans  un  câble  souple  1 8.6

1 8.6. 1  Les dispositifs de commande intercalés  dans un câble souple  autres que les 
dispositifs de commande séparés  doivent en plus être soumis à  un essai de chutes 
répétées dans le  tambour rotatif de  la  Figure 5.  La largeur du tambour ne doit pas être 
inférieure à  200 mm et doit être suffisante pour permettre la  chute libre du dispositif équipé 
des câbles comme spécifié en 18.6. 2.  

1 8.6.2  Les dispositifs de commande  à  câbles fixés à demeure  ayant des fixations de 
type X doivent être équipés du ou des câbles souples de la  plus petite  section spécifiée en 
10. 1 . 4,  avec une longueur libre d'environ 50 mm.  Les bornes sont serrées avec un couple 
égal aux deux tiers du couple spécifié en 19. 1 .  Les dispositifs  à  câbles fixés à demeure  
ayant des fixations du type M,  du type Y et du type Z doivent être soumis à  essai avec le(s)  
câble(s)  souple(s)  déclaré(s)  ou fourni(s)  avec les échantillons,  ce(s)  câble(s)  étant coupé(s)  
de  manière à  dépasser d'environ 50 mm du dispositif.  

1 8.6.3  L'échantillon tombe d'une hauteur de 50 cm sur une plaque d'acier de 3 mm 
d'épaisseur,  le  nombre de chutes étant:  

– de 1  000 si la  masse de l’échantillon sans câble  ne dépasse pas 100 g;  

– de  500 si la  masse de l’échantillon  sans câble est comprise entre 100 g et 200 g.  

1 8.6.4  Les dispositifs de commande intercalés  dans un câble souple  dont la  masse 
dépasse 200 g ne sont pas soumis à  l'essai de chutes répétées dans le tambour rotatif mais 
doivent être soumis à  l'essai de 18. 5.  

1 8.6.5  La  vitesse de rotation du tambour est cinq tours par min,  ce qui correspond à  10 
chutes par minute.  

1 8.6.6  Après cet essai,  le  dispositif de commande  doit être évalué comme indiqué en 
18. 1 . 5.  Une attention spéciale est portée aux connexions du (des)  câble(s)  souple(s)  

 D i spositi fs  de  commande à  cordon  de  traction  1 8.7

1 8.7. 1  Les dispositifs de commande à cordon de traction  doivent être en plus soumis à  
essai de  la  manière décrite  en  18. 7.2 et 18. 7. 3.  

1 8.7.2  Le  dispositif de commande doit être  monté conformément aux déclarations du 
fabricant et le cordon doit être soumis à  une traction constante,  sans secousses,  pendant  
1  min dans la  direction normale  de manœuvre,  puis pendant 1  min dans la  direction la  plus 
défavorable,  mais ne  dépassant pas 45° de la  direction normale.  

1 8.7.3  Les forces de traction applicables sont données dans le  Tableau 19.  
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Tableau  1 9  (1 8.7  de  l ’ éd i tion  3)  – Valeurs  d ’essai  des  forces  de  cordon  de  traction   

 
Couran t assigné  

Force  
N  

A Direction  normale  Direction  l a  plus  défavorable  

J usqu 'à  4  i ncl us  50  25  

P l us  de  4  1 00  50  

 

1 8.7.4  Après cet essai,  le  dispositif de commande  doit être évalué comme indiqué en 
18. 1 . 5.  

 D i sposi ti fs  de  commande au  p ied  1 8.8

1 8.8. 1  Les dispositifs de commande  au pied doivent en plus être soumis à  essai de la  
manière suivante:  

1 8.8.2  Le dispositif est soumis à  une force appliquée au moyen d'une plaque de pression 
circulaire en  acier d'un diamètre de 50 mm.  La  force est augmentée progressivement d'une 
valeur initiale d'environ 250 N à  une valeur finale de 750 N en 1  min,  après quoi elle est 
maintenue à  cette  valeur pendant 1  min.  

1 8.8.3  Le  dispositif de commande  équipé d'un câble souple approprié est placé sur un 
support horizontal plat en acier.  La  force est appliquée trois fois sur l'échantillon occupant 
des positions différentes parmi les positions plus défavorables.  

1 8.8.4  Après l'essai,  le  dispositif de commande  doit être  évalué comme indiqué en 18. 1 . 5.  

 Organe de  manœuvre  et l iaisons  de  manœuvre  1 8.9

1 8.9. 1  Les dispositifs de commande  équipés ou destinés à  être équipés d'organes de 
manœuvre  doivent être soumis à  essai de la  manière suivante.  

– Tout d'abord,  une traction axiale  doit être appliquée pendant 1  min pour essayer 
d'arracher l'organe de manœuvre  du dispositif.  

– Si la  forme est telle que l'application d'une traction axiale n'est pas possible en usage 
normal,  le  premier essai n'est pas applicable.  

–  Si l'organe de manœuvre  a  une forme telle que l'application d'une traction axiale est 
improbable en  usage normal,  la  force d'essai est de 15 N.  

– Si la  forme est telle  que l'application d'une traction axiale est probable,  la  force d'essai est 
de  30 N.  

– Ensuite,  une pression axiale de 30 N est appliquée pendant 1  min à  chaque organe de 
manœuvre.  

1 8.9.2  Pour un dispositif de commande  destiné à  fonctionner avec un organe de 
manœuvre,  mais soumis aux essais sans cet organe,  ou pour un dispositif destiné à  
comporter un organe de manœuvre  facilement amovible,  une traction et une pression de 
30 N sont appliquées à  la  liaison de manœuvre.  

NOTE  Les  matières  de  rempl i ssage  et  l es  matières  analogues,  au tres  que  l es  rés ines  du rci ssan t à  l 'a i r,  ne  son t  
pas  considérées  comme sati sfai san tes  pou r évi ter l e  d esserrage.  

1 8.9.3  Pendant et après chacun de ces essais,  le dispositif de commande ne doit 
présenter aucun dommage et un  organe de manœuvre  ne doit pas se  déplacer de manière à  
compromettre la  conformité  à  la  présente norme.  
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1 9  Pièces  fi letées  et connexions  

 P i èces  fi letées  déplacées  lors  du  montage  et  des  opérations  d 'entretien  1 9. 1

1 9. 1 . 1  Les  p ièces  fi l etées,  é lectri ques  ou  au tres,  qu i  sont susceptib les  d 'être  manœuvrées  
l ors  du  montage  ou  de  l 'entretien  d u  dispositi f de  commande  d o iven t  être  capables  de  
rés ister aux efforts  mécan iques  qu i  se  produ isent  en  usage  normal .   

NOTE  Les  pi èces  fi l etées  qu i  sont  manœuvrées  l ors  du  montage  ou  de  l 'entretien  d u  disposi ti f de  commande  
comprennent  l es  vi s  des  bornes,  l es  vi s  des  d i spos i ti fs  d 'arrêt  de  traction  et  de  tors ion ,  l es  vi s  de  fi xation  et  d e  
montage,  l es  écrous,  l es  bagues  taraudées  et  l es  vi s  d e  fi xati on  des  couvercles  et  d es  capots.  

1 9. 1 . 2  Ces  pièces  doiven t être  faci l es  à  remonter après  qu 'e l l es  on t été  dévissées  
complètement.  

NOTE  Les  constructions  q u i  empêchent  l ' en l èvement  complet  d 'une  pi èce  fi l etée  sont  considérées  comme 
rempl i ssan t cette  exigence.  

1 9. 1 .3  Ces  p ièces  fi l etées  doiven t avoir un  fi l etage  métri que  I SO  ou  un  fi l etage  d 'efficaci té  
équ ivalente.  

NOTE  Provisoi rement,  l es  fi l e tages  S I ,  BA et  Un i fi és  son t  considérés  comme ayant u ne  effi caci té  équ i val ente  aux 
fi l etages  métri ques  I SO.  Un  essai  d 'équ i val ence  d 'effi caci té  est  à  l 'étude.  En  attendant  q u ' i l  soi t  ag réé,  tou tes  l es  
val eu rs  de  coupl e  appl i cables  à  des  fi l etages  au tres  q ue  I SO (métri ques),  S I ,  BA,  et  Un i fi és  son t  augmentées  de  
20  % .  

1 9. 1 .4  S i  une  tel l e  partie  fi l etée  est une  vis  et qu 'el l e  créé  un  fi l etage  dans  une  autre  partie ,  
e l l e  ne  doi t  pas  être  du  type  à  fi let  coupant.  E l l e  peu t être  du  type  autotaraudeuse.  I l  n 'existe  
pas  d 'exigence  pour l e  type  de  fi l et  a i ns i  produ i t.  

1 9. 1 .5  Ces  vis  peuvent  être  du  type  à  fi l et gros  à  cond i ti on  qu 'el les  soien t pourvues  d 'un  
d ispos i ti f approprié  empêchant l e  desserrage.  

NOTE  Les  d i spos i ti fs  appropriés  empêchant  l e  d esserrage  des  vi s  à  fi l et  g ros  comprennent  des  écrous  é lasti ques  
et  au tres  é l éments  d 'él asti ci té  anal ogues  ou  un  fi l etage  en  matière  é l asti que.  

1 9. 1 .6  Ces  pièces  fi letées  ne  doiven t pas  être  en  matière  non  métal l i que  s i  l eur 
remplacement par une  vis  métal l i que  de  d imensions  s im i la i res  peu t compromettre  l a  
conform i té  aux exigences  des  Articles  1 3  ou  20.  

1 9. 1 .7  Ces  vis  ne  doiven t pas  être  en  métal  tendre,  ou  su j et  au  fluage,  te l  que  l e  zi nc  ou  
l 'a lum in ium .  

Cette  exigence ne  s 'appl ique  pas  aux p ièces  u ti l i sées  soi t comme capot  pour l im i ter l 'accès  
aux moyens  de  rég lage  so i t  comme moyen  de  réglage  te l  que  le  rég lage  de  pression  ou  de  
débi t  des  dispositi fs  de  commande  de  gaz.  

1 9. 1 .8  Les  vis  s 'engagean t dans  un  fi letage  en  matière  non  métal l i que  doivent  avoi r une  
forme te l l e  que  l ' in troduction  correcte  de  la  vis  dans  l a  partie  correspondante  soi t  assurée.  

NOTE  L'exigence  concernan t l ' i n troduction  correcte  d 'u ne  vi s  métal l i que  dans  un  fi l etage  en  matière  non  
métal l i que  est  sati sfai te  s i  l ' i n troduction  en  b ia i s  est  évi tée,  par exemple  au  moyen  d 'un  gu i dage  prévu  su r l a  vi s  ou  
l a  parti e  à  fi xer par u n  retra i t  d ans  l e  fi l etage  de  l ' écrou  ou  par l 'emploi  d 'une  vi s  don t  l e  début  du  fi l et  a  été  en levé.  

1 9. 1 .9  Ces  p ièces  fi l etées,  quand  e l les  son t u ti l i sées  dans  l es  disposi ti fs  de  commande 
intercalés  dans  un  câble  souple ,  s i  e l les  sont desti nées  à  transmettre  l a  pression  de  
con tact,  et s i  e l l es  on t un  d iamètre  nom inal  i n férieur à  3  mm,  doiven t se  visser dans  une  
partie  méta l l i que.  S i  e l l es  son t en  matière  non  métal l i que,  e l les  doivent  avoir un  d iamètre  
nom inal  d 'au  moins  3  mm  et ne  doiven t être  u ti l i sées  pour aucune  l i a ison  é lectriq ue.  
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1 9. 1 . 1 0  La  conformité à  19. 1 . 1  à  19. 1 . 9 inclus est vérifiée par examen et par l'essai de 
19. 1 . 11  à  19. 1 . 15 inclus.  

1 9 . 1 . 1 1  Les pièces filetées sont serrées et desserrées:  

– 10 fois si l'une des pièces filetées est en matériau non métallique,  ou 

– cinq fois si les deux pièces sont en matériau métallique.  

1 9. 1 . 1 2  Les vis s'engageant dans un filetage en matière non métallique sont à  chaque fois 
retirées complètement et engagées à  nouveau.  Pour l'essai des vis et écrous de bornes,  un 
conducteur de la  plus forte section spécifiée en 10. 1 . 4 ou de la  section nominale  spécifiée en 
10. 2. 1  est placé dans la  borne.  

1 9. 1 . 1 3  Il convient d'adapter la  forme du tournevis à  la  tête de la  vis à  soumettre à  essai.   

1 9. 1 . 1 4  Le conducteur est déplacé après chaque desserrage de la  pièce filetée.  Pendant 
l'essai,  on ne doit constater aucune détérioration qui nuirait à  l'emploi ultérieur des pièces 
filetées,  telle  que rupture des vis ou dommages aux têtes à  fente ou aux rondelles.  

1 9. 1 . 1 5  L 'essai est effectué à  l'aide d'un tournevis ou une clef appropriée en appliquant le  
couple de torsion,  sans secousses,  indiqué dans le Tableau 20.  

Tableau  20  (1 9 .1  de  l ’ éd i tion  3)  – Valeurs  d ’essai   
du  couple  de  torsion  des  pièces  fi letées   

Diamètre  nominal  de  fi l etage  
mm 

Couple  de  torsion  
Nm  

I  I I  I I I  

J usqu 'à  1 , 7  i ncl us  0 , 1  0 , 2  0 , 2  
au -dessus  de  1 , 7,  j usqu 'à  2 , 2  i ncl us   0 , 1 5  0 , 3  0 , 3  
au -dessus  de  2 , 2 ,  j usqu 'à  2 , 8  i ncl us   0 , 2  0 , 4  0 , 4  
au -dessus  de  2 , 8,  j usqu 'à  3 , 0  i ncl us   0 , 25  0 , 5  0 , 5  

au -dessus  de  3, 0,  j usqu 'à  3 , 2  i ncl us   0 , 3  0 , 6  0 , 6  
au -dessus  de  3, 2 ,  j usqu 'à  3 , 6  i ncl us   0 , 4  0 , 8  0 , 6  
au -dessus  de  3, 6,  j usqu 'à  4 , 1  i ncl us   0 , 7  1 , 2  0 , 6  

au -dessus  de  4 , 1 ,  j usqu 'à  4 , 7  i ncl us   0 , 8  1 , 8  0 , 9  
Au -dessus  de  4 , 7 ,  j usqu 'à  5, 3  a  i ncl us  0 , 8  2 , 0  1 , 0  
P l us  de  5 , 3  a  –  2 , 5  1 , 25  

U ti l i ser l a  colonne  I  – pou r l es  vi s  métal l i ques  sans  tête  qu i  ne  fon t  pas  sai l l i e  par rapport  à  l ' écrou  
après  serrage  complet  ou  q u i  l im i ten t  l a  l argeu r du  tournevis  au  d iamètre  
extérieur de  l a  vi s .  

U ti l i ser l a  colonne  I I   – pou r l es  au tres  vi s  métal l i ques  et  pou r l es  écrous:  
•  à  tête  cyl i nd ri que  avec u n  évi dement  pour ou ti l  spécial  d on t  l e  d i amètre  du  

cercle  ci rconscri t  dépasse  l e  d i amètre  extéri eu r du  fi l etage;   
•  à  tête  à  fen te  s imple  ou  en  croi x,  ayant  u ne  l ongueur d épassant 1 , 5  fo i s  l e  

d i amètre  extérieur du  fi l etage.  

 – pou r l es  vi s  non  métal l i ques  à  tête  hexagonal e  don t  l e  d i amètre  du  cercle  i nscri t  
dépasse  l e  d i amètre  extérieu r du  fi l etage.  

U ti l i ser l a  colonne  I I I  – pou r l es  au tres  vi s  en  matière  non  métal l i que.  

a  Les  écrous  et  l es  bagues  taraudées  d 'un  d iamètre  supérieur à  4 , 7  mm  qu i  sont  u ti l i sés  pour u n  montage  à  
manchon  s imple  son t  soum is  à  essai  avec un  coupl e  de  1 , 8  Nm ,  à  l 'excepti on  des  disposi ti fs  de  commande  
à  manchons  s imples  u ti l i sant  des  matériaux thermoplasti q ues  et  sur l esquels  on  n 'exerce  pas  de  couple  au  
montage  pour l e  rég lage  ou  l e  nouveau  rég lage  (c’ est-à-d i re  pour coupe-ci rcu i t  thermiques ),  pou r l esquels  
l e  fi l et  pou r l e  montage  est  soum is  à  essai  au  couple  maximal  décl aré  par l e  fabrican t  qu i ,  en  aucun  cas,  n e  
doi t  être  i n féri eu r à  0 , 5  Nm .  

 Connexions  transportant l e  courant  1 9.2

1 9.2. 1  Les  connexions  transportan t l e  couran t qu i  n 'on t pas  été  i n terrompues  l ors  du  
montage  ou  de  l 'entretien  d u  d ispos i ti f de  commande,  et  dont l 'efficaci té  et  l a  sécuri té  
dépenden t de  l a  pression  d 'une  vis ,  d 'une  p ièce  fi l etée,  d 'un  ri vet ou  d 'un  é lément analogue  
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doivent être  capables  de  supporter l es  contra in tes  mécan iques,  therm iques  et é lectriques  qu i  
se  produ isen t en  usage normal .  

1 9.2.2  Les  connexions  transportant l e  courant qu i  son t également soum ises  à  des  efforts  de  
tors ion  en  usage normal  (c'est-à-d i re  les  connexions  fa isan t partie  i n tégran te  des  bornes  à  
vis  ou  rel iées  de  façon  rig ide  à  de  te l l es  bornes ,  etc. )  do iven t comporter un  b l ocage  adéquat 
empêchant tout mouvement susceptib le  d 'affecter la  conform ité  aux exigences  des  Articles  1 3  
ou  20.  

NOTE  1  L'exi gence  concernant  l e  b l ocage  des  é l éments  d ' une  connexi on  transportant  l e  courant  n ' impl i q ue  pas  
l ' i n terd icti on  de  tou te  rotati on  ou  dépl acement,  mais  l a  l im i tation  convenable  de  ces  mouvements  de  man ière  q u ' i l s  
ne  pu i ssent  affecter l a  conform i té  du  d i spos i ti f de  commande  aux exigences  de  l a  présente  norme.  

NOTE  2  Les  connexi ons  réa l i sées  au  moyen  d 'une  seu le  vi s ,  d 'un  ri vet  ou  d 'u n  é l ément analogue  sont  su ffi san tes  
s i  l e  mouvement des  p ièces  est  convenabl ement l im i té  par u ne  i n teracti on  mécan i que  des  p i èces  en tre  e l l es  ou  par 
des  rondel l es  é l asti ques  ou  des  moyens  anal ogues.  

NOTE  3  On  considère  que  cette  exigence  est  sati sfai te  s i  l a  connexi on  est  réal i sée  au  moyen  d 'un  ri vet  à  t i ge  non  
ci rcu la i re  ou  échancrée  passant dans  des  trous  de  forme  correspondante  des  parti es  transportan t  l e  couran t.  Les  
connexi ons  réal i sées  avec p l us ieu rs  vi s  ou  ri vets  sati sfont  auss i  à  cette  exi gence.  

NOTE  4  Les  matières  de  rempl i ssage  peuvent être  u ti l i sées  s i  l es  parti es  avec l esquel l es  e l l es  sont  en  contact  ne  
sont  soum ises  à  aucune  con tra in te  en  usage  normal .  

1 9.2.3  Les  connexions  transportan t l e  courant doivent être  conçues  de  man ière  que  la  
con tinu i té  du  ci rcu i t ne  soi t  pas  main tenue  par une  press ion  transm ise  par l ' i n terméd iai re  des  
matières  non  métal l i ques  au tres  que  céram ique  ou  des  matières  non  métal l i ques  présentant 
des  caractéristi ques  au  moins  équ ivalen tes,  sauf s i  un  retrai t éven tuel  ou  une  déformation  de  
l a  matière  non  métal l i que  est  susceptib le  d 'être  compensé  par une  é lastici té  su ffisan te  des  
parties  métal l i ques.  

NOTE  La  possib i l i té  d ' u ti l i ser une  matière  non  métal l i q ue  est  cond i ti onnée  par sa  stab i l i té  d imensionnel l e  dans  l a  
p l age  de  températures  appl i cable  au  disposi ti f de  commande .  

1 9.2.4  Les  connexions  transportant l e  courant ne  doivent pas  fai re  usage  de  vis  à  fi l et gros,  
sauf s i  ces  vis  serrent d i rectement les  parties  transportant l e  couran t l ' une  con tre  l 'au tre  et 
son t pourvues  d 'un  d isposi ti f de  b locage  approprié.  

1 9.2.4. 1  Les  vis  à  fi let gros  peuvent être  u ti l i sées  pour assurer l a  continu i té  de  l a  m ise  à  l a  
terre  à  cond i ti on  que  deux vis  au  moins  soien t u ti l i sées  pour chaque connexion .  

NOTE  Au  Canada  et  aux États-Un is ,  pou r réa l i ser l a  conti nu i té  d e  terre,  l 'u ti l i sation  d 'une  seu le  vi s  est  perm ise  s i  
deux fi l ets  complets  au  moins  sont  engagés.  S i  d eux vi s  son t  u ti l i sées,  chacune  d 'e l l es  doi t  s 'engager su r u n  fi l et  
complet  au  moins.  

1 9.2.5  Les  connexions  transportan t l e  courant peuvent  fa i re  usage  de  vi s  au totaraudeuses  
par en lèvement de  matière  s i  ces  vis  donnent naissance  à  un  fi letage  normal .  

1 9.2.5. 1  Les  vis  au totaraudeuses  par en lèvement de  matière  peuvent  être  u ti l i sées  pour 
assurer l a  continu i té  de  l a  m ise  à  la  terre  à  cond i ti on  que  deux vis  au  moins  soient u ti l i sées  
pour chaque  connexion .  

NOTE  Au  Canada  et  aux États-Un is ,  pou r réa l i ser l a  conti nu i té  d e  terre,  l 'u ti l i sation  d 'une  seu le  vi s  est  perm ise  s i  
deux fi l ets  complets  au  moins  sont  engagés.  S i  d eux vi s  son t  u ti l i sées,  chacune  d 'e l l es  doi t  s 'engager su r u n  fi l et  
complet  au  moins.  

1 9.2.6  Lorsque  dans  une  connexion  transportant l e  couran t,  l a  conti nu i té  é lectrique  dépend  
de  l a  press ion  exercée  sur l es  p ièces  en  contact,  tou tes  leurs  surfaces  doivent avoir une  
rés istance  à  l a  corros ion  au  moins  égale  à  cel l e  du  l a i ton .  Cette  exigence  ne  s 'appl ique  pas  
aux é léments  don t l es  caractéristiques  essen tie l les  risqueraien t d 'être  a l térées  par l a  
présence  d 'un  revêtement nu is ible  à  l eur fonctionnement,  te ls  que  l es  b i l ames  qu i ,  
l orsqu 'e l les  ne  sont pas  protégées  par un  revêtement,  doiven t être  serrées  contre  des  p ièces  
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don t la  rés istance  à  l a  corros ion  est adéquate.  La  rés istance  à  l a  corros ion  peu t être  obtenue  
par l 'appl ication  d 'un  revêtement ou  par un  tra i tement s im i l a i re.   

1 9.2.7  La  conformité à  19. 2. 1  à  19. 2. 6 inclus est vérifiée par examen.  De plus,  la  conformité 
à  19. 2. 3 et 19. 2. 6 est vérifiée par examen des parties métalliques élastiques après que les 
essais de  l'Article 17 ont été effectués.  

20  Lignes  de  fu i te,  d istances  dans  l 'ai r et d istances  à  travers  l ' isolation  sol ide  

Les  dispositi fs  de  commande  do ivent être  constru i ts  de  façon  que  l es  l ignes  de  fu i te ,  l es  
distances  dans  l 'ai r  et  l es  d is tances  à  travers  l ' i solation  sol i de  soient  appropriées  à  la  
rés istance  aux contra in tes  é lectri ques  qu i  peuvent  être  attendues.  

Les  cartes  de  ci rcu i ts  imprimés  conformes  à  tou tes  l es  exigences  des  revêtements  de  type  2  
comme spéci fié  dans  l ’ I EC  60664-3  doivent  répondre  aux exigences  m in imales  de  20. 3  pour 
l ' i solation  sol i de.  L ’espacement entre  l es  conducteurs  p lacés  avant l a  protection  ne  doi t pas  
être  in férieur aux valeurs  ind iquées  au  Tableau  1  de  l ’ I EC  60664-3: 2003.  Voir également 
l 'Annexe Q.  

Les  l ignes  de  fu i te  et l es  distances  dans  l 'ai r  en tre  bornes  pour l a  connexion  des  
conducteurs  externes  ne  doivent pas  être  i n férieures  à  2  mm  ou  à  l a  l im i te  spéci fi ée,  se lon  
l a  p lus  grande  de  ces  valeurs.  Cette  exigence ne  s 'appl ique  pas  à  de  te l les  bornes  s i  e l l es  
son t seu lement u ti l i sées  pour l a  fixation  en  us ine  des  conducteurs  ou  s i  e l l es  sont u ti l i sées  
pour l e  raccordement de  ci rcu i ts  TBT .  

Les  l ignes  de  fu i te ,  distances  dans  l ’ air  e t  d is tances  à  travers  l ’ i solation  sol i de  dans  l es  
a l imentations  en  mode de  commutation  et au tres  ci rcu i ts  de  commutation  hau te  fréquence où  
l a  fréquence fondamentale  est supérieu re  à  30  kHz et i n férieure  à  1 0  MHz doivent être  
d imensionnées  conformément à  l ’ I EC 60664-4.  

Les  valeurs  tabu lées  de  l ’Article  20  sont des  valeurs  m in imales  absolues  qu i  doivent être  
main tenues  pendant toutes  les  cond i tions  de  fabrication  et pendant  tou te  l a  durée  de  vie  du  
matérie l .  

La conformité  est vérifiée par examen,  par des mesures et par les essais de cet article.  

NOTE  1  Les  exigences  et  l es  essais  sont  basés  su r l ’ I EC 60664-1  où  des  i n formations  complémentai res  peuvent 
être  obtenues.  

NOTE  2  Une  l i gne  de  fu i te  n e  peu t  être  i n féri eu re  à  l a  di stance dans  l 'ai r  associée.  La  p l us  peti te  l i gne  de  fu i te  
possib le  est  égal e  à  l a  di stance dans  l 'ai r  exi gée.   

NOTE  3  Voi r l ’Annexe  S  à  ti tre  d ' i n d ication .  

 D i stances  dans  l ’ai r 20. 1

Les  distances  dans  l 'ai r  n e  doiven t pas  être  i n férieures  aux va leurs  données  par l e   
Tableau  22  dans  l e  cas  A,  en  tenant compte  du  degré de  pol lu tion  et  de  l a  tension  
assignée  de  choc  nécessaire  pour satisfa i re  aux catégories  de  surtens ion  du  Tableau  21 ,  
excepté  que,  pour l ' isolation  principale  et  l ' isolation  fonctionnel le ,  des  d istances  
i n férieures  peuvent être  u ti l i sées  s i  l e  dispositi f de  commande  sati sfai t à  l 'essai  de  
rés istance  en  surtens ion  de  20. 1 . 1 2  et s i  l es  parties  son t rig i des  ou  tenues  par mou lage  ou  s i  
l a  construction  est tel l e  qu ' i l  n 'est pas  envisageable  que  l es  d istances  soient rédu i tes  par 
d istors ion  ou  par déplacement des  parties  (par exemple  en  fonctionnement  ou  en  cours  
d 'assemblage)  mais  en  aucun  cas  l es  distances  dans  l 'ai r  ne  doivent être  i n férieures  aux 
valeurs  du  cas  B .  

La  conformité est vérifiée par examen,  par des mesures et,  si nécessaire,  par l'essai de 
20. 1 . 12.  
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NOTE  1  I l  est  attendu  que  l es  d isposi ti fs  de  commande  sati sfassent  aux exi gences  de  l a  catégorie  de  
surtension  d u  matérie l  dans  l equel  i l s  sont  u ti l i sés  à  moins  que  des  ci rconstances  spécia l es  déterm inen t d 'au tres  
catégories  correspondantes.  Des  i nd icati ons  son t  fou rn i es  à  l 'Annexe  L.  

NOTE  2  Les  disposi ti fs  de  commande  constru i ts  selon  l es  d imensions  m in imales  du  Tableau  22,  cas  A,  n 'on t  
pas  besoi n  d 'être  soum is  à  l 'essai  de  choc é lectri q ue  de  20. 1 . 1 2.  Pour p l us  d ' i n formation  sur l es  cas  A et  B ,  voi r 
5. 1 . 3. 2  et  5 . 1 . 3 . 3  de  l ’ I EC 60664-1 : 2007.  

Les parties amovibles sont enlevées.  Les distances dans l'air sont mesurées avec les 
parties mobiles et les parties telles que des écrous hexagonaux qui peuvent être assemblées 
dans différentes orientations sont placées dans la  position  la  plus défavorable.  

Une force est appliquée aux conducteurs nus et aux surfaces accessibles  de façon à  tenter 
de réduire les distances dans l'air en faisant la  mesure.  

Cette force est de:  2 N pour les conducteurs nus;    
   30 N pour les surfaces accessibles.  

La force est appliquée au moyen du doigt d'épreuve de la  Figure 2.  Les ouvertures sont 
supposées être couvertes par une pièce métallique plate.  

NOTE  Les  distances  dans  l 'ai r  son t  mesurées  comme spéci fi é  à  l 'Annexe  B .  

Tableau  21  (20.1  de  l ’ éd i tion  3)  – Tension  assignée de  choc pour l es  matériels  al imentés  
d i rectement  par l e  réseau  (provenant  de  l ’ IEC  60664-1 : 2007,  Tableau  F. 1 )  

Tension  nominale  du  réseau  
d 'al imentation  basée  sur 

l ’ IEC  60038  a  b  

V 

Tension  phase-
neutre  dédu i te  

selon  l es  tensions  
nominales  c.a.  ou   

Tension  assignée  de  choc requ ise  selon  l a  
catégorie  de  surtension  c  

V 

Système triphasé  
à  quatre  fi l s  a  

Systèmes  
monophasés  d  

c.c.  ju sques  et y 
compris   

V 

I  I I  I I I  IV 

  50  330  500  800  1  500  

  1 00  500  800  1  500  2  500  

 1 20/240  1 50  800  1  500  2  500  4  000  

230/400  

277/480  

 300  1  500  2  500  4  000  6  000  

400/690   600  2  500  4  000  6  000  8  000  

a   La  prem ière  val eur énumérée  est  l a  tensi on  phase-neu tre  ou  tens ion  phase-terre,  l a  deuxième  val eu r est  
l a  tension  en tre  phases.  

b  Pour l es  disposi ti fs  de  commande  capabl es  de  générer une  surtension  aux bornes  du  disposi ti f,  par 
exemple  des  d i spos i ti fs  de  commutation ,  l a  tension  assignée  de  choc  impl i que  q ue  l e  disposi ti f de  
commande  ne  doi t  pas  générer u ne  su rtension  supérieure  à  cette  valeur l ors  d 'une  u ti l i sation  sel on  l a  
norme  correspondante  et  se lon  l es  i nstructions  d u  fabrican t.  

c   Voi r l ’Annexe  L  pour u ne  expl i cati on  re l ati ve  aux catégories  de  surtension  e t  l ’Annexe  M  à  ti tre  
d ’ i n d ication .  La  catégori e  de  surtension  peu t  être  spéci fi ée  dans  une  parti e  2  ou  dans  l a  norme fi nale  de  
l ’ équ ipement.  

d   Voi r l ’Annexe  K pou r d 'au tres  systèmes  d 'a l imentation  (par exemple,  noter q ue  certai ns  systèmes  de  
câblage  tri phasés  à  troi s  fi l s  d emandent  une  tension  assignée  de  choc  supérieu re  à  cel l e  des  systèmes 
tri phasés  à  quatre  fi l s  de  tens ion  s im i l a i re).  
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Tableau  22  (20.2  de  l ’ éd i tion  3)  – Distances  dans  l 'ai r pour la  coord ination   
de  l ' isolement  (provenant de  l ’ IEC  60664-1 : 2007,  Tableau  F.2)  

Tension  
assignée  
de  choc 

du  
Tableau  

21  a  

Distances  dans  l 'ai r jusqu 'à  2  000  m  au -dessus  du  n iveau  de  l a  mer b  
mm 

Cas  A  Cas  B  
(essai  de  choc él ectrique  exigé  – voi r 20. 1 . 1 2)  

Degré  de  pol lu tion  c   Degré  de  pol lu tion  c   

kV 1  2  3  4  1  2  3  4  

0, 33  0 , 01  

0 , 20  
0 , 8  

1 , 6  

0 , 01  

0 , 2  

0 , 8  
1 , 6  

0 , 50  0 , 04  0 , 04  

0 , 80  0 , 1 0  0 , 1  

1 , 5  0 , 5  0 , 5  0 , 3  0 , 3  

2 , 5  1 , 5  1 , 5  1 , 5  0 , 6  0 , 6  

4 , 0  3  3  3  3  1 , 2  1 , 2  1 , 2  

6 , 0  5, 5  5 , 5  5 , 5  5, 5  2  2  2  2  

8 , 0  8  8  8  8  3  3  3  3  

NOTE  Pour l es  fa ibl es  valeu rs  de  distances  dans  l 'ai r,  l ' un i form i té  du  champ é l ectri q ue  peu t  se  dégrader en  
présence  de  pol lu tion ,  rendant nécessai re  l 'accroissement des  val eu rs  des  distances  dans  l 'ai r  au -dessus  de  
cel l es  du  cas  B .  

a  Pour l ' i solation  fonctionnel l e ,  l a  tension  assignée  de  choc  est  donnée  par l a  va leur de  l a  colonne  3  d u  
Tableau  21  qu i  couvre  l es  tensions  mesurées  à  travers  l a  distance  dans  l 'ai r  sau f d éclarati on  et  j usti fi cation  
d i fférentes  d u  fabrican t.  S i  l 'en rou lement  secondai re  d u  transformateur abaisseur est  m is  à  l a  terre,  ou  s ' i l  y  a  
un  écran  m is  à  l a  terre  en tre  l es  enrou l ements  primai re  et  secondai re,  l a  référence  pour l a  tension  assignée  
de  choc  pou r l es  distances  dans  l 'ai r  d e  l ' i solation  principale  d u  côté  d u  secondai re  doi t  être  un  n i veau  en  
dessous  de  cel l e  q u i  couvre  l a  tens ion  d 'en trée  assignée  d u  côté  primai re  d u  transformateu r.  

 L 'u ti l i sati on  d 'un  transformateur d ' i solement sans  un  écran  de  protection  m is  à  l a  terre  n 'au tori se  pas  une  
d im inu tion  de  l a  tension  assignée  de  choc .  

b  Pour l es  a l ti tu des  de  p l us  de  2  000  m  au-dessus  d u  n i veau  de  l a  mer,  l es  valeurs  de  di stance  dans  l ’ ai r  
d oi ven t  être  mu l ti pl i ées  par l e  facteur de  correction  i n d iqué  dans  l ’ I EC 60664-1 : 2007,  Tabl eau  A. 2 .  

c Voi r l ’Annexe  N  pour u ne  exp l i cation  des  degrés  de  pol lu tion .  

 

20. 1 . 1  Les  distances  dans  l 'ai r  d e  l ' i solation  principale  d o iven t être  su ffisantes  pour 
rés ister aux surtens ions  susceptib les  de  se  produ ire  en  u ti l i sation ,  en  prenant en  compte  la  
tension  assignée de  choc .  Les  valeurs  du  Tableau  22 ,  cas  A s 'appl iquen t à  l 'exception  de  ce  
qu i  est perm is  par 20 . 1 . 7 .  

La conformité est vérifiée par des mesures.  

20. 1 . 1 . 1   S i  l e  dispositi f de  commande  est a l imenté  par une  p i l e  déd iée  ne  d isposant pas  
d ’un  moyen  de  charge  par une  a l imentation  réseau  externe,  l a  tension  assignée  de  choc  
do i t  être  supposée égale  à  71  V crête.  

20. 1 .2  Pour l ' i solation  fonctionnel le ,  l e  Tableau  22,  cas  A s 'appl ique  

−  à  l 'exception  de  ce  qu i  est perm is  par 20. 1 . 7 ;  

ou  

−  excepté  que  l es  d istances  dans  l 'ai r  pour l es  dispositi fs  de  commande  électron iques  
ne  son t pas  spéci fi ées  s i  l es  exigences  de  H . 27. 1 . 1 . 3  son t respectées  avec l es  distances 
dans  l 'ai r  court-ci rcu i tées.  
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20. 1 .3  La  conformité avec 20. 1  est vérifiée par des mesures en utilisant les méthodes de 
mesure données à  l'Annexe B et la  Figure 17.  

20. 1 .3. 1  Pour les dispositifs de commande  équipés avec une entrée de matériel ou un  
socle de prise,  les mesures sont faites deux fois,  une fois avec un connecteur ou une fiche 
approprié  inséré,  et une fois sans fiche ou connecteur inséré.  

20. 1 .3.2  Pour les bornes prévues pour le raccordement de conducteurs externes,  les 
mesures de telles bornes sont faites deux fois,  une fois équipées de conducteurs de la  
section maximale utilisée en 10. 1 . 4,  et une fois sans être équipées de  conducteurs.  

20. 1 .3.3  Pour les bornes prévues pour le raccordement de conducteurs internes,  les 
mesures de telles bornes sont faites deux fois,  une fois équipées de conducteurs de la  
section minimale utilisée en  10.2. 1 ,  et une fois sans être équipées de conducteurs.  

20. 1 .4  Les distances à  travers les fentes et les ouvertures des surfaces de matériau isolant 
sont mesurées avec une feuille métallique en contact avec la  surface.  La  feuille est poussée 
dans les coins et endroits analogues au moyen du doigt d'épreuve normalisé représenté à  la  
Figure 2,  mais n'est pas pressée dans les ouvertures.   

20. 1 .5  Le doigt d'épreuve normalisé est appliqué aux ouvertures comme spécifié en 8. 1 ,  la  
distance à  travers l'isolation entre parties actives  et la  feuille métallique ne doit pas alors 
être réduite en  dessous des valeurs spécifiées.  

20. 1 .6  Si nécessaire,  une force est appliquée à  un point quelconque des parties actives  
nues qui sont accessibles avant que le dispositif de commande  soit monté,  et à  l'extérieur 
des surfaces qui sont accessibles après que le dispositif de commande  est monté,  dans une 
tentative de réduire les distances dans l'air,  les lignes de fuite  et les distances à  travers 
l'isolation lors de la  prise des mesures.  

20. 1 .6. 1  La  force est appliquée au moyen du doigt d'épreuve normalisé et a  une valeur de:  

– 2 N pour les parties actives  nues;  

– 30 N pour les surfaces accessibles.  

La  conformité  est vérifiée par des mesures et par un essai si nécessaire.  

20. 1 .7  Pour l ' i solation  principale  e t  l ' isolation  fonctionnel le ,  d es  d i stances  i n férieures  
peuven t être  u ti l i sées  s i  l e  disposi ti f de  commande  satisfa i t  à  l 'essai  de  rés istance  au  choc 
é lectrique  de  20. 1 . 1 2  et s i  l es  parties  sont ri g ides  ou  tenues  par mou lage  ou  s i  l a  construction  
est te l l e  qu ' i l  n 'est pas  probable  que  les  d istances  soien t rédu i tes  par d is torsion ,  déplacement 
des  parties  ou  en  cours  d 'assemblage,  mais  en  aucun  cas  l es  distances  dans  l 'ai r  ne  doiven t 
être  i n férieu res  aux va leurs  du  cas  B.  

La conformité est vérifiée par l'essai de 20. 1 . 12.  

Lors  de  l a  véri fication  de  l ' isolation  fonctionnel le ,  l a  tens ion  de  choc est  appl iquée  à  l a  
distance dans  l ’ai r.  

NOTE  Lors  de  l 'exécu tion  de  l 'essai  d e  choc él ectri q ue,  i l  peu t  être  nécessai re  de  déconnecter l es  parti es  ou  l es  
é l éments  consti tuan ts  d u  d isposi ti f de  commande .  

20. 1 .7. 1  Pou r l es  microcoupures  et  l es  micro-interruptions ,  i l  n 'est  pas  spéci fié  de  
d istance  m in imale  pour l es  distances  dans  l 'ai r  en tre  l es  contacts  et  entre  les  parties  
transportan t l e  couran t pour l esquel l es  les  distances  dans  l ’ air  varient avec l e  mouvement 
des  con tacts.  Pour l es  au tres  parties  séparées  par l 'action  des  contacts ,  l es  distances  dans  
l 'ai r  peuven t être  p l us  fa ib les  que  cel les  ind iquées  par le  Tableau  22  mais  ne  doiven t pas  être  
i n férieures  à  l a  d istance  en tre  l es  con tacts .  
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20. 1 .7.2  Pour l es  coupures  totales  de  ci rcu i t,  l es  valeurs  spéci fi ées  au  Tableau  22,  cas  A,  
s 'appl i quent aux parties  séparées  par l 'é l ément de  commutation  comprenant l es  contacts,  
quand  les  con tacts  sont  dans  l a  pos i ti on  d 'ouverture  complète.  

20. 1 .8  Les  distances  dans  l 'ai r  pour l ' i solation  supplémentai re  ne  doiven t pas  être  
i n férieures  à  cel les  spéci fiées  pour l ' i solation  principale  au  Tableau  22 ,  cas  A.  

La conformité est vérifiée  par des mesures.  

20. 1 .9  Les  distances  dans  l 'ai r  pour l ' i solation  renforcée  ne  doivent pas  être  i n férieures  à  
cel l es  du  Tableau  22,  cas  A,  mais  en  u ti l i sant comme référence l e  n iveau  supérieur su ivan t 
pour l a  tension  assignée de  choc .  

NOTE  Pour l a  double  i sol ation ,  quand  i l  n ' y a  pas  de  parti e  conductri ce  i n terméd iai re  en tre  l ' i sol ation  
principale  e t  l ' i sol ation  supplémentai re ,  l es  distances  dans  l 'ai r  son t  mesurées  en tre  l es  parties  acti ves  e t  l a  
surface  accessible  ou  l es  parti es  métal l i ques  accessib les.  Le  système  d ' i solation  est  trai té  comme une  i solation  
renforcée .  

La conformité est vérifiée  par des mesures.  

20. 1 . 1 0  Pour les  disposi ti fs  de  commande  ou  l es  portions  de  disposi ti fs  de  commande  
a l imen tés  par transformateur à  double  i solation ,  l es  distances  dans  l 'ai r  d e  l ' isolation  
fonctionnel le  et  de  l ' isolation  principale  du  côté  secondai re  sont  basées  sur l a  tens ion  du  
secondaire  du  transformateur qu i  est u ti l i sée  comme tens ion  nom inale  du  Tableau  21 .   

NOTE  1  L' u ti l i sation  d ' un  transformateu r à  en rou lements  séparés  seu l  n 'au tori se  pas  un  changement de  l a  
catégorie  de  surtension .  

Dans  l e  cas  de  tens ions  d 'a l imentation  dérivées  de  transformateurs  sans  enrou lements  
séparés,  l a  tension  assignée de  choc  d o i t  être  déterm inée  à  parti r du  Tableau  21  basée  sur 
l a  tension  primaire  de  transformateurs  abaisseurs  et basée sur l a  valeur efficace  maximale  
mesurée  de  la  tens ion  secondai re  des  transformateurs  abaisseurs.  

D 'au tres  cri tères  peuvent être  spéci fiés  par des  parties  2  pour certa ines  s i tuations,  par 
exemple  les  sources  d 'a l l umage  hau te  tension .  

Le  Tableau  F .2  de  l 'Annexe F  de  l ’ I EC 60664-1 : 2007  donne l a  va leur des  d istances  dans  
l 'ai r  pour des  tensions  de  tenue  supérieures.  

NOTE  2  Voi r éga lement l es  références  à  l ’Arti cl e  24.  

La conformité  est vérifiée par des mesures ou par un essai si nécessaire.  

20. 1 . 1 1  Pour l es  ci rcu i ts  TBT  déri vés  de  l 'a l imentation  au  moyen  d 'une  impédance de  
protection ,  l es  distances  dans  l 'ai r  d e  l ' isolation  fonctionnel le  son t déterm inées  à  parti r 
du  Tableau  21  basées  sur l a  va leur maximale  mesurée  de  l a  tension  de  service  d u  ci rcu i t  
TBT .  

20. 1 . 1 2  L 'essai  de  tension  de  choc,  s i  nécessaire,  est appl i qué  se lon  6 . 1 . 2. 2. 1  de  
l ’ I EC 60664-1 : 2007.  

Les  cond i tions  d 'essai  d 'envi ronnement peuvent être  spéci fi ées  dans  une  partie  2 .  

La tension de choc est appliquée entre les parties actives  et les parties métalliques 
séparées par une isolation principale  ou fonctionnelle.  

NOTE  Dans  l e  cas  de  l ’ i sol ation  fonctionnel le ,  i l  peu t  être  nécessai re  de  déconnecter l es  parti es  ou  l es  
é l éments  consti tuan ts  d u  disposi ti f de  commande .  
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20. 1 . 1 3  S i  l e  secondai re  d 'un  transformateur est m is  à  l a  terre  ou  s ' i l  y a  un  écran  m is  à  l a  
terre  entre  l es  enrou lements  primaire  et secondai re,  l es  distances  d ' isolement  d e  l ' i solation  
principale  d u  côté  secondaire  ne  doiven t pas  être  i n férieures  à  cel l es  spéci fiées  au  
Tableau  22  mais  u ti l i sant  l a  va leur de  l a  tension  assignée de  choc imméd iatement i n férieure  
comme référence.  

NOTE  L'u ti l i sati on  d 'un  transformateur d ' i solement  sans  écran  de  protection  m is  à  l a  terre  ou  secondai re  m is  à  l a  
terre  ne  permet  pas  une  d im inu tion  de  l a  tension  assignée  de  choc .  

Pour l es  ci rcu i ts  a l imen tés  avec une  tension  i n férieure  à  l a  tens ion  ass ignée,  par exemple  sur 
l e  secondaire  d 'un  transformateur,  l es  distances  d ' isolement  d e  l ' i solation  fonctionnel le  
son t basées  sur l a  tension  de  service ,  l aquel le  est u ti l i sée  comme tens ion  assignée pour l e  
Tableau  21 .  

20. 1 . 1 4  Voi r Annexe  J .  

20. 1 . 1 5  Voi r Annexe  H .  

 Lignes  de  fu i te  20 .2

20.2. 1  Les  dispositi fs  de  commande  d o iven t être  constru i ts  de  façon  te l l e  que  l es  l ignes  
de  fu i te  d e  l ' isolation  principale  ne  soien t pas  i n férieures  à  ce l l es  spéci fiées  au  Tableau  23  
pour l a  tension  ass ignée  en  tenan t compte  du  groupe  de  matériau  et d u  degré  de  pol lution .  

Les  l ignes  de  fu i te  n e  son t pas  spéci fi ées  pour l es  dispositi fs  de  commande électroniques  
s i  l es  exigences  de  H . 27. 1 . 1 . 3  sont  rempl ies  avec l es  l ignes  de  fu i te  court-ci rcu i tées.  

La conformité est vérifiée par examen et par des mesures.  

Les parties amovibles  sont enlevées.  Les lignes de fuite  sont mesurées avec les parties 
mobiles et les parties qui peuvent être assemblées dans différentes orientations sont placées 
dans la  position la  plus défavorable.  

Une force est appliquée aux conducteurs nus et aux surfaces accessibles  de façon à  tenter 
de réduire les lignes de fuite  lors de la  mesure.  

Cette force est de:  2 N pour les conducteurs nus;    
  30 N pour les surfaces accessibles.  

La  force est appliquée au moyen du doigt d'épreuve de la  Figure 2.  Les ouvertures sont 
supposées être couvertes par une pièce métallique plate.  

NOTE  Les  l i gnes  de  fu i te  son t  mesurées  comme spéci fi é  à  l 'Annexe  B .  

20.2.2  Les  disposi ti fs  de  commande  d o iven t être  constru i ts  de  façon  te l l e  que  l es  l ignes  
de  fu i te  pour l ' isolation  fonctionnel le  ne  soien t pas  i n férieures  à  ce l l es  spéci fi ées  au  
Tableau  24  pour la  tension  de  service  en  tenan t compte  du  degré de  pol lution  et  d u  groupe  
de  matériaux.  

D 'au tres  cri tères  peuvent être  spéci fi és  par des  parties  2  pour certa ines  s i tuations,  par 
exemple  les  sources  d 'a l l umage  hau te  tension .  

La conformité est vérifiée  par examen et par des mesures.  

Les parties amovibles sont enlevées.  Les lignes de fuite  sont mesurées avec les parties 
mobiles et les parties qui peuvent être assemblées dans différentes orientations sont placées 
dans la  position la  plus défavorable.  
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Une force est appliquée aux conducteurs nus et aux surfaces accessibles  de façon à  tenter 
de réduire les lignes de fuite  lors de la  mesure.  

Cette force est de:  2 N pour les conducteurs nus;    
  30 N pour les surfaces accessibles.  

La  force est appliquée au moyen du doigt d'épreuve de la  Figure 2.  Les ouvertures sont 
supposées être couvertes par une pièce métallique plate.  

NOTE  1  Les  l i gnes  de  fu i te  son t  mesurées  comme spéci fi é  à  l 'Annexe  B .  

NOTE  2  La  re lati on  en tre  l es  g roupes  de  matériaux et  l a  val eur d es  i nd ices  de  rés i stance  au  chem inement ( I RC)  
est  donnée  en  6. 1 3.  

Les  val eu rs  d ' IRC ci -dessus  se  réfèrent  aux val eu rs  obtenues  selon  l ’ I EC  601 1 2  et  soum ises  à  essai  avec l a  
sol u ti on  A.  

Les  matériaux don t  l a  va leu r d ' I RC a  précédemment sati sfai t  à  ces  g roupes  de  matériaux son t  acceptables  sans  
au tre  essai .  

NOTE  3  Pou r l e  verre,  l es  céram iques  et  l es  au tres  matéri aux i sol an ts  non  organ i ques  q u i  n 'on t  pas  de  
chem inement,  l es  l i gnes  de  fu i te  n ' on t  pas  besoi n  d 'être  supérieures  aux distances  dans  l 'ai r  correspondantes  
pou r l a  coord inati on  de  l ' i sol ement.  

Tableau  23  (20.3  de  l ’ éd i tion  3)  – Lignes  de  fu i te  min imales  pour l ' i solation  principale  

 
Tension  

Lignes  de  fu i te  a  

mm  
assignée  Degré  de  pol lu tion  
jusques  et  
y compris   

Matériau  de  
câblage  imprimé b  

 
1  

 
2  

 
3  

 
4  

 Degré  de  pol lu tion   Groupe de  matéri aux  Groupe de  matéri aux  Groupe de  matéri aux  

V  1 c  2  d   I  I I  I I I  e  I  I I  I I I  e  I  I I  I I I  e  

50  0 , 025  0 , 04  0 , 2  0 , 6  0 , 9  1 , 2  1 , 5  1 , 7  1 , 9  2 , 0  2 , 5  3 , 2  

1 25  0 , 1 6  0 , 25  0 , 3  0 , 8  1 , 1  1 , 5  1 , 9  2 , 1  2 , 4  2 , 5  3 , 2  4 , 0  

250  0 , 56  1  0 , 6  1 , 3  1 , 8  2 , 5  3 , 2  3 , 6  4 , 0  5 , 0  6 , 3  8, 0  

400  1  2  1 , 0  2 , 0  2 , 8  4 , 0  5, 0  5, 6  6 , 3  8 , 0  1 0, 0  1 2 , 5  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5, 0  6 , 3  7 , 1  8 , 0  1 0, 0  1 2 , 5  1 6, 0  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8, 0  9 , 0  1 0 , 0  1 2 , 5  1 6, 0  20, 0  

800  2 , 4  4  2 , 4  4 , 0  5 , 6  8, 0  1 0, 0  1 1 , 0  1 2 , 5  1 6, 0  20, 0  25, 0  

a  Les  conducteu rs  émai l l és  pou r en rou lements  sont  cons idérés  comme des  conducteurs  nus  mais  i l  n 'est  pas  
exi gé  que  l es  l i gnes  de  fu i te  soi en t  supérieu res  aux d istances  dans  l 'ai r  associées  spéci fi ées  au   
Tableau  22.  

b   Lorsque  l es  cartes  de  ci rcu i ts  imprimés  son t  revêtues  sel on  l 'Annexe  P  ou  sel on  l 'Arti cl e  Q. 1  et  que  l e  
revêtement  a  un  I RC d 'au  moins  1 75,  l es  val eu rs  spéci fi ées  pou r l e  degré  de  pol lu tion  1  sont  au tori sées.  
L ' IRC doi t  être  mesuré  sel on  l ’ I EC 601 1 2.  

c  Groupes  de  matériaux I ,  I I ,  I I I a  et  I I I b .  

d  Groupes  de  matériaux I ,  I I  et  I I I a .  

e  Groupe  de  matériaux I I I  comprend  I I I a  et  I I I b .  Le  g roupe  de  matériaux I I I b  n 'est  pas  au tori sé  pou r u ti l i sation  en  
degré  de  pol lu tion  4  ou  pour u ti l i sation  à  p l us  de  630  V.  

 

La conformité  est vérifiée par des mesures.  
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Tableau  24 (20.4  de  l ’ éd i tion  3)  – Lignes  de  fu i te  min imales  pour l ' i solation  fonctionnel le  

 
Valeur 
effi cace  

Lignes  de  fu i te  b  c  

mm  

de  l a  
tension  

Degré  de  pol lu tion  

de  service  a  Matériau  de  
câblage  imprimé  d  

1  2  3  4  

V Degré  de  pol lu tion   Groupe de  matéri aux  Groupe de  matéri aux  Groupe  de  matéri aux  

 1  e  2  f   I  I I  I I I  I  I I  I I I  g  I  I I  I I I  g  

1 0  0 , 025  0 , 04  0 , 08  0 , 40  0 , 40  0 , 40  1  1  1  1 , 6  1 , 6  1 , 6  

1 2 , 5  0 , 025  0 , 04  0 , 09  0 , 42  0 , 42  0 , 42  1 , 05  1 , 05  1 , 05  1 , 6  1 , 6  1 , 6  

1 6  0 , 025  0 , 04  0 , 1  0 , 45  0 , 45  0 , 45  1 , 1  1 , 1  1 , 1  1 , 6  1 , 6  1 , 6  

20  0 , 025  0 , 04  0 , 1 1  0 , 48  0 , 48  0 , 48  1 , 2  1 , 2  1 , 2  1 , 6  1 , 6  1 , 6  

25  0 , 025  0 , 04  0 , 1 25  0 , 5  0 , 5  0 , 5  1 , 25  1 , 25  1 , 25  1 , 7  1 , 7  1 , 7  

32  0 , 025  0 , 04  0 , 1 4  0 , 53  0 , 53  0 , 53  1 , 3  1 , 3  1 , 3  1 , 8  1 , 8  1 , 8  

40  0 , 025  0 , 04  0 , 1 6  0 , 56  0 , 8  1 , 1  1 , 4  1 , 6  1 , 8  1 , 9  2 , 4  3  

50  0 , 025  0 , 04  0 , 1 8  0 , 6  0 , 85  1 , 2  1 , 5  1 , 7  1 , 9  2  2 , 5  3 , 2  

63  0 , 04  0 , 063  0 , 2  0 , 63  0 , 9  1 , 25  1 , 6  1 , 8  2  2 , 1  2 , 6  3 , 4  

80  0 , 063  0 , 1  0 , 22  0 , 67  0 , 95  1 , 3  1 , 7  1 , 9  2 , 1  2 , 2  2 , 8  3 , 6  

1 00  0 , 1  0 , 1 6  0 , 25  0 , 71  1  1 , 4  1 , 8  2  2 , 2  2 , 4  3  3 , 8  

1 25  0 , 1 6  0 , 25  0 , 28  0 , 75  1 , 05  1 , 5  1 , 9  2 , 1  2 , 4  2 , 5  3 , 2  4  

1 60  0 , 25  0 , 4  0 , 32  0 , 8  1 , 1  1 , 6  2  2 , 2  2 , 5  3 , 2  4  5  

200  0 , 4  0 , 63  0 , 42  1  1 , 4  2  2 , 5  2 , 8  3 , 2  4  5  6 , 3  

250  0 , 56  1  0 , 56  1 , 25  1 , 8  2 , 5  3 , 2  3 , 6  4  5  6 , 3  8  

320  0 , 75  1 , 6  0 , 75  1 , 6  2 , 2  3 , 2  4  4 , 5  5  6 , 3  8  1 0  

400  1  2  1  2  2 , 8  4  5  5 , 6  6 , 3  8  1 0  1 2 , 5  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5  6 , 3  7 , 1  8  1 0  1 2 , 5  1 6  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8  9  1 0  1 2 , 5  1 6  21  

800  2 , 4  4  2 , 4  4  5 , 6  8  1 0  1 1  1 2 , 5  1 6  20  25  

a   Pour d es  tensions  de  service  supérieu res,  l es  valeurs  d u  Tableau  F . 4  de  l ’ I EC 60664-1 : 2007  s 'appl i quent.  

b  Pour l e  verre,  l es  céram iques  et  l es  au tres  matériaux non  organ i ques  qu i  n 'on t  pas  de  chem inement,  l es  
l i gnes  de  fu i te  n 'on t  pas  besoi n  d 'être  supéri eu res  aux distances  dans  l 'ai r  associées.  

c  I l  n 'y a  pas  d 'exi gences  pou r l a  micro-in terruption  au tres  que  cel l es  en tre  l es  bornes  et  connexions .  En tre  
l es  bornes  et  l es  connexions ,  l es  exi gences  sont  te l l es  q ue  spéci fi ées  dans  l e  présent  tab leau .  

d  Lorsque  l es  cartes  de  ci rcu i ts  imprimés  sont  revêtues  selon  l 'Annexe  P  ou  sel on  l 'Arti cl e  Q. 1  et  q ue  l e  
revêtement a  un  I RC d 'au  moins  1 75,  l es  val eu rs  spéci fi ées  pou r l e  degré  de  pol lu tion  1  son t  au tori sées.  
L ' I RC doi t  être  mesuré  sel on  l ’ I EC 601 1 2 .  

e   Groupes  de  matériaux I ,  I I ,  I I I a  et  I I I b.  

f  Groupes  de  matériaux I ,  I I  e t  I I I a .  

g  G roupe  de  matériaux I I I  comprend  I I I a  et  I I I b .  Le  g roupe  de  matériaux I I I b  n 'est  pas  au tori sé  pou r u ti l i sati on  
en  degré  de  pol lu tion  4  ou  pour u ti l i sation  à  p l us  de  630  V.  

 

La conformité  est vérifiée par examen.  

20.2.3  Les  l ignes  de  fu i te  d e  l ' i solation  supplémentai re  ne  doivent pas  être  i n férieures  
aux l i gnes  de  fu i te  correspondan tes  pour l ' i solation  principale  en  tenant  compte  du  g roupe  
de  matériaux et  du  degré  de  pol lu tion .  

La conformité  est vérifiée par examen et par des mesures.  
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20.2.4  Les  l ignes  de  fu i te  d e  l ' i solation  renforcée  n e  doiven t pas  être  i n férieures  au  
double  des  l i gnes  de  fu i te  correspondantes  pour l ' isolation  principale  en  tenan t compte  du  
groupe  de  matériaux et  du  degré de  pol lution .  

La conformité est vérifiée  par examen et par des mesures.  

20.2.5  Voi r Annexe J .  

 I solation  sol ide  20.3

L' isolation  sol i de  doi t ê tre  capable  de  supporter durablement auss i  b ien  l es  contrain tes  
mécan iques  et é lectriques  que  l es  i n fl uences  therm iques  ou  l i ées  à  l 'environnement 
susceptib les  de  se  produ i re  pendan t l a  durée  de  vie  espérée  du  matérie l .  

20.3. 1  I l  n ' y a  pas  d ’exigence  concernan t l 'épaisseur de  l ' i solation  principale  ou  l ' isolation  
fonctionnel le .   

20.3.2  La  d istance  à  travers  l ' i so lation  pour les  i solations  supplémentai res  et  renforcées ,  
pour les  tensions  de  service  j usqu 'à  300  V i nclus,  entre  p ièces  métal l i ques,  ne  doi t pas  être  
i n férieure  à  0 , 7  mm.  

NOTE  Cel a  n ' impl i q ue  pas  q ue  cette  d i stance  est  à  être  d ans  l e  matéri au  i sol an t  seu l .  Cette  i sol ation  peu t  être  
consti tuée  d 'un  matériau  sol i de  et  d ’ une  ou  de  p l us ieurs  couches  d 'ai r.  

Pour l es  disposi ti fs  de  commande  ayan t des  parties  avec double  isolation  où  i l  n ' y a  pas  
de  méta l  entre  l ' isolation  principale  et  l ' isolation  supplémentai re ,  l es  mesures  son t fa i tes  
comme s' i l  y avai t  une  feu i l l e  de  méta l  entre  l es  deux couches  d ' i solation .  

20.3.2. 1  L 'exigence de  20 . 3. 2  ne  s 'appl ique  pas  s i  l ' i so lation  est appl iquée  sous  forme d 'une  
feu i l l e  m ince,  au tre  que  du  m ica  ou  un  au tre  matériau  en  l amel les  s im i la i re.   

– Pour l ' i solation  supplémentaire ,  e l l e  cons iste  en  au  moins  deux couches,  sous  réserve  
que  chacune des  couches  rés iste  à  l 'essai  de  ri g i d i té  d ié lectri que  de  1 3. 2  pour l ' i solation  
supplémentai re .  

– Pour l ' isolation  renforcée ,  e l l e  cons iste  en  au  moins  trois  couches,  sous  réserve  que  
deux couches  ensemble  rés isten t à  l 'essai  de  ri g i d i té  d iélectrique  de  1 3. 2  pour l ' i solation  
renforcée .  

La conformité est vérifiée par examen et par essai.  

20.3.2.2  L 'exigence  de  20. 3. 2  ne  s 'appl i que  pas  s i  l ' isolation  supplémentai re  ou  l ' i solation  
renforcée  est  i naccess ib le  et  répond  à  l 'un  des  cri tères  su ivan ts.  

– La  température  maximale  déterm inée  pendant l es  essais  des  Articles  27  et H . 27  ne  
dépasse  pas  la  va leur perm ise  spéci fi ée  au  Tableau  1 3.  

– L' isolation ,  après  un  cond i tionnement de  1 68  h  dans  une  étuve  main tenue  à  une  
température  dépassant de  25  K l a  température  maximale  déterm inée  pendant l es  essais  
de  l 'Article  1 4,  rés iste  à  l 'essai  de  ri g id i té  d ié lectrique  de  1 3 .2 ,  cet  essai  étant fa i t  sur 
l ' i solation  à  l a  température  de  l 'étuve  et après  refroid issement à  approximativement l a  
température  ambiante.  

Pour les  optocoupleurs,  l a  procédure  de  cond i ti onnement est effectuée  avec une  température  
dépassant de  25  K l a  température  maximale  mesurée  sur l 'optocoupleur pendan t l es  essais  
des  Articles  1 4 ,  27  et H . 27,  l 'optocoupleur étant manœuvré  dans  l es  cond i tions  l es  p l us  
défavorables  se  produ isant pendant ces  essais .  

La conformité est vérifiée  par examen et par essai.  
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21  Résistance à  la  chaleur,  au  feu  et aux courants  de  cheminement 

 Exigences  générales  21 . 1

Toute  partie  non  métal l i que  d 'un  disposi ti f de  commande  do i t  résister à  l a  chaleu r,  au  feu  et 
aux courants  de  chem inement.  

La conformité est vérifiée par les essais de 21 . 2,  sauf pour les dispositifs de commande à  
montage indépendant qui sont vérifiés par les essais de 21 . 3.  

Il n'existe pas d'exigence pour les petites parties telles que définies en 3. 1  de 
l’IEC 60695-2-11 :2000.  

NOTE  Aux É tats-Un is ,  l a  conform i té  est  véri fi ée  par l a  procédure  décri te  à  l 'Annexe  D.   

 D i sposi ti fs  de  commande intercalés  dans  un  câble  souple,  in tégrés  et  incorporés  21 .2

Les  séquences  d 'essais  su ivantes  doiven t être  exécu tées  su ivant l a  posi ti on  ou  fonction  de  la  
partie  non  métal l i que  et d 'après  l es  températures  déclarées  de  l 'essai  à  l a  bi l l e  et  de  l 'essai  
au  fi l  i ncandescent.  

NOTE  Les  disposi ti fs  de  commande  peuvent  être  u ti l i sés  dans  des  appl i cati ons  fi nales  l argement d i fféren tes.  
Le  choi x des  n i veaux d 'essai  à  parti r des  exi gences  ci -après  peut  être  i n fl uencé  par l a  pri se  en  cons idérati on  des  
exi gences  de  l a  norme d 'app l i cation  fi nale.  

21 .2. 1  Pour les parties qui sont accessibles lorsque le dispositif de commande  est monté 
dans les conditions d'utilisation prévues,  et dont la  détérioration peut rendre le  dispositif de 
commande  dangereux:  

–  l'essai à  la  bille  1  de G. 5. 1 ;  

–  l'essai au fil incandescent de l'Article  G.2 réalisé à  550 °C.  

21 .2.2  Pour les parties qui maintiennent en position les parties transportant le courant,  
autres que les connexions électriques:  

–  l'essai à  la  bille 2 de G. 5. 2;  

–  l'essai au fil incandescent de  l'Article G. 2 réalisé à  550 °C.  

NOTE  Les  essais  ne  sont  pas  appl i cabl es  aux parti es  q u i  main ti ennent  en  posi ti on  l es  parti es  transportan t  l e  
courant  dans  l es  ci rcu i ts  à  basse  pu i ssance  te l s  q ue  défi n i s  en  H . 27. 1 . 1 . 1 .  

21 .2.3  Pour les parties qui maintiennent ou retiennent en position les connexions 
électriques,   

–  l'essai à  la  bille 2 de G. 5. 2 ,  

suivi de l'essai au fil incandescent à  la  température appropriée à  l'application et telle que 
déclarée pour le dispositif de commande:  

NOTE  1  Pou r p l us  d ' i n formations,  voi r l ’Annexe  F .  

Essai au fil incandescent à  650 °C  

– l'essai au fil incandescent de  l'Article G. 2 réalisé à  650 °C.  

Essai au fil incandescent à  750 °C 

– l'essai au fil incandescent de  l'Article G. 2 réalisé à  750 °C.  

Essai au fil incandescent à  850 °C  

–  l'essai au fil incandescent de  l'Article G. 2 réalisé à  850 °C.  
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Les  essais  ne  sont pas  appl icables  aux parties  qu i  main tiennent en  pos i ti on  l es  parties  
transportan t l e  couran t dans  les  ci rcu i ts  à  basse  pu issance  te ls  que  défin is  en  H . 27. 1 . 1 . 1 .  

NOTE  2  Les  disposi ti fs  de  commande  peuvent être  u ti l i sés  dans  des  appl i cati ons  fi nales  l argement d i fféren tes.  
Le  choi x des  n i veaux d 'essai  à  parti r des  exi gences  ci -après  peut  être  i n fl uencé  par l a  pri se  en  cons idérati on  des  
exi gences  de  l a  norme d 'app l i cation  fi nale.  

NOTE  3  Pou r l es  disposi ti fs  de  commande  d esti nés  à  être  i ncorporés  dans  des  apparei l s  re levant  du  domaine  
d 'appl i cation  de  l ’ I EC 60335-1 ,  l es  parti es  s i tuées  à  3  mm  au  maximum  des  connexions  é lectri ques  peuvent devoi r 
être  évaluées  selon  30. 2  de  l a  norme en  questi on .  

21 . 2.4  Pour toutes les autres parties (à  l'exception des garnitures décoratives,  boutons,  etc. )  

–  l'essai au fil incandescent de l'Article G. 2 réalisé à  550 °C.  

doit être effectué.  

NOTE  Sauf i nd ication  contra i re  dans  l a  parti e  2 ,  l es  d i aphragmes,  j o i n ts  et  pâtes  d 'étanchéi té  d es  presse-étoupe  
ne  son t  pas  soum is  aux essais  de  21 . 2 . 4.  

21 .2.5 Vacant  

21 .2.6  Vacant  

21 .2.7  Résistance  aux courants  de  cheminement 

Toutes  l es  parties  non  métal l i ques  pour l esquel les  une  l igne de  fu i te  est spéci fiée  en  20. 2  
doivent  avoi r une  résistance  aux courants  de  chem inement comme déclaré.  

NOTE  1  Les  val eu rs  spéci fi ées  pou r l a  rés i stance  aux couran ts  de  chem inement  sont  données  soi t  dans  l es  
parti es  2  de  l ’ I EC 60730  ou  dans  l a  norme  correspondante  d u  matériel  concerné.  

Les  disposi ti fs  de  commande  prévus  pour un  fonctionnement en  TBT  ne  son t pas  soum is  
à  un  essai  de  rés istance  aux courants  de  chem inement.  

NOTE  2  A l ' i n téri eur d 'u n  disposi ti f de  commande ,  d i fférentes  parti es  peuvent  avoi r des  val eu rs  d i fférentes  de  
IRC (degré  de  protection  contre  l e  chem inement)  se l on  l e  microenvi ronnement  d e  l a  parti e.  

La conformité est vérifiée par les essais de l'Article G. 4 réalisés à  l'une des valeurs d'IRC 
suivantes telles que déclarées à  l’exigence 30 du Tableau 1 :  

– 100 V;  

– 175 V;  

– 250 V;  

– 400 V;  

– 600 V.  

NOTE  3  Pou r l es  besoi ns  de  21 . 2 . 7,  on  ne  considère  pas  q ue  l a  proxim i té  des  con tacts  d 'arc augmente  l e  dépôt  
de  matière  conductri ce  externe,  étant  donné  que  l es  essais  d 'endu rance  de  l 'Arti cl e  1 7 ,  su ivi s  par l es  essais  de  
ri g i d i té  d i é l ectri q ue  de  l 'Arti cl e  1 3 ,  son t  cons idérés  comme suffi sants  pour d éterm iner l 'effet  de  l a  pol lu tion  
provenant de  l ' i n térieur d u  disposi ti f de  commande .  

 D i sposi ti fs  de  commande à  montage  indépendant  21 .3

La séquence  d 'essais  de  21 . 2 . 1  à  21 . 2. 7  s 'appl ique,  précédée du  précond i ti onnement de  
21 . 3. 1 .  
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 Préconditionnement 21 .3. 1

Le préconditionnement doit être effectué dans une étuve comme suit:  

–  sans indication de T: 1  ×  24 h  à  (80 ±  2)  °C,  le circuit de la  partie commutateur et le 
mécanisme d'entraînement n'étant pas reliés,  les couvercles  amovibles étant retirés;  

–  avec indication de T pour des températures ne dépassant pas 85 °C: 1  ×  24 h  à  
(80 ± 2)  °C,  la  partie commutateur du dispositif de commande  et le  mécanisme 
d'entraînement n'étant pas reliés et sans couvercles  et ensuite 6 ×  24 h  à  (Tmax  ±  2)  K 
avec couvercles,  les circuits de la  partie commutation et le  mécanisme d'entraînement 
étant reliés;  

–  avec indication de T pour des températures dépassant 85 °C: 6 ×  24 h  à  (Tmax  ±  2)  K avec 
couvercles,  le  circuit de commutation et le  mécanisme d'entraînement étant reliés.  

   D ispositi fs  avec in terrupteur au  mercure  21 .4

Les  disposi ti fs  u ti l i sant un  in terrupteur au  mercure  destinés  à  être  branchés  à  un  ci rcu i t sous  
tension  de  service,  te l  que  défin i  en  2 . 1 . 3,  doivent fonctionner de  façon  acceptable  l orsqu ' i ls  
son t soum is  à  essai  en  série  avec un  fusib le  à  cartouche non  réarmable  standard  sur un  
ci rcu i t en  couran t con tinu  présentan t l a  tension  spéci fiée  pour l 'essai  de  1 7. 1 . 1 ,  mais  on  peut  
employer du  courant a l ternati f sous  une  charge  non  i nductive  s i  l e  d ispos i ti f est desti né  à  être  
u ti l i sé  un iquement en  couran t a l ternati f.  Le  cal i bre  nom inal  du  fus ib le  et l a  capaci té  du  ci rcu i t  
d 'essai  doiven t être  conformes  aux i nd ications  du  Tableau  25.  

L'enveloppe et toute autre partie métallique exposée sont à  mettre  à  la  masse et du coton est 
à  placer autour de toutes les ouvertures de l'enveloppe.  

Il ne doit pas y avoir allumage du coton ou de l'isolant des conducteurs du circuit ni émission 
de flamme ou de métal en fusion à  l'exception de mercure provenant de l'enveloppe 
contenant l'interrupteur.  Le câblage fixé au dispositif,  à  l'exception des câbles du tube,  ne doit 
pas être endommagé.  Des manœuvres  successives sont à  effectuer en fermant tour à  tour 
l'interrupteur à  mercure sur le court-circuit,  puis le court-circuit sur le  tube à  mercure au 
moyen d'un dispositif de commutation approprié.  

NOTE  Dans  l es  pays  membres  du  CENELEC,  21 . 4  n 'est  pas  appl i cable.  

Tableau  25  (21 .4  de  l ’ éd i tion  3)  – Condi tions  appl icables   
au  court-circu i t de  l ' in terrupteur à  mercure  

V Cal ibre  maximal  a  Courant de  
court-ci rcu i t  

A 

Cal ibre  m in imal  du  fusibl e  b  c  

   0–1 25  1 26–250  251 –660  

0–250  2  000  VA 1  000  20  1 5  – 

0–250  30  A 3  500  30  30  – 

0–250  63  A 3  500  70  70  – 

251 –660  63  A 5  000  – – 30  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

b  Le  cal i bre  m in imal  du  fus ibl e  doi t  être  au  moins  égal  à  l ' ampérage  assi gné  de  l ' i n terrupteu r ou  du  fus ib le  
standard  l e  p l us  proche,  sans  dépasser q uatre  foi s  l 'ampérage  assigné  à  p l ei ne  charge  d u  moteur,  et  i l  ne  d oi t  
en  aucun  cas  être  i n férieur à  l a  valeur i nd i quée.  

c  Pour l e  présent  essai ,  l es  ampérages  assignés  des  fus ib les  son t  1 5,  20 ,  25,  30,  35,  40,  45,  50,  60,  70,  80,  90,  
1 00,  1 1 0,  1 25,  1 50,  1 75,  200,  225,  250.  Des  fus ibles  de  ta i l l e  i n terméd ia i re  peuvent  être  u ti l i sés.  

 

Le  coton  u ti l i sé  doi t  être  te l  que  spéci fi é  à  l 'Annexe  C.  
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Il n'est pas nécessaire que l'interrupteur soit en  état de marche après les essais.  

22  Résistance à  la  corrosion  

 Résistance  à  la  rou i l l e  22. 1

22. 1 . 1  Les  parties  en  métaux ferreux,  y compris  l es  capots  e t  l es  enveloppes,  doivent être  
protégées  contre  l a  corrosion  s i  ce l le-ci  peut affecter l a  conform ité  à  la  présen te  norme.  

22. 1 .2  Cette  exigence  n 'est pas  appl icable  aux éléments  thermosensibles  n i  aux au tres  
composan ts  don t l es  caractéristi ques  de  fonctionnement seraien t affectées  par un  tra i tement 
de  protection .  

22. 1 .3  La  conformité  est vérifiée par l'essai suivant.  

22. 1 .4  Les parties à  soumettre à  essai sont maintenues pendant 14 jours à  une humidité 
relative de 93 % à  97 % et à  une température de  (40 ± 2)  °C.  

22. 1 .5  Après un  séchage de 10 min dans une étuve à  une température de (100 ± 5)  °C,  les 
surfaces des parties ne doivent présenter aucune trace de corrosion susceptible d'affecter la  
conformité  aux exigences des Articles 8,  13 et 20.  

22. 1 .6  On ne prend pas en considération des traces de rouille sur les arêtes ni un voile 
jaunâtre disparaissant par simple  frottement.  

NOTE  1  Les  parti es  émai l l ées,  ga l van isées,  shérard i sées ,  p l aquées  ou  tra i tées  d 'une  man ière  de  protecti on  
reconnue  équ i val en te  son t  considérées  comme étan t  conformes  à  cette  exi gence.  

NOTE  2  Pou r de  peti ts  ressorts  hél i coïdaux et  organes  anal ogues,  et  pou r l es  parti es  exposées  à  l 'abrasi on ,  une  
couche  de  grai sse  peut  consti tuer une  protection  su ffi sante  con tre  l a  rou i l l e.  De  te l l es  parti es  ne  sont  soum ises  à  
l 'essai  que  s ' i l  y  a  d ou te  au  su jet  de  l 'effi caci té  de  l a  couche  de  grai sse  et  l 'essai  est  a l ors  effectué  sans  
dég raissage  préalable.  

23  Exigences  de  compatibi l i té  électromagnétique (CEM)  – Émission  

Voir aussi l'Article H. 23.  

23. 1  Les  d ispositi fs  de  commande séparés  et à montage indépendant ,  qu i  accompl issent 
des  cycles  en  fonctionnement  normal ,  doivent être  constru i ts  de  façon  à  ne  pas  générer des  
i n terférences  rad io  excessives.  Les  dispositi fs  de  commande in tégrés  e t  l es  disposi ti fs  de  
commande i ncorporés  ne  sont pas  soum is  aux essais  de  23. 1  car l e  résu l tat de  ces  essais  
peu t être  affecté  par l ' incorporation  du  disposi ti f de  commande  d ans  l e  matérie l .  I l s  peuven t,  
cependant,  être  effectués  sur demande du  fabricant.  

I l  convient que  les  matériels  u ti l i san t des  disposi ti fs  de  commande incorporés  ou  i n tégrés  
soient conformes  à  l eur norme produ i t CEM  correspondante.  Les  disposi ti fs  de  commande 
incorporés  e t  in tégrés  son t soum is  à  essai  dans  l e  matériel  en  configuration  d 'u ti l i sation  
fina le .  

La conformité  est vérifiée par l'une des méthodes suivantes:  

a)  Essais selon la  CISPR 14-1 ,  avec la  modification suivante et/ou la  CISPR 22,  classe B.  En 
4. 2. 3. 3 de la  CISPR 14-1 :2005,  la  valeur de 200 ms est remplacée par 20 ms.  

b)  Essais tels que détaillés en 23. 1 . 1  et 23. 1 . 2,  ayant pour conséquence une durée 
d'émission de fréquences radio de 20 ms.  Quand de tels dispositifs de commande  ont 
une cadence des claquements supérieure à  5,  la  méthode a)  doit être suivie.  
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c)  Examen et/ou essais pour montrer que la  durée minimale entre le fonctionnement des 
contacts en fonctionnement  normal ne peut être inférieure à  10 min.  

La  conformité avec les méthodes b)  ou c)  montre  qu'il y a  conformité avec la  méthode a) .   

23. 1 . 1  Cond i tions  d 'essai  

Trois Un échantillons pécédemment non encore utilisés sont soumis à  l’essai est soumis à  
l’essai.  

Les conditions électriques et thermiques sont comme spécifié en  17. 2 et 17. 3 excepté ce qui 
suit:  

–  pour les dispositifs de commande sensibles,  le  taux de changement des grandeurs de 
manœuvre est α1  et β 1 ;  

–  pour les dispositifs de commande non sensibles,  le  fonctionnement des dispositifs de 
commande  est provoqué à  la  plus faible vitesse de manœuvre possible des contacts en 
fonctionnement normal;  

– pour les dispositifs de commande  déclarés pour utilisation avec des charges inductives,  
le  facteur de puissance est 0, 6,  sauf déclaration contraire à  l'exigence 7 du Tableau 1 .  
Pour les dispositifs de commande  déclarés pour utilisation avec des charges purement 
résistives,  le  facteur de puissance est 1 , 0.  

23. 1 .2  Procédure  d 'essai  

Le dispositif de commande  est mis en fonction pendant cinq cycles de fonctionnement par 
contact.  

La  durée d'interférence radio est mesurée par un oscilloscope relié  au dispositif de 
commande  de  façon à  mesurer la  chute de tension dans les contacts.  

NOTE  Pour cet  essai ,  une  i n terférence  rad io  est  tou te  fl uctuation  de  tension  observée  dans  l es  con tacts  se  
superposant sur l ' onde  de  l 'a l imentation  comme résu l tat  d u  fonctionnement  d es  contacts.  

23.2  Les  d ispositi fs  de  commande  d esti nés  aux matériels  I SM  ( i ndustriel ,  scien ti fique  et  
méd ical )  e t l es  dispositi fs  de  commande  séparés ,  à  montage indépendant  et  in tercalés  
dans  un  câble  souple  d esti nés  à  être  u ti l i sés  avec des  matérie ls  I SM  doiven t satisfa i re  aux 
exigences  de  l a  CI SPR 1 1 .  

NOTE  Voi r aussi  l e  Tab leau  1 ,  exigence  89.  

24 Éléments  consti tuants  

24. 1  Les  transformateurs  destinés  à  a l imenter un  ci rcu i t TBTS  ou  un  ci rcu i t  TBTP doiven t 
être  du  type  isolan t de  sécuri té  et doivent être  conformes  aux exigences  correspondantes  de  
l ’ I EC 61 558-2-6.   

Les  condensateurs  u ti l i sés  pour obten ir l a  réduction  des  perturbations  de  rad iod i ffusion  
doivent répondre  aux exigences  de  l ’ I EC  60384-1 4.  Les  condensateurs  re l iés  en tre  deux 
conducteurs  de  phase  ou  en tre  un  conducteur de  phase  et l e  neu tre,  ou  entre  des  parties  
actives  dangereuses  et  l a  terre  de  protection ,  doivent être  conformes  à  l ’ I EC  60384-1 4  et 
doivent  être  u ti l i sés  conformément à  l eurs  valeurs  ass ignées.  

Les  fus ib les  doivent répondre  aux exigences  de  l ’ I EC 601 27-1  ou  de  l ’ I EC  60269-1 ,  selon  
ce l l e  qu i  correspond .  
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24. 1 . 1  Les  disposi ti fs  de  commande  auxquels  est i ncorporé  un  transformateur de  sécuri té  
comme source  d 'a l imentation  d 'un  ci rcu i t TBTS  ou  TBTP sont soum is  à  un  essai  de  sortie  
avec le  primaire  a l imenté  à  l a  p le ine  tension  ass ignée  comme ind iqué  en  1 7. 2 . 2 ,  1 7. 2. 3. 1  et 
1 7 . 2. 3. 2.  

Les  a l imen tations  en  mode  de  commutation  ou  l es  transformateurs  u ti l i sés  dans  des  
convertisseurs  doivent satisfai re  aux exigences  de  l ’ I EC 61 558-2-1 6.  

Dans  des  cond i ti ons  quelconques  de  charge  non  capaci ti ve  (depu is  une  charge  nu l l e  j usqu 'au  
court-ci rcu i t  de  n ' importe  l aquel le  ou  de  tou tes  l es  bornes  de  câblage  secondaires  
d ' instal lation  TBTS  ou  TBTP)  et sans  perturber l es  connexions  i n ternes,  l a  tens ion  de  sortie  
ne  doi t pas  être  p l us  grande  que  cel l e  qu i  est  défi n ie  en  2 . 1 . 5.  

S i  un  convertisseur ou  une  a l imen tation  en  mode  de  commutation  est u ti l i sé  comme source  
d 'al imentation  d 'un  ci rcu i t  TBTS  ou  TBTP,  l es  d ispos i tions  de  l 'Article  T.3  s 'appl iquen t.  

La  pu issance de  sortie  secondai re  aux bornes  d 'un  ci rcu i t secondai re  l imité  i solé  ne  doi t  
pas  être  supérieure  à  1 00  VA et l e  couran t de  sortie  secondai re  ne  doi t  pas  être  supérieur à  
8  A,  après  1  m in  de  fonctionnement  avec l a  protection  con tre  l es  surin tensi tés ,  s i  e l l e  existe,  
court-ci rcu i tée.  

24.2  Les  composants  au tres  que  ceux ci tés  en  24. 1  son t véri fi és  en  effectuant l es  essais  de  
l a  présente  norme.  

24.2. 1  Cependant,  pou r l es  composants  qu i  ont préalablement satisfai t à  une  norme de  
sécuri té  I EC correspondante,  pour une  réduction  des  essais  nécessai res,  l 'évaluation  est  
l im i tée  à  ce  qu i  su i t:  

a)  l 'appl ication  du  composant  dans  l e  d isposi ti f de  commande  est véri fi ée  pour s 'assurer 
qu ' i l  est couvert  par des  essais  préalables  correspondan ts  à  l a  norme de  sécuri té  I EC;  

b)  l es  essais,  se lon  la  présente  norme,  de  toutes  les  cond i tions  qu i  ne  son t pas  prévues  par 
l es  essais  préalables  de  l a  norme de  sécuri té  I EC.  

Voi r auss i  l 'Annexe  J .  

24.3  L 'Annexe  U  ne  s 'appl ique  pas  aux re lais  u ti l i sés  en  tan t que  composants  dans  un  
dispositi f de  commande .  

24.4  Les  a l imentations  en  mode  de  commutation  non  couvertes  par 24. 2. 1 ,  y compris  leurs  
ci rcu i ts  périphériques,  u ti l i sées  dans  l es  disposi ti fs  de  commande électron iques  d o ivent 
satisfa i re  aux essais  de  24. 4. 1  et à  tou tes  les  exigences  appl icables  de  l a  présente  norme.   

NOTE  Les  cri tères  de  conform i té  pour l es  essais  sont  d onnés  en  24. 4 . 1 . 1 1 .  

24.4. 1  Essais  de  surcharge  pour l es  al imentations  en  mode de  commutation  

24.4. 1 . 1  Chaque enroulement de sortie,  ou section d’un enroulement à  gradins,  est 
surchargé un à  la  fois tandis que les autres enroulements sont maintenus à  l’état chargé ou 
non chargé,  selon la  condition de charge en usage normal  qui représente le cas le plus 
défavorable.  

24.4. 1 . 2  La surcharge est réalisée en raccordant une résistance variable (ou une charge 
électronique)  par l’enroulement ou la  sortie redressée.  La résistance est réglée le plus 
rapidement possible et de nouveau réglée,  si nécessaire,  au bout de 1  min afin de maintenir 
la  surcharge applicable.  Aucun autre réajustement n’est ensuite  autorisé.  

24.4. 1 .3  Pour cet essai,  tout dispositif de protection tel qu’un fusible,  protecteur de circuit à 
réarmement manuel,  protecteur thermique,  etc.  est autorisé  à  rester dans le circuit.  
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24.4. 1 .4  Si une protection contre les surintensités est assurée par un disjoncteur,  le  courant 
d’essai de surcharge correspond au courant maximal que le  dispositif de protection contre les 
surintensités peut supporter pendant 1  h.  Si cette valeur ne peut pas être obtenue de la  
spécification,  elle doit être établie  par essai.  

24.4. 1 .5  En l’absence de protection contre les surintensités,  la  surcharge maximale  
correspond à  la  puissance utile maximale que peut fournir l’alimentation.  

24.4. 1 .6  En cas de repli de tension,  la  surcharge est augmentée lentement jusqu’au point 
qui provoque la  chute de la  tension de sortie de 5 %.  La  surcharge est ensuite établie au 
point de  reprise de la  tension de  sortie  et maintenue pendant la  durée de l’essai.  

24.4. 1 .7  La durée de l’essai est de  1  h  ou jusqu’à l’obtention des résultats finaux.  

24.4. 1 .8  La tension maximale en circuit ouvert de chaque enroulement (directement au 
niveau de l’enroulement du transformateur)  et le courant maximal de charge sont mesurés et 
enregistrés afin  de pouvoir déterminer la  puissance de sortie maximale.  

24.4. 1 .9  Les mesures de la  tension maximale  en circuit ouvert doivent être réalisées 
pendant le  fonctionnement normal et en  condition d’une défaillance  de composant,  voir 
Tableau H. 24.  

24.4. 1 . 1 0  Pour les applications TBTS,  pour lesquelles la  tension maximale en circuit ouvert 
mesurée directement à  l’enroulement secondaire du transformateur dépasse les limites 
spécifiées en 2. 1 . 5,  la  mesure de la  tension maximale de sortie  de chaque enroulement peut 
être réalisée après certaines impédances de protection .  Dans ce cas,  les limites doivent 
être conformes à  H. 8. 1 . 10. 1 .   

24.4. 1 . 1 1  A la  suite de chaque essai (toujours en condition chaude) ,  le  transformateur est à  
soumettre à  l’essai de rigidité diélectrique de  13. 2.  

24.4. 1 . 1 2  La conformité doit s’appliquer selon les points a) ,  b) ,  c) ,  d) ,  e)  et f)  de H.27. 1 . 1 . 3.  

24.5 L’Annexe  J  ne  s ’appl i que  pas  aux thermistances  u ti l i sées  dans  un  ci rcu i t qu i  satisfai t à  
tou tes  l es  exigences  su ivan tes:  

– dispositi f de  commande  d e  type  1  te l  que  spéci fié  dans  l e  Tableau  1 ,  exigence 39;   

– raccordement à  un  ci rcu i t  TBTS /TBTP te l  q ue  spéci fi é  à  l 'Article  T. 1 ;  

– ci rcu i t de  fa ib le  pu issance  te l  que  spéci fié  en  H . 27. 1 . 1 . 1 ;  

– l e  dispositi f de  commande  ou  l ’ équ ipement term inal  est conforme à  l 'Article  H . 27  l orsque  
l a  thermistance  est  ouverte  ou  en  court-ci rcu i t;  

– dispositi f de  commande  avec fonctions  de  commande de  classe A  te l  que  spéci fi é  
dans  l e  Tableau  1 ,  exigence  92 .  

25 Fonctionnement normal  

 Général i tés  25. 1

Voir Annexe H .  

 Essai  de  surtension  et de  manque de  tension  25.2

Un  disposi ti f de  commande  à  é l ectroaimant incorporé  doi t fonctionner comme prévu  à  tou te  
tens ion  dans  l a  plage  comprise  en tre  85  %  de  l a  tension  ass ignée  m in imale  et  1 1 0  %  de  l a  
tens ion  assignée maximale.  

La conformité est vérifiée en soumettant le  dispositif de commande  aux essais suivants 
dans les conditions de fonctionnement maximales et minimales annoncées,  à  l'exception du 
fait que seul un dispositif de commande  ayant une valeur Tmin  inférieure à  0 °C est vérifié à  
Tmin:   
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Le dispositif de commande  est soumis à  1 , 1  VR max  jusqu'à  ce que la  température 
d'équilibre soit atteinte et son fonctionnement est alors immédiatement vérifié à  1 , 1  VR max  
et à  la  tension assignée.  

Le dispositif de commande  est aussi soumis à  0, 85 VR min  jusqu'à ce  que la  température 
d'équilibre soit atteinte et son fonctionnement est alors immédiatement vérifié  à   
0, 85 VR min.  

26  Exigences  de  compatibi l i té  électromagnétique (CEM)  – Immunité  

Voi r l 'Article  H . 26.  

NOTE  En  général ,  l es  essai s  de  l 'Arti cl e  H . 26  ne  son t  pas  appl i cables  aux d isposi ti fs  de  commande  n on  
é l ectron iques  à  cause  de  l eu r tolérance  à  de  te l l es  pertu rbati ons.  Les  essais  appropri és  pour l es  types  spéci fi q ues  
de  disposi ti fs  de  commande  non  é l ectron i ques  peuvent  être  i ncl us  d ans  d 'au tres  arti cl es  de  l a  parti e  2  
appropri ée.  

27  Fonctionnement anormal  

27. 1  Voi r Annexe H  et  Annexe J .  

27.2  Essai  de  brû lure  

Les  disposi ti fs  de  commande  avec des  é lectroaimants  i ncorporés  doivent rés ister aux effets  
de  blocage  du  mécan isme du  disposi ti f de  commande .  

La conformité est vérifiée  par les essais de 27. 2. 1  et 27. 2. 2.  

NOTE  Pour l es  re l a i s  et  l es  con tacteu rs,  l a  conform i té  à  cette  exigence  est  considérée  comme sati sfai te  par 
l 'accompl i ssement  des  essais  de  l 'Arti cl e  1 7.  

27.2. 1  Le mécanisme du dispositif de commande  est bloqué dans la  position présumée 
dans laquelle  le  dispositif de commande  n'est pas alimenté.  Le dispositif de commande  
est alors alimenté à  la  fréquence assignée et à  la  tension assignée comme indiqué en 17.2. 2,  
17. 2. 3. 1  et 17. 2. 3. 2.  

La  durée de  l'essai est soit 7 h  soit jusqu'à ce que le dispositif de  protection interne éventuel 
se déclenche,  ou jusqu'à la  brûlure,  suivant ce  qui a  lieu en  premier.  

27.2.2  Après cet essai,  le  dispositif de commande  doit être considéré comme conforme si:  

– il n'y a  pas d'émission de flammes ou de métal fondu et qu'il n'y a  pas à  l'évidence 
d'endommagement du dispositif de commande  qui pourrait compromettre la  conformité à  
la  présente norme;  

– les exigences de 13. 2 sont encore satisfaites.  

NOTE  Le  disposi ti f de  commande  n ’ a  pas  besoin  d ’ être  fonctionnel  à  l a  su i te  de  l ’ essai .  

27.2.3  Essai  de  sortie  mécanique  bloquée (essai  de  température  anormale)  

Les  disposi ti fs  de  commande  comprenant des  moteurs ,  te ls  que  les  actionneurs  é lectri ques,  
doivent rés ister aux effets  d 'une  sortie  b loquée sans  dépasser l es  températures  i nd iquées  au  
Tableau  26.  Les  températures  sont mesurées  par la  méthode spéci fiée  en  1 4. 7 . 1 .  Cet essai  
n 'est pas  réa l isé  sur l es  dispositi fs  de  commande  comprenant des  moteurs  te ls  que  les  
actionneurs  é lectri ques  pour qu i ,  l orsqu ' i l s  son t soum is  à  essai  en  cond i ti on  de  sortie  b loquée 
pendant 7  h ,  tou t  d isposi ti f de  protection ,  s i  fourn i ,  ne  cycle  pas  en  cond i tions  b loquées  et qu i  
ne  dépassent  pas  les  l im i tes  de  température  du  Tableau  1 3.  
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27.2.3. 1  Les dispositifs de commande  comprenant des moteurs,  tels que les actionneurs 
électriques,  sont soumis à  essai pendant 24 h  avec la  sortie  bloquée sous la  tension assignée 
et avec une température ambiante dans la  plage de 15 °C à  30 °C,  la  température mesurée 
résultante étant corrigée par rapport à  une valeur de  référence de 25 °C.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l 'essai  est  effectué  sous  l es  tens ions  i nd iquées  en  1 7. 2 . 3 . 1  et  1 7. 2 . 3. 2 .  

Pour l es  disposi ti fs  de  commande  comprenant des  moteurs  déclarés  fonctionnant en  
triphasé,  i l  fau t réal iser l 'essai  avec une  quelconque  des  phases  déconnectée.  

Tableau  26  (27.2 .3  de  l ’ éd i tion  3)  – Température  maximale   
des  enrou lements  (pour l 'essai  en  condi tion  de  sortie  mécan ique  bloquée)  

Condi tion  Température  de  l ' i solan t par classe  

°C  

 A E  B  F  H  200  220  250  

 

S i  impédance  protégée:  

 

S i  protégée  par d es  d i sposi ti fs  de  
protection :  

 

Pendant l a  prem ière  heure  

   –  valeur maximale  

 

Après  l a  prem ière  heure  

   – valeur maximale   

   – moyenne  ari thmétique   

 

1 50  

 

 

 

 

200  

 

 

 

1 75  

1 50  

 

1 65  

 

 

 

 

2 1 5  

 

 

 

1 90  

1 65  

 

1 75  

 

 

 

 

225  

 

 

 

200  

1 75  

 

1 90  

 

 

 

 

240  

 

 

 

2 1 5  

1 90  

 

21 0  

 

 

 

 

260  

 

 

 

235  

21 0  

 

230  

 

 

 

 

280  

 

 

 

255  

230  

 

250  

 

 

 

 

300  

 

 

 

275  

250  

 

280  

 

 

 

 

330  

 

 

 

305  

280  

 

27.2.3.2  La  température  moyenne  doi t être  à  l ' i n térieur des  l im i tes  à  l a  fo is  pendant l a  
deuxième heure  et pendant  l a  vingt  quatrième heure  de  l 'essai .  

NOTE  La  températu re  moyenne  d 'un  enrou l ement est  l a  moyenne  ari thmétique  des  val eu rs  m in imale  et  maximale  
de  l a  températu re  de  l 'enrou l ement pendant  une  d u rée  de  1  h .  

27.2.3.3  Pendant l 'essai ,  le  moteur doi t  être  constamment sous  tens ion .  

27.2.3.4  Imméd iatement après  l 'achèvement de  l 'essai ,  l e  moteur doi t être  capable  de  
satisfai re  à  l 'essai  de  ri g i d i té  d ié lectrique  spéci fié  à  l 'Article  1 3,  sans  réal isation  préalable  de  
l 'épreuve hygroscopique  de  1 2 .2 .  

27.3  Essai  de  surtension  et  de  manque  de  tension  

Un  d ispositi f de  commande  à  é lectroaimant i ncorporé  doi t fonctionner comme prévu  à  
n ' importe  quel l e  tension  dans  l e  domaine  compris  entre  85  %  de  l a  tens ion  ass ignée m in imale  
et  1 1 0  %  de  la  tens ion  assignée maximale.  

La conformité est vérifiée en soumettant le dispositif de commande  aux essais suivants 
dans les conditions de  fonctionnement maximales et minimales annoncées,  à  l'exception que 
seulement un dispositif de commande  ayant un Tmin  inférieur à  0 °C est vérifié à  Tmin :  

Le  dispositif de commande  est soumis à  1 , 1  VR max  jusqu'à ce que la  température 
d'équilibre soit atteinte et son fonctionnement est alors immédiatement vérifié à  1 , 1  VR max  
et à  la  tension assignée.  
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Le dispositif de commande  est aussi soumis à  0, 85 V
R m in

 jusqu'à ce que la  température 
d'équilibre soit atteinte et son fonctionnement est alors immédiatement vérifié à  0, 85 V

R m in
.  

Vacant.  

27.4  Voi r Annexe H .  

27.5  Essais  de  surcharge pour l es  d isposi ti fs  de  commande i ntercalés  dans  un  câble  
souple  

27.5. 1  Général i tés  

Les essais de surcharge suivants sont effectués sur des dispositifs de commande 
intercalés dans un câble souple  tels qu'indiqués en 11 . 10. 2 et équipés d'une prise et socles 
de  prise  de courant.  Les essais sont effectués comme suit.  

– Les dispositifs de commande  tels que spécifiés sans dispositif de protection et sans 
fusible incorporé sont chargés pendant 1  h  avec le  courant conventionnel de 
déclenchement pour le  fusible qui dans l'installation protégera le  dispositif de 
commande.  

– Les dispositifs de commande  protégés par des dispositifs de protection (y compris les 
fusibles)  sont chargés de façon telle  que le  courant à  travers le dispositif de commande  
soit 0, 95 fois le  courant avec lequel le dispositif de protection se libère au bout de 1  h.  
L'échauffement est mesuré après qu'un état établi a  été atteint ou au bout de 4 h,  suivant 
le temps le plus court des deux.  

– Les dispositifs de commande  protégés par des fusibles incorporés conformes à  
l’IEC 60127-1  doivent remplacer ces fusibles par des liaisons d'impédance négligeable et 
doivent être chargés de façon telle que le courant à  travers ces liaisons doit être de 2, 1  
fois le courant assigné du fusible.  L'échauffement est mesuré après que le dispositif de 
commande électronique  a  été  chargé pendant 30 min.  La valeur 2, 1  fois peut être 
réduite de 0, 5 %/K,  si l’essai de surcharge est effectué à  une température supérieure à  la  
température ambiante normale.   

– Les dispositifs de commande  protégés par des fusibles incorporés et par des dispositifs 
de protection sont chargés soit comme décrit ci-dessus avec les fusibles incorporés,  soit 
avec un  autre dispositif de protection,  en  choisissant l'essai qui exige la  charge la  plus 
faible.  

– Les dispositifs de commande  protégés par des dispositifs de protection qui court-
circuitent seulement en  cas de surcharge doivent être soumis à  essai à  la  fois comme des 
dispositifs de commande  avec dispositifs de protection et comme dispositifs de 
commande  sans dispositif de  protection.   

27.5.2   Essais  de  surcharge  effectués  sur des  d ispositi fs  de  commande intercalés  
dans  un  câble  souple  tels  qu ' ind iqués  en  1 1 . 1 0.2  et équ ipés  d 'une prise  de  
courant  

Les essais conformes à  27. 5. 1  doivent être effectués.  

La  température ne doit pas dépasser les valeurs indiquées au Tableau 13.  

27.5.3  Pour l es  d isposi ti fs  de  commande  non  couverts  par 27.5.2  

Les essais conformes à  27. 5. 1  doivent être  effectués à  une température ambiante de 

(20 ±  5)  °C.  Si l’exigence 97 du Tableau 1  l’indique,  l’essai n’est pas effectué pour les 
dispositifs de commande  incorporés et les  dispositifs de commande intégrés.  

La  conformité  aux points a)  à  g)  de H.27. 1 . 1 . 3,  le  cas échéant,  est vérifiée.  

27.6   Essai  de  court cicu i t  de  pi le  
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Pour les dispositifs de commande  équipés de piles pouvant être retirées sans l’aide d’un  
outil et disposant de bornes pouvant être court-circuitées par une barre rectiligne mince,  les 
bornes de la  pile  sont court-circuitées avec la  pile  totalement chargée.  

La durée de l’essai peut être de 1  h  ou jusqu’à l’obtention d’une condition finale,  selon ce qui 
se produit en premier.  

27.6. 1  A l’issue de cet essai,  le  dispositif de commande  doit être  considéré comme 
satisfaisant si:  

– il n'y a  pas d'émission de flammes ou de métal fondu et qu'il n'y a  pas à  l'évidence 
d'endommagement du dispositif de commande  qui pourrait compromettre la  conformité à  
la  présente norme;  

– les exigences de 13. 2 sont encore satisfaites.  

NOTE  Le  disposi ti f de  commande  n ’ a  pas  besoin  d ’ être  fonctionnel  à  l a  su i te  de  l ’ essai .  

28  Guide sur l 'uti l isation  des  coupures  électroniques  

Voi r Annexe H .  

Dimensions en millimètres  

 
20  4  1 5    0  –0,1  

 ∅
3  
0
 

–0
,0
5 

 

 ∅
2
5 
± 
0,
2 

∅
10
 

 ∅
4 0

 –0
,0
5 

IEC   2475/13 
 

 

Figure 1  – Broche d 'essai  
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Dimensions linéaires en millimètres  
 

Manche 

Garde 

Matière 
isolante 

Articulations 

Plaque 
d’arrêt 

Chanfreiner 
toutes les arrêtes 

∅75  

∅50  

(1
0)
 

(2
0)
 

30
 

60
 

80
 

18
0 

∅1 2  

20
 ±
 0
,2
 

5 
± 
0,
5 

1 4°  
37°  

A A 

B B 

R4 ± 0,05 
Cyl indrique 
R2 ± 0,05 

Sphérique 

Section A-A 

Section B-B 

IEC   2476/13 

 
 

Tolérances  des  d imensions  sans  i nd icati on  de  tolérance:  

 su r l es  ang les  
0
1 0−
°  

 su r l es  d imensions  l i néai res:  

  j u squ 'à  25  mm :  
0
050 ,−

 

  au -dessus  de  25  mm:  ±0, 2  

Matéri au  d u  do ig t:  par exemple ,  acier trempé.  

Les  deux arti cu l ations  du  doig t  peuvent  être  p l i ées  sous  un  ang le  de  90°  mais  dans  une  seu le  et  même d i rection .  

L 'emploi  d e  l a  sol u ti on  poi n te-rainu re  n 'est  q u 'une  des  sol u ti ons  possib les  pou r l im i ter l 'ang l e  de  pl i age  à  90° .  Pou r 
cette  rai son ,  l es  d imensions  et  tol érances  de  ces  détai l s  ne  son t  pas  i n d iquées  su r l e  d ess in .  La  conception  réel l e  
doi t  assurer un  ang l e  de  pl i age  de  90° ,  avec une  to l érance  de  0°  à  +1 0° .  

Figure 2  – Doigt  d 'épreuve normal isé  
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Figure  3  – Ong le  d 'essai  
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Traction donnée 
par le Tableau  9 

23 mm 

500 mm 

Câble souple 
de sortie 2 m 

Spécimen 

Surface de verre 

Béton 
(épaisseur) 250 mm 

Bois dur 
(épaisseur) 

Câble souple 
d’entrée 2 m 

IEC   2478/13 

 

Figure 4  – Essai  de  chute  pour d ispositi fs  de  commande séparés  

Dimensions en millimètres  

 

B 

B 

200 min.  

Compteur automatique 
ajustable pour 
l ’enregistrement du  
nombre de chutes et 
arrêtant la rotation  du  
tambour après le nombre 
voulu  de révolutions 

Entraînement du  tambour 
par courroie trapézoïdale 
ou  toute transmission  
équivalente 

Face garnie d’un  
matériau  à faible 
coefficient de 
frottement 

Aggloméré de 1 9 mm 
d’épaisseur ou  équivalent 

Surface de 
chute en  acier 
de 3 mm 

Fenêtres transparentes 
d’observation.  Peuvent 
être amovibles pour 
le chargement 

Centre 
de l ’axe 

Selon  largeur 
du  tambour 

Tambour tournant dans 
le sens des aigui l les 

d ’une montre 

Aggloméré de 1 9 mm 
d’épaisseur ou  équivalent.  
Peut être démontable 
pour le  remplacement 
des plaques d’impact 

425 

380 
375 

275 
A 

A 

10
 

17
5
 

50
0
 

15
0
 

45°  

17
5
 

IEC   2479/13 

 

Figure 5  – Apparei l  pour essai  de  chutes  répétées  
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R 2,5 mm 
Sphérique 

Echanti l lon 

IEC   2480/13 
 

Figure  6  – Apparei l  pour l 'essai  à  l a  bi l l e  

Figure  7  – Vacant  

Dimensions en millimètres  

 

1 0 

48 r/min 

60
 

450 entres axes 

Guide 

Barre acier doux 
1 5 ×  5 

Curseur 

Spécimen 

Crochet pour peson 
Rondel les en laiton 
60 ×  2,5 

Feutre à pol ir dur,  blanc 
65 ×  7,5 

Papil lon 
IEC   2481/13 

 

Figure 8  – Apparei l  pour véri fier l ' indélébi l i té  des  marquages  
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Dimensions en millimètres  

 

45°  45°  

Echanti l lon 

Dispositif de fixation 
de l ’échanti l lon 

X 

Axe d’osci llation 

Angles bien  arrondis 

Guide 
40 

15
 

R7,5 

Forme du  passage 
dans le guide 

Poids 

25
0 

IEC   2482/13 

 

Figure 9  – Apparei l  d 'essai  de  flexion  
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Vis  ne  nécessi tan t  pas  de  rondel l e ,  de  p l aquette  ou  de  
d i sposi ti f empêchant l e  conducteur ou  ses  bri ns  de  
s 'échapper  

Vis  nécess i tant  une  rondel l e ,  une  p l aquette  ou  un  
d i spos i ti f empêchant  l e  conducteur ou  ses  bri ns  de  
s 'échapper  

 
Facultatif 

D A 

Facultatif 
 

Facultatif 
 

Facultatif 
 

Facultatif 
 

Facultatif 
 

A 

C D 

D 

B 

A E 

C 

A E D 

D 

C 

A 

A 

B 

D 

Bornes à serrage sous tête de vis 

Bornes à goujon fi leté 

e e 

e 

e 

e 

e 

IEC   2483/13 
 

A   parti e  fi xe  

B    rondel l e  ou  pl aquette  

C    d i sposi ti f empêchant l e  conducteu r ou  ses  bri ns  d e  s 'échapper 

D    l ogement d u  conducteu r 

E    gou jon  

Figure 1 0  – Bornes  à  serrage  sous  tête  de  vis  et bornes  à  gou jon  fi leté  (1  sur 2)  
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Dimensions en millimètres 

Courant ci rcu lan t dans  l a  
borne  a  

Diamètre  
m in imal  du  
logement du  
conducteur  

Écartement 
maximal  
en tre  

Couple  m in imal  
Nm  

Pour 
conducteur  

Pour 
conducteur  

pièces  de  
maintien  du  

Vis  à  fen te  Autres  vi s  

souple  rig ide  conducteur  Une  vis  Deux vis  Une vis  Deux vis  
A A  D e g g   

0 -6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

– 

32-40  

40-63  

0-6  

0-6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

32-40  

40-63  

1 , 4  

1 , 7  

2 , 0  

2 , 7  

3 , 6  

4 , 3  

5 , 5  

7 , 0  

1 , 0  

1 , 0  

1 , 5  

1 , 5  

1 , 5  

2 , 0  

2 , 0  

2 , 0  

0 , 4  

0 , 5  

0 , 8  

1 , 2  

2 , 0  

2 , 0  

2 , 0  

2 , 0  

– 

– 

– 

0 , 5  

1 , 2  

1 , 2  

1 , 2  

2 , 0  

0 , 4  

0 , 5  

0 , 8  

1 , 2  

2 , 0  

2 , 0  

2 , 0  

3 , 0  

– 

– 

– 

0 , 5  

1 , 2  

1 , 2  

1 , 2  

2 , 0  

La  p ièce  q u i  reti en t  l e  conducteur en  p l ace  peu t  être  en  matière  i so lan te  à  cond i ti on  de  ne  pas  parti ciper à  l a  
transm ission  de  l 'effort  d e  serrage.  

Les  dessins  ne  préj ugent  pas  d es  détai l s  non  cotés.  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

 

Figure 1 0  – Bornes  à  serrage  sous  tête  de  vis  et bornes  à  gou jon  fi leté  (2 sur 2)  
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D 

g 

e 

D 

e 

Borne sans 
plaquette 

Borne avec plaquette 
IEC   2484/13 

 

Dimensions en millimètres 

Courant ci rcu lan t dans  l a  
borne  a  

Diamètre  
m in imal   

du  logement 
du  

conducteur  

Écartement 
maximal   

entre  pièces  
de  maintien  

du  
conducteur  

Distance  
m in imale  entre  

l a  vis  de  
serrage  

Couple  m in imal  
Nm  

Pour 
conducteur 

souple  

Pour 
conducteur 

rig ide  

et l 'extrémi té  
du  conducteur 
engagé à  fond  

Vis  sans  tête  Vis  à  fen te  
 

Au tres  vi s  

A A D e  Une 
vis  

g  

Deux 
vis  

g  

Une  
vis  

 

Deux 
vis  

 

Une 
vis  

 

Deux 
vis  

 

Une 
vis  

 

Deux 
vis  

 

0 -1 0  

1 0-1 6  

1 6-25  

25-32  

-  

32-40  

40-63  

0-6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

32-40  

40-63  

2 , 5  

3 , 0  

3 , 6  

4 , 0  

4 , 5  

5, 5  

7 , 0  

0 , 5  

0 , 5  

0 , 5  

0 , 6  

1 , 0  

1 , 3  

1 , 5  

1 , 5  

1 , 5  

1 , 8  

1 , 8  

2 , 0  

2 , 5  

3 , 0  

1 , 5  

1 , 5  

1 , 5  

1 , 5  

1 , 5  

2 , 0  

2 , 0  

0 , 2  

0 , 25  

0 , 4  

0 , 4  

0 , 7  

0 , 8  

1 , 2  

0 , 2  

0 , 2  

0 , 2  

0 , 25  

0 , 25  

0 , 7  

0 , 7  

0 , 4  

0 , 5  

0 , 8  

0 , 8  

1 , 2  

2 , 0  

2 , 5  

0 , 4  

0 , 4  

0 , 4  

0 , 5  

0 , 5  

1 , 2  

1 , 2  

0 , 4  

0 , 5  

0 , 8  

0 , 8  

1 , 2  

2 , 0  

3 , 0  

0 , 4  

0 , 4  

0 , 4  

0 , 5  

0 , 5  

1 , 2  

1 , 2  

La  parti e  d e  l a  borne  q u i  conti en t  l e  trou  taraudé  et  l a  parti e  contre  l aquel l e  l e  conducteu r est  serré  par l a  pression  de  l a  vi s  
peuvent être  des  pi èces  d i sti nctes,  comme dans  l e  cas  d 'une  borne  à  étri er.  

La  forme du  l ogement du  conducteu r n 'est  pas  nécessai rement cel l e  des  fi gures,  à  cond i ti on  de  pouvoi r con ten i r u n  cercle  
i nscri t  d 'u n  d iamètre  égal  à  l a  va l eu r m in imale  de  D .  

La  d i stance  m in imale  en tre  l a  vi s  et  l 'extrém i té  du  conducteur engagé  à  fond  ne  s 'appl i que  que  pour l es  bornes  don t  l e  
l ogement  d e  conducteu r est  borgne.  

Les  dess ins  ne  préjugen t pas  des  détai l s  non  cotés.  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

Figure 1 1  – Bornes  à  trou  
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A A 

D D 
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A   parti e  fi xe  

D    l ogement d u  conducteu r 

 

Le  fond  du  l ogement  du  conducteur doi t  être  l égèrement  arrond i ,  d e  façon  à  obten i r une  
connexi on  sûre.  

Tai l l e  de  l a  borne  Diamètre  m in imal  du  
logement du  conducteur a  

 
mm  

Distance min imale  entre  l a  
parti e  fi xe  et  l 'extrémi té  du  
conducteur engagé  à  fond  

mm 

0  1 , 4  1 , 5  

1  1 , 7  1 , 5  

2  2 , 0  1 , 5  

3  2 , 7  1 , 8  

4  3 , 6  1 , 8  

5  4 , 3  2 , 0  

6  5 , 0  2 , 5  

7  7 , 0  3 , 0  

8  8 , 5  4 , 0  

a  La  valeur du  couple  de  tors ion  à  appl i q uer est  cel l e  spéci fi ée  dans  l e  Tabl eau  20.  

 

Figure 1 2  – Bornes  à  capot taraudé  
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B B C 
D D 
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A plaquette  

B  parti e  fi xe  

C  gou jon  

D  l ogement  du  conducteu r 

a)  Bornes  à  p laquette  

 
A 

B 

E E 

B 

A 

g g g g 

F 
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A d i sposi ti f de  b l ocage  

B  cosse  ou  barrette  

E  parti e  fi xe  

F  gou j on  

b)  Bornes  à  cosse   

F igure  1 3  – Bornes  pour plaquette  et cosse  
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1 0°  à 50° 

b3  b1  b2  

I5  

I4  
I3  

I2  
I1  

t 

I6  

Extrémité profi lée pour faci l iter 
l ’ introduction  du réceptacle 
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Dimensions en millimètres 
 

Dimension  pour l es  
F igures  1 4 et 1 5  a  

Tai l le  de  raccord  
2,8  4, 8  6, 3  9, 5  

I1  (m in . )  
b  7 , 7  6 , 9  8, 6  1 4, 0  

I2  (m in ).  
b  7 , 0  6 , 2  7 , 9  1 2 , 0  

I3  (max. )  
c  3 , 0  5 , 2  6 , 7  8, 2  

I4  1 , 0  ±  0 , 2  2 , 5  ±  0 , 25  3 , 2  ±  0 , 3  4 , 2  ±  0 , 3  
I5  (max. )  0 , 7  1 , 2  1 , 3  1 , 7  
I6  (max. )  0 , 7  1 , 2  1 , 3  1 , 7  
b1  ( fen te)  a  

1 , 2
10

0
,+
 1 , 4

20
0

,+
 1 , 6  

02
0

,+ d  2 , 1
02

0
,+
 d  

b1  ( fen te)  a  
1 , 2

10
0

,+
 1 , 4

20
0

,+
 1 , 6 10

0
,+  2 , 1

20
0

,+
 

b2  2 , 8  ±  0 , 1  4 , 75  ±  0 , 2  6 , 3
1 50
10
,
,

+
−  9 , 5

1 50
10
,
,

+
−  

b3  (m in . )  
e  2 , 0  2 , 0  2 , 5  2 , 5  

t  

f  0 , 5  ±  0 , 025  0 , 8  ±  0 , 03  0 , 8  ±  0 , 03  1 , 2  ±  0 , 03  
p  (max. )  g  0 , 8  1 , 2  1 , 2  1 , 7  
k  

– 0 , 7
0
10 ,−  1 , 0

0
10 ,−  1 , 5

0
10 ,−  

x  – 1 , 0  ±  0 , 2  1 , 0  ±  0 , 2  1 , 4  ±  0 , 2  
NOTE  Les  dess ins  ne  préjugen t pas  des  détai l s  non  cotés.  
a  Les  l anguettes  peuvent avoi r en  opti on  un  encl i quetage  pour l e  verrou i l l age.  Les  fossettes  rondes,  

rectangu l a i res  et  l es  trous  d 'encl i quetage  doi vent  être  s i tués  dans  l a  surface  dél im i tée  par l es  d imensions  b 1 ,  
l3  et  l4  su r l a  l i gne  méd iane  de  l a  l anguette .  

 Les  l anguettes  peuvent être  consti tuées  de  pl us  d ' une  couche  de  matéri au ,  pou rvu  q ue  l a  l anguette  en  
résu l tan t  soi t  conforme  à  l a  présente  norme.  

 Les  déta i l s  pou r d es  l anguettes  pourvues  de  bossages  ou  de  cavi tés  son t  à  l ' étude.  
b  Pour ménager u ne  distance  dans  l ’ ai r  su ffi san te  pou r l es  réceptacles  d esti nés  à  ê tre  pou rvus  d 'un  

manchon ,  i l  peu t  être  nécessa i re  d 'augmenter cette  d imension  de  0 , 5  mm  pour être  sûr q ue  l e  d i sposi ti f d e  
rég lage  fonctionne  correctement.  

c  I l  fau t  que  l a  l ongueu r d e  l a  fen te  (l3 -l4)  soi t  au  moins  égal e  à  sa  l argeur (b 1 ).  d  Ces  tolérances  son t  cho is ies  pour permettre  aux l anguettes  d 'être  u ti l i sées  comme une  parti e  d 'u ne  borne  à  
vi s .  

e  Sur l a  su rface  q uad ri l l ée,  l 'épaisseu r ne  doi t  pas  être  supérieu re  à  l a  l im i te  supéri eu re  de  l 'épaisseur 
spéci fi ée  pou r l e  matéri au .  

f  A l 'excepti on  d ' un  creux ou  d 'un  trou  et  de  l a  su rface  i nd iquée  par l a  d imension  b ,  l 'épai sseur t  doi t  être  
main tenue  su r tou te  l a  surface  de  connexion .  La  conform i té  doi t  être  véri fi ée  par des  mesures  su r tou te  
secti on  de  (3, 2  ±  0 , 2)  mm 2  dans  une  su rface  ci rcu la i re.  De  p l us,  l a  p l anéi té  total e  doi t  avoi r une  tol érance  de  
0 , 03  mm.  

g  Cette  d imension  ne  s 'app l i q ue  qu 'au  côté  l evé  de  l a  l anguette :  d e  l 'au tre  côté,  l a  tol érance  de  pl anéi té  
s 'appl i que  à  tou te  l a  l argeu r de  l a  l anguette .  

Figure 1 4 – Languettes   
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Pour les dimensions,  voir Figure 14  
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Figure  1 5  – Languettes  pour des  raccords  non  réversibles  
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Dimensions en millimètres 

Dimension  
Tai l le  de  raccord  

2,8 4,8 6,3 9,5 

b  (max. ) 4 6  8  1 2 , 5  

e  (max. )  1 2  1 2  1 5  20  

h  (max. )a  1  2  2 , 5  3 , 2  

l  (max. )  1 8  1 8  22  27  

s  (m in . )  4 , 5  5  6  1 0  

x  (m in . )b  -  0 , 9  1 , 2  1 , 7  

y  (max. )  0 , 5  0 , 5  0 , 5  1 , 0  

z  (max. )  1 , 5  1 , 5  2 , 0  2 , 0  

Les  d imensions  cotées  s 'en tendent pou r l es  connexions  serti es.  

Les  d imensions  pou r l es  réceptacles  équ i pés  d 'un  manchon  et  pou r l es  réceptacles  ayan t  un  fou rreau  pré-
i solé  sont  à  l ' étude.  

Les  dess ins  ne  préjugent  pas  des  détai l s  non  cotés.  

a  Écartement  maximal  par rapport  à  l a  l i g ne  méd iane  de  l a  l ame de  l a  l anguette .  
b  Ne s 'appl i que  qu 'aux réceptacles  pour raccords  non  réversibles.  

 

Figure 1 6  – Réceptacles  
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4 

2 3 
a 

Elément métal l ique 
isolé 

Partie active 
 a  +  b  = 1  

5 

Dispositif de montage 
intégral  (métal) 

Surface de montage 

Enveloppe métall ique 
(capot) 

Revêtement isolant 

Isolant 
IEC   2491/13 

 

1   =   en tre  parti es  actives  e t  au tres  parti es  métal l i ques  (y compris  l es  parti es  métal l i q ues  nues  é lectri quement 
i solées)  

2   =   en tre  parties  acti ves  d evan t  être  i sol ées  l es  unes  des  au tres  ( i solation  fonctionnel l e ),  à  l 'exception  des  
con tacts  

3   =   en tre  parties  actives  séparées  par l 'action  d u  d isposi ti f de  commande  (même polari té )   
a  coupure  totale  de  ci rcu i t   
b  ces  d i stances  ne  s 'appl i q uent  pas  en tre  l es  bornes  pour câblages  fi xes  

4   =   en tre  parties  acti ves  e t  envel oppe  métal l i q ue  des  d isposi ti fs  de  commande  à  boîti er fermé (ces  d i s tances  
ne  s 'app l i q uent  pas  au  boîti er,  au  châssis  n i  aux moyens  de  fi xation  i n tégraux d 'un  d isposi ti f de  commande  
q u i  est  desti né  à  être  monté  à  l ' i n térieu r d ' une  envel oppe  de  l ' apparei l  commandé).  

5   =   en tre  l es  parti es  actives  en  retrai t  d es  disposi ti fs  de  commande séparés  e t  l a  su rface  de  montage.  Cette  
d i stance  peu t  être  rédu i te  par l ' ad jonction  de  j o i n ts  ou  de  cl oi sons  appropriés.  

 

Figure 1 7  – Mesure des  l ignes  de  fu i te  et des  d istances  dans  l 'ai r 
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Figures  1 8  à  24  Vacant  
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Légende  

C ci rcu i t  de  l a  F i gu re  E . 1  

1  parti e  accessible  

2  parti e  métal l i que  i naccess ible  

3  i solation  principale  

4  i solation  supplémentai re  

5  double  i solation  

6  i solation  renforcée  

 

Figure  25  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime  
pour connexion  monophasée des  d isposi ti fs  de  commande de  l a  classe  I I  
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b  a  

C 
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Légende  

C ci rcu i t  de  l a  F i gu re  E . 1  

Figure 26  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime pour 
connexion  monophasée  des  d isposi ti fs  de  commande  autres  que ceux de  l a  classe I I  
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Légende  

C ci rcu i t  de  l a  F i gu re  E . 1  

1  parti e  accessible  

2  parti e  métal l i que  i naccess ible  

3  i solation  principale  

4  i solation  supplémentai re  

5  double  i solation  

 

Connexions  et al imentations  

L1 ,  L2 ,  L3 ,  N  tension  d ’al imentati on  avec neu tre  

 

Figure 27  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime  
pour connexions  triphasées  des  d ispositi fs  de  commande de  l a  classe  I I  
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Légende  

C ci rcu i t  de  l a  F i gu re  E . 1  

 

Connexions  et al imentations  

L1 ,  L2 ,  L3 ,  N  tension  d ’al imentati on  avec neutre  

 

Figure 28  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime pour 
connexions  triphasées  des  d ispositi fs  de  commande  autres  que ceux de  l a  classe I I  

 

mA 

S1  

1 20 V 

240 V 
1 20 V 
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Figure  29  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime pour 
connexion  monophasée  des  d isposi ti fs  de  commande  autres  que ceux de  l a  classe I I  
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mA 

S1  

1 20 V 

240 V 
1 20 V 

Neutre à la terre 

IEC   2497/13  

Figure  30  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime pour 
connexion  d iphasée  des  d isposi ti fs  de  commande  à  un  réseau  à  trois  conducteurs  avec 

neutre  mis  à  l a  terre  au tres  que ceux de  l a  classe  I I  
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Annexe A  
(normative)  

 
Indélébi l i té  des  marquages  et indications  

 

A.1  Les  marques  apposées  sur l es  dispositi fs  de  commande  d oivent  être  su ffisamment 
i ndélébi les  pour la  sécuri té  et  fon t donc l 'obj et d 'un  classement selon  l es  exigences  re lati ves  
à  l eur indélébi l i té:  

A.1 . 1  Marques  facu l tati ves  dans  le  cadre  des  exigences  de  la  présente  norme.  

A.1 .2  Marques  ob l igatoi res  dans  l e  cadre  des  exigences  de  l a  présente  norme,  mais  
i naccess ib les  à  l 'uti l i sateur  fi na l ,  après  l e  mon tage  ou  l ' i n tégration  du  disposi ti f de  
commande  dans  le  matériel .  

I l  fau t que  ces  marques  soient suffisamment i ndélébi l es  pour rés ister aux man ipu lations  dans  
l es  ate l iers  du  fabricant du  d isposi ti f de  commande  après  l e  con trôle  fi nal ,  à  l 'embal l age,  
au  transport vers  l es  ate l iers  du  fabricant du  matériel ,  et  aux man ipu lations  en  cours  de  
montage  ou  d ' i n tégration .  Les  marques  doivent en  ou tre  rester l i s i b les  au  cas  où  e l les  
sera ient exposées  à  des  vapeurs  de  solvan ts  ou  au tres  produ i ts  agress i fs.  

A.1 .3  Marques  obl i gatoi res  dans  l e  cadre  des  exigences  de  la  présente  norme et  
access ib les  à  l 'uti l i sateur  fi na l  après  l e  montage  ou  l ' i n tégration  du  dispositi f de  commande  
dans  l e  matérie l  comme en  usage  normal .  

En  p lus  d 'une  rés istance  aux man ipu lations  et aux produ i ts  mentionnés  en  A. 1 . 2 ,  ces  
marques  nécessi ten t également de  pouvoi r rester l i s ib les  malgré  l es  man ipu lations  et l es  
frottements  qu i  décou lent de  l 'usage  normal  d u  matérie l .  Les  i nd ications  portées  sur l es  
bou tons  et au tres  commandes  doivent être  particu l ièrement rés istan tes  aux manœuvres  
manuel l es  conti nuel l es  de  l 'u ti l i sateur.  I l  convien t que  l es  au tres  marques  rés isten t aux 
nettoyages,  pol issages,  etc.  

A.1 .4  La  conformité aux exigences d'indélébilité de  A. 1 . 2 et A . 1 . 3 est vérifiée par 
l'application des essais de l'Article  A. 2 ou A. 3 à  l'aide de l'appareil de la  Figure 8.  

La  partie principale de cet appareil est un disque de feutre à  polir de qualité dure et de 
couleur blanche dont le diamètre est 65 mm et l'épaisseur 7, 5 mm.  Ce disque est immobilisé 
en rotation et frotte sur la  surface à  soumettre à  essai avec une force mesurable,  sur une 
course de 20 mm.  L'essai normalisé doit consister en 12 allers et retours (soit 12 tours de 
l'excentrique)  effectués en 15 s environ.  

Pendant l'essai,  la  surface portante du disque de feutre est recouverte d'un tissu absorbant 
blanc,  côté pelucheux à  l'extérieur.  

Les solvants utilisés sont: 

– un détergent liquide neutre  obtenu par mélange d'un alkyl sulfonate de  benzène et de  
détergents non ioniques ou une solution à  2 %  de solvant dans de l’eau désionisée 
(distillée)  où le solvant se compose:  

•  de 70 % (en volume)  de dodécylbenzylsulfonate de sodium (Isomère) ,  formule: 
C18H29NaO3S,  CAS-No.  25155-30-0,  et 

•  de 30 % (en volume)  de glycérine (autres appellations: glycérol,  1 , 2, 3-Propantriol,  
Propantriol, E 422) ,  formule: C3H8O3,  CAS-No.  56-81-5;  

– de l'essence minérale du n-hexane (solvant d'hexane aliphatique ayant une teneur 
maximale en aromates de 0, 1  % en volume,  une valeur de Kauributanol de 29,  un point 
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d'ébullition initiale d'environ 65 69 °C,  un point d'évaporation d'environ 69 °C et une 
masse volumique spécifique d'environ 0, 68 0, 66 g/cm3,  CAS-No.  110-54-3) ; et 

– de  l'eau désionisée (distillée) .  

A.2  La  conformité aux exigences de l'indélébilité des marques entrant dans la  classe de 
A. 1 . 2 est vérifiée par les essais suivants:  

A.2. 1  Les marques doivent résister pendant 4 h  à  l'action de gouttes de détergent déposées 
sur la  surface marquée.  A  la  fin  de cette période,  les «auréoles»  de détergent doivent être  
enlevées avec de l'eau chaude à  (40 ± 5)  °C finement pulvérisée ou en frottant avec un 
chiffon humide.  

A.2.2  On doit laisser complètement sécher l'échantillon  à  la  température ambiante  de 
(25 ± 5)  °C.  

A.2.3  L'échantillon ainsi traité  doit ensuite être  soumis à  un essai de frottement exécuté 
avec l'appareil de la  Figure 8,  en utilisant un tissu sec et un poids de 250 g mesuré comme 
indiqué.  

A.2.4  L'échantillon  doit ensuite être soumis à  un essai de frottement avec un tissu imbibé 
d'eau et un poids de 250 g.  

A.2.5  Si la  forme ou la  position de la  marque ne permet pas d'employer l'appareil pour 
blanchir ou frotter (par exemple,  si elle se trouve sur une surface en creux) ,  les essais de 
A. 2. 3 et A . 2. 4 ne sont pas effectués.  

A.2.6  Après ces traitements,  la  marque doit rester lisible.  

A.3  La  conformité aux exigences de l'indélébilité des marques entrant dans la  classe de 
A. 1 . 3 est vérifiée par les essais suivants:  

A.3. 1  La  marque doit être soumise à  un essai de  frottement à  sec exécuté avec l'appareil de 
la  Figure 8,  en utilisant un tissu sec et un poids de 750 g.  

A.3.2  La  marque doit ensuite être soumise à  un essai de frottement avec un tissu imbibé 
d'eau et un poids de 750 g.  

A.3.3  Le marque doit résister pendant 4 h  à  l'action de gouttes de détergent déposées sur la  
surface marquée.  A  la  fin  de cette période,  les «auréoles»  de détergent doivent être enlevées 
avec de l'eau chaude à  (40 ± 5)  °C finement pulvérisée ou en frottant avec un chiffon humide.  

A.3.4  Après un séchage complet de la  surface ainsi traitée,  les marques doivent être 
soumises à  un essai de frottement avec un tissu imbibé de détergent,  l'appareil étant chargé 
à  750 g.  

A.3.5  Après élimination du détergent,  l'essai de frottement doit être répété avec un tissu 
imbibé d'essence minérale,  l'appareil étant chargé à  750 g.  

A.3.6  Pour les essais de  A. 3. 1  à  A . 3. 5,  l'épaisseur du disque de feutre peut être réduite 
progressivement à  partir de 7, 5 mm pour permettre de mieux atteindre la  marque à  contrôler.  
Cependant,  l'épaisseur minimale de feutre ne doit pas être inférieure à  2, 5 mm.  Si l'épaisseur 
du disque de  polissage est réduite,  le poids de 750 g doit être réduit proportionnellement.  

A.3.7  Après ces traitements,  la  marque doit rester lisible.  
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Annexe B   
(normative)  

 
Mesure  des  l ignes  de  fu i te  et des  d istances  dans  l ’air 

Lors de la  détermination et de la  mesure des lignes de fuite  et des distances dans l'air,  on  
part des hypothèses suivantes,  D  étant la  distance dans l'air pour les dimensions 
considérées (voir les Figures B. 1  à  B. 11  pour des exemples de méthode de mesure de la  
ligne de fuite  et des distances dans l’air) :  

– une encoche peut avoir des flancs parallèles,  convergents ou divergents;  

– une encoche à  flancs divergents est considérée comme un intervalle dans l'air si sa 
largeur minimale est supérieure à  D/12,  si sa  profondeur dépasse D/2 et si sa largeur au 
fond est au moins D/3 (voir Figure B. 8)  mais en aucun cas inférieure à  la  valeur minimale 
de  X comme permis dans le  tableau ci-dessous;  

– tout coin dont l'angle d'ouverture est inférieur à  80° est considéré comme mis en 
dérivation par un tronçon isolant de la  plus faible des deux longueurs suivantes: D/3 ou 
1  mm,  placé dans la  position la  plus défavorable  (voir Figure B. 3) ;  

– si la  distance en haut de l'encoche est supérieure à  la  plus petite des deux valeurs 
suivantes: D/3 ou 1  mm,  on considère que la  ligne de fuite  suit le profil de l'encoche,  sauf 
spécification contraire ci-dessus (voir Figure B. 2) ;  

– pour des pièces mobiles l'une par rapport à  l'autre,  les lignes de fuite  et les distances 
dans l'air sont mesurées dans la  position la  plus défavorable;  

– une ligne de fuite  évaluée conformément aux présentes règles ne peut être inférieure à  la  
distance dans l’air correspondante (mesurée) ;  

– une distance inférieure à  D/3 ou 1  mm suivant la  valeur la  plus faible n'est pas prise en 
considération pour l'évaluation de la  distance dans l'air totale;  

– lorsque des obstacles isolants sont rapportés,  les lignes de fuite  sont mesurées à  travers 
les joints,  sauf si les pièces en présence sont collées ou soudées de façon à  assurer 
l'étanchéité des joints à  l'humidité et aux poussières.  

Dans les exemples représentés aux Figures B. 1  à  B. 10,  on utilise l'identification  suivante:  

. . . . . . . . . . . . . . .  est  une  l igne  de  fu i te ;  

________   est  une  distance dans  l ’ ai r.  

Pour les valeurs de X,  voir le Tableau B. 1 .  

Tableau  B.1  – Valeurs  de  X 

Degré de pollution  Largeur X des sillons:  
valeur minimales 

mm  

1   0, 25 

2  1 , 0 

3  1 , 5 

4  2, 5 

 

Si la  distance dans l'air associée est inférieure à  3 mm,  la  largeur minimale du sillon peut 
être réduite au tiers de cette  distance dans l'air.  
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 <X  

IEC   2498/13 
 

 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  encoche  de  profondeu r quelconque  et  d e  l argeur i n férieu re  à  X.  

Règ l e:  Le  chem in  de  l a  distance dans  l 'ai r  est  l e  chem in  de  l a  d i s tance  en  l i gne  d roi te.  

Figure B. 1  – Encoche  étroi te  

 
≥X 

IEC   2499/13 
 

 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  encoche  de  profondeu r quelconque  et  de  l argeur égal e  ou  
supérieu re  à  X.  

Règ l e:  Le  chem in  de  l a  distance dans  l 'ai r  es t  l e  chem in  de  l a  d i stance  en  l i gne  d roi te.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  de  l ' encoche.  

Figure  B.2  – Encoche  large  

 
 ≥X  

IEC   2500/13 

 
 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  encoche  en  V don t  l a  l argeur est  supéri eu re  ou  égale  à  X.  

Règ l e:  Le  chem in  de  l a  distance  dans  l 'ai r  est  l e  chem in  de  l a  d i s tance  en  l i gne  d roi te.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  de  l ' encoche  mais  «court-ci rcu i te»  l 'encoche  au  po in t  où  sa  
l argeu r d evi en t  égal e  à  X.  

Figure B.3  – Encoche  en  V 

  
 

Distance dans l ’air     Ligne de fuite  
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IEC   2501/13 
 

 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  nervure.  

Règ l e:  La  distance dans  l 'ai r  est  l e  chem in  dans  l 'a i r l e  p l us  cou rt  par-dessus  l e  sommet de  l a  nervu re.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  de  l a  nervu re.  

Figure B.4 – Nervure  

 

 <X <X 

IEC   2502/13  

 

 Ce  chem in  de  l i g ne  de  fu i te  comporte  une  parti e  non  col l ée  avec des  encoches  de  l argeu r i n féri eu re  à  X de  
chaque  côté.  

Règ l e:  Le  chem in  de  l a  l i gne  de  fu i te  e t  de  l a  di stance dans  l 'ai r  es t  l a  d i stance  en  l i g ne  d ro i te  comme i l l ustré.  

Figure B.5 – Partie  non  col lée  avec encoche  étroi te  

 ≥X ≥X 

IEC   2503/13 

 

 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  parti e  non  col l ée  avec des  encoches  de  l argeu r éga le  ou  
supérieu re  à  X.  

Règ l e:  Le  chem in  de  l a  distance dans  l 'ai r  es t  l a  d i stance  en  l i g ne  d ro i te  comme i l l ustré.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  des  encoches.  

Figure B.6  – Partie  non  col lée  avec encoche  large  

 

 

 

 
Distance dans l ’air     Ligne de fuite  

International  Electrotechnical  Commission

 



 – 456  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

 ≥X <X 

IEC   2504/13 
 

 Ce  chem in  de  l i g ne  de  fu i te  comporte  une  parti e  non  col l ée  avec une  encoche  de  l argeu r i n féri eure  à  X d 'un  
côté  et  une  encoche  de  l argeur égal e  ou  supérieure  à  X d e  l ' au tre  côté.  

Règ l e:  Le  chem in  de  l a  distance  dans  l 'ai r  e t  d e  l a  l i gne  de  fu i te  est  comme i l l ustré.  

Figure B.7  – Partie  non  col lée  avec encoche  étroi te  et encoche large  

 
>D/1 2 

≥D/2 

≥D/3 
IEC   2505/13 

 

 Ce  chem in  de  l i g ne  de  fu i te  comporte  une  encoche  à  fl ancs  d i vergents,  don t  l a  profondeur est  égale  ou  
supérieu re  à  D/2  et  d ont  l a  l argeu r est  égale  ou  supérieure  à  D/1 2  pou r l a  parti e  l a  p l us  étroi te,  et  égal e  ou  
supérieu re  à  D/3  à  l a  base.  

Règ l e:  Le  chem in  de  l a  distance dans  l 'ai r  est  l a  d i stance  en  l i g ne  d ro i te.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  de  l ' encoche.  

 La  règ l e  de  l a  F i gure  B . 3  s 'app l i que  également aux coi ns  i n ternes  s i  l eu rs  ang l es  sont  i n férieurs  à  80° .  

Figure B.8  – Flancs  d ivergents  
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 <X 

<X  
a 

b 

≥X 

≥X  

a 

b IEC   2507/13 IEC   2506/13 
 

D i s tance  en tre  tête  de  vi s  et  paroi  d e  l ogement  trop  
fa ible  pou r être  comptée  pour  l e  chem in  de  l a  l i g ne  de  
fu i te.  

D i stance  en tre  tête  de  vi s  et  paroi  d e  l ogement  
su ffi san te  pour être  comptée  pour  l e  chem in  de  l a  l i g ne  
de  fu i te.  

Figure  B.9  – Logement étroi t  Figure  B. 1 0  – Logement l arge  

 

 

 
d C’  

≥X ≥X 
D  

C’  Partie flottante  IEC   2508/13 
 

 

La  distance dans  l ’ ai r  es t  d +  D  La  l i gne  de  fu i te  est  aussi  d +  D  

 

  

Figure B. 1 1  – Partie  flottante  conductrice  

 
 

Distance dans l ’air     Ligne de fuite  
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Annexe C   
(normative)  

 
Coton  u ti l isé  pour l 'essai  des  in terrupteurs  au  mercure  
(ne  s'appl ique  pas  dans  les  pays  membres  du  CENELEC)  

C.1  Classi fication   

Non  stéri l e.  

C.2  Exigences  générales  

Le  coton  absorban t doi t  être  fa i t  de  fibres  croisées,  b lanch ies,  exemptes  d ' impuretés  ou  de  
matériaux gras.  

C.3  Longueur des  fibres  

Au  moins  60  %  des  fibres,  en  poids,  doivent mesurer au  moins  1 2  mm  de  l ongueur;  pas  pl us  
de  1 0  %  des  fibres,  en  poids ,  peuvent  mesurer 6  mm  de  longueur ou  moins.  

C.4 Hydrophi l ie  

Un  échanti l l on  du  coton  doi t être  complètement submergé  par l 'eau  en  moins  de  1 0  s .  
L'échanti l lon  doi t  reten i r pas  moins  de  24  fois  sa  masse  d 'eau .  

C.5  Acidi té  et alcal in i té  

L'eau  extrai te  du  coton  doi t  être  neutre.  

C.6  Résidus  sur al lumage  

I l  ne  doi t  pas  y avoi r p lus  de  0 , 2  %  de  rés idus.  

C.7  Matériau  soluble  dans  l ’eau  

I l  ne  doi t  pas  y avoi r p lus  de  0 , 25  %  de  rés idus.  

C.8  Matières  grasses  

I l  ne  doi t  y avoi r aucune trace  de  cou leur b leue,  verte  ou  brunâtre  dans  l a  so lu tion  d 'éther et  
l a  quanti té  de  rés idus  ne  doi t  pas  dépasser 0, 7  %.  

C.9  Teintures  

I l  ne  doi t  y avoi r aucune trace  de  te in ture  bleue  ou  verte.  Une  l égère  trace  de  j aune  est 
adm iss ible .  
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C.1 0  Autres  matières  étrangères  

Les  p incées  de  coton  pré levées  pour déterm ination  de  l a  l ongueur des  fibres  doiven t être  
exemptes  de  taches  d 'hu i l e  ou  de  particu les  métal l i ques.  
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Annexe D   
(in formative)  

 
Chaleur,  feu  et courant de  cheminement 

L'UL  746C est appl icable  au  Canada  et aux États-Un is .  Une  révis ion  est à  l 'étude.  
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Annexe E   
(normative)  

 
Circui t de  mesure  des  courants  de  fu i te  

Un  ci rcu i t  approprié  à  l a  mesure  des  courants  de  fu i te  conformément à  H . 8. 1 . 1 0  est 
représenté  à  l a  F igure  E . 1 .  

 

Bornes d’essai  

A 

B 

C S  R  S  

R  B  U 

1  

Courant de contact pondéré 
(perception/réaction) 

U 2  
500 

= (valeur de crête) 

U 

2  

R  1  

C 

1  

IEC   2509/13 
 

 
 RS  1  500  Ω  
 RB  500  Ω  
 CS  0 , 22  µF  

R1  1 0  000  Ω  
C1  0 , 022  µF  

 

NOTE  Cette  fi gu re  est  i ssue  de  l ’ I EC 60990: 1 999,  F i gu re  4 .  

Figure E.1  – C i rcu i t  de  mesure  des  courants  de  fu i te  
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Annexe F   
(in formative)  

 
Essais  relati fs  aux dangers  du  feu  

Les  i n formations  pour l es  dispositi fs  de  commande  à  i n tégrer ou  i ncorporer dans  des  
apparei ls  conformes  à  l a  série  I EC 60335  son t données  par référence à  l ’ I EC 60335-1 .  
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Annexe G   
(normative)  

 
Essais  de  résistance à  la  chaleur et au  feu  

G.1  Vacant 

G.2  Essai  au  fi l  incandescent 

L'essai au fil incandescent est effectué conformément à  l’IEC 60695-2-10 et à  l’IEC 60695-2-
11 .  

L'essai au fil incandescent doit être  effectué sur un dispositif de commande  complet.  Si cela 
n'est pas possible: sur des parties qui ont été retirées du dispositif de commande.  Si cela  
n'est pas possible: sur des plaques d'essai d'épaisseur similaire mais qui ne sont pas plus 
épaisses que la  partie.  

G.3  Vacant 

G.4 Essai  de  résistance et de  tenue au  cheminement 

L'essai de résistance et de  tenue au cheminement est effectué conformément à  l’IEC 60112.  

Pour les besoins de  cette  norme,  ce  qui suit s'applique:  

– A  l'Article 5 de l’IEC 60112:2003,  Eprouvette,  la  Note 3 s'applique aussi aux essais de 
résistance et de tenue au cheminement de l’Article  10 de l’IEC 60112:2003.  

– A  l'Article 7 de l’IEC 60112:2003,  Appareillage d'essai,  la  Note 1  en 7. 1  ne s'applique pas.  
On utilise la  solution d'essai A  décrite en 7. 3 de l’IEC 60112:2003,  Amendement 1 :2009.  

– En 7. 3 de l’IEC 60112:2003,  Amendement 1 :2009,  Solutions d’essai,  la  solution A  doit 
généralement être utilisée.  

– En 8. 2 de  l’IEC 60112:2003 "Préparation",  la  tension indiquée dans la  dernière phrase est 
établie en 21 . 2.7 de la  présente norme.  L'essai de résistance et de tenue au cheminement 
de l’Article  10 de l’IEC 60112:2003 est réalisé,  cinq fois.   

G.5 Essai  à  l a  bi l le   

L'essai à  la  bille est effectué conformément à  l’IEC 60695-10-2 (voir Figure 6 pour 
l’appareillage d’essai) .   

G.5.1  Essai  à  la  bi l l e  1  

Pour les besoins de la  présente norme,  la  température dans le  four chauffant est la  plus 
grande des valeurs suivantes:  

– 20 °C ±  2 K au-dessus de la  température maximale mesurée pendant les essais de 
l'Article 14,  

– 75 °C ± 2 °C,  

– selon déclaration.  

NOTE  1  Pou r l es  disposi ti fs  de  commande  d esti nés  à  être  i ncorporés  dans  des  apparei l s  re levant  du  domaine  
d 'appl i cation  de  l ’ I EC 60335-1 ,  l a  températu re  peut  d i fférer se lon  30. 1  d e  l a  norme  ci tée.  

Le support et la  bille  doivent être  à  la  température d'essai spécifiée avant le  début de l'essai.  
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NOTE  2  Cet essai  n 'est  pas  effectué  su r l es  parti es  en  matière  céram ique  ou  en  verre.  

G.5.2  Essai  à  la  bi l l e  2  

L'essai à  la  bille est effectué comme décrit en G. 5. 1 ,  excepté que la  température dans le four 
chauffant doit être de Tb  ±  2 °C,  Tb  étant égal à  la  plus grande des valeurs suivantes:  

– 100 °C lorsque Tmax  est de  30 °C jusqu'à  55 °C non compris;  

–  125 °C lorsque Tmax  est de  55 °C jusqu'à  85 °C non compris;  

– Tmax  +  40 °C si Tmax  est de  85 °C ou plus;  

–  20 K au-dessus de la  température maximale enregistrée pendant l'essai d'échauffement 
de  l'Article 14;  

–  la  température obtenue pendant l'essai de H. 27. 1 . 1 . 3 si elle est supérieure aux valeurs 
indiquées dans les quatre tirets précédents.  

NOTE  Pour l es  disposi ti fs  de  commande  d esti nés  à  être  i ncorporés  dans  des  appare i l s  re levant  du  domaine  
d 'appl i cation  de  l ’ I EC 60335-1 ,  l a  températu re  peut  d i fférer se lon  30. 1  d e  l a  norme  ci tée.  
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Annexe H   
(normative)  

 
Exigences  pour les  d isposi ti fs  de  commande électroniques  

L'Annexe H  complète  ou  mod i fie  l es  articles  correspondan ts  de  la  présente  norme.  

H.2  Termes et défin i tions  

H.2.4 Défin i tions  relatives  aux coupures  et in terruptions  de  ci rcu i t  

H .2.4.2  Addition :  

NOTE  Un  disposi ti f é lectron ique  n 'assure  pas  cette  coupu re.  

H.2.4.3  Addition :  

NOTE  Un  disposi ti f é lectron ique  n 'assure  pas  cette  coupu re.  

H.2.4.4  Addition :  

NOTE  Un  disposi ti f é lectron ique  n 'assure  pas  cette  coupu re.  

Ajouter la  définition suivante:  

H.2.4.6  
coupure  électron ique  
i n terruption  d 'action  non  cycl ique  par un  dispositi f électronique  d 'un  ci rcu i t assurant une  
coupure  fonctionnel l e,  c'est-à-d i re  une  coupure  au tre  que  par des  moyens  d 'ouverture,  en  
satisfaisan t à  certa ines  exigences  é lectriques  sur au  moins  un  pôle  

Note  1  à  l ’ arti cl e:  U ne  coupure  électron ique  garan ti t  q ue,  pour tous  l es  disposi ti fs  de  commande non  
sensibles ,  l a  fonction  con trôl ée  par l a  coupu re  est  assu rée  et  q ue,  pou r tous  l es  d isposi ti fs  de  commande 
sensibles ,  l a  fonction  contrôlée  est  assurée  en tre  l es  l im i tes  de  l a  grandeur de  manœuvre  fi xées  dans  l 'exi gence  
36  d u  Tabl eau  1 .  

La  coupu re  peut  être  obtenue  par une  manœuvre  au tomatique  ou  par une  manœuvre  manuel le .  

Quel ques  disposi ti fs  de  commande  peuvent  comporter d es  ci rcu i ts  de  coupure  ayan t p l us  d 'une  confi guration .  

Une  coupure  électron ique  peu t  ne  pas  conven i r pour certa i nes  appl i cations.  Voi r l 'Arti cl e  H . 28.  

H.2.5  Défin i tions  concernant la  classification  des  d isposi ti fs  de  commande d 'après  l eur 
construction  

Ajouter les définitions suivantes:  

H.2.5.7  
d isposi ti f de  commande électron ique  
d isposi ti f de  commande  q u i  comporte  au  moins  un  disposi ti f électronique  

H.2.5.8  
d ispositi f électron ique  
d isposi ti f qu i  produ i t u n  déséqu i l i bre  d ynam ique  d 'é lectrons  

Note  1  à  l ’ arti cl e:  La  fonction  essen tie l l e  et  l a  construction  son t  basées  su r l a  technolog ie  des  d i spos i ti fs  à  sem i -
conducteurs ,  des  tubes  à  vi de  ou  des  tubes  à  d écharge  dans  un  gaz.  
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H.2.5.9  
ensemble  électron ique  
groupe de  composan ts,  don t l ' un  au  moins  est un  disposi ti f é lectronique ,  mais  dans  l equel  
des  parties  i nd ividuel l es  peuvent être  remplacées  sans  endommager l 'ensemble  

Note  1  à  l ’ arti cl e:  Un  exemple  est  consti tué  par un  g roupe  de  composants  montés  sur une  carte  imprimée.  

H.2.5. 1 0  
ci rcu i t  i n tégré  
d isposi ti f électronique  con tenu  dans  la  masse  d 'un  matériau  sem i -conducteur et  
i n terconnecté  à  l a  surface,  ou  près  de  l a  surface,  de  ce  matériau  

Note  1  à  l ’ arti cl e:   Le  matériau  sem i -conducteur est  normalement en fermé dans  un  m i l i eu  en robé.  

H.2.5. 1 1  
ci rcu i t  hybride  
ci rcu i t produ i t  en  substrat de  céram ique  au  moyen  d 'un  fi lm  épais ,  fi lm  m ince  ou  d ispos i ti f de  
montage  en  surface  (SMD),  sans  connexion  é lectri que  access ible,  excepté  l es  poin ts  
d 'en trée/sortie,  et avec tou tes  les  connexions  i n ternes  réal isées  comme fa isant  partie  de  l a  
structu re  d i rectrice  ou  au tre  construction  i n tégrée  

H.2.7  Défin i tions  concernant la  protection  contre  les  chocs  électriques  

Ajouter la  définition suivante:  

H.2.7. 1 4  
impédance  de  protection  
impédance connectée  en tre  l es  parties  actives  e t  l es  parties  conductrices  access ib les  d 'une  
va leur te l l e  que  l e  couran t,  en  usage normal  et  dans  l es  cond i tions  probables  de  panne  d ans  
l e  matérie l ,  est  l im i té  à  une  valeur de  sécuri té  

Ajouter les définitions suivantes:  

H.2. 1 6  Défin i tions  relatives  à  l a  structure  des  d ispositi fs  de  commande uti l i sant des  
log iciels  

H .2. 1 6. 1  
deux voies  
structu re  comportant deux moyens  fonctionnels  mutuel l ement indépendants  pour exécuter 
des  manœuvres  spéci fi ées  

Note  1  à  l ’ arti cl e:  Pour l es  d i sposi ti fs  de  commande  ayan t une  panne/  erreur de  mode commun ,  une  d i sposi ti on  
spécia le  peu t  être  pri se.  I l  n 'est  pas  exi gé  que  l es  deux voi es  soient  chacune  de  natu re  a l gori thm ique  ou  l og i que.  

H.2. 1 6.2  
deux voies  (d i fférentes)  avec comparaison  
structu re  deux voies  comportant deux moyens  fonctionnels  d i fférents  et mutuel l ement 
indépendants ,  chacun  capable  de  fourn i r une  réponse  déclarée,  et  où  est  effectuée  une  
comparaison  des  s ignaux de  sortie  pour une  reconnaissance  panne /erreur 

H.2. 1 6.3  
deux voies  (homogènes)  avec comparaison  
structu re  deux voies  comportant  deux moyens  fonctionnels  identiques  et mutuel l ement 
indépendants ,  chacun  capable  de  fourn ir une  réponse  déclarée,  et où  est  effectuée  une  
comparaison  des  s i gnaux in ternes  ou  des  s i gnaux de  sortie  pour une  reconnaissance 
panne /erreur 
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H.2. 1 6.4  
simple  voie  
structu re  dans  l aquel le  un  seu l  moyen  fonctionnel  est u ti l i sé  pour exécuter des  manœuvres  
spéci fiées  

H.2. 1 6.5  
simple  voie  avec essai  fonctionnel  
structu re  simple  voie  d ans  laquel le  une  donnée  d 'essai  est  i n trodu i te  dans  l ' un i té  
fonctionnel le  avant  son  fonctionnement  

H.2. 1 6.6  
simple  voie  avec autotest périodique  
structu re  simple  voie  dans  l aquel le  les  composan ts  du  dispositi f de  commande  son t 
périod iquement soum is  à  essai  au  cours  du  fonctionnement  

H.2. 1 6.7  
simple  voie  avec autotest périodique et contrôle  
structure  s imple  voie  avec autotest périod ique  dans  l aquel le  des  moyens  indépendants ,  
capables  chacun  de  fourn ir une  réponse  déclarée,  con trôlent des  aspects  te ls  que  l es  
temporisations  de  sécuri té,  l es  séquences  et  l e  fonctionnement de  log icie ls  

H.2. 1 7  Défin i tions  relatives  à  l 'absence d 'erreur pour l es  d ispositi fs  de  commande 
uti l isant des  log iciels  

H .2. 1 7. 1  
analyse  dynamique  
méthode d 'anal yse  dans  l aquel l e  l es  en trées  d 'un  dispositi f de  commande  sont s imu lées  et 
l es  s ignaux l og iques  aux nœuds  d 'un  ci rcu i t sont exam inés  pour s 'assurer de  l eu r va leur 
correcte  et  de  la  chronolog ie  

H.2. 1 7.2  
calcu l  du  taux de  défai l lance  
calcu l  du  nombre  théorique  de  défai l l ances  d 'une  catégorie  donnée  par un i té   

Note  1  à  l ’ arti cl e:  Par exemple,  défai l l ances  par heu re  ou  par cycle  de  fonctionnement.  

H.2. 1 7.3  
analyse  du  matériel  
procédé d 'évaluation  dans  l equel  sont exam inés  l e  fonctionnement correct,  selon  l es  
to lérances  spéci fiées  et l es  caractéristiques  ass ignées,  du  ci rcu i t et  des  composants ,  d 'un  
disposi ti f de  commande  

H.2. 1 7.4  
simulation  de  matériel  
méthode d 'anal yse  dans  l aquel le  l a  fonction  du  ci rcu i t  et  les  tolérances  des  composants  son t 
exam inées  à  l 'a i de  d 'un  modèle  i n formatisé  

H.2. 1 7.5  
inspection  
procédé d 'évaluation  dans  l equel  l a  spéci fication  du  matérie l  (schéma)  ou  du  log icie l  (code)  
est exam inée  en  déta i l  par une  personne ou  un  groupe au tre  que  l e  concepteur ou  l e  
programmeur pour i denti fi er des  erreurs  poss ib les  

Note  1  à  l ’ arti cl e:  A l a  d i fférence  d u  con trôle  col l ecti f,  l e  concepteur ou  l e  prog rammeur sont  passi fs  pendant  
cette  évaluation .  
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H.2. 1 7.6  
essai  opérationnel  
procédé d 'évaluation  dans  lequel  un  dispositi f de  commande  fonctionne  aux l im i tes  des  
cond i ti ons  de  fonctionnement prévues  (par exemple,  vi tesse  de  cycle,  température,  tension)  
pour déceler des  erreurs  de  conception  ou  de  construction  

H.2. 1 7.7  Analyse  statique  

H .2. 1 7.7. 1  
analyse  statique – matériel  
procédé  d 'évaluation  dans  l equel  un  modèle  de  matérie l  est systématiquement évalué  

Note  1  à  l ’ arti cl e:  L 'évaluation  peut  être  i n formati sée  et  peu t  comprend re  l 'examen  de  l a  nomenclature  et  du  tracé  
des  ci rcu i ts ,  une  ana lyse  d ' i n terface  et  d es  essais  fonctionnel s .  

H.2. 1 7.7.2  
analyse  statique – log iciel  
procédé d 'évaluation  dans  l equel  un  programme in formatique  est systématiquement évalué  
sans  nécessai rement exécuter l e  programme 

Note  1  à  l ’ arti cl e:  L 'éval uati on  peu t  être  i n formati sée  et  peu t  ord inai rement  comprendre  des  caractéri sti q ues  tel l es  
que  l og i que  du  programme,  chem ins  de  données,  i n terfaces  et  variables .  

H.2. 1 7.8  
essai  systématique  
méthode d 'anal yse  dans  l aquel l e  un  système  ou  un  programme in formatique  est évalué  pour 
exécu tion  exacte  par l ' i n troduction  de  données  d 'essai  sé lectionnées  

Note  1  à  l ’ arti cl e:  Par exemple,  voi r  essai  boîte  noi re  e t  essai  boîte  transparen te .  

H.2. 1 7.8. 1  
essai  boîte  noi re  
essai  systématique  d ans  l equel  des  données  d 'essai  dérivées  de  spéci fications  
fonctionnel les  sont i n trodu i tes  dans  une  un i té  fonctionnel l e  pour s 'assurer de  son  
fonctionnement  correct 

H.2. 1 7.8.2  
essai  boîte  transparente  
essai  systématique  dans  lequel  des  données  d 'essai  basées  sur des  spéci fications  de  
l og iciel  sont i n trodu i tes  dans  un  programme pour s 'assurer du  fonctionnement  correct des  
sous-programmes  

Note  1  à  l ’ arti cl e:  Par exemple,  des  données  peuvent être  sélectionnées  pour exécu ter au tan t  d ' i nstructions,  de  
branches,  de  sous-programmes,  etc.  que  possib le.  

H.2. 1 7.9  
contrôle  col lecti f 
procédé d 'évaluation  dans  l equel  un  concepteur ou  un  programmeur d i rige  l es  membres  d 'une  
équ ipe  d 'évaluation  dans  l 'étude  du  matérie l ,  du  l og icie l  e t/ou  du  code  du  log icie l  que  le  
concepteur ou  l e  programmeur a  développé  pour i den ti fi er de  possib les  erreurs  

Note  1  à  l ’ arti cl e:  A l a  d i fférence  de  l ' i nspection ,  l e  concepteu r ou  l e  programmeur son t  acti fs  pendant cet  
examen.  

H.2. 1 7. 1 0  
temps  de  détection  de  panne/erreur par log iciel  
période  entre  l 'occurrence d 'un  panne/erreur et l a  m ise  en  marche  d 'une  réponse  déclarée  
du  dispositi f de  commande  par l e  l og icie l  
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H.2. 1 8  Défin i tions  relatives  aux techn iques  de  contrôle  de  panne/erreur des  d isposi ti fs  
de  commande  uti l i sant  des  log iciels  

H .2. 1 8. 1  Redondance  de  bus  

H .2. 1 8. 1 . 1  
redondance de  bus  complète  
techn ique  de  con trôle  de  panne/erreur dans  l aquel l e  des  données  et/ou  des  adresses  
en tièrement redondantes  sont  fourn ies  par une  structure  de  bus  redondante  

H.2. 1 8. 1 .2  
pari té  de  bus  mu l ti -bi t  
techn ique  de  contrôle  de  panne/erreur dans  l aquel l e  l e  bus  est augmenté  de  deux bi ts  ou  
p lus ,  ces  b i ts  add i tionnels  étan t u ti l i sés  pour l a  détection  d 'erreurs  

H.2. 1 8. 1 .3  
pari té  de  bus  à  bi t  un ique  
techn ique  de  contrôle  de  panne /erreur dans  laquel le  l e  bus  est augmenté  d 'un  b i t,  ce  b i t  
add i ti onnel  étant  u ti l i sé  pour la  détection  d 'erreurs  

H.2. 1 8.2  
sécuri té  de  code  
techn ique  de  contrôle  de  panne/erreur dans  l aquel l e  l a  protection  con tre  des  erreurs  
systématiques  et/ou  de  coïncidence des  i n formations  d 'en trée  ou  de  sortie  est assurée  par 
l 'u ti l i sation  de  l a  redondance de  données  e t/ou  de  l a  redondance de  transfert  (vo i r aussi  
H . 2. 1 8. 2. 1  et H . 2. 1 8. 2 . 2)  

H.2. 1 8.2. 1  
redondance de  données  
forme de  sécuri té  de  code  d ans  laquel l e  est u ti l i sé  l e  s tockage  de  données  redondantes  

H.2. 1 8.2.2  
redondance de  transfert 
forme de  sécuri té  de  code  d ans  l aquel l e  des  données  sont transférées  au  moins  deux fois  à  
l a  su i te  et  ensu i te  comparées  

Note  1  à  l ’ arti cl e:  Cette  techn i que  reconnaît  d es  erreurs  i n term i ttentes.  

H.2. 1 8.3  
comparateur 
d isposi ti f u ti l i sé  pour l e  con trôle  de  panne/erreur dans  l es  structures  deux voies .  

Note  1  à  l ’ arti cl e:  Le  d i spos i ti f compare  l es  données  des  deux voi es  et  émet une  réponse  décl arée  s i  une  
d i fférence  est  d étectée.  

H.2. 1 8.4  
mode de  panne convertisseur numérique  (défaut DC)  
mode de  panne «col lé  à»  i ncorporan t des  courts-ci rcu i ts  entre  l es  l i gnes  de  s i gnaux  

Note  1  à  l ’ arti cl e:  A cause  du  nombre  de  courts -ci rcu i ts  possib les  dans  l e  d i spos i ti f en  essai ,  ne  sont  
habi tuel l ement cons idérés  que  l es  courts-ci rcu i ts  en tre  l i gnes  de  s i gnaux connexes.  Un  n i veau  de  s i gnal  l og ique  
est  défi n i  et  pers i ste  s i  l es  l i gnes  ten ten t  de  passer au  n i veau  i nverse.  

H.2. 1 8.5  
essai  de  classe  d 'équ ivalence  
essai  systématique  prévu  pour déterm iner s i  l e  décodage des  i nstructions  et l eur exécution  
son t effectués  correctement.  

Note  1  à  l ’ arti cl e:  Les  données  d 'essai  provi ennent  des  spéci fi cations  d ' i nstruction  des  u n i tés  central es  (CPU)  
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Note  2  à  l ’ arti cl e:  Des  i nstructions  s im i l a i res  sont  g roupées  et  l 'ensemble  de  données  d 'en trée  est  subd ivi sé  en  
i n terva l l es  d e  données  spéci fi ques  (cl asses  d 'équ ivalence).  Chaque  i nstruction  dans  un  g roupe  trai te  au  moins  
d 'un  ensemble  de  données  d 'essai ,  de  façon  que  l e  g roupe  en ti er tra i te  en ti èrement  l 'ensemble  de  données  
d 'essai .  Les  données  d 'essai  peuvent être  formées  comme su i t:  

– données  de  pl age  va l i de;  

– données  de  pl age  non  val i de;  

– données  aux l im i tes;  

– val eu rs  extrêmes  et  l eurs  combina isons.  

Les  essais  sont  effectués  dans  un  g roupe  avec  d i fféren ts  modes  d 'ad ressage,  d e  façon  q ue  tous  l es  modes  
d 'ad ressage  soien t  exécu tés  par l e  g roupe  en ti er.  

H.2. 1 8.6  
moyen  de  reconnaissance  d 'erreur 
moyen  indépendant fourn i  dans  l e  bu t  de  reconnaître  l es  erreurs  i n ternes  au  système  

Note  1  à  l ’ arti cl e:  Ce  sont,  par exemple,  l es  d i sposi ti fs  de  su rvei l l ance,  l es  comparateurs  e t  l es  générateurs  de  
code.  

H.2. 1 8.7  
d istance de  Hamming  (d 'autocorrecteur)  
mesure  s tatistique  représentan t l a  capaci té  d 'un  code  à  détecter et  à  corriger des  erreurs  

Note  1  à  l ’ arti cl e:  Cette  d istance de  Hamming  d e  deux mots  codes  est  égal e  aux nombres  de  posi ti ons  
d i fférentes  des  deux mots  codes.  

Note  2  à  l ’ arti cl e:  Voi r H .  Hol scher et  J .  Rader;  "M icrocomputers  i n  safety techn i ques. "  Verlag  TUV Bayern .  TUV 
Rhei n land .  ( I SBN  3-88585-31 5-9).  

H.2. 1 8.8  
comparaison  d 'entrée  
techn ique  de  contrôle  de  panne /erreur dans  l aquel le  son t comparées  l es  en trées  prévues  
pour être  dans  des  tolérances  spéci fiées  

H.2. 1 8.9  
détection  d ’erreur in terne  
techn ique  de  contrôle  de  panne /erreur dans  laquel l e  sont i ncorporés  des  ci rcu i ts  spéciaux 
pour détecter ou  corriger des  erreurs  

H.2. 1 8. 1 0  Séquence  de  programme 

H .2. 1 8. 1 0. 1  
contrôle  de  fréquences  
techn ique  de  contrôle  de  panne/erreur dans  l aquel l e  l a  fréquence d 'horloge  est comparée à  
une  fréquence  fixée  i ndépendante  

Note  1  à  l ’ arti cl e:  C'est,  par exemple,  l a  comparaison  avec l a  fréquence  de  l a  l i g ne  d 'a l imentation .  

H.2. 1 8. 1 0.2  
contrôle  log ique de  l a  séquence  du  programme 
techn ique  de  con trôle  de  panne/erreur dans  l aquel l e  l 'exécution  l og ique  d 'une  séquence de  
programme est contrôlée  

Note  1  à  l ’ arti cl e:  C'est,  par exemple,  l ' u ti l i sation  de  programmes  de  comptage  ou  de  données  sélectionnées  du  
programme l u i -même ou  de  d i sposi ti fs  de  con trôl e  i ndépendants .  

H.2. 1 8. 1 0.3  
contrôle  log ique et créneau  de  temps  
combinaison  de  H . 2. 1 8. 1 0. 2  et H . 2. 1 8. 1 0. 4  
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H.2. 1 8. 1 0.4  
contrôle  de  créneau  de  temps  de  la  séquence du  programme 
techn ique  de  con trôle  de  panne /erreur dans  l aquel le  son t périod iquement déclenchés  des  
ci rcu i ts  temporisateurs  à  base  de  temps  indépendante  pour con trôler la  fonction  programme 
et  l a  séquence  

Note  1  à  l ’ arti cl e:  Par exemple  un  temporisateur  ch ien  de  garde.  

H.2. 1 8. 1 1  
sorties  paral lèles  mu ltiples  
techn ique  de  contrôle  de  panne /erreur dans  l aquel l e  des  sorties  para l lè les  indépendantes  
son t fourn ies  pour la  détection  d 'erreurs  opérationnel les  ou  pour des  comparateurs  
indépendants  

H.2. 1 8. 1 2  
vérification  de  sortie  
techn ique  de  con trôle  de  panne/erreur dans  laquel le  des  sorties  son t comparées  aux entrées  
indépendantes  

Note  1  à  l ’ arti cl e:  Cette  techn i que  peut  ou  peut  ne  pas  l i er u ne  erreur à  l a  sorti e  défi ci en te.  

H.2. 1 8. 1 3  
contrôle  de  vraisemblance  
techn ique  de  con trôle  de  panne /erreur dans  l aquel l e  l 'exécu tion  d 'un  programme,  des  en trées  
ou  des  sorties  sont contrôlées  pour déceler des  temporisations,  des  données  ou  des  
séquences  de  programme i nadm issib les  

Note  1  à  l ’ arti cl e:  Par exemple,  i n troduction  d 'u ne  i n terrupti on  add i ti onnel l e  après  accompl i ssement d 'un  certai n  
nombre  de  cycles  ou  contrôle  de  d i vi s ion  par zéro.  

H.2. 1 8. 1 4  
essai  de  protocole  
techn ique  de  contrôle  de  panne /erreur dans  l aquel le  des  données  son t transférées  de  et vers  
des  composan ts  de  calcu lateur pour détecter des  erreurs  dans  le  protocole  de  commun ication  
i n terne  

H.2. 1 8. 1 5  
comparaison  réciproque  
techn ique  de  contrôle  de  panne/erreur u ti l i sée  avec des  structures  deux voies  (homogènes)  
dans  l esquel les  est effectuée  une  comparaison  de  données  échangées  réciproquement entre  
deux un i tés  de  trai tement  

Note  1  à  l ’ arti cl e:  Réci proquement se  réfère  à  un  échange  de  données  s im i l a i res.  

H.2. 1 8. 1 6  
génération  de  données  redondantes  
d ispon ibi l i té  de  deux ou  p lus ieurs  moyens  i ndépendants ,  te ls  que  générateurs  de  code,  pour 
effectuer la  même tâche  

H.2. 1 8. 1 7  
contrôle  redondant 
d ispon ibi l i té  de  deux ou  p lus ieurs  moyens  indépendants ,  te ls  que  ch iens  de  garde  et  
comparateurs ,  pour effectuer l a  même tâche  
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H.2. 1 8. 1 8  
transmission  ordonnancée  
procédure  de  commun ication  dans  laquel l e  l 'envoi  de  l ' in formation  d 'un  transmetteur 
particu l i er est seu lement au torisé  vers  un  poin t  prédéfin i  en  temps  et séquence,  s i non  l e  
récepteur l e  tra i tera  comme une  erreur de  commun ication  

H.2. 1 8. 1 9  
d iversi té  des  log iciels  
techn ique  de  contrôle  de  panne/erreur dans  l aquel le  tou t un  l og icie l  ou  des  parties  d 'un  
l og iciel  son t i ncorporés  deux fo is  sous  forme de  code  l og icie l  a l terné  

Note  1  à  l ’ arti cl e:  Par exemple,  l es  formes  al ternées  de  code  l og icie l  peuvent  être  produ i tes  par des  
programmeurs  d i fférents,  d es  l angages  d i fférents  ou  des  schémas  de  compi l ati on  d i fféren ts  et  peuvent  rés i der 
dans  des  voi es  matérie l l es  d i fféren tes  ou  dans  des  zones  mémoi res  d i fférentes  dans  une  seu le  voie .  

H.2. 1 8.20  
mode de  panne col lé  à  
mode de  panne  représentant  un  ci rcu i t ouvert ou  un  n iveau  de  s ignal  i nvarian t  

Note  1  à  l ’ arti cl e:  On  s 'y réfère  habi tuel l ement par "col l é  ouvert" ,  "col l é  à  1 "  ou  "col l é  à  0" .  

H.2. 1 8.21  
essai  de  contrôle  
d isposi ti on  de  moyens  i ndépendants  te ls  que  ch iens  de  garde  et comparateurs  q u i  son t 
soum is  à  essai  au  départ  ou  périod iquement pendant l e  fonctionnement  

H.2. 1 8.22  
gabari t  d 'essai  
con trôle  testé  de  panne/erreur u ti l i sé  pour l 'essai  périod ique  des  d ispos i ti fs  d 'entrée,  de  
sortie  et  des  i n terfaces  du  dispositi f de  commande  

Note  1  à  l ’ arti cl e:  Un  gabari t  d 'essai  est  i n trodu i t  dans  l e  d i sposi ti f et  l es  résu l tats  sont  comparés  aux va leu rs  
espérées.  Pou r l ' i n troduction  du  gabari t  d 'essai  et  l ' évaluation  des  résu l tats  des  moyens  i ndépendants  son t  
u ti l i sés.  Le  gabari t  d 'essai  est  constru i t  d e  façon  à  ne  pas  i n fl uencer l e  fonctionnement  correct  du  d isposi ti f de  
commande .  

H.2. 1 9  Défin i tions  relatives  aux essais  de  mémoire  des  d ispositi fs  de  commande  
uti l isant des  log iciels  

H .2. 1 9. 1  
essai  d ’Abraham  
forme spéci fique  de  gabari t d 'essai  de  mémoire  variable  d ans  lequel  tou te  panne  «col lée  à»  
et  de  couplage  en tre  cel l u les  de  mémoire  est i den ti fié  

Note  1  à  l ’ arti cl e:  Le  nombre  d 'opérations  nécessai res  pour effectuer l ' essai  de  l a  mémoi re  en ti ère  est  d 'envi ron  
30  n ,  où  n  est  l e  nombre  de  cel l u l es  de  l a  mémoi re.  L 'essai  peu t  être  transparen t à  l ' u ti l i sation  pendant  l es  cycl es  
de  fonctionnement,  par parti t i on  de  l a  mémoi re  et  essai  de  chaque  parti t i on  en  d i fféren ts  segments  de  temps.  

Note  2  à  l ’ arti cl e:  Voi r Abraham,  J . A. ;  Thatte,  S .M. ;  "Fau l t  coverage  of test  programs  for a  m i croprocessor" ,  
Proceed ings  of the  I EEE  Test  Conference  1 979,  pp  1 8-22.  

H.2. 1 9.2  
essai  GALPAT de  mémoire  
techn ique  de  con trôle  de  panne /erreur dans  laquel l e  une  seu le  cel l u le  d 'un  champ de  ce l l u les  
de  mémoire  un i formément écri tes  est complémentée,  après  quoi  le  reste  de  l a  mémoire  en  
essai  est i nspecté  

Note  1  à  l ’ arti cl e:  Après  chaque  opération  de  l ectu re  de  l ' une  des  cel l u l es  restantes  d u  champ,  l a  cel l u l e  écri te  
dans  l 'ord re  i n verse  est  aussi  i nspectée  et  l u e.  Ce  processus  est  répété  dans  tou tes  l es  cel l u l es  de  l a  mémoi re  en  
essai .  Un  deuxi ème  essai  est  ensu i te  exécuté  comme ci -dessus  sur l a  même plage  de  mémoi re  sans  écri tu re  dans  
l 'ordre  i n verse  de  l a  cel l u l e  d 'essai .  
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Note  2  à  l ’ arti cl e:  L 'essai  peu t  être  transparen t à  l ' u ti l i sati on  pendant  l es  cycles  de  fonctionnement,  par parti t i on  
de  l a  mémoi re  et  essai  d e  chaque  parti ti on  en  d i fféren ts  segments  de  temps  (voi r essai  GALPAT transparen t) .  

H.2. 1 9.2. 1  
essai  GALPAT transparent  
essai  GALPAT de  mémoire  d ans  l equel  un  mot de  s i gnature  est d 'abord  formé pour 
représenter l e  contenu  de  l a  p lage  de  mémoire  à  soumettre  à  essai  et  ce  mot est sauvegardé  

Note  1  à  l ’ arti cl e:  La  cel l u l e  à  soumettre  à  essai  est  complémentée  et  l 'essai  est  effectué  comme ci -dessus.  
Cependant,  l e  reste  des  cel l u l es  n 'est  pas  i nspecté  i nd ivi duel l ement mais  par formation  de  e t  comparaison  avec un  
second  mot d e  s i gnatu re.  Un  deuxième  essai  est  ensu i te  effectué  comme ci -dessus  par complémentation  de  l a  
val eu r de  l a  cel l u l e  à  soumettre  à  essai  précédemment  complémentée.  

Note  2  à  l ’ arti cl e:   Cette  techn ique  reconnaît  aussi  b i en  tou tes  l es  erreu rs  de  b i t  s tati que  q ue  l es  erreu rs  
d ' i n terface  en tre  cel l u l es  de  mémoi re.  

H.2. 1 9.3  Somme de  contrôle  

H .2. 1 9.3. 1  
somme de  contrôle  modifiée  
techn ique  de  con trôle  de  panne /erreur dans  l aquel le  un  un ique  mot représentan t le  contenu  
de  tous  l es  mots  en  mémoire  est généré  et sauvegardé  

Note  1  à  l ’ arti cl e:  Pendant  l 'au totest,  une  somme de  contrôl e  est  formée  avec l e  même a lgori thme et  comparée  
avec l a  somme de  con trôle  sauvegardée.  

Note  2  à  l ’ arti cl e:  Cette  techn i que  reconnaît  tou tes  l es  erreurs  de  b i t  impai r et  q uel ques  erreurs  de  b i t  pa i r.  

H.2. 1 9.3.2  
somme de  contrôle  mul tiple  
techn ique  de  con trôle  de  panne /erreur dans  l aquel le  des  mots  séparés  représentant l e  
con tenu  de  zones  mémoire  soum ises  à  essai  sont générés  et sauvegardés  

Note  1  à  l ’ arti cl e:  Pendant  l 'au totest,  l e  même al gori thme est  u ti l i sé  pour générer une  somme de  con trôl e  qu i  est  
comparée  avec l a  somme de  con trôle  sauvegardée  pou r cette  zone.  

Note  2  à  l ’ arti cl e:  Cette  techn i que  reconnaît  tou tes  l es  erreurs  de  b i t  impai r et  q uel ques  erreurs  de  b i t  pa i r.  

H.2. 1 9.4 Contrôle  de  redondance cycl ique (CRC)  

H .2. 1 9.4. 1  
mot un ique  de  CRC  
techn ique  de  con trôle  de  panne /erreur dans  l aquel le  un  un ique  mot est généré  pour 
représenter l e  contenu  de  l a  mémoire   

Note  1  à  l ’ arti cl e:  Pendant  l ' au totest,  l e  même al gori thme est  u ti l i sé  pou r générer un  au tre  mot qu i  est  comparé  
avec l e  mot sauvegardé.  

Note  2  à  l ’ arti cl e:  Cette  techn ique  reconnaît  tou tes  l es  erreu rs  de  u n  b i t  et  un  pou rcentage  é levé  d 'erreurs  mu l ti -
bi t.  

H.2. 1 9.4.2  
mot double  de  CRC  
techn ique  de  contrôle  de  panne/erreur dans  l aquel l e  au  moins  deux mots  son t générés  pour 
représenter l e  contenu  de  l a  mémoire  

Note  1  à  l ’ arti cl e:  Pendant  l ' au totest,  l e  même a l gori thme  est  u ti l i sé  pour générer l e  même nombre  de  mots  de  
réponse  qu i  son t  comparés  avec l es  mots  sauvegardés.  

Note  2  à  l ’ arti cl e:  Cette  techn ique  reconnaît  tou tes  l es  erreurs  de  un  b i t  et  u n  nombre  é levé  d 'erreurs  mu l ti -b i t  
avec u ne  précis i on  pl us  g rande  qu 'avec un  mot un ique  de  CRC .   
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H.2. 1 9.5  
mémoire  redondante  avec comparaison  
structu re  dans  laquel le  l e  con tenu  de  l a  mémoire  re lati f à  l a  sécuri té  est stocké  deux fois  dans  
des  formats  d i fférents  dans  des  zones  séparées  de  façon  à  pouvoi r être  comparé  pour 
con trôle  d 'erreur 

H.2. 1 9.6  
essai  de  mémoire  statique  
techn ique  de  con trôle  de  panne /erreur prévue  pour détecter seu lement les  erreurs  statiques  

H.2. 1 9.6. 1  
essai  de  mémoire  damier 
essai  de  mémoire  statique  d ans  l equel  un  gabari t en  dam ier de  zéros  et de  uns  est écri t  
dans  l a  zone  mémoire  en  essai  et  où  les  cel l u les  son t i nspectées  par pa ires   

Note  1  à  l ’ arti cl e:  L 'ad resse  de  l a  prem ière  cel l u l e  de  chaque  pai re  est  variabl e  et  l 'ad resse  de  l a  d euxième  
cel l u l e  d éri ve  de  l a  prem ière  adresse  par complément  d 'un  b i t.  Dans  l a  prem ière  i nspection ,  l 'ad resse  est  d 'abord  
i ncrémentée  j usqu 'à  l a  fi n  de  l 'espace  d 'adresse  de  l a  mémoi re  pu i s  ramenée  à  sa  va leu r d 'ori g i ne.  L 'essai  est  
répété  avec l e  gabari t  en  d am ier i n verse.  

H.2. 1 9.6.2  
essai  de  mémoire  active  
essai  de  mémoire  statique  dans  lequel  une  donnée  est écri te  dans  la  zone  mémoire  en  
essai  comme en  fonctionnement  normal  

Note  1  à  l ’ arti cl e:  Chaque  cel l u l e  est  ensu i te  i nspectée  dans  l 'ord re  ascendant  et  l e  complément  d 'un  b i t  est  
effectué  dans  l e  con tenu .  L ' i nspection  e t  l e  complément d ' un  b i t  son t  ensu i te  répétés  dans  l 'ord re  descendant.  
Pu i s  ce  processus  est  répété  après  avoi r d 'abord  effectué  l e  complément  d 'un  b i t  dans  tou tes  l es  cel l u l es  de  
mémoi re  en  essai .  

H.2. 1 9.7  
essai  walkpat des  mémoires  
techn ique  de  contrôle  de  panne /erreur dans  l aquel l e  un  gabari t de  données  modèle  est écri t  
dans  l a  zone  mémoire  en  essai  comme en  fonctionnement  normal  

Note  1  à  l ’ arti cl e:  Le  complément  d 'un  b i t  est  effectué  dans  l a  prem ière  cel l u l e  et  l e  reste  de  l a  zone  mémoi re  est  
i nspecté.  Pu i s  l a  prem ière  cel l u l e  est  à  nouveau  complémentée  et  l a  mémoi re  i nspectée.  Ce  processus  est  répété  
dans  tou tes  l es  cel l u l es  de  l a  mémoi re  en  essai .  U n  deuxième essai  est  effectué  par complément  d 'un  b i t  d e  tou tes  
l es  cel l u l es  en  mémoi re  en  essai  et  en  procédant comme ci -dessus.  

Note  2  à  l ’ arti cl e:  Cette  techn ique  reconnaît  aussi  b i en  tou tes  l es  erreurs  de  b i t  s tati que  q ue  l es  erreu rs  
d ' i n terface  en tre  cel l u l es  de  mémoi re.  

H.2. 1 9.8  Protection  de  mot  

H.2. 1 9.8. 1  
protection  de  mot avec redondance mul ti -bi t  
techn ique  de  contrôle  de  panne/ erreur dans  l aquel le  des  b i ts  redondants  son t générés  et 
sauvegardés  pour chacun  des  mots  de  l a  zone  mémoire  en  essai  

Note  1  à  l ’ arti cl e:  A l a  l ectu re  de  chacun  des  mots  est  effectué  un  contrôl e  de  pari té.  

Note  2  à  l ’ arti cl e:  Par exemple,  u n  code  «Hamm ing»  qu i  reconnaît  aussi  b i en  tou tes  l es  erreu rs  de  un  ou  deux 
bi ts  et  certa i nes  des  erreu rs  de  troi s  b i ts  ou  mu l ti -b i t.  

H.2. 1 9.8.2  
protection  de  mot avec redondance d ’un  seu l  b i t  
techn ique  de  contrôle  de  panne/erreur dans  laquel l e  un  seu l  b i t  est a j ou té  à  chacun  des  mots  
de  la  zone  mémoire  en  essai  pu is  sauvegardé,  créan t a ins i  une  pari té  pa ire  ou  impaire  

Note  1  à  l ’ arti cl e:  A l a  l ectu re  de  chacun  des  mots  est  effectué  un  contrôl e  de  pari té.  

Note  2  à  l ’ arti cl e:  Cette  techn i que  reconnaît  tou tes  l es  erreurs  de  b i t  impai r.  
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H.2.20  Défin i tions  de  l a  terminolog ie  des  log iciels  – Général i tés  

H.2.20. 1  
erreur de  mode  commun  
erreur(s)  dans  une  structure  double  voie  ou  une  au tre  s tructure  redondante  te l le  que  chaque 
voie  ou  structure  est  affectée  s imu l tanément et  de  l a  même man ière  

H.2.20.2  
erreur de  cause commune  
erreurs  de  d i fféren ts  é lémen ts,  su i te  à  un  événement un ique,  et  n ’étan t pas  des  
conséquences  les  unes  des  au tres  

Note  1  à  l ’ arti cl e:  I l  convien t  de  ne  pas  confond re  l es  erreurs  de  cause  commune  avec  l es  erreurs  de  mode  
commun .  

H.2.20.3  
analyse  des  modes  de  défai l l ance  et de  l eurs  effets  
AMDE 
techn ique  anal ytique  dans  laquel l e  l es  types  de  défai l lance  de  chaque composant du  
matérie l  sont i den ti fi és  et  exam inés  quan t à  l eurs  effets  sur l es  fonctions  l i ées  à  l a  sécuri té  du  
dispositi f de  commande  

H.2.20.4  
indépendant 
ne pas  être  i n fluencé défavorablement par l a  ci rcu lation  des  données  du  disposi ti f de  
commande  e t  ne  pas  être  gêné  par l a  défai l lance  d 'au tres  fonctions  du  dispositi f de  
commande ,  ou  par effets  de  mode  commun  

H.2.20.5  
mémoire  invariable  
plages  de  mémoire  d 'un  système de  tra i temen t con tenant des  données  qu i  n 'est pas  prévu  
pour varier pendant  l 'exécution  du  programme 

Note  1  à  l ’ arti cl e:  Mémoire  i nvariable  peu t  comprendre  une  construction  RAM  où  i l  n 'est  pas  prévu  de  variati on  
de  données  pendant l 'exécu tion  du  programme.  

H.2.20.6  
mémoire  variable  
plages  de  mémoire  d 'un  système de  tra i tement con tenant des  données  qu i  est prévu  pour 
varier pendant  l 'exécu tion  du  programme 

H.2.21  Vacant  

H .2.22  Défin i tions  relatives  aux classes  de  fonctions  de  commande  

Pour l 'évaluation  des  mesures  de  protection  pour l a  to lérance aux pannes  et  l a  prévention  de   
dangers ,  i l  est nécessai re  de  classer les  fonctions  du  dispositi f de  commande  se lon  leur 
comportement par rapport aux pannes .  

À la  class i fication  des  fonctions  du  dispositi f de  commande ,  l eur i n tégration  dans  l e  concept 
de  sécuri té  complète  de  l 'apparei l  do i t  être  prise  en  compte.  

Note    U ne  fonction  du  disposi ti f de  commande  est  consti tuée  de  l a  boucle  en tière  commençant par l e  moyen  
sens ible  en  passant  par l e  ci rcu i t  de  trai tement  (matéri e l  et  l og icie l  s ' i l  est  u ti l i sé)  et  comprenant  l a  commande  de  
l 'actionneu r.  

Dans  le  but d 'évaluer l a  conception  d 'une  fonction  du  disposi ti f de  commande ,  l es  présentes  
exigences  reconnaissen t trois  cl asses  d isti nctes:  
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H.2.22. 1  
fonction  de  commande de  classe  A 
fonctions  du  dispositi f de  commande  non  prévues  pour fai re  partie  de  l a  sécuri té  de  
l 'appl ication  

Note  1  à  l ’ arti cl e:  Exemples:  thermostats  d 'ambiance,  d i sposi ti f de  régu l ation  de  températu re.  

H.2.22.2  
fonction  de  commande de  classe  B  
fonctions  du  disposi ti f de  commande  q u i  son t destinées  à  préven i r un  état non  sécurisé  de  
l 'apparei l  

Note  1  à  l ’ arti cl e:  La  défai l l ance  d e  l a  fonction  d u  disposi ti f de  commande  n e  condu i ra  pas  d i rectement  à  une  
s i tuation  dangereuse.  

Note  2  à  l ’ arti cl e:  Exemples:  l im i teur de  températu re,  l im i teu r de  pression .  

H.2.22.3  
fonction  de  commande de  classe  C  
fonctions  du  disposi ti f de  commande  q u i  sont destinées  à  préven ir des  dangers  spéciaux 
te ls  qu 'une  explos ion  ou  dont l a  défai l lance  est  susceptib le  d 'occasionner d i rectement un  
danger  d ans  l 'apparei l  

Note  1  à  l ’ arti cl e:  Exemples:  l es  systèmes  de  commande  d es  brû l eu rs ,  l es  coupe-ci rcu i t  thermiques  pou r l es  
systèmes  de  chauffage  de  l ' eau  en  ci rcu i t  fermé  (sans  protection  par m ise  à  l 'a i r l i bre).  

H.2.23  Défin i tions  concernant l a  sécuri té  fonctionnel le  

H .2.23. 1  
temps  de  tolérance  aux pannes  
durée  en tre  l 'occurrence  d 'une  panne  et  l ' arrêt du  matériel  commandé,  qu i  est to lérée  par 
l 'appl ication  sans  créer de  s i tuation  dangereuse   

Note  1  à  l ’ arti cl e:  D 'au tres  actions  que  l ' arrêt  d u  matéri el  commandé  son t  possibles  s i  on  peut  montrer q u 'e l l es  
prévi ennent  l es  s i tuations  dangereuses.  

H.2.23.2   
temps  de  réaction  aux pannes   
durée  entre  l 'occurrence  d 'une  panne  et  l e  moment auquel  l e  disposi ti f de  commande  a  
atte in t  un  état  défin i  

H.2.23.3  
état défin i  
état d 'un  dispositi f de  commande  avec l a  caractérisation  su ivan te:  

a)  l e  disposi ti f de  commande  prend  pass ivement un  état dans  lequel  l es  bornes  de  sortie  
assurent une  s i tuation  sécurisée  en  tou tes  ci rconstances.  Lorsque  l a  cause  de  la  
trans i tion  vers  l 'état  défin i  est é l im inée,  i l  convient que  l 'appl ication  se  l ance  
conformément aux exigences  appropriées;  ou  

b)  l e  disposi ti f de  commande  exécute  activement une  action  de  protection ,  dans  l e  temps  
spéci fié  dans  l a  partie  2  appropriée,  provoquant un  arrêt ou  empêchant une  cond i tion  non  
sécurisée;  ou  

c)  l e  dispositi f de  commande  reste  en  fonctionnement ,  continuant à  satisfa i re  à  tou tes  
exigences  fonctionnel les  l iées  à  l a  sécuri té  

 

H . 2.23.4  
électron ique complexe  
désignation  des  ensembles  qu i  u ti l i sen t des  composants  é lectron iques  avec les  
caractéristi ques  su ivan tes:  

a)  l e  composant fourn i t  p l us  d 'une  sortie  fonctionnel le;  
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b)  i l  n 'est pas  envisageable  dans  l a  prati que  ou  i l  est impossib le  de  représenter l e  mode de  
défai l lance  d 'un  te l  composant par «col lé  à»  et des  l i ens  croisés  au  n iveau  des  broches  
ou  par d 'au tres  modes  de  défai l lance  q u i  son t décri ts  dans  l e  Tableau  H . 24   

H.2.23.5  
réarmement  
action  qu i  assure  une  ré in i ti al isation  à  parti r de  l 'état de  sécuri té  pour permettre  au  système  
de  ten ter un  redémarrage  

H.2.23.6  Vacant  

H .2.23.7  
dégradation  (de  fonctionnement)  
écart non  dés iré  des  caractéristi ques  de  fonctionnement d 'un  d ispos i ti f,  d 'un  apparei l  ou  d 'un  
système  par rapport aux caractéristi ques  attendues   

Note  1  à  l ’ arti cl e:  Une  dégradation  peut  être  un  défau t  de  fonctionnement  temporai re  ou  permanent.  

[SOURCE:  I EC 60050-1 61 : 1 990,  1 61 -01 -1 9]  

H.2.23.8  Vacant  

H .2.23.9  
dommage  
blessure  phys ique  ou  atte in te  à  l a  san té  des  personnes ,  ou  atte in te  aux b iens  ou  à  
l 'envi ronnement  

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 3]  

H.2.23. 1 0  
phénomène dangereux 
danger 
source  potentie l le  de  dommage   

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 5]  

H.2.23. 1 1  
ri sque  
combinaison  de  la  probabi l i té  d 'un  dommage  e t  de  sa  gravi té   

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 2 ]  

H.2.23. 1 2  
mauvais  usage  raisonnablement prévisible  
uti l i sation  d 'un  produ i t,  procédé  ou  service  dans  des  cond i tions  ou  à  des  fi ns  non  prévues  par 
l e  fourn isseur mais  qu i  peu t proven i r de  l a  conception  du  produ i t en  combinaison  avec,  ou  
su i te  à  un  comportement humain  courant   

[SOURCE:  I SO/I EC  Gu ide  51 : 1 999,  3 . 1 4  mod i fiée,  – "de  la  conception  du  produ i t  en  
combinaison  avec,  ou  su i te  à  un  comportement humain  couran t"  ont  été  ajou tés. ]  

H.2.23. 1 3  
sécuri té  fonctionnel le  
sécuri té  l i ée  à  l 'appl ication  qu i  dépend  du  fonctionnement correct du  disposi ti f de  
commande  l i é  à  l a  sécuri té   
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H.2.24 Défin i tions  relatives  à  l ’ accès  à  l ’ échange  de  données  

H .2.24. 1  
numéro  de  séquence  
champ de  données  supplémenta ire  contenant un  numéro  qu i  varie  de  man ière  prédéfin ie  d ’un  
message  à  l ’ au tre   

H.2.24.2   
horodatage  
i n formation  concernant  l e  temps  de  transmission  associé  à  un  message par l ’ émetteur  

H.2.24.3   
i denti fiant de  source et  de  destination  
i denti fiant  qu i  est attribué  à  chaque  enti té  

Note  1  à  l ’ arti cl e:  Cet  i d enti fi an t  peu t  être  un  nom ,  un  numéro  ou  une  confi gu ration  b i nai re  arbi trai re.  Cet  
i denti fi an t  est  u ti l i sé  pou r l a  commun ication  re lati ve  à  l a  sécuri té.  I l  est  généralemen t a jou té  aux données  
uti l i sateur.  

H.2.24.4  
message  de  réponse  
réponse d ’un  desti natai re  à  l ’ émetteur,  via  une  voie  de  retour 

H.2.24.5  
procédure d ’ identi fication  
procédure  d ’ i denti fication  forman t partie  i n tégrante  du  processus  d ’appl ication  re lati ve  à  la  
sécuri té   

Note  1  à  l ’ arti cl e:  Deux types  de  procédure  d ’ identi fi cation  peuvent être  cons idérées:  

– i denti fi cati on  b i d i rectionnel l e  –  Dans  l aquel l e  u ne  voie  de  commun ication  de  retour est  d i spon i b le,  l ’ échange  
des  i denti fi an ts  d ’en ti té  en tre  émetteurs  et  desti natai res  des  i n formations  peu t  permettre  de  m ieux assurer q ue  
l a  commun ication  est  réel l ement établ i e  en tre  l es  parti es  i n téressées,  

– procédures  d ’ identi fi cation  d ynam iques  – Échange  dynam ique  d ’ i n formati ons  en tre  émetteu rs  et 
desti natai res,  y compris  l a  transformation  et  l a  réponse  en  retou r des  i n formations  reçues  à  l ’ émetteur.  Peu t  
permettre  de  m ieux assurer que  l es  parti es  en  commun ication  ne  revend i quent pas  seu l ement  l a  détention  de  
l a  bonne  i den ti té  mais  qu ’ el l es  se  comporten t  égal ement comme prévu .  Ce  type  de  procédure  d ’ i denti fication  
d ynam ique  peu t  être  u ti l i sé  pou r i n trodu i re  l a  transm ission  des  i n formations  en tre  l es  processus  de  
commun ication  re lati ve  à  l a  sécuri té  et/ou  i l  peu t  être  u ti l i sé  au  cours  de  l a  transm iss ion  des  i n formations  
proprement  d i te.  

H.2.24.6   
code de  sécuri té  
données  redondantes  comprises  dans  un  message  re lati f à  l a  sécuri té  permettant  à  l a  
fonction  de  transm ission  re lati ve  à  l a  sécuri té  de  détecter des  a l térations  de  données  

H.2.24.7  
techniques  de  ch i ffrement  
données  de  sortie  calcu lées  par un  al gori thme u ti l i sant comme paramètre  des  données  
d ’entrée  et  une  clé  

Note  1  à  l ’ arti cl e:  En  conna issant  l es  données  de  sorti e ,  i l  est  imposs ib le  de  ca lcu ler,  d ans  un  temps  rai sonnable,  
l es  données  d ’en trée  sans  connaître  l a  cl é.  I l  est  égal ement impossible,  dans  u n  temps  ra i sonnabl e,  de  dédu i re  l a  
cl é  des  données  de  sorti e,  même s i  l es  données  d ’ en trée  son t  connues.   
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H.2.24.8  
délai  d ’attente  
déla i  entre  deux messages,  dépassant  une  durée  maximale  adm ise  préalablement défin ie  

Note  1  à  l ’ arti cl e:  S i  c’ est  l e  cas,  une  erreu r peut  être  envisagée.  

H.2.24.9   
réseau  publ ic  
données  et s ignaux non  l im i tés  à  l ’ espace  physique  au  sein  du  foyer,  ou  aux emplacements  
spéci fiés  comme couverts  par l e  domaine  d ’appl ication  de  la  présente  norme  

Note  1  à  l 'arti cl e:  Les  exemples  de  réseaux publ ics  i ncl uen t,  sans  tou tefoi s  s ’ y l im i ter,  l es  appl i cati ons  
su ivantes:  

– I n ternet;  

– D i sposi ti fs  Wi -F i ;  

– B l uetooth :  d i spos i ti fs  s i tués  à  p l us  de  1 0  m .   

H.4 Général i tés  sur les  essais   

H.4. 1  Cond i tions  d 'essai  

H .4. 1 .4  Addition :  

Pour les dispositifs de commande électroniques,  les essais des Articles H. 25,  H.26 et H. 27 
sont effectués avant les essais de l'Article 21 .  

Paragraphes complémentaires:  

H.4. 1 .9  Les dispositifs de commande électroniques  doivent être soumis à  essai comme 
des dispositifs de commande électriques ,  sauf spécification contraire.  

H.4. 1 . 1 0  En appliquant la  séquence des essais aux dispositifs de commande 
électroniques ,  on doit veiller à  ce  que les résultats d'un essai ne  soient pas influencés 
défavorablement par les essais précédents effectués sur l'échantillon,  sauf si cela  est 
expressément requis dans la  norme.  Il peut être nécessaire de remplacer cet échantillon,  ou 
certaines de ses parties,  ou d'utiliser un échantillon supplémentaire.  

NOTE  Le  nombre  d 'échanti l l ons  peut  être  main tenu  au  m in imum  au  moyen  d 'une  éval uation  des  ci rcu i ts  
concernés.  

H.4. 1 . 1 1  Sauf pour l'essai spécifié  à  l'Article H. 26,  on doit veiller à  ce  que l'alimentation soit 
débarrassée de perturbations provenant de sources extérieures si elles peuvent influencer les 
résultats des essais sur les dispositifs de commande électroniques.  

H.6 Classi fication  

H.6.4 Selon  les  caractéristiques  du  fonctionnement automatique  

H.6.4.3  Paragraphe complémentaire :  

H.6.4.3.1 3  – coupure  électron ique  en  fonctionnement  (Type  1 .Y – 2 .Y)  

H.6.9  Selon  le  type  de  coupure  ou  d ' in terruption  du  ci rcu i t  

Addition:  

H.6.9.5  – coupure  électron ique  
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H.6. 1 8  Selon  l es  classes  de  fonctions  de  commande  (voi r l 'exigence  92  du  Tableau  1 )  

H .6. 1 8. 1  – Dispositi f de  commande  d e  fonctions  de  commande  de  classe  A  

H.6. 1 8.2  – Dispositi f de  commande  d e  fonctions  de  commande  de  classe  B  

H.6. 1 8.3  – Disposi ti f de  commande  d e  fonctions  de  commande  de  classe  C  

H.7  Informations  

Points complémentaires au Tableau 1  m  (1  sur 2)  

I n formation  Arti cle  ou  
paragraphe  

Méthode  

Modification :  

36  Lim i tes  de  variati on  de  l a  grandeur de  manœuvre  pour tou t  élément sensibl e  
assuran t une  microcoupure  ou  une  coupure  électron ique  

1 1 . 3. 2 ,  
H . 1 1 . 4 . 1 6,  
H . 1 7. 1 4,  
H . 1 8. 1 . 5,  
H . 27. 1 . 1 ,  H . 28  

X 

Points complémentaires au Tableau 1  

52  Les  paramètres  m in imaux des  d i spos i ti fs  de  refroid i ssement éven tuel s  (par 
exemple  rad iateur)  non  fou rn i s  avec l e  di sposi ti f de  commande  électron ique  
mais  essentiel s  à  son  fonctionnement  correct  

 

1 4  

D  

53  Type  de  l a  forme d 'onde  de  sorti e,  s i  e l l e  n 'est  pas  s i nusoïdal e  H . 25  X 

54  Détai l s  re lati fs  à  l a  forme  d 'onde  du  couran t de  fu i te  produ i t  après  une  
défai l l ance  d e  l ' i sol ation  principale  

H . 27  X 

55  Les  paramètres  caractéri sti q ues  des  disposi ti fs  électron iques  ou  au tres  
composants  de  ci rcu i t  cons idérés  comme ne  présentant  pas  de  ri sque  de  défau t  
(voi r l ' a l i néa  1  de  H . 27. 1 . 1 . 4 )  

H . 27  X 

56  Type  de  l a  ou  des  formes  d 'onde  de  sorti e  produ i tes  après  l a  défai l l ance  d 'un  
disposi ti f él ectron ique  ou  d 'u n  au tre  composant de  ci rcu i t  (voi r poin t  g )  d e  
H . 27. 1 . 1 . 3)  

H . 27  X 

57  L'effet  sur l es  sorti es  commandées  après  l a  défai l l ance  d ' un  composant de  ci rcu i t  
é l ectron ique,  s i  ce la  s 'appl i que  (poi n t  c)  de  H . 27. 1 . 1 . 3)  

H . 27  X 

58a  Pour l es  disposi ti fs  de  commande électron iques  i n tégrés  e t  i ncorporés,  s i  une  
protection  con tre  l es  pertu rbati ons  condu i tes  par l e  réseau  et  l es  pertu rbations  
magnéti ques  et  é l ectromagnéti ques  est  prévue,  l es  essais  de  H . 26  doi ven t être  
effectués,  et  l es  effets  su r l a  fonction  et  l es  s i gnaux de  sorti e  après  une  
défai l l ance  d e  fonctionnement  résu l tants  de  chaque  essai  

H . 26. 2  
H . 26. 1 5  

X 
 

58b  Pour l es  d i spos i ti fs  au tres  que  l es  disposi ti fs  él ectron iques  i n tégrés  et  
i ncorporés,  l es  effets  su r l a  fonction  et  l es  s i gnaux de  sorti e  après  u ne  défai l l ance  
de  fonctionnement  résu l tan t  des  essais  de  l 'Arti cl e  H . 26  

H . 26. 2  
H . 26. 1 5  

X 

59  Tout  composant  sur l equel  est  basée  l a  fi ab i l i té  d e  l a  coupure  électron ique  q u i  
est  déconnecté  comme requ is  par l a  note  de  bas  de  tabl eau  n  du  Tab leau  1 2   

1 3. 2  
H . 27. 1  

X 

60  Classe  d ’ i n tég rati on  ( immun i té  au  choc é l ectri q ue)  H . 26. 8. 2  
Annexe  R 

X 

66  Documentation  su r l a  séquence  du  l og icie l  m n  o  p  H . 1 1 . 1 2 . 2 . 9  X 

67  Documentation  su r l e  prog ramme m q  p  H . 1 1 . 1 2. 2 . 9  

H . 1 1 . 1 2. 2 . 1 2  

X 

68  Analyse  des  pannes  d u  l og icie l  m o  p  H . 1 1 . 1 2  
H . 27. 1 . 1 . 4  

X 

69  Classe(s)  et  s tructure  d u  l og icie l  r  

Cette  i n formation  n ’ est  pas  exi gée  pou r l es  disposi ti fs  de  commande  d e  cl asse  A 

H . 1 1 . 1 2 . 2  
H . 1 1 . 1 2 . 3  
H . 27. 1 . 2 . 2 . 1  
H . 27. 1 . 2 . 3 . 1  

D  

70  Mesu res  anal yti q ues  et  techn iques  de  contrôl e  d e  panne/erreur employées  m s  H . 1 1 . 1 2. 1 . 2  
H . 1 1 . 1 2. 2 . 2  
H . 1 1 . 1 2. 2 . 4  

X 

71  Temps  de  détection  de  panne/erreur par l og iciel  d es  disposi ti fs  de  commande  H . 2 . 1 7. 1 0  X 
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de  cl asse  B  ou  C  m t  H . 1 1 . 1 2. 2 . 6  

72  Réponse(s)  d u  disposi ti f de  commande  en  cas  de  détection  de  panne/erreur m  H . 1 1 . 1 2 . 2 . 7  X 

73  Disposi ti fs  de  commande  soum is  à  une  seconde  anal yse  de  panne  e t  cond i ti on  
déclarée  résu l tant  d e  cette  seconde  panne  

H . 27. 1 . 2 . 3  X 

74  Charge  externe  et  mesures  de  l 'ém ission  du  d i spos i ti f de  commande  à  u ti l i ser pou r 
l es  essai s  

H . 23. 1 . 1  X 

 

Points complémentaires au Tableau 1  (2 sur 2)  

In formation  Arti cle  ou  
paragraphe  

Méthode  

91  Temps  de  réaction  aux pannes  
 

H . 2 . 23. 2  
H . 27. 1 . 2 . 2 . 2  
H . 27. 1 . 2 . 2 . 3  
H . 27. 1 . 2 . 3. 2  
H . 27. 1 . 2 . 3. 3  
H . 27. 1 . 2 . 4. 2  
H . 27. 1 . 2 . 4. 3  

X 

92  Cl asse  ou  cl asses  de  foncti on (s )  de  commande  H . 6 . 1 8  
H . 27. 1 . 2 . 2  
H . 27. 1 . 2 . 3  

X 

93  Nombre  maximal  d ’ actions  de  réarmement  au  cours  d ’ une  période  donnée   H . 1 1 . 1 2. 4. 3. 6  
H . 1 1 . 1 2. 4. 3. 4  
 

D  

94  Nombre  d ’ acti ons  de  réarmement  d i s tan t  H . 1 7. 1 . 4 . 3  X 

m  Pour l es  disposi ti fs  de  commande  déclarés  comme en tièrement  de  cl asse  A,  l es  exi gences  66,  67,  68,  70,  71  
et  72  sont  exemptées.  Pou r l es  disposi ti fs  de  commande  avec l og ici el s  de  cl asse  B  ou  C,  l ' i n formation  doi t  
un i quement  être  donnée  pou r l es  segments  de  l og ici e l  relati fs  à  l a  sécuri té.  Les  i n formations  sur l es  segments  
qu i  ne  son t  pas  re l ati fs  à  l a  sécuri té  d oi ven t  être  su ffi san tes  pou r étab l i r qu ' i l s  n ' i n fl uencent pas  l es  segments  
rel ati fs  à  l a  sécuri té.  

n  La  séquence  du  l og ici e l  d oi t  être  décri te  d ans  u ne  documentation  i ncl uant,  avec  l a  séquence  de  
fonctionnement  d e  l 'exi gence  46  du  Tableau  1 ,  l a  descri ption  de  l a  ph i l osoph i e  du  système de  commande ,  d u  
débi t  du  disposi ti f,  de  l a  ci rcu l ation  des  données  et  des  ch ronolog ies.  

o  Les  données  et  l es  segments  de  sécu ri té  de  l a  séquence  du  l og ici e l  dont  l es  d ysfonctionnements  pou rraien t  
causer u ne  non-conform i té  avec l es  exigences  1 7,  25,  26  et  27,  doi vent  être  i den ti fi és.  Cette  i denti fi cati on  doi t  
i ncl u re  l a  séquence  de  foncti onnement  e t  peu t,  par exemple,  prend re  l a  forme d 'une  ana l yse  d 'arbre  de  panne  
q u i  d oi t  i ncl u re  l es  pannes/erreurs  du  Tabl eau  H . 1  pouvant  résu l ter en  une  non -conform i té.  L 'anal yse  de  panne  
d u  l og i ciel  d oi t  être  rel i ée  à  l ' anal yse  de  panne  d u  matérie l  d e  l 'Arti cl e  H . 27.  

p  Exemples  d 'au tres  i n formations  pouvant  conven i r à  u ne  i nsertion  dans  l a  documentati on  exi gée  par l es  notes  de  
bas  de  tableau  m ,  n ,  o ,  q ,  r et  s :  

 Spéci fi cation  de  systèmes  l og i cie l s  à  i ncorporer,  par exemple :  

−  spéci fi cations  foncti onnel l es  comprenant  une  procédure  de  redémarrage  su r perte  d ’ al imentation ,  

−  é tude  de  modu le  d e  prog ramme comprenant u ne  descripti on  des  i n terfaces  de  matérie l  e t  des  i n terfaces   
uti l i sateur,  

−  é tude  déta i l l ée  comprenant  l a  descripti on  de  l ’ u ti l i sation  de  l a  mémoi re,  

−  l i s te  de  codes  comprenant  l ’ i denti fi cati on  du  l angage  de  prog rammation ,  l es  commentai res  et  l es  sous-  
programmes,  

−  spéci fi cations  d ’ essais ,  

−  manuels  d ' i nstal l ati on ,  d 'u ti l i sation  et/ou  de  main tenance.  

q  La  documentation  de  prog rammation  doi t  être  fourn ie  dans  u n  l angage  d 'étude  de  programmation  déclaré  par l e  
fabrican t.  

r  Dans  un  disposi ti f de  commande ,  des  cl asses  d i fféren tes  de  l og ici e l s  peuvent  s 'appl i quer à  des  fonctions  de  
commande  d i fféren tes.  Des  fonctions  de  commande  pouvan t  comprendre  des  l og icie l s  de  cl asses  A à  C  sont 
par exemple  comme su i t:  

 C l asse  A – Comme exemples,  on  peut  ci ter l es  thermostats  d 'ambiance,  l es  capteurs  d 'hum id i té,  l es  d i sposi ti fs  
d 'a l l umage,  l es  tempori sateurs  et  i n terrupteu rs  tempori sés.  

 Cl asse  B  – Comme exemple,  on  peu t  ci ter u n  coupe-ci rcu i t  therm ique.   

 Cl asse  C  – Comme exemples,  on  peut  ci ter l es  d i sposi ti fs  au tomatiques  des  brû leurs  et  l es  coupe-ci rcu i t  
therm iques  pou r l es  systèmes  de  chauffage  de  l ' eau  en  ci rcu i t  fermé  (non  ouverts).  

s  Les  mesures  à  d éclarer son t  cel l es  choi s i es  par l e  fabrican t  dans  l es  exi gences  de  H . 1 1 . 1 2. 1 . 2  à  H . 1 1 . 1 2 . 2 . 4  
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i ncl us .  

t     Cela  peut  être  exprimé  comme l e  temps  su ivant  l ' exécu tion  d 'u n  segment spéci fi que  de  l og icie l .  

 

H.8  Protection  contre  les  chocs  électriques  

H.8. 1  Exigences  générales  

Paragraphes complémentaires:  

H.8. 1 . 1 0  Les  parties  accessibles  ne  doivent pas  être  cons idérées  comme des  parties  
actives  dangereuses  l orsqu 'e l les  sont séparées  de  la  source  d 'a l imentation  par une  
impédance  de  protection .  

H.8. 1 . 1 0. 1  Lorsqu 'on  u ti l i se  une  impédance de  protection ,  l e  couran t entre  l a  ou  l es  parties  
et un  pôle  quelconque  de  la  source  d 'a l imentation  ne  doi t pas  dépasser 0, 7  mA (valeur de  
crête)  en  couran t a l ternati f ou  2  mA en  courant conti nu ;  

– pour l es  fréquences  supérieures  à  1  kHz,  l a  l im i te  0, 7  mA (valeur de  crête)  est mu l tip l i ée  
par l a  valeur de  l a  fréquence  en  kHz mais  ne  doi t  pas  dépasser 70  mA (valeur de  crête);  

– pour l es  tensions  supérieures  à  42 , 4  V (va leur de  crête)  et i n férieures  ou  égales  à  450  V 
(va leur de  crête) ,  l a  capaci té  ne  doi t  pas  dépasser 0 , 1  µF;  

– pour l es  tensions  supérieures  à  450  V (valeur de  crête)  et i n férieures  ou  égales  à  1 5  kV 
(valeur de  crête) ,  l e  produ i t de  l a  capaci té  en  farads  par l e  potentiel  en  vol ts  ne  doi t pas  
dépasser 45  µC.  

– pour l es  tensions  supérieures  à  1 5  kV (valeur de  crête) ,  l e  produ i t de  la  capaci té  en  farads  
par le  carré  du  poten tie l  en  vol ts  ne  doi t pas  dépasser 350  mJ .  

La  conformité  est vérifiée par des mesures.  

Les tensions et les courants sont mesurés entre une partie accessible  particulière (ou toute 
combinaison de ces parties)  et un pôle quelconque de la  source d'alimentation le conducteur 
de terre de protection.  Les mesurages doivent être effectués dans une configuration 
d’alimentation normale,  avec des pôles d’alimentation interchangeables.  

Le circuit de mesure doit avoir une impédance totale de (1  750 ± 250)  Ω  et doit être shunté 
par un  condensateur tel que la  constante de temps du circuit soit de (225 ±  15)  µs.  

Des  déta i l s  d 'un  ci rcu i t  de  mesure  approprié  sont montrés  à  l a  F igure  E. 1 .  

Le  ci rcu i t  de  mesure  doi t avoi r une  précis ion  de  5  %  pour toutes  l es  fréquences  dans  l a  
gamme de  20  Hz à  5  kHz.  Pour l es  fréquences  au-dessus  de  5  kHz,  d 'au tres  méthodes  de  
mesure  sont nécessai res.  

H.1 1  Exigences  de  construction  

H.1 1 .2  Protection  contre  l es  chocs  électriques  

Paragraphes complémentaires:  

H.1 1 .2.5  Les  impédances  de  protection  d o iven t être  consti tuées  d 'au  moins  deux 
composants  d ' impédance de  rés istance  équ iva len te  en  série,  l esquel l es  son t connectées  
en tre  l es  parties  actives  e t  l es  parties  accessibles .  E l l es  doivent cons ister en  des  
composants  don t l a  probabi l i té  de  d im inution  d ' impédance au  cours  de  l a  d urée  de  vie  peut 
être  i gnorée  et  dont la  possibi l i té  de  court-ci rcu i t est nég l igeable.  
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L’utilisation d’un seul condensateur Y1  est admise lorsqu’il est spécifié et vérifié que les 
caractéristiques de sécurité  correspondantes du condensateur sont semblables.  

NOTE Cela est conforme à  5. 3. 4 de l’IEC 61140:2001 .  

De tels composants sont:  

– Les résistances détaillées en note de bas de tableau c du Tableau H. 24.  

En variante,  les résistances doivent se conformer aux exigences de 14. 1  de 
l’IEC  60065:2001/AMD1:2005.  

– Les condensateurs.  

Les condensateurs doivent satisfaire à  la  classe Y de l’IEC 60384-14.  

La  conformité est vérifiée 

a)  en  ouvrant le  circuit de  chaque composant d'impédance,  tour à  tour;  

b)  en  court-circuitant les composants d'impédance susceptibles d'être mis en défaut par un 
court-circuit (selon l'Article H. 27);  

c)  en appliquant une panne  selon l'Article H. 27 à  chacune des parties du circuit pouvant 
influencer le  courant maximal de fuite  avec l'impédance de protection  intacte.  

 Le fonctionnement d'un dispositif de protection ou la  perte d'un pôle de l'alimentation doit 
aussi être considéré comme une panne.  

Dans  ces  cond i tions,  l e  matérie l  do i t  con ti nuer à  se  conformer aux exigences  de  H . 8. 1 . 1 0.  

H.1 1 .4 Actions  

Paragraphes complémentaires: 

H.1 1 .4. 1 6  U ne  action  de  type  1 .Y ou  2 .Y doi t fonctionner pour assurer la  coupure  
électron ique .  

La  conformité  est vérifiée  par les essais de H. 11 . 4. 16.  

H.1 1 .4. 1 6. 1  L 'essai  est  effectué  avec l e  dispositi f de  commande  raccordé  à  sa  charge  
maximale  déclarée,  a l imen té  à  l a  tens ion  assignée,  et  pour la  température  Tmax.  

H.1 1 .4. 1 6.2  Le  couran t traversan t l a  coupure électron ique  ne  doi t pas  dépasser 5  mA ou  
1 0  %  du  couran t ass igné,  se lon  cel l e  des  valeurs  qu i  est  l a  p l us  basse.   

H.1 1 . 1 2  Dispositi fs  de  commande uti l i sant des  log iciels  

Les  disposi ti fs  de  commande  u ti l i sant des  log iciels  doiven t être  constru i ts  de  façon  que  le  
l og iciel  ne  compromette  pas  l a  conform i té  du  disposi ti f de  commande  aux exigences  de  l a  

présente  norme.  

La conformité est vérifiée par les essais pour les dispositifs de commande électroniques  
de la  présente norme,  par inspection  selon les exigences de H. 11 . 12 et par examen de la  
documentation requise aux exigences 66 à  72 du Tableau 1 .  

Les  paragraphes  H . 1 1 . 1 2 . 1  à  H . 1 1 . 1 2 . 4  i nclus  ne  sont appl icables  qu 'aux fonctions  de  
commande uti l isan t des  l og iciels  de  classe  B  ou  de  classe  C.  

Le  paragraphe  H . 1 1 . 1 2. 4  comporte  des  exigences  supplémentaires  re lati ves  aux fonctions  
de  commande  à  d istance .  
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H.1 1 . 1 2. 1  Exigences  relatives  à  l 'arch i tecture  

H . 1 1 . 1 2. 1 . 1  Les  fonctions  de  commande  avec l og icie ls  de  classe  B  ou  C  doivent u ti l i ser l es  
mesures  pour con trôler et  évi ter les  pannes/erreurs  log iciels  des  données  et  des  segments  
du  log icie l  l i és  à  la  sécuri té,  comme déta i l lé  de  H . 1 1 . 1 2 . 1 . 2  à  H . 1 1 . 1 2 . 3  i nclus.   

H.1 1 . 1 2. 1 . 2  Structure  des  fonctions  de  commande avec log iciels  de  classe  B  ou  C  

H.1 1 . 1 2 .1 . 2. 1  Les  fonctions  de  commande  avec l og iciels  de  classe  C  doiven t avoi r l 'une  des  
structu res  su ivantes.  

– simple  voie  avec autotest périod ique et  contrôle  (H . 2. 1 6. 7) ;  

– deux voies  (homogènes)  avec comparaison  (H . 2. 1 6. 3);  

– deux voies  (d i fférentes)  avec comparaison  (H . 2 . 1 6. 2) .  

NOTE   La  compara ison  en tre  l es  structures  deux voies  peu t  être  fa i te  par:  

– u ti l i sation  d 'u n  comparateur  (H . 2 . 1 8. 3)  ou  

– comparai son  réciproque  (H . 2 . 1 8. 1 5).  

H.1 1 . 1 2 .1 . 2.2  Les  fonctions  de  commande  avec l og iciels  de  classe  B  doiven t avoi r l 'u ne  des  
structu res  su ivantes:  

– simple  voie  avec essai  fonctionnel  (H . 2. 1 6. 5) ;  

– simple  voie  avec autotest périodique  (H . 2. 1 6. 6);  

– double  voie  avec comparaison  (H . 2 . 1 6. 1 ) .  

Une  s tructure  de  l og icie ls  de  classe  C  est aussi  acceptable  pour une  structure  de  l og iciels  de  
classe  B.  

H.1 1 . 1 2.1 .3  D 'au tres  structures  sont perm ises  s ' i l  peut être  mon tré  qu 'e l l es  fourn issent un  
n iveau  de  sécuri té  équ iva lent à  celu i  de  H . 1 1 . 1 2. 1 . 2.  

H.1 1 . 1 2.2  Mesures  pour commander l es  pannes/erreurs   

H . 1 1 . 1 2 .2 . 1  Quand  une  mémoire  redondante  avec comparaison  est  présente  à  deux 
endroi ts  du  même composant,  l es  données  d 'une  mémoire  doivent être  conservées  dans  un  
format d i fféren t de  celu i  de  l 'au tre  mémoire  (voir diversi té  log iciel le) .  

H.1 1 . 1 2.2 .2  Les  disposi ti fs  de  commande  avec l og icie ls  de  classe  C  u ti l i sant des  
structu res  deux voies  avec comparaison  doivent avoir un  moyen  de  détection  
complémentai re  de  panne/erreur (te l  q ue  des  essais  fonctionnels  périod iques ,  des  au totests  
périod iques  ou  une  su rvei l l ance  indépendante)  pour chacun  des  pannes /erreurs  non  
détectés  par l a  comparaison .  

H.1 1 . 1 2.2 .3  Les  dispositi fs  de  commande  avec log icie ls  de  classe  B  ou  C  doivent avoi r l es  
moyens  de  reconnaissance et de  contrôle  d 'erreur dans  l a  transmission  aux chem ins  de  
données  externes  l i ées  à  l a  sécuri té.  De  te ls  moyens  doiven t prendre  en  compte  l es  erreu rs  
de  données,  d 'adressage,  de  chronolog ie  de  transmission  e t  de  séquence  de  protocole.  

H.1 1 . 1 2 .2 .4  Pour l e  dispositi f de  commande  avec l og icie ls  de  classe  B  ou  C,  l e  fabrican t 
doi t fourn i r dans  l e  d isposi ti f de  commande l es  mesures  pour tra i ter l es  pannes/erreurs  dans  
les  segments  relati fs  à  l a  sécuri té  et l es  données  ind iquées  au  Tableau  H . 1  et i den ti fiées  au  
Tableau  1 ,  exigence 68.  
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Tableau  H .1  (H . 1 1 . 1 2.7  de  l ’ éd i tion  3)  – Mesures  acceptables   
de  trai tement des  pannes/erreurs  a  (1  sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
l og iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B  C  

1 .  CPU       

1 . 1       

Reg istres  Col l é  à  

panne  DC  

rq   Essai  fonctionnel ;  ou  H . 2 . 1 6. 5  

   au totest  péri od i que  u ti l i san t  soi t:  H . 2 . 1 6. 6  

   –  essai  de  mémoire  s tatique ,  ou  H . 2 . 1 9. 6  

   –  protection  de  mot avec redondance 
d ’un  seu l  bi t  

H . 2 . 1 9. 8. 2  

  rq  Comparaison  des  CPU  redondantes  par soi t:   

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur  de  matéri e l  i ndépendan t;  
ou  

H . 2 . 1 8. 3  

    détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    mémoire  redondante  avec comparaison ;  ou  H . 2 . 1 9. 5  

    au totests  périod i ques  u ti l i sant,  soi t:   

    –  essai  walkpat des  mémoires  H . 2 . 1 9. 7  

    –  essai  d ’Abraham  H . 2 . 1 9. 1  

    –  essai  GALPAT transparen t  ou  H . 2 . 1 9. 2 . 1  

    protection  de  mot avec redondance  mu l ti -
bi t,  ou  

H . 2 . 1 9. 8. 1  

    essai  de  mémoire  s tatique  e t  protection  de  
mot 

H . 2 . 1 9. 6  

    avec redondance  d ’ un  seu l  b i t  H . 2 . 1 9. 8. 2  

1 . 2       

I nstruction   Mauvais  

décodage  

et  mauvaise  
exécution  

 rq  Comparaison  des  CPU  redondantes  par soi t:   

décodage  et    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

exécution    –  comparateur  de  matéri e l  i ndépendan t;  
ou  

H . 2 . 1 8. 3  

    détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    au totest  péri od i que  u ti l i san t  un  essai  de  
classe  d 'équ ival ence  

H . 2 . 1 8. 5  

1 . 3     Essai  fonctionnel ;  ou  H . 2 . 1 6. 5  

Compteur Col l é  à  

Panne  DC  

rq   au totest  péri od i que;  ou  H . 2 . 1 6. 6  

de  prog ramme   contrôl e  de  créneau  de  temps  indépendant 
de  l a  séquence  du  programme ;  ou  

H . 2 . 1 8. 1 0. 4  

   contrôl e  log ique  de  l a  séquence du  
programme  

H . 2 . 1 8. 1 0. 2  

   Au totest  périod ique  et  con trôl e  u ti l i san t  soi t  H . 2 . 1 6. 7  

  rq  – créneau  de  temps  i ndépendant et  
contrôl e  l og ique  

H . 2 . 1 8. 1 0. 3  

    –  détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    comparaison  de  voi es  fonctionnel l es  
redondantes  par soi t:  

 

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur  de  matéri e l  i ndépendant  H . 2 . 1 8. 3  
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Tableau  H .1  (2 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
l og iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B  C  

1 . 4       

Adressage  Panne  DC   rq  Comparaison  des  CPU  redondantes  par soi t:   

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur  d e  matéri el  i ndépendant  ou  H . 2 . 1 8. 3  

    Détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    au totest  péri od i que  u ti l i sant  un  gabari t  
d 'essai ;  

H . 2 . 1 6. 7  

    d es  l i gnes  d ’adresse;  ou  H . 2 . 1 8. 22  

    redondance  de  bus  complète ,  ou  H . 2 . 1 8. 1 . 1  

    pari té  de  bus  mu l ti -bi t  H . 2 . 1 8. 1 . 2  

1 . 5       

Chem in  de  
données  

I nstruction  de  

décodage  

Panne  DC  

et  

d ’ exécu ti on  

 rq  Comparaison  des  CPU  redondantes  par soi t:   

  comparai son  réciproque ,  ou  H . 2 . 1 8. 1 5  

  comparateur  de  matéri el  i ndépendan t;  ou  H . 2 . 1 8. 3  

    Détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    au totest  péri od i que  u ti l i san t  un  gabari t  
d 'essai ;  ou  

H . 2 . 1 6. 7  

    redondance  de  données ;  ou  H . 2 . 1 8. 2 . 1  

    pari té  de  bus  mu l ti -bi t  H . 2 . 1 8. 1 . 2  

2 .       

Man ipu l ati on  

i n terrompue  et  

exécution   

Pas  
d ’ i n terrupti on  

rq   Essai  fonctionnel ;  ou  H . 2 . 1 6. 5  

ou  i n terrupti ons    con trôl e  d e  créneau  de  temps;  H . 2 . 1 8. 1 0. 4  

trop      

 fréquentes      

 Pas  
d ’ i n terrupti on  

 rq  Comparaison  des  vo ies  fonctionnel l es   

 ou  i n terrupti ons    redondantes  soi t  par  

 trop    comparaison  réciproque ,  H . 2 . 1 8. 1 5  

 fréquentes  

l i ées  à  

d i fférentes  

sources  

  comparateur  d e  matéri el  i ndépendan t;  ou  H . 2 . 1 8. 3  

   Créneau  de  temps  i ndépendant et  contrôle  
l og ique  

H . 2 . 1 8. 1 0. 3  
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Tableau  H .1  (3 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
log iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B  C  

3 .       

Horloge   rq   Contrôl e  de  fréquence ;  ou  H . 2 . 1 8. 1 0. 1  

    con trôl e  d e  créneau  de  temps  H . 2 . 1 8. 1 0. 4  

 Fréquence  

erronée  

(pour l es  

horloges  à  
quartz  

synchron isées:  

harmon i ques/  

sous-
harmon i ques  

un iquement)  

 rq  Contrôl e  de  fréquence ;  ou  H . 2 . 1 8. 1 0. 1  

   con trôl e  d e  créneau  de  temps,  ou  H . 2 . 1 8. 1 0. 4  

   comparaison  des  voies  fonctionnel l es  
redondantes  

 

   soi t  par:   

   –  comparai son  réciproque  H . 2 . 1 8. 1 5  

   –  comparateur  de  matéri e l  i ndépendant  H . 2 . 1 8. 3  

     

     

4 .  Mémoi re       

4 . 1       

Mémoire  Tou te  panne  rq   Somme de  contrôle  modi fi ée  périod i que;  ou  H . 2 . 1 9. 3. 1  

i nvariabl e  s imple  b i t    somme de  contrôle  mu l tiple ;  ou  H . 2 . 1 9. 3. 2  

    protection  de  mot avec redondance  d ’un  
seu l  bi t  

H . 2 . 1 9. 8. 2  

 99, 6  %    rq  Comparaison  des  CPU  redondantes  par soi t:   

 d e  couvertu re     –  comparai son  réciproque  H . 2 . 1 8. 1 5  

 de  tou tes  l es   

erreu rs  

  –  comparateur  de  matéri e l  i ndépendan t;  
ou  

H . 2 . 1 8. 3  

   mémoire  redondante  avec comparaison ;  ou  H . 2 . 1 9. 5  

    con trôl e  d e  redondance  péri od i que  cycl i que  
soi t  

 

    –  mot  un ique  H . 2 . 1 9. 4 . 1  

    –  mot  double,  ou  H . 2 . 1 9. 4 . 2  

    protection  de  mot avec redondance  mu l ti -
bi t  

H . 2 . 1 9. 8. 1  

4 . 2       
Mémoi re  

vari able  
Panne  DC  rq   essai  de  mémoire  s tatique  périod ique,  ou  H . 2 . 1 9. 6  

   protection  de  mot avec redondance  d ’un  
seu l  b i t  

H . 2 . 1 9. 8. 2  

 Panne  DC   rq  Comparai son  des  CPU  redondantes  par soi t:   

 e t  l i ens  cro i sés    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

 dynam iques    –  comparateur  de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

    mémoire  redondante  avec comparaison ;  ou  H . 2 . 1 9. 5  

    au totests  périod iques  u ti l i sant,  soi t:   

    –  essai  walkpat des  mémoires  H . 2 . 1 9. 7  

    –  essai  d ’ Abraham  H . 2 . 1 9. 1  

    –  essai  GALPAT transparen t,  ou  H . 2 . 1 9. 2 . 1  

    protection  de  mot avec redondance  mu l ti -
bi t  

H . 2 . 1 9. 8. 1  
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Tableau  H .1  (4 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
log iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B  C  

4 . 3       

Ad ressage  Col l é  à  

panne  DC  

rq   Protection  de  mot avec redondance d ’un  
seu l  b i t  

H . 2 . 1 9. 1 8. 2  

( l i é  à     i ncl uant  l ’ ad resse,  ou   

l a  mémoire    rq  comparaison  des  CPU  redondantes  par soi t:   

variabl e  e t      –  comparai son  réciproque ,  ou  H . 2 . 1 8. 1 5  

mémoire   

i nvariabl e)  

   –  comparateur  de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

   redondance  de  bus  complète  H . 2 . 1 8. 1 . 1  

    Gabari t  d ’ essai ,  ou   

    con trôl e  d e  redondance  péri od i que  cycl i que  
par,  soi t:  

H . 2 . 1 8. 22  

    –  mot  un i que  H . 2. 1 9. 4. 1  

    –  mot  double,  ou  H . 2 . 1 9. 4. 2  

    protection  de  mot avec redondance  mu l ti -
bi t,  y compris  l ’ ad resse  

H . 2. 1 9. 8. 1  

      

5 .  Chem ins  de  
données  i n ternes  

 

5 . 1  Données  

 

 

 

Col l é  à  

panne  DC  

 

 

 

rq  

  

 

 

Protection  de  mot avec redondance d ’un  
seu l  b i t  

 

 

 

H . 2 . 1 9. 8. 2  

  rq  Comparaison  des  CPU  redondantes  par soi t:   

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur  de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

    protection  de  mot avec redondance  mu l ti -
bi t,  i ncl uant  l ’ ad resse  ou  

H . 2 . 1 9. 8. 1  

    redondance  de  données ;  ou  H . 2 . 1 8. 2 . 1  

    gabari t d 'essai ;  ou  H . 2 . 1 8. 22  

    essai  de  protocole  H. 2. 1 8. 1 4  

5. 2  Adressage  Adresse  
erronée  

rq   Protection  de  mot avec redondance s imple  
bi t  i ncl uan t  l 'ad resse  

H . 2 . 1 9. 8. 2  

 Adresse  

erronée  et   

adressage  

mu l ti p l e  

 rq  Comparaison  des  CPU  redondantes  par soi t:   

   –  comparai son  réciproque  H . 2 . 1 8. 1 5  

   –  comparateur de  matéri el  i ndépendant;  
ou  

H . 2 . 1 8. 3  

   protection  de  mot avec redondance  mu l ti -
bi t,  i ncl uan t  l 'adresse,  ou  redondance de  bus  
complète ;  ou  gabari t  d 'essai  i ncl uan t  
l 'ad resse  

H . 2. 1 9. 8. 1  
H . 2 . 1 8. 1 . 1  
H . 2 . 1 8. 22  

6   
Commun ication  
externe  

 
Distance de  
Hamming  3  

 
rq  

  
Protection  de  mot avec redondance mu l ti -
bi t;  ou  mot un ique  de  CRC ;  ou   

 
H . 2 . 1 9. 8. 1  
H . 2 . 1 9. 4 . 1  

    redondance  de  transfert;  ou  H . 2 . 1 8. 2 . 2  

    essai  de  protocole  H. 2. 1 8. 1 4  
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Tableau  H .1  (5 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
log iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B C  

6. 1   
Données  

 
Distance de  
Hamming  4  

  
rq  

Mot double  de  CRC ;  ou   
H . 2 . 1 9. 4. 2  

    redondance  de  données ;  ou  comparaison  de  
voi es  fonctionnel l es  redondantes  par soi t  

H . 2 . 1 8. 2 . 1  

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant  H . 2 . 1 8. 3  

6 . 2  Adresse  

erronée  

rq   Protection  de  mot avec redondance  mu l ti -
bi t 

H.2. 1 9. 8. 1  

Adressage    i ncl uant  l ’ ad resse  ,  ou  mot un ique  de  CRC ;  H . 2 . 1 9. 4. 1  

    i ncl uant  l es  ad resses;  ou   

    redondances  de  transfert;  ou  H . 2 . 1 8. 2 . 2  

    essai  de  protocole  H. 2. 1 8. 1 4  

 Adressage   rq  Mot double  de  CRC  i ncl uant  l ' ad resse;  ou  H . 2 . 1 9. 4. 2  

 erroné  et   

mu l ti p l e  

  redondance  de  but complète  d e  d onnées  et  
d 'ad resse;  ou  

H . 2 . 1 8. 1 . 1  

    comparai son  de  voi es  de  commun ication  
redondantes  par soi t:  

 

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant  H . 2 . 1 8. 3  

6 . 3   
Chronolog ie  

Poin t  de  
temps  erroné  

rq   Con trôl e  de  créneau  de  temps;  ou  
transmission  ordonnancée  

H . 2 . 1 8. 1 0. 4  
H . 2 . 1 8. 1 8  

   rq  Contrôl e  l og ique  et créneau  de  temps ;  ou  H . 2 . 1 8. 1 0. 3  

    comparai son  de  voi es  de  commun ication  
redondantes  par soi t:  

 

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant  H . 2 . 1 8. 3  

 Séquence  rq   Con trôl e  l og ique;  ou  H . 2 . 1 8. 1 0. 2  

 erronée    con trôl e  d e  créneau  de  temps;  ou  H . 2 . 1 8. 1 0. 4  

    transmission  ordonnancée  H. 2. 1 8. 1 8  

   rq  (mêmes  options  que  pou r l e  po in t  de  temps  
erroné)  

 

7 .       

Périphérique  Cond i ti ons  rq   Contrôl e  de  vraisemblance  H. 2. 1 8. 1 3  

en trée/sorti e  de  panne      

 spéci fi ées  à   

l 'Arti cl e   

 rq  Comparaison  des  CPU  redondantes  par soi t:   

 H . 27    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendan t;  
ou  

H . 2 . 1 8. 3  

7 . 1  E/S  
numériques  

    
comparai son  d 'en trée ;  ou  

 
H . 2 . 1 8. 8  

    sorti es  paral lèles  mu l tiples  ou  H . 2 . 1 8. 1 1  

    véri fi cation  de  sorties ;  ou  H . 2 . 1 8. 1 2  

    gabari t d 'essai ;  ou  H . 2 . 1 8. 22  

    sécuri té  de  code  H. 2. 1 8. 2  
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Tableau  H .1  (6 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
log iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B C  

7. 2        

E /S  analog ique       

7 . 2 . 1  
Converti sseu r  

Cond i ti ons  de   

panne 
spéci fi ées  à  

l 'Arti cl e  H . 27  

rq   Contrôl e  de  vraisemblance  H.2. 1 8. 1 3  

A/N  et  N /A  rq  Comparai son  des  CPU  redondantes  par soi t:   

   –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

    comparai son  d 'en trée ;  ou  H . 2 . 1 8. 8  

    sorti es  paral lèles  mu l tiples ;  ou  H . 2 . 1 8. 1 1  

    véri fi cation  de  sorties ;  ou  H . 2 . 1 8. 1 2  

    gabari t d 'essai  H.2. 1 8. 22  

7. 2 . 2   
Mu l ti p l exeur 
anal og i que  

Adressage  
erroné  

X  Contrôl e  de  vraisemblance  H.2. 1 8. 1 3  

   X  Comparaison  des  CPU  redondantes  par soi t:   

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

    Comparai son  d 'en trée ;  ou  H . 2 . 1 8. 8  

    gabari t d 'essai  H.2. 1 8. 22  

8.   
D i sposi ti fs  

de  con trôl e  et  

comparateurs  

 
Tou tes  
sorti es  

hors  des  

spéci fi cations  

fonctionnel l es  

stati ques  et  

dynam iques  

  
X  

 
Essai  de  contrôl e ;  ou  

 
H . 2 . 1 8. 21  

  contrôl e  redondant  e t  comparaison ;  ou  H . 2 . 1 8. 1 7  

  moyen  de  reconnai ssance d 'erreur H.2. 1 8. 6  

     

     

     

9 .   
Composants  «sur 
mesure»  f  

 
Tou tes  
sorti es  

hors  des  

spéci fi cations  

fonctionnel l es  

s tati ques  et  

dynam iques  

 
X 

  
Au totest  périod i que  

 
H . 2 . 1 6. 6  

      

Par exemple,  
ci rcu i t  i n tégré  
spéci fi que,  
réseau  
préd i ffusé,  
réseau  l og ique  

 X Au totest  périod ique  et  con trôl e ;  ou   H . 2 . 1 6. 7  

  deux voi es  (d i fféren tes)  avec  comparaison ;  
ou  

H . 2 . 1 6. 2  

  moyen  de  reconnai ssance d 'erreur H. 2. 1 8. 6  

     

CPU :  Un i té  centra le  d e  prog rammation  

rq :  Couvertu re  de  panne  requ ise  pou r l a  cl asse  de  l og ici el  i n d i quée.  

a  Le  Tableau  H . 1  est  app l i q ué  conformément aux exi gences  de  H . 1 1 . 1 2  à  H . 1 1 . 1 2. 2 . 1 2  i ncl us.  

b  Pour l ’ évaluation  de  panne /erreur,  certai ns  é l éments  consti tuants  sont  d i vi sés  en  l eu rs  sous-foncti ons.  

c  Pour chaque  sous-fonction  du  tabl eau ,  l a  mesure  de  l a  cl asse  de  l og icie l  C  couvre  l a  panne/erreur de  l a  
cl asse  de  l og iciel  B .  

d  I l  est  reconnu  que  certai nes  des  mesures  acceptabl es  procuren t u n  n i veau  d 'assu rance  supérieu r à  cel u i  
requ is  par cette  norme.  

e  Quand  i l  y  a  p l us ieu rs  mesures  données  par sous-foncti on ,  ce l l es-ci  sont  a l ternati ves.  

f  A d i vi ser en  sous-fonctions,  au tant  que  nécessai re,  par l e  fabricant.  
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H.1 1 . 1 2 .2 .5  D 'au tres  mesures  que  cel les  spéci fi ées  en  H . 1 1 . 1 2. 2. 4  son t perm ises  s ' i l  peu t 

être  montré  qu 'el l es  satisfont aux exigences  énumérées  dans  l e  Tableau  H . 1 .  

H.1 1 . 1 2 .2 .6  La  détection  de  pannes/erreurs  par l og icie l  do i t  avoir l ieu  dans  un  laps  de  
temps  in férieur ou  égal  à  celu i  déclaré  à  l 'exigence  71  du  Tableau  1 .  L'acceptabi l i té  du  (des)  
temps  déclaré(s)  est évaluée  pendant l 'anal yse  des  pannes  d u  disposi ti f de  commande .  

Les  parties  2  de  la  présente  norme peuvent l im i ter cette  déclaration .  

H.1 1 . 1 2 .2 .7  Pour l es  dispositi fs  de  commande  avec fonctions,  cl assées  dans  l a  cl asse  B  
ou  C,  l a  détection  d 'une  panne /erreur doi t avoir pour résu l tat l a  réponse  déclarée  à  l 'exigence 
72  du  Tableau  1 .  Pour l es  disposi ti fs  de  commande  avec fonctions  déclarées  comme de  
classe  C,  des  moyens  indépendants  capables  d 'exécu ter cette  réponse  doivent être  fourn is.  

H.1 1 . 1 2 .2 .8  Pour une  fonction  de  commande  u ti l i san t une  structure  deux voies  avec 
l og iciels  de  classe  C,  l a  perte  de  la  capaci té  deux voies  est j ugée  comme étan t une  erreur.  

H.1 1 . 1 2.2 .9  Le  l og icie l  doi t  fa i re  référence aux parties  concernées  de  l a  séquence de  
fonctionnement  et  aux fonctions  associées  du  matérie l .  

H.1 1 . 1 2.2 . 1 0  Quand  des  éti quettes  sont u ti l i sées  pour l es  emplacements  de  mémoire,  ces  
éti quettes  doivent être  un iques.   

H.1 1 . 1 2.2 . 1 1  Le  log icie l  doi t  être  protégé  con tre  l es  mod i fications  par l 'uti l isateur  d es  

segments  et des  données  l i és  à  l a  sécuri té .  

H.1 1 . 1 2.2 . 1 2  Le  l og icie l  et  l e  matérie l  l i é  à  l a  sécuri té  dans  l e  d isposi ti f de  commande  
doivent être  i n i tia l isés  et  refermés  dans  un  état  déclaré  comme i nd iqué  à  l 'exigence  66  du  
Tableau  1 .  

H.1 1 . 1 2.3  Mesures  pour évi ter l es  erreurs   

Les  fonctions  de  commande  avec l og icie ls  de  classe  C  doivent avoi r l 'une  des  structures  
su ivantes.  

Les  disposi ti fs  de  commande  avec l og icie ls  de  classe  B  ou  C  doivent avoir l es  moyens  de  
reconnaissance et de  con trôle  d 'erreur dans  l a  transmission  aux chem ins  de  données  
externes  l i ées  à  l a  sécuri té.  De  te ls  moyens  doivent prendre  en  compte  les  erreurs  de  
données,  d 'adressage,  de  chronolog ie  de  transmission  e t  de  séquence  de  protocole.  

Vacant.  

H.1 1 . 1 2 .3. 1  Général i tés  

Pour les  dispositi fs  de  commande  avec log icie l s  de  classe  B  ou  C,  l es  mesures  présentées  
à  l a  F igure  H . 1  pour préven i r l es  pannes  systématiques  doivent être  appl i quées.  

Les  mesures  u ti l i sées  pour l es  log icie ls  de  classe  C  son t in tri nsèquement acceptables  pour 
l es  l og iciels  de  classe  B .  

Le  con tenu  est  extra i t  de  l ’ I EC 61 508-3  et adapté  aux besoins  de  la  présente  norme.  
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Niveau système Niveau logiciel 

Spécification  
des exigences 
de sécurité 

Spécification  des 
exigences de 

sécuri té du logiciel  

Spécification  
de l ’achitecture 

Spécification  des 
de l ’achitecture 
du  logiciel  

Conception 
de module 

      Concept d ’essai :  
  essais des systèmes 
      logiciels,  essais     
         d ’intégration 

Concept d ’essai  
de module 

Essais 
de module 

 
Codage 

Essais 
d ’ intégration 

Essais 
de val idation 

Logiciel  val idé 

Légende 

Sortie 

Vérification  

Document d’essai  

Document de 
conception ;  
spécification  

 

Figure H . 1  – Modèle  V pour l e  cycle  de  vie  des  log iciels  

D'au tres  méthodes  son t poss ib les  s i  e l l es  i ncorporen t des  processus  d iscip l i nés  et  structurés  
comportant les  phases  de  projet et  d 'essai .  

H.1 1 .1 2.3.2  Spécification  

H . 1 1 . 1 2.3.2. 1  Exigences  relatives  à  la  sécuri té  des  log iciels   

H . 1 1 . 1 2.3.2. 1 . 1  La spéci fication  des  exigences  re latives  à  l a  sécuri té  des  l og icie ls  doi t 
comprendre:  

– une  description  de  chaque fonction  l iée  à  l a  sécuri té  devant être  m ise  en  œuvre,  y 
compris  l e(s)  temps  de  réponse;  

l es  fonctions  l iées  à  l 'appl ication ,  y compris  l eurs  classes  de  l og icie ls  correspondantes;  

l es  fonctions  l i ées  à  l a  détection ,  l 'annonce  et  l a  gestion  des  pannes  l og icie l les  ou  
matérie l l es;  

– une  description  des  i n terfaces  en tre  log iciel  et  matérie l ;  

–  une  description  des  i n terfaces  en tre  les  fonctions  l i ées  et non  l iées  à  l a  sécuri té.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 2.   

Tableau  H .2  – Méthodes  semi-formel les  

Techn ique/Mesure  Références  (i n formatives)  
I den ti fi cati on  des  normes   

Méthodes  sem i -formel l es  

−  Ord i nogrammes  l og iques/fonctionnels  

−  D i ag rammes  de  séquence  

−  Au tomates  fi n i s/d iagrammes  de  trans i ti on  d 'état  

−  Tables  de  decis i on /véri té  

 

 

 

B . 2 . 3. 2  de  l ’ I EC 61 508-7: 201 0  

C. 6. 1  d e  l ’ I EC 61 508-7: 201 0  

D 'au tres  méthodes  pour satisfa i re  aux exigences  peuvent être  appl iquées.  

IEC   2510/13 
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H.1 1 . 1 2.3.2.2  Arch itecture  log iciel le  

H . 1 1 . 1 2.3.2.2. 1  La  description  de  l 'arch i tecture  l og icie l l e  doi t  comprendre  l es  aspects  
su ivants:  

– techn iques  et  mesures  pour con trôler les  pannes /erreurs  de  l og icie l  (voir H . 1 1 . 1 2. 2);  

– i n teractions  en tre  matérie l  et  l og icie l ;  

– parti tionnement en  modu les  et  leur attribu tion  aux fonctions  de  sécuri té  spéci fi ées;  

– h iérarch ie  et s tructure  d 'appel  des  modu les  (fl ux de  commande) ;  

– gestion  des  i n terruptions;  

– fl ux de  données  et  restrictions  sur l 'accès  aux données;  

– arch i tecture  et  stockage des  données;  

– dépendances  temporel l es  des  séquences  et  des  données.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 3.   

Tableau  H .3  – Spécification  de  l 'arch i tecture  log iciel le  

Techn ique/Mesure  Références  (in formatives)  

Détection  de  panne  e t  d i agnosti c  C. 3. 1  d e  l ’ I EC 61 508-7: 201 0  

Méthodes  sem i -formel l es:  

−  Ord i nogrammes  l og iques/foncti onnels  

−  D i ag rammes  de  séquence  

−  Au tomates  fi n i s/d iag rammes  de  transi ti on  d 'état  

−  Diagrammes  des  fl u x de  données  

 

 

 

B . 2 . 3. 2  de  l ’ I EC 61 508-7: 201 0  

C. 2. 2  d e  l ’ I EC 61 508-7: 201 0  

 

H.1 1 . 1 2 .3.2.2.2  La  spéci fication  d 'arch i tecture  doi t être  véri fi ée  par rapport à  l a  spéci fication  
des  exigences  re latives  à  l a  sécuri té  des  l og icie ls  par une  anal yse  statique.   

NOTE  Les  méthodes  acceptables  pour l 'anal yse  statique  son t:  

– l 'ana lyse  des  fl u x de  commande ;  

– l 'ana lyse  des  fl u x de  données;  

– l es  contrôl es  col l ecti fs /revues  de  l a  conception .  

H.1 1 . 1 2 .3.2.3  Conception  de  modu le  et codage  

NOTE  1  L'u ti l i sati on  d 'ou ti l s  d e  concepti on  assi stée  par ord i nateur est  acceptée.  

NOTE  2  Pou r l a  programmation  défens ive  (par exemple  con trôl es  de  pl ages  ou  par fourchette,  véri fi cati on  pour 
d i vi s i on  par zéro,  con trôles  de  vraisemblance ) ,  voi r C. 2 . 5  de  l ’ I EC 61 508-7: 201 0.  

H.1 1 . 1 2 .3.2.3. 1  Sur l a  base  de  l a  conception  de  l 'arch i tecture,  l es  l og i cie ls  doivent être  
convenablement affinés  en  modu les.  La  conception  de  modu le  de  log icie l  et le  codage doiven t  
être  m is  en  œuvre  d 'une  man ière  traçable  par rapport à  l 'arch i tecture  et  aux exigences  des  
l og iciels .  

La  conception  du  modu le  doi t  préciser:  

– l a  ( l es)  fonction(s),  

– l es  i n terfaces  aux au tres  modu les,  

– l es  données.  

Des  exemples  de  techn iques  et  de  mesures  peuvent être  consu l tés  dans  l e  Tableau  H . 4.  
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Tableau  H .4  – Spécifications  de  l a  conception  des  modu les  

Techn ique/Mesure  Références  (in formatives)  

Tai l l e  l im i tée  des  modu les  de  l og iciel s  C.2. 9  de  l ’ I EC 61 508-7: 201 0   

Masquage/encapsu l ation  des  i n formations  C.2. 8  de  l ’ I EC 61 508-7: 201 0   

Un  poin t  d 'en trée/un  poi n t  de  sorti e  dans  l es  sous-programmes  et  l es  
fonctions  

C.2. 9  de  l ’ I EC 61 508-7: 201 0   

I n terface  complètement  d éfi n i e  C.2. 9  de  l ’ I EC 61 508-7: 201 0   

Méthodes  sem i -formel l es:  

−  Ord i nogrammes  l og iques/foncti onnels  

−  D i ag rammes  de  séquence  

−  Au tomates  fi n i s/d iag rammes  de  transi ti on  d 'état  

−  Diagrammes  de  fl u x de  données  

 

 

 

B . 2 . 3. 2  de  l ’ I EC 61 508-7: 201 0  

C. 2. 2  d e  l ’ I EC 61 508-7: 201 0   

 

H.1 1 . 1 2 .3.2.3.2  Le  code  du  l og icie l  doi t  ê tre  structuré.   

NOTE  La  complexi té  d e  l a  s tructure  peu t  être  rédu i te  au  maximum  en  appl i q uant  l es  pri nci pes  su ivan ts :  

– main ten i r fa i b le  l e  nombre  de  chem ins  possib les  dans  u n  modu le  de  l og iciel  et  rendre  aussi  s imple  que  
poss ible  l a  re lati on  en tre  l es  paramètres  d 'en trée  et  de  sorti e ;  

– évi ter l es  branchements  compl i q ués  et,  en  parti cu l i er,  évi ter l es  sau ts  i ncond i ti onnels  (GOTO)  dans  l es  
l angages  de  p l us  hau t  n i veau ;  

– dans  l a  mesure  du  possib le,  re l i er l es  contra i n tes  et  l es  b i fu rcations  aux paramètres  d 'en trée;  

– évi ter d ' u ti l i ser des  calcu l s  complexes  comme base  des  déci s ions  rel ati ves  aux b i fu rcations  et  aux boucles.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 5.  

Tableau  H .5  – Normes  de  conception  et  de  codage  

Techn ique/Mesure  Références  (i n formatives)  

Uti l i sation  d 'u ne  norme  de  codage  (voi r H . 1 1 . 1 2 . 3. 2 . 4)  C.2. 6. 2  de  l ’ I EC 61 508-7: 201 0   

Pas  d 'u ti l i sation  d 'obj ets  n i  de  variables  d ynam iques  (voi r Note)  C.2. 6. 3  de  l ’ I EC 61 508-7: 201 0   

Uti l i sation  l im i tée  des  i n terrupti ons  C.2. 6. 5  de  l ’ I EC 61 508-7: 201 0  

Uti l i sation  l im i tée  des  poin teurs  C.2. 6. 6  de  l ’ I EC 61 508-7: 201 0  

Uti l i sation  l im i tée  de  l a  récurs i on  C.2. 6. 7  de  l ’ I EC 61 508-7: 201 0   

Pas  de  sau t  i ncond i ti onnel  dans  l es  programmes  en  l angages  de  pl us  
hau t  n i veau  

C.2. 6. 2  de  l ’ I EC 61 508-7: 201 0  

L'u ti l i sati on  d 'ob jets  et/ou  de  variables  d ynam iques  est  perm ise  s i  l 'on  se  sert  d 'u n  ord i nateu r qu i  assure  qu 'une  
mémoi re  su ffi sante  pour tous  l es  obj ets  et/ou  vari abl es  d ynam iques  sera  a l l ouée  avan t l ' exécu tion  ou  qu i  i nsère  
des  contrôles  d 'exécu tion  pour l 'a l l ocati on  en  l i gne  correcte  de  l a  mémoi re.  

 

H.1 1 . 1 2 .3.2.3.3  Le  l og iciel  codé  doi t être  con trôlé  par rapport à  la  spéci fication  de  modu les  
et cette  spéci fication  de  modu les  doi t  être  con trôlée  par rapport  à  l a  spéci fication  
d 'arch i tecture  par une  anal yse  stati que.   

NOTE  Les  exemples  de  méthodes  pou r l 'anal yse  statique  son t:  

– l 'ana lyse  des  fl u x de  commande ;  

– l 'ana lyse  des  fl u x de  données;  

– l es  contrôl es  col l ecti fs /revues  de  l a  conception .  
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H.1 1 . 1 2.3.2.4 Normes  de  conception  et  de  codage  

Les  normes  de  conception  et de  codage  des  programmes  doivent  être  u ti l i sées  en  
conséquence  pendant l a  conception  et  l a  main tenance  des  l og icie ls.   

Les  normes  de  codage doivent préciser la  pratique  de  programmation ,  proscri re  l es  
caractéristi ques  dangereuses  du  langage et  spéci fier l es  procédures  concernant la  
documentation  du  code  source  a ins i  que  les  règ les  d 'affectation  de  noms  aux données.  

H.1 1 . 1 2.3.3  Essais  

H . 1 1 . 1 2 .3.3. 1  Conception  de  module  (conception  de  système log iciel ,  conception  de  
modu le  de  log iciel  et  codage)  

H.1 1 . 1 2 .3.3. 1 . 1  Un  concept d 'essai  avec des  essais  é lémentai res  convenables  doi t  être  
défin i  sur l a  base  de  l a  spéci fication  re lati ve  à  l a  conception  des  modu les.  

H.1 1 . 1 2 .3.3. 1 .2  Chaque  modu le  de  log icie l  doi t  être  soum is  à  essai  comme spéci fié  dans  le  
concept  d 'essai .  

H.1 1 . 1 2 .3.3. 1 .3  Les  essais  é lémen tai res,  l es  données  d 'essai  et  l es  résu l tats  d 'essai  doiven t 
être  documentés.  

H.1 1 . 1 2 .3.3. 1 .4  La  véri fication  du  code  d 'un  modu le  de  l og icie l  par des  moyens  s tatiques  
comprend  des  techn iques  te l les  que  les  inspections  de  l og icie ls,  les  contrôles  col lecti fs ,  
l 'analyse  statique  e t  l a  preuve  formel le.   

La  véri fication  du  code  d 'un  modu le  de  l og icie l  par des  moyens  d ynam iques  comprend  les  
essais  fonctionnels ,  l es  essais  de  boîte  b lanche  et  l es  essais  s tatisti ques.   

E l le  est l a  combinaison  des  deux types  de  preuve  qu i  fourn i t l ' assurance que  chaque modu le  
de  log icie l  satisfa i t  à  sa  spéci fication  associée.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 6.   

Tableau  H .6  – Essais  de  module  de  log iciel   

Techn ique/Mesure  Références  (i n formatives)  
Anal yse  dynamique  e t  essais :  

−  Exécution  d 'essais  é l émentai res  à  parti r d e  l 'anal yse  des  
val eu rs  aux l im i tes  

−  Essais  basés  su r l a  s tructu re  

B. 6. 5  de  l ’ I EC 61 508-7: 201 0   

C. 5. 4  d e  l ’ I EC 61 508-7: 201 0   

C. 5. 8  d e  l ’ I EC 61 508-7: 201 0  

Enreg istrement des  données  et  anal yse  C.5. 2  d e  l ’ I EC 61 508-7: 201 0  
Essais  fonctionnels  et  d e  boîte  noi re  

−  Analyse  des  valeurs  aux l im i tes  

−  Simu lation  de  processus  

B. 5. 1 ,  B . 5. 2  de  l ’ I EC 61 508-7: 201 0   

C. 5. 4  d e  l ’ I EC 61 508-7: 201 0   

C. 5. 1 8  de  l ’ I EC 61 508-7: 201 0   

Essais  de  performance:  

−  Essais  d 'aval anche/contrain te  

−  Temps  de  réponse  et  con train tes  de  mémoi re  

C.5. 20  de  l ’ I EC 61 508-7: 201 0   

C. 5. 21  de  l ’ I EC 61 508-7: 201 0   

C. 5. 22  de  l ’ I EC 61 508-7: 201 0  

Essais  d ' i n terface  C.5. 3  de  l ’ I EC 61 508-7: 201 0  

 

NOTE  Les  essais  de  modu l e  de  l og icie l  consti tuent  u ne  acti vi té  d e  véri fi cati on .  
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H.1 1 . 1 2.3.3.2  Essai  d ' intégration  de  log iciel  

H.1 1 . 1 2.3.3.2. 1  Un  concept d 'essai  avec des  essais  é lémenta ires  convenables  doi t être  
défin i  sur l a  base  de  l a  spéci fication  re lati ve  à  l a  conception  de  l 'arch i tecture.  

H.1 1 . 1 2.3.3.2.2  Le  l og iciel  doi t  être  soum is  à  essai  comme spéci fié  dans  l e  concept d 'essai .  

H.1 1 . 1 2.3.3.2.3  Les  essais  é lémentai res,  l es  données  d 'essai  et  l es  résu l tats  d 'essai  doivent  
être  documentés.  

Des  exemples  de  techn iques  et  de  mesures  peuvent être  consu l tés  dans  l e  Tableau  H . 7.   

Tableau  H .7  – Essais  d ' intégration  de  log iciel  

Techn ique/Mesure  Références  (i n formatives)  
Essais  fonctionnels  et  d e  boîte  noi re  

−  Analyse  des  valeurs  aux l im i tes  

−  Simu lation  de  processus  

B. 5. 1 ,  B . 5. 2  de  l ’ I EC 61 508-7: 201 0  

C. 5. 4  d e  l ’ I EC 61 508-7: 201 0   

C. 5. 1 8  de  l ’ I EC 61 508-7: 201 0  

Essais  de  performance:  

−  Essais  d 'aval anche/contrain te  

−  Temps  de  réponse  et  con train tes  de  mémoi re  

C.5. 20  de  l ’ I EC 61 508-7: 201 0  

C. 5. 21  de  l ’ I EC 61 508-7: 201 0  

C. 5. 22  de  l ’ I EC 61 508-7: 201 0  

 

NOTE  Les  essais  d ' i n tég ration  de  l og iciel  consti tuen t  une  acti vi té  d e  véri fi cati on .  

H.1 1 . 1 2 .3.3.3  Val idation  de  log iciel  

H.1 1 . 1 2.3.3.3. 1  Un  concept de  val i dation  avec des  essais  é lémentai res  convenables  doi t  
être  défin i  sur l a  base  de  l a  spéci fication  des  exigences  re lati ves  à  l a  sécuri té  des  l og icie ls .  

H.1 1 . 1 2.3.3.3.2  Le  l og iciel  do i t  être  val i dé  par référence aux exigences  de  l a  spéci fication  
des  exigences  re latives  à  l a  sécuri té  des  l og iciels  te l l e  que  défin ie  dans  le  concept de  
va l i dation .  

Le  log icie l  doi t  être  exécuté  par s imu lation  ou  s timu lation  des   

– s i gnaux d 'en trée  présents  au  cours  du  fonctionnement  n ormal ,  

– occurrences  an ticipées,  

– cond i tions  i ndés i rables  nécessi tan t une  action  du  système .  

H.1 1 . 1 2 .3.3.3.3  Les  essais  é lémen tai res,  les  données  d 'essai  et l es  résu l tats  d 'essai  doivent 
être  documentés.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 8.   

Tableau  H .8  – Val idation  de  la  sécuri té  des  log iciels  

Techn ique/Mesure  Références  (in formatives)  
Essais  fonctionnels  et  d e  boîte  noi re  

−  Analyse  des  valeurs  aux l im i tes  

−  Simu lation  de  processus  

B.5. 1 ,  B . 5. 2  de  l ’ I EC 61 508-7: 201 0  

C. 5. 4  d e  l ’ I EC 61 508-7: 201 0  

C. 5. 1 8  de  l ’ I EC 61 508-7: 201 0   

Simu lation ,  modél i sation :  

−  Au tomates  fi n i s  

−  Modél i sati on  du  fonctionnemen t  

 

B . 2 . 3 . 2  de  l ’ I EC 61 508-7: 201 0   

C. 5. 20  de  l ’ I EC 61 508-7: 201 0  
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NOTE  Les  essais  son t  l a  pri ncipal e  méthode  de  val i dation  des  l og iciel s ;  l a  modél i sation  peut  être  u ti l i sée  en  
complément  des  acti vi tés  de  val i dation .  

H.1 1 . 1 2 .3.4 Au tres  éléments  

H . 1 1 . 1 2 .3.4. 1  Outi ls ,  l angages  de  programmation  

Les  matérie ls  u ti l i sés  pour l a  conception ,  l a  véri fication  et l a  main tenance des  log icie ls ,  te ls  
que  l es  ou ti l s  de  conception ,  l es  langages  de  programmation ,  l es  traducteurs  et  l es  ou ti l s  
d 'essai ,  doivent être  qual i fiés  de  façon  appropriée  et  i l  d oi t  être  mon tré  qu ' i l s  son t adaptés  à  
l 'emploi  dans  des  appl ications  mu l tip les.  

I l s  son t considérés  adaptés  s ' i l s  se  conforment avec "confiance  accrue  résu l tan t de  
l ’u ti l i sation  "  se lon  C. 4. 4  de  l ’ I EC  61 508-7:201 0.  

H.1 1 . 1 2 .3.4.2  Gestion  des  versions  de  log iciel   

Un  système de  gestion  des  vers ions  de  l og icie l  au  n i veau  du  modu le  doi t  être  m is  en  p lace.  
Toutes  l es  vers ions  doiven t être  i denti fi ées  de  façon  un ique  pour l a  traçabi l i té .  

H.1 1 . 1 2 .3.4.3  Modification  de  log iciel  

H . 1 1 . 1 2.3.4.3. 1  Les  mod i fications  de  l og icie l  do ivent être  fondées  sur une  demande de  
mod i fication  qu i  précise  dans  l e  détai l  l es  poin ts  su ivants :  

– l es  phénomènes  dangereux ou  dangers  q u i  peuvent être  affectés,  

– l a  mod i fication  proposée,  

– l es  ra isons  de  l a  mod i fication .  

H.1 1 . 1 2.3.4.3.2  Une  anal yse  doi t être  effectuée  pour déterm iner l ' impact de  l a  mod i fication  
proposée  sur la  sécuri té  fonctionnel le .  

H.1 1 . 1 2.3.4.3.3  Une  spéci fication  détai l l ée  pour l a  mod i fication  doi t  être  générée  en  
comportant  l es  acti vi tés  nécessai res  pour l a  véri fication  et l a  va l i dation  te l l es  qu 'une  défin i tion  
des  essais  é lémentai res  appropriés .   

H.1 1 . 1 2 .3.4.3.4  La  mod i fication  doi t ê tre  apportée  comme prévu .  

H.1 1 . 1 2 .3.4.3.5   L 'évaluation  de  l a  mod i fication  doi t  ê tre  effectuée  sur l a  base  des  acti vi tés  
de  véri fication  et de  va l idation  spéci fiées.  Cela  peu t comprendre:  

– une  revéri fication  des  modu les  de  l og icie l  mod i fiés ;  

– une  revéri fication  des  modu les  de  l og icie l  affectés;  

– une  reval idation  du  système  complet.  

H.1 1 . 1 2.3.4.3.6  Tous  l es  détai l s  des  activi tés  de  mod i ficati on  doivent  être  documentés.  

H.1 1 . 1 2.3.5 Pour les  fonctions  de  commande de  classe C ,  l e  fabrican t doi t u ti l i ser l 'une  
des  combinaisons  (a-p)  de  mesures  anal yti ques  données  dans  l es  colonnes  du  Tableau  H . 9  
pendant l a  m ise  au  poin t  du  matérie l .  
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Tableau  H .9  (H . 1 1 . 1 2.6  de  l ’ éd i tion  3)  – Combinaisons   
de  mesures  analytiques  pendant l a  m ise  au  point du  matériel  

Etape de développement matériel  a  b  c  d  e  f g  h  i  j  k  l  m  n  o  p  

H . 2 . 1 7. 5  Inspection  x   x   x   x   x   x   x   x   

H . 2 . 1 7 . 9  Con trô l e  co l l e c t i f     x   x   x   x   x   x   x  

H . 2 . 1 7 . 7 . 1  An a l ys e  s ta t i q u e  x  x        x  x        

H . 2 . 1 7 . 1  An a l ys e  d yn am i q u e    x  x        x  x      

H . 2 . 1 7 . 3  An a l ys e  d u  
m a té ri e l      x  x        x  x    

H . 2 . 1 7 . 4  S im u l a t i on  d e  
m a té ri e l        x  x        x  x  

H . 2 . 1 7 . 2  Ca l cu l  d u  t au x  d e  
d é fa i l l an ce  x  x  x  x  x  x  x  x          

H . 2 . 2 0 . 3  AMDE          x  x  x  x  x  x  x  x  
H . 2 . 1 7 . 6  E ss a i  o p é ra t i on n e l  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x  

 

H.1 1 . 1 2 .4  Fonctions  de  commande à  d istance  

H . 1 1 . 1 2 .4. 1  Échange de  données  

H . 1 1 . 1 2 .4. 1 . 1  Général i tés   

Les  fonctions  de  commande à  d istance  peuvent être  raccordées  à  des  d isposi ti fs  séparés  
et  indépendants ,  pouvant eux-mêmes  con ten i r des  fonctions  de  commande  ou  fourn ir 
d ’autres  i n formations.  Tout  échange de  données  entre  ces  d isposi ti fs  ne  doi t pas  
compromettre  l ’ i n tégri té  de  l a  fonction  de  commande de  classe  B  ou  de  l a  fonction  de  
commande de  classe  C .  

H.1 1 . 1 2.4. 1 .2  Type de  données  

Les  types  de  message  re lati fs  à  l ’ échange de  données  dans  une  ou  des  fonctions  de  
commande  d oivent être  affectés  à  l a  fonction  de  commande de  classe  A,  l a  fonction  de  
commande de  classe  B  ou  l a  fonction  de  commande de  classe  C .  Concernant l a  sécuri té  
ou  l a  pertinence ou  i n fluence de  la  protection ,  l es  types  de  message  ou  l ’ échange de  données  
ne  doivent être  affectés  qu ’à  l a  fonction  de  commande de  classe B  ou  l a  fonction  de  
commande de  classe  C ,  voi r Tableau  H . 1 0.   

Tableau  H .1 0  – Échange de  données  

Données  Relatives  à  l a  sécuri té  Non  relatives  à  l a  sécuri té  

Données  de  
fonctionnement  

Messages  te l s  que  “Réin i ti a l i sation  à  parti r d e  
l ’ état  d e  sécuri té”  

Messages  tel s  qu ' i nstructi ons  de  
démarrage/arrêt,  i n formations  rel ati ves  à  l a  
températu re  ambiante  

Paramètres  de  
confi gu rati on  

Messages  mod i fi an t  l es  paramètres  q u i  
déterm inent  l a  fonction  de  commande  de  
classe  B  ou  l a  fonction  de  commande de  
classe  C  associée  

Messages  mod i fi an t  l es  paramètres  q u i  
déterm inen t l es  fonctions  re l ati ves  aux 
performances  

Modu les  de  l og iciel  Modu l es  té léchargés  dans  un  système,  qu i  
déterm inent  l a  fonction  de  commande  de  
classe  B  ou  l a  fonction  de  commande de  
classe  C  associée  

Modu l es  téléchargés  dans  un  système,  qu i  
déterm inen t l es  fonctions  re l ati ves  aux 
performances  
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H.1 1 . 1 2.4. 1 .3  Communication  des  données  relatives  à  l a  sécuri té  

H . 1 1 . 1 2.4. 1 .3. 1  Transmission  

Les  données  re latives  à  l a  sécuri té  doiven t être  transm ises  avec authen ti fi cation  ou  val idation  
pour ce  qu i  concerne:  

– l ’a l tération  des  données;  

– l ’a l tération  des  adresses;  

– une  temporisation  ou  séquence  erronée.  

La  variation  des  données  ou  des  données  a l térées  ne  doivent pas  donner l i eu  à  un  état  
d ’ i nsécuri té.  Avan t d ’ u ti l i ser les  données  transm ises,  on  doi t s ’assurer que  l es  é lémen ts  ci -
dessus  son t tra i tés  au  moyen  des  mesures  spéci fi ées  à  l ’Annexe H  de  l a  même classe  de  
l og iciel  ou  supérieure  u ti l i sée  par l a  fonction  cons idérée.   

La conformité est vérifiée par évaluation conformément à  l’Annexe H.   

NOTE  1  Une  atten ti on  parti cu l i ère  est  accordée  au  Tableau  H . 1 ,  poi n t  6 ,  pou r ce  qu i  concerne  l es  é l éments  
su ivants:  

-  suppression  de  données  d u  message  d ’ ori g i ne;  

-  i n serti on  de  données  dans  l e  message  d ’ori g i ne;  

-  a l tération  des  données  dans  l e  message  d ’ ori g i ne;  

-  mod i fi cation  de  séquence  des  données  dans  l e  message  d ’ ori g i ne;  

-  rédaction  d ’ un  message  non  au thenti fi é  s ’ ass im i l an t  à  un  message  au then ti fi é ;  

-  ad resse  i ncomplète;  

-  a l tération  de  l ’ ad resse  du  message  d ’ ori g i ne;  

-  ad resse  erronée;  

-  p l us ieurs  ad resses;  

-  p l us ieurs  récepti ons  de  message;  

-  retard  de  transm ission  ou  de  réception  du  message;  

-  séquence  erronée  de  transm ission/réception .  

Outre  l es  poin ts  de  l a  Note  1 ,  l es  modes  de  défai l lance  su i van ts  doivent être  trai tés:  

– “ transm ission  au tomatique”  ou  répéti tion  permanente,  

– i n terruption  du  transfert de  données.   

NOTE  2  Le  Tabl eau  H . 1 1  donne  d ’ au tres  exemples  de  mesures.  

H.1 1 . 1 2 .4. 1 .3.2  Accès  à  l ’ échange de  données  

Tous  l es  types  d ’accès  aux systèmes  d ’échange de  données  associées  à  l a  fonction  de  
commande de  classe B  ou  l a  fonction  de  commande de  classe  C  d o iven t être  cla i rement 
l im i tés.  

Pour les  données  de  fonctionnement associées  à  l a  fonction  de  commande de  classe  B  ou  
l a  fonction  de  commande de  classe C ,  i l  est adm is  de  transmettre  l es  paramètres  de  
configuration  et/ou  l es  modu les  de  l og icie l  par voie  de  communication ,  s i  des  mesures  
adaptées  d ’ordre  matérie l /l og iciel  son t prises  pour garan ti r qu ’aucun  évi ter tou t accès  non  
au torisé  à  l a  fonction  de  commande  n ’est poss ib le.  Les  mots  de  passe  ou  l es  techn iques  de  
ch i ffrement son t cons idérés  comme des  mesures  appropriées,  d ’autres  techn iques  sont 
cependant  acceptables  don t Des  exemples  son t donnés  dans  le  Tableau  H . 1 1 .  

Pour l ’accès  à  l ’échange des  données  de  fonctionnement associées  à  l a  fonction  de  
commande de  classe B  ou  l a  fonction  de  commande de  classe  C  par des  réseaux  
publ ics ,  d es  techn iques  cryptograph iques  appropriées  doivent être  m ises  en  œuvre.  Voir 
H . 1 1 . 1 2 .4 . 5.  
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NOTE  Les  aspects  concernant l a  sécu ri té  re l èvent  des  travaux du  Com i té  d ’ études  m i xte  JTC 1 /SC 27  de  
l ’ I SO/IEC (CE  205).  

Tableau  H .1 1  – Exemples  de  protections  contre  l ’ accès  non  au torisé  
et de  modes  de  défai l lance de  transmission   

 Défenses  

Menaces  Numéro  
de  

séquence  

Horoda
tage  

Temp
orisa  
tion  

Message 
de  

réponse  

I denti fi ant 
de  source/  
destination  

Procédure  
d ’ identi fication  

Code 
de   

sécu  
ri té  

Techn iques  
de  

ch i ffre  
ment  

Répéti ti on  d ’ un  
message  

x  x        

Suppression  de  
données  dans  u n  
message  

x         

I nserti on  de  données  
dans  u n  message  

x    x  x  x    

Mod i fi cation  de  
séquence  de  données  
dans  u n  message  

x  x        

Données  a l térées  
dans  u n  message  

      X a  x  

Retard  de  
transm ission  /  
récepti on  du  message  

 x  x       

Dégu isement,  
rédaction  d ’ un  
message  non  
au then ti fi é  
s ’ assim i l an t  à  un  
message  au thenti fi é  

   x   x   x  

Des  exemples  de  défenses  con tre  l es  accès  non  au tori sés  peuvent égal ement être  d i spon i b les  dans  l es  appl i cations  
couvertes  par l ’EN  501 59  (201 1 ).  

a  Voi r Tableau  H . 1 ,  poi n ts  6 . 1  et  6 . 2 .  

 

H.1 1 . 1 2 .4. 1 .3.3  Révis ion  des  log iciels  de  classe B  et de  classe C  

Les  exigences  de  H . 1 1 . 1 2. 3  doiven t s ’appl i quer aux révis ions  des  log icie ls  de  classe  B  et de  
classe  C.  En  ou tre,  l a  gestion  de  configuration  matérie l l e  doi t  être  exigée  et des  mesures  
doivent être  prises  pour garanti r que  l e  dispositi f de  commande  conserve  ses  fonctions  de  
protection  conformément à  l a  présente  norme.  

NOTE  La  gestion  de  l a  confi guration  matériel l e  est  censée  ven i r en  complément  de  l a  véri fi cati on  l og icie l l e  afi n  
de  main ten i r l ’ i n tégri té  du  d isposi ti f de  commande .  Les  impl i cations  au  n i veau  du  système  son t  pri ses  en  
compte.  

H.1 1 . 1 2 .4. 1 .4  Pour l e  fonctionnement  d e  l a  fonction  de  commande à  d istance ,  l a  durée  
ou  les  l im i tes  de  fonctionnement  d o iven t être  établ i es  avant l ’ acti vation ,  à  moins  qu ’une  
désactivation  au tomatique  ne  soi t réa l isée  à  l a  fin  d ’un  cycle  ou  que  l e  système ne soi t conçu  
pour un  fonctionnement  permanent.  

La conformité  est vérifiée par examen  du logiciel.  

H.1 1 . 1 2 .4.2  On  doi t  ve i l l er au  fa i t  que  l a  priori té  donnée aux fonctions  de  commande  n e  doi t 
pas  engendrer une  cond i ti on  dangereuse.  

La conformité  est vérifiée par examen .  
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H.1 1 . 1 2.4.3  Action  de  réarmement à  d istance  

H . 1 1 . 1 2.4.3. 1  L ’action  de  réarmement  à  d is tance  doi t  ê tre  i n i tiée  manuel l ement.  Lorsque  l a  
fonction  de  réarmement  est i n i ti ée  par un  d ispos i ti f portati f,  au  moins  deux actions  
manuel les  son t nécessai res  pour acti ver un  réarmement.  

NOTE  1  Les  deux actions  manuel les  son t  cons idérées  comme étant  d i scrètes  et  séparées .  

H.1 1 . 1 2 .4.3.2  Les  fonctions  de  réarmement  do iven t pouvoir effectuer l a  ré in i tia l i sation  du  
système  comme prévu .   

H.1 1 . 1 2 .4.3.3  Des  réarmements  i n tempesti fs  à  parti r de  l ’état de  sécuri té  ne  doiven t pas  se  
produ i re.  

H.1 1 . 1 2.4.3.4  Toute  panne  de  l a  fonction  de  réarmement  n e  doi t pas  engendrer une  
cond i ti on  dangereuse  pour l e  dispositi f de  commande  ou  l a  fonction  contrôlée  et doi t fa i re  
l ’obj et  d ’une  évaluation  pour ce  qu i  concerne  sa  class i fication  de  classe  B .   

H.1 1 . 1 2.4.3.5  Pour les  fonctions  de  réarmement  i n i tiées  par une  action  manuel le  non  
réal isée  dans  le  champ vis ible  de  l ’ apparei l ,  l es  exigences  supplémenta ires  su ivan tes  
s ’appl iquen t:  

– l ’état réel  e t l es  i n formations  appropriées  du  processus  sous  con trôle  doiven t être  vis ib les  
à  l ’uti l isateur  avan t,  pendant et  après  l ’ action  de  réarmement ;  

– l e  nombre  maximal  d ’actions  de  réarmement  au  cours  d ’une  période  donnée doi t être  
spéci fié  (par exemple,  5  actions  pendant une  durée  de  1 5  m in ) .  Ensu i te,  tou t au tre  
réarmement  d o i t  être  refusé  à  moins  que  l ’apparei l  ne  fasse  l ’obje t d ’ une  véri fication  
phys ique.  

H.1 1 . 1 2.4.3.6  Considération  relative  à  l ’ évaluation  des  fonctions  de  réarmement sur 
l ’ appl ication  finale  

La  fonction  de  réarmement  d o i t  être  évaluée  sur l ’ appl ication  fi na le.  

NOTE  Tous  l es  types  de  fonctions  de  réarmement  à  d i stance  peuvent  ne  pas  se  révé ler appropri és  pour 
certaines  appl i cations.  

Si  l e  réarmement  est i n i tié  par acti vation  manuel le  d ’ un  thermostat  ou  d isposi ti f équ ipé  
d ’une  fonction  analogue,  cela  doi t  être  spéci fié  par l e  fabrican t et être  approprié  pour 
l ’appl ication  finale.  

H.1 1 . 1 2 .4.4 Téléchargement et  i nstal lation  de  log iciels  

H . 1 1 . 1 2 .4.4. 1  Les  m ises  à  j our du  l og icie l  fourn ies  par le  fabrican t  et transm ises  au  
disposi ti f de  commande par voie  de  communication  à  d istance  doivent être  véri fiées  avan t 
son  u ti l i sation :  

– pour ce  qu i  concerne  toute  corruption  par voie  de  commun ication  assurant une  distance 
de  Hamming  3  pour l es  l og icie ls  de  classe  B  ou  une  distance de  Hamming  4  pour l es  
l og iciels  de  classe  C.  (Se  reporter au  Tableau  H . 1  pour l a  communication  externe. ) ;  

– s i  l a  vers ion  du  log iciel  est compatib le  avec l a  vers ion  du  matérie l  du  dispositi f de  
commande  se lon  l a  documentation  de  gestion  des  vers ions.   

De  p lus ,  le  l og icie l  q u i  effectue  l es  contrôles  susmentionnés  doi t  conten ir l es  mesures  de  
con trôle  des  cond i tions  de  panne /erreur spéci fiées  en  H . 1 1 . 1 2. 2.  

H.1 1 . 1 2 .4.4.2  Dans  l e  cas  d ’un  té léchargement du  log icie l  par voie  de  commun ication  à  
d istance,  l es  techniques  cryptograph iques  décri tes  en  H. 1 1 . 1 2 .4 . 5  doiven t être  fourn ies.  
Outre  l es  exigences  mentionnées  en  H . 1 1 . 1 2 .4 . 5,  des  procédures  d ’ identi fication  doivent 
également être  fourn ies  pour l es  prog icie ls.  
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Les  techniques  cryptograph iques  employées  doivent fa i re  partie  i n tégran te  du  dispositi f 
de  commande ,  et ne  doivent pas  reposer sur une  partie  du  rou teur ou  un  d ispos i ti f de  
transmission  des  données  analogue  proprement d i t,  et doiven t  être  appl i quées  
préalablement à  l a  transmission .  

H . 1 1 . 1 2 .4.4.3  Pour chaque  m ise  à  j our du  l og icie l ,  l e  dispositi f de  commande  do i t  
comporter des  d ispos i tions  d ’au torisation  par l ’uti l isateur et un  numéro  d ’ identi fication  de  
vers ion  qu i  doi t être  accessible.  

H.1 1 . 1 2 .4.4.4  L ’ i nsta l lation  d ’un  l og icie l  de  classe  B  ou  d ’un  log icie l  de  classe  C  est adm ise  
l orsque,  pendant et après  le  processus  d ’ i nstal lation  du  log icie l ,  l e  dispositi f de  commande  
demeure  conforme aux exigences  de  la  présente  norme.  

La conformité  est vérifiée par examen  du logiciel.  

H.1 1 . 1 2 .4.5  Techniques  cryptograph iques  

Dans  les  cas  où  l es  données  de  fonctionnement associées  à  l a  fonction  de  commande de  
classe  b  ou  la  fonction  de  commande de  classe  c ,  l es  paramètres  de  configuration  et/ou  
l es  modu les  de  l og icie l  son t transm is  par un  réseau  publ ic ,  e t/ou  lorsque  l es  m ises  à  j our de  
l og iciels  sont fourn ies  par l e  fabricant par voie  de  communication  à  d istance,  des  techn iques  
cryptographiques  d o ivent  être  employées.  

La conformité est vérifiée par examen  du logiciel et revue de la  documentation technique qui 
assure le respect des méthodes de protection de l’intégrité des données communément 
acceptées.  

NOTE  Des  exemples  de  techn iques  cryptograph iques  communément  acceptées  sont défi n i s  et  décri ts  d ans  
l ’ I SO/IEC 9796,  l ’ I SO/I EC 9797,  l ’ I SO/I EC 9798,  l ’ I SO/I EC 1 01 1 8,  l ’ I SO/I EC 1 1 770,  l ’ I SO/IEC 1 4888,  
l ’ I SO/IEC 1 5946,  l ’ I SO/I EC 1 8033,  l ’ I SO/IEC 291 92,  a i ns i  q ue  l ’ I SO/I EC 1 9772.  

H.1 7  Endurance  

H.1 7. 1  Exigences  générales  

H . 1 7. 1 .4  I l  n 'est pas  effectué  d 'essai  d 'endurance sur l es  dispositi fs  de  commande 
électroniques  à  action  de  type  1 ,  sauf s i  ce la  est  nécessaire  pour l 'essai  de  composants  
associés  comme ceux à  actions  manuel les ,  à  re la is,  etc.  

H.1 7. 1 .4. 1  Les  disposi ti fs  de  commande électron iques  à  action  de  type 2  n e  son t pas  
soum is  à  un  essai  d 'endurance mais  à  un  essai  therm ique  cycl i que  dans  l es  cond i ti ons  
décri tes  en  H . 1 7. 1 . 4. 2 .  Cet essai  peu t être  combiné  avec ce lu i  de  tou t composan t associé  
comme ceux à  actions  manuel les ,  à  rela is,  etc.  s i  ce la  est  poss ible .  

H.1 7. 1 .4.2  Essai  thermique  cycl ique  

Le  bu t de  cet essai  est de  soumettre  les  composants  d 'un  ci rcu i t é l ectron ique  à  un  cycle  en tre  
l es  températures  extrêmes  qu i  peuvent se  produ i re  en  usage normal  et  q u i  peuvent résu l ter 
des  variations  de  l a  température  ambiante,  de  l a  température  de  l a  surface  de  montage,  de  la  
tens ion  d 'a l imentation  ou  du  passage d 'une  cond i tion  de  fonctionnement à  une  cond i ti on  de  
non-fonctionnement et  inversement.  

Les  essais  qu i  sont nécessai res  pour obten i r l es  cond i ti ons  ci -dessus  dépendron t dans  une  
l arge  mesure  du  type  particu l ier du  disposi ti f de  commande  e t  seron t développés  s i  
nécessai re  dans  l a  partie  2  appropriée  de  la  présente  norme.  

Les conditions suivantes doivent constituer la  base de l'essai:  

a)  Durée 
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 14 jours ou la  durée spécifiée dans la  partie 2 correspondante,  selon la  valeur la  plus 
élevée.  Pour des dispositifs de commande  assurant une coupure électronique  (type 
2.Y) ,  14 jours ou le nombre de cycles fixé dans les exigences 26 et 27 du Tableau 1 ,  
suivant la  valeur qui correspond à  la  plus longue durée d'essai.  

b)  Conditions électriques 

 Le dispositif de commande  doit être chargé conformément aux valeurs assignées 
déclarées par le  fabricant,  la  tension étant augmentée à  1 , 1  VR ,  avec l'exception que 
pendant 30 min à  chaque période de 24 h  de l'essai,  la  tension est réduite à  0, 9 VR .  La  
modification de la  tension ne doit pas être synchronisée avec la  modification de la  
température.  Chaque période de 24 h  doit aussi inclure au moins une période de l'ordre 
de 30 s pendant laquelle  la  tension d'alimentation est coupée.  

c)  Conditions thermiques 

 On fait varier la  température ambiante et/ou la  température de la  surface de montage 
entre Tmax  (Ts  max)  et Tmin  (Ts  m i n )  pour que la  température des composants du circuit 
électronique varie cycliquement entre ses valeurs extrêmes.  La vitesse de variation de la  
température ambiante et/ou de la  surface de montage doit être de l'ordre de 1  K/min et les 
températures extrêmes doivent être maintenues pendant approximativement 1  h.  

d)  Vitesse de fonctionnement 

 Pendant l'essai,  le  dispositif de commande  doit fonctionner cycliquement selon ses 
modes de fonctionnement à  la  vitesse la  plus grande possible jusqu'à un maximum de six 
cycles par minute,  en tenant compte de la  nécessité de faire varier cycliquement la  
température des composants entre ses valeurs extrêmes.  

 Si un mode opérationnel,  comme la  commande de la  vitesse,  peut être ajusté par 
l'utilisateur,  la  période d'essai doit être divisée en trois périodes,  l'une correspondant au 
réglage  maximal,  une autre au réglage  minimal et une autre à  un réglage  intermédiaire.  

 Pour des dispositifs de commande  assurant une coupure électronique  (Type 2.Y) ,  
l'essai comporte aussi un nombre de fonctionnements  de l'état de conduction à  celui de 
non-conduction et vice  versa.  

H.1 7. 1 .4.3  Dispositi fs  de  commande  avec actions  de  réarmement à  d istance  

Les dispositifs à  montage indépendant réalisant les fonctions de réarmement à  distance 
doivent être soumis à  essai pendant un minimum de 1  000 actions de réarmement.  Pour les 
dispositifs intégrés et incorporés,  sauf indication contraire,  le nombre minimal de cycles de 
réarmement doit être déclaré par le fabricant.  A  l’issue de l’essai,  le  dispositif de 
réarmement doit pouvoir procéder au réarmement du système  comme prévu.  Des 
réarmements  intempestifs ne doivent pas se produire.  

H.1 7. 1 4 Évaluation  de  la  conformité  

Remplacement du premier alinéa:  

Après l'exécution de tous les essais applicables de 17. 6 à  17. 13 inclus et de H. 17. 1 . 4,  
modifiés selon la  partie 2 correspondante,  le  dispositif de commande  est considéré comme 
conforme: 

Tiret complémentaire:  

– s i  pour des  disposi ti fs  de  commande  assurant une  coupure électron ique  ( type  1 .Y ou  
2 .Y) ,  l es  exigences  de  H . 1 1 . 4. 1 6  sont tou j ours  sati sfai tes .  

H.1 8  Résistance mécanique  

H.1 8. 1  Exigences  générales  

H . 1 8. 1 .5  Addition :  
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Pour les  d ispositi fs  de  commande  assurant une  coupure  électronique  ( type  1 .Y ou  2 .Y) ,  
l es  exigences  de  H . 1 1 . 4 . 1 6  doiven t être  satisfai tes.  

H.20  Lignes  de  fu i te,  d istances  dans  l ’ air et d istances  à  travers  l ' i solation  

H.20. 1  Paragraphes complémentaires:  

H.20. 1 . 1 5  D ispositi fs  de  commande électron iques  

H .20. 1 . 1 5. 1  Les  l i gnes  de  fu i te ,  l es  d istances  dans  l 'ai r  et  l es  d istances  à  travers  
l ' i solation  entre  parties  actives  connectées  é lectri quement au  réseau  d 'a l imentation  et l es  
surfaces  ou  parties  accessibles  do ivent être  conformes  aux exigences  de  l 'Article  20.  

H.20. 1 . 1 5.2  Les  l i gnes  de  fu i te ,  l es  distances  dans  l 'ai r  et  l es  d istances  à  travers  
l ' i solation  doivent être  conformes:  

– pour une  impédance de  protection  aux exigences  de  l 'Article  20  pour l a  double  
isolation  ou  l ’ i solation  renforcée ;  

– pour chaque composant séparé  d 'une  impédance de  protection  aux exigences  de  
l 'Article  20  pour l ' isolation  supplémentai re .  

H.20. 1 . 1 5.3  Les  l ignes  de  fu i te  e t  l es  distances  dans  l 'ai r  assuran t une  i solation  
fonctionnel le  d o ivent  être  conformes  aux exigences  de  l 'Article  20.  

H.23 Exigences  de  compatibi l i té  électromagnétique (CEM)  – Émission  

I l  convient que  les  matériels  u ti l i san t des  disposi ti fs  de  commande incorporés  ou  i n tégrés  
soient conformes  à  l eur norme de  produ i t CEM  correspondante.  Les  dispositi fs  de  
commande incorporés  et  i n tégrés  son t soum is  à  essai  dans  l e  matérie l  en  configuration  
d 'u ti l i sation  fi nale.  

H.23. 1  Les  disposi ti fs  de  commande électron iques  d o ivent être  constru i ts  de  façon  à  ne  
pas  émettre  de  perturbations  é lectri ques  ou  é lectromagnétiques  excess ives  dans  l eur 
environnement.  

H.23. 1 . 1  Émissions  basse  fréquence,  perturbations  dans  l es  systèmes  d 'al imentation  

Les  d isposi ti fs  de  commande in tégrés  et l es  disposi ti fs  de  commande incorporés  ne  sont 
pas  soum is  aux essais  de  cet article  car le  résu l tat de  ces  essais  peut être  affecté  par 
l ' i ncorporation  du  d ispositi f de  commande  d ans  le  matérie l  et  l ' u ti l i sation  de  mesures  pour 
en  contrôler l 'ém ission  qu i  y sont u ti l i sées.  I l s  peuvent,  cependan t,  être  effectués  se lon  les  
cond i tions  déclarées  sur demande  du  fabrican t.  

Les  dispositi fs  de  commande  d ans  lesquels  un  dispositi f é lectronique  commande 
d i rectement une  charge  externe  rel iée  au  réseau  d 'a l imentation  ( l e  port de  commande)  
do ivent être  conforme l es  exigences  de  l ’ I EC 61 000-3-2  et de  l ’ I EC 61 000-3-3.   Pour ces  
essais ,  une  charge  et  des  mesures  pour commander l es  ém issions  éven tuel les  doiven t être  
u ti l i sées  comme déclaré  par l e  fabricant à  l ’exigence 74  du  Tableau  1 .  Cette  exigence ne  
s 'appl i que  pas  aux disposi ti fs  de  commande  d éclarés  et conçus  pour charge  par mode 
pi lote  seu lement.  

H.23. 1 .2  Émission  de  fréquences  rad io  

Les  disposi ti fs  de  commande électron iques  séparés ,  à montage i ndépendant  et  les  
dispositi fs  de  commande intercalés  dans  un  câble  souple ,  u ti l i san t des  accès  de  
té lécommunications,  des  l og icie ls,  des  ci rcu i ts  osci l lants  ou  des  a l imentations  à  découpage 
doivent satisfa i re  aux exigences  de  l a  CISPR 1 4-1  et/ou  de  la  CISPR 22,  classe  B  comme 
i nd iqué  dans  l e  Tableau  H . 1 2 .  
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NOTE  1   L'accès  de  télécommun ication  est  défi n i  en  3 . 6  d e  l a  CI SPR 22: 2008.  

Les  disposi ti fs  de  commande  d esti nés  aux matérie ls  I SM  et l es  disposi ti fs  de  commande  
séparés ,  à montage indépendant  et  in tercalés  dans  un  câble  souple  destinés  à  être  
u ti l i sés  avec des  matérie ls  I SM  doivent satisfai re  aux exigences  de  la  CISPR 1 1 .  

Des  détai ls  complémenta ires  peuvent être  donnés  dans  l a  partie  2  appropriée.  

NOTE  2  La  parti e  2  appropriée  i nd i quera  s i  l es  exigences  de  cet  arti cl e  s 'appl i quen t  aux di sposi ti fs  de  
commande  électron iques  i ncorporés  et  aux disposi ti fs  de  commande  électron iques  i n tégrés.  
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Tableau  H .1 2  (H .23  de  l ’ éd i tion  3)  – Émission  

Port  Gamme de  fréquences  Limi tes  Norme fondamentale  Note  d 'appl icabi l i té  Remarques  

Envel oppe  30  MHz à  230  MHz 

230  MHz à  1  000  MHz 

Au-dessus  de  1  GHz 

30  dB(µV/m)  à  1 0  m  

37  dB(µV/m)  à  1 0  m  

Voi r Note  3  

CI SPR 22  

Classe  B  

Voi r N ote  1  

 

Voi r N ote  3  

L 'éval uation  s tati s ti que  de  
l a  norme fondamenta le  

s 'appl i que  

 

Al imentation  a l ternati ve  0  kHz à  2  kHz   I EC 61 000-3-2  

I EC 61 000-3-3  

Voi r N ote  2   

 0 , 1 5  MHz à  0 , 5  MHz 

Les  l im i tes  décroissent  
l i néai rement  avec l e  

l ogari thme  de  l a  fréquence  

66  dB(µV)  à  56  dB(µV)  q uas i  crête  

56  dB(µV)  à  46  dB(µV)  moyenne  

CISPR 22  

Classe  B  

 L 'éval uation  stati sti que  de  
l a  norme  fondamenta le  

s 'appl i que  

 0 , 5  MHz à  5  MHz  56  dB(µV)  quasi  crête  

46  dB(µV)  moyenne  

   

  5  MHz à  30  MHz 60  dB(µV)  quasi  crête  

50  dB(µV)  moyenne  

   

Bornes  de  l a  charge  0 , 1 5  MHz à  30  MHz 

 

Voi r norme  fondamentale  

Arti cl e:  I n terférence  d i sconti nue  

CI SPR 1 4 -1    

NOTE  1   Appl i cabl e  seu lement aux d isposi ti fs  de  commande  con tenant  d es  d i sposi ti fs  de  trai tement,  par exemple  des  m icroprocesseurs  fonctionnant à  d es  fréquences  
supérieu res  à  9  kHz.  

NOTE  2  Appl i cable  seu lemen t  au  matériel  couvert  par l e  domaine  d 'app l i cation  de  l ’ I EC 61 000-3-2  et  d e  l ’ I EC 61 000-3-3.  Les  l im i tes  des  disposi ti fs  de  commande  non  
couverts  actuel l ement par l ’ I EC 61 000-3-2  et  par l ’ I EC 61 000-3-3  son t  à  l ' étude.  

NOTE  3  Lim i tes  et  appl i cabi l i té ,  voi r 6 . 2  de  l a  CI SPR 22: 2008.  
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H.25 Fonctionnement normal  

H.25. 1  La  forme d 'onde  de  sortie  des  disposi ti fs  de  commande électron iques  d o i t  être  
conforme à  ce l l e  déclarée.  

La  forme d'onde de sortie du dispositif de commande  doit être  examinée dans toutes les 
conditions normales de fonctionnement et doit être sinusoïdale ou conforme à  celle déclarée 
à  l'exigence 53 du Tableau 1 .  

NOTE  L'attention  est  atti rée  sur l ’ I EC 61 000-3-2  et  l ’ I EC 61 000-3-3  q u i  imposent  des  restri cti ons  aux 
pertu rbations  produ i tes  dans  l e  réseau .  

H.26 Exigences  de  compatibi l i té  électromagnétique (CEM)  – Immunité  

H.26. 1  Les  dispositi fs  de  commande électron iques  d o ivent être  constru i ts  de  man ière  à  
pouvoir résister aux effets  des  perturbations  indu i tes  par l e  réseau  et  aux phénomènes  
é lectromagnétiques  susceptib les  de  surven ir en  usage normal .  Pour les  d ispositi fs  de  
commande de  type 2 ,  l es  essais  de  l 'Article  H . 26  sont également réal isés  après  que  l e  
disposi ti f de  commande  a  réal isé  sa  fonction  de  sécuri té.  

Les critères d'évaluation pour le dispositif de commande  approprié à  l'essai de niveau 2 
et/ou 3 doivent être donnés par la  partie 2 appropriée.  Se référer à  tous les paragraphes de 
H. 26. 15 pour les détails complémentaires.  Ces niveaux correspondent aux niveaux d’essai 
spécifiés par la  série  IEC 61000.  La  partie  2 doit fournir des effets acceptables,  critères 
d’évaluation,  sur le dispositif de commande  résultant des essais utilisant les niveaux de 
sévérité  2 et/ou 3,  comme en fonctionnement normal après l'essai de  niveau 2 et le 
fonctionnement en  sécurité du dispositif/l'arrêt en sécurité  après l'essai de niveau 3.  Les 
parties 2 peuvent spécifier des niveaux d’essai plus élevés.  

La partie 2 doit spécifier les niveaux d’essai pour les essais de l'Article  H.26.  Comme 
minimum,  l'essai de niveau 3 est applicable aux dispositifs de commande de protection  
destinés à  éviter le fonctionnement non sécurisé du matériel commandé,  tels que coupe-
circuit,  verrouillage de porte des équipements pour le linge et dispositifs de commande  des 
brûleurs.  Comme minimum,  l'essai de niveau 2 est applicable aux dispositifs de commande  
sur lesquels repose le  fonctionnement normal du matériel,  tels que thermostats  ou 
temporisateurs.   

Les essais de l'Article H. 26 ne sont pas applicables aux dispositifs de commande  non  
électroniques en raison de leur tolérance à  de telles perturbations.  Les essais appropriés 
pour les types spécifiques de dispositifs de commande  non électroniques peuvent être 
inclus dans d'autres articles de la  partie 2 appropriée.  

H.26.2  La conformité est vérifiée par les niveaux d'essais,  comme indiqué au Tableau H. 13 
suivant.  Les dispositifs de commande  doivent se conformer à  H. 26. 15.  
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Tableau  H .1 3  (H .26.2. 1  de  l ’ éd i tion  3)  – N iveaux d 'essai  appl icables  

Type  de  d isposi ti f de  commande  Type 
d 'action  

Essais  de  H .26  
appl icables  

N iveaux d 'essai  
appl icables  

correspondant à  
H .26. 1 5.3  a  

D isposi ti f de  commande  de  fonctionnement  Type  1  H . 26. 8,  H . 26. 9  2  

Disposi ti f de  commande  de  fonctionnement  Type  2  
H . 26. 4  à  H . 26. 1 4  

2 ,  3 ,  ou  4  comme 
spéci fi é  

Disposi ti f de  commande  de  protection  Type  2  H . 26. 4  à  H . 26. 1 4  3  

Disposi ti fs  de  commande de  protection  
déclarés  à  l ’ exi gence  90  du  Tableau  1  d esti nés  
à  être  u ti l i sés  conformément  à  l ’ I EC 60335-1  

Type  2  

H .26.4 à H.26.1 4  

N iveaux d 'essai  
appl i cabl es  selon  

1 9. 1 1 . 4  de  
l ’ I EC 60335-1 : 201 0  

a  Les  n i veaux d ’essai  i n féri eu rs  doi ven t  être  considérés  conformément à  l a  séri e  I EC 61 000-4 .  

 

H.26.2. 1  Pour les dispositifs de commande incorporés  et intégrés avec une action de 
type 1 ,  la  conformité est vérifiée par les essais de H.26.8 et H. 26. 9 s'ils sont déclarés à  
l'exigence 58a du Tableau 1 .  

H.26.2.2  Pour les dispositifs de commande incorporés  et intégrés avec une action de 
type 2,  la  conformité est vérifiée par les essais de H.26. 5 et tout autre essai de l'Article H. 26 
qui est déclaré à  l'exigence 58a du Tableau 1 .  

NOTE  L'adaptation  de  chacun  des  essais  d e  l 'Arti cl e  H . 26  à  un  disposi ti f de  commande  d onné  peut  être  
déterm inée  par référence  à  l a  norme de  produ i t  appropri ée  ou  à  l a  d éclaration  du  fabrican t  de  l 'u ti l i sation  prévue  
du  d isposi ti f de  commande .  

La  d éterm inati on  de  l 'adaptation  i ncl u t  u ne  éval uati on :  

– s i  l e  disposi ti f de  commande  est  exposé  à  u n  type  parti cu l i er de  pertu rbation  dans  son  app l i cation ;  

– s i  l a  réponse  du  disposi ti f de  commande  au  type  parti cu l i er de  pertu rbation  se  rapporte  à  l a  sécuri té  d ans  son  
appl i cation .  

H.26.3  Un échantillon différent,  tel que proposé,  peut être utilisé pour chacun des essais.  Le  
fabricant de dispositifs de commande  peut choisir de faire effectuer plusieurs essais sur un 
même échantillon.  

H.26.4  Essais  d ’ immun ité  basse fréquence  aux harmoniques  et in ter-harmon iques  
incluant  l es  signaux transmis  sur le  réseau  électrique  al ternati f  

Pour les dispositifs de commande  de protection déclarés selon l’exigence 90 du Tableau 1 ,  
l'essai suivant s'applique:  

Le dispositif de commande  est soumis à  des signaux de l'alimentation conformément à  
l’IEC 61000-4-13,  le  niveau d'essai de classe 2 étant applicable.   

Pendant l’essai,  le  dispositif de commande  est soumis à  la  tension assignée.  Les niveaux 
d’essai de l’environnement de classe 2 conformément aux Tableaux 1  à  4 de la   
IEC 61000-4-13:2002 doivent être appliqués au réseau électrique alternatif de l’EUT 
(équipement en essai) .  Le dispositif de commande  est soumis à  essai dans les conditions 
d'essai spécifiées dans la  norme spécifique du dispositif de commande.  
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Les essais suivants sont exécutés conformément à  la  Figure 1a de l’IEC 61000-4-13:2002,  
Amendement 1 :2009 pour l’environnement de classe 2:   

–  "Combinaison d’harmoniques" (voir 8. 2. 1  de l’IEC 61000-4-13:2002,  Amendement 1 :2009) ;  

– "Courbe de Meister" (voir 8. 2. 4 de  l’IEC 61000-4-13:2002,  Amendement 1 :2009) .  

H.26.5  Creux de  tension ,  in terruptions  de  tension  et  variations  de  tension  dans  l e  
réseau  d 'al imentation  

Le d ispositi f de  commande  do i t  to lérer des  creux de  tension ,  des  i n terruptions  de  tens ion  et 
variations  de  tension  dans  l e  réseau  d 'a l imentation .   

La conformité est vérifiée par les essais de H. 26. 5. 1  à  H. 26.5. 2 inclus.  

H.26.5. 1  Creux et  in terruptions  de  tension  

Le bu t de  l 'essai  est de  véri fi er l ' immun i té  du  matériel  aux creux de  tens ion  et i n terruptions  de  
tension .  Les  creux et i n terruptions  de  tens ion  sont causés  par des  pannes  d ans  l e  réseau  
basse  tens ion ,  moyenne tension  et hau te  tens ion  (court-ci rcu i t ou  pannes  d e  m ise  à  l a  terre) .  

H.26.5. 1 . 1  N iveaux d 'essai  pour l es  creux et i n terruptions  de  tension  

Les valeurs d'essai du Tableau H. 14 doivent être  appliquées à  tous les niveaux d'essai.  

Tableau  H .1 4  – Creux de  tension ,  i n terruptions  de  tension  et variations  de  tension  

Durée  
ΔU 

30  %  60  %  1 00  %  

Demi -cycle  de  l a  forme d ’onde  d ’a l imentati on  

Un  cycle  de  l a  forme  d ’onde  d ’ a l imentation  

  X 

X 

2 , 5  cycles  

25  cycles  

50  cycles  

X 

X 

X 

X 

X 

X 

X 

X 

X 

NOTE  Lorsque  l es  du rées  i n terméd iai res  des  i n terruptions  de  tens ion  peuvent  affecter soi t  l a  sécuri té  
i n tri nsèque  du  disposi ti f de  commande ,  soi t  l e  s i gnal  de  sorti e  d 'u n  disposi ti f de  commande  d e  type  
2 ,  l es  parti es  2  peuvent  i nd i quer d es  i n terruptions  de  tens ion  en  d 'au tres  poi n ts.   

 

H.26.5. 1 .2  Procédure  d 'essai  pour les  creux et in terruptions  de  tension  

L'apparei l  e t l es  procédures  d 'essai  doivent  être  ceux décri ts  dans  l ’ I EC  61 000-4-1 1 .  Durant  
l 'essai ,  l e  disposi ti f de  commande  d oi t  être  i n i ti a lement m is  en  fonctionnement à  sa  tens ion  
assignée.  

Les  creux et i n terruptions  de  tension ,  à  une  phase  quelconque  en  regard  de  l a  fréquence de  
l 'a l imentation ,  doivent être  effectués  au  moins  trois  fo is  dans  les  modes  de  fonctionnement 
concernés.  

I l  convient de  porter une  atten tion  particu l ière  aux modes  de  fonctionnement dans  l esquels  l e  
disposi ti f de  commande  peut être  particu l ièrement sensible  aux creux et i n terruptions  de  
tension .  

Entre  l es  creux et i n terruptions  de  tension ,  un  temps  d 'a ttente  d 'au  moins  1 0  s  doi t  être  
observé.  
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Dans  l e  cas  d 'un  matérie l  triphasé,  i l  peut  être  nécessai re  d 'appl i quer des  creux et 
i n terruptions  de  tens ion  soi t sur l es  trois  phases  s imu l tanément soi t sur une  ou  deux phases  
seu lement.  

Pour l es  dispositi fs  de  commande  d e  protection  déclarés  selon  l ’ exigence  90  du  Tableau  1 ,  
l 'essai  supplémentai re  su ivan t s 'appl ique:  

Les dispositifs de commande de protection doivent faire l’objet de creux et d’interruptions 
de tension à  une phase quelconque en regard de la  fréquence de l'alimentation,  ainsi qu’au 
passage à  zéro de  la  tension d’alimentation.  

H.26.5.2  Essai  de  variation  de  tension  

L’essai  a  pour obj et  de  véri fi er l ’ immun i té  du  dispositi f de  commande  aux variations  de  
tens ion  se  produ isant su r une  courte  période  en  ra ison  d ’une  variation  de  la  charge  ou  de  
l ’énerg ie  emmagasinée  dans  les  réseaux d ’a l imentation  l ocaux.  

H.26.5.2. 1  N iveaux d ’essai  pour l es  variations  de  tension  

Les valeurs d'essai du Tableau H. 15 doivent être appliquées à  tous les niveaux d'essai.  

H.26.5.2.2  Procédure  d ’essai  

L'apparei l  et l es  procédures  d 'essai  doiven t être  ceux décri ts  dans  l ’ I EC 61 000-4-1 1 .  La  durée  
des  variations  de  tens ion  et l e  temps  pendan t l equel  l es  tens ions  rédu i tes  sont à  main ten i r 
son t i nd iqués  dans  l e  Tableau  H . 1 5  et i l l ustrés  à  l a  F igure  H . 2 .  Le  taux de  variation  de  l a  
tension  doi t  ê tre  constan t;  tou tefois ,  l a  tens ion  peu t varier par échelons.  Les  échelons  doiven t 
être  pos i ti onnés  à  parti r de  0 ,  e t ne  doiven t pas  être  p lus  é levés  que  1 0  %  de  VR.  Les  
échelons  en  dessous  de  1  %  de  VR  son t estimés  à  taux constan t de  la  variation  de  tens ion .  

Tableau  H .1 5  (H .26.5.4.2  de  l ’éd ition  3)  – Valeurs  d ’essai  pour l es  variations  de  tension  

Niveau  de  tension  d 'essai  Temps  pour réduction  de  
tension  

Temps  à  tension  rédu i te  Temps  pour 
augmentation  de  tension  

40  %  VR  2  s  ±  20  %  1  s  ±  20  %  2  s  ±  20  %  

0  %VR  2  s  ±  20  %  1  s  ±  20  %  2  s  ±  20  %  

 x x  x  

NOTE  x  représente  u n  ensemble  ouvert  d e  du rées  et  peu t  être  spéci fi é  dans  l a  parti e  2 .  

 

 

1 00 % 

40 % 

VR  

0  % 
t   (s) 

IEC   2511/13  
NOTE  La  tension  décroît  progress i vement.  

Figure H .2  – Essai  de  variation  de  tension  
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Le  d ispositi f de  commande  est soum is  à  chacun  des  cycles  d 'essai  de  tension  spéci fi és  
tro is  fo is  avec des  in terval l es  de  1 0  s  en tre  chaque  cycle  d 'essai  dans  l es  modes  de  
fonctionnement  l es  p l us  représentati fs.  Des  n i veaux d 'essai  de  tens ion  add i tionnels  peuvent  
être  spéci fi és  dans  une  partie  2 .  

H.26.6  Essai  de  l ' i nfluence  du  déséqui l ibre  de  tension  

H .26.6. 1  But de  l 'essai  – Domaine d 'appl ication  

Le présent essai ne s'applique qu'aux matériels triphasés.  

L'objet de l'essai est d'étudier dans un circuit de tension triphasée,  l'influence du déséquilibre 
sur des matériels sensibles à  cette sorte  de perturbation comme:  

– la  surchauffe des machines tournantes à  courant alternatif;  

– la  génération d'harmoniques non caractéristiques dans les convertisseurs de puissance 
électroniques.  

Le  degré de déséquilibre est défini par le  facteur de déséquilibre

positive séquence de tension

négative séquence de tension

d

i
i ==
U

U
T  

H.26.6.2  Caractéristique  de  l a  tension  d 'essai  

Une tension triphasée à  fréquence industrielle  présentant le facteur de déséquilibre spécifié  
doit être  appliquée au dispositif de commande.  

NOTE  Afin  d 'obten i r d es  résu l tats  précis ,  une  tens ion  à  très  fa ibl e  teneur en  harmon i ques  peut  être  u ti l i sée.  

H.26.6.3  Matériel  d 'essai /générateur d 'essai  

Le montage d'essai doit consister en trois autotransformateurs monophasés,  dont les sorties 
sont régulées individuellement,  ou en des montages équivalents.  

H.26.6.4 N iveaux d 'essai  

L'essai doit être effectué avec un facteur de déséquilibre de 2 %.  

H.26.7  Essai  de  l ' i nfluence  du  courant continu  dans  les  réseaux à  courant  al ternati f  

NOTE  Les  exigences  et  essai s  son t  à  l 'étude.  

H.26.8  Essai  d ' immun i té  à  l 'onde  de  choc 

Le  dispositi f de  commande  do i t  to lérer des  ondes  de  choc de  tension  sur l 'a l imentation  
principale  et l es  bornes  de  s i gnal  appropriées.   

La conformité  est vérifiée avec les essais de  H. 26. 8. 2 à  H. 26. 8. 3 inclus.  

H.26.8. 1  But de  l 'essai  

Cet essai s'applique aux bornes d'alimentation et,  dans des cas particuliers,  aux bornes de  
dispositif de commande  (voir H. 26. 8. 2) .  

Les dispositifs de commande  assurant la  coupure électronique  sont chargés comme 
indiqué en 17. 2 et soumis aux mêmes niveaux d’essai que les classes d'installation 
spécifiées,  pour les dispositifs de commande,  par le  fabricant,  quand le dispositif de 
commande  assure la  coupure électronique .  Pendant et après l'essai,  le  dispositif de 
commande  doit continuer à  assurer la  coupure électronique  comme déterminé par l'essai 
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de H. 11 . 4. 16.2.  Si,  durant l'essai,  la  coupure électronique  devient conductrice pendant une 
demi-alternance de la  fréquence d'alimentation après un choc,  cela n'est pas considéré 
comme étant une panne.   

Le  bu t de  cet essai  est de  véri fi er l ' immun i té  du  d ispositi f de  commande  aux chocs  
un id i rectionnels  causés  par d i fférents  phénomènes:  

– phénomènes  de  commutation  du  réseau  de  pu issance (par exemple  commutation  
d 'ensembles  de  condensateurs):  

– pannes  d u  réseau  d 'a l imen tation ;  

– coups  de  foudre.  

La  tens ion  de  choc i ndu i te  peu t avoi r d i fférents  effets ,  se lon  l ' impédance re lati ve  de  l a  source  
et  d u  dispositi f de  commande :  

– s i  l e  système  a  une  hau te  impédance par rapport à  l a  source,  l e  choc produ i ra  un  choc de  
tens ion ;  

– s i  l e  dispositi f de  commande  a  une  impédance re lati ve  faib le ,  l e  choc produ i ra  une 
impu ls ion  de  couran t.  

Ce  comportement peu t être  i l l ustré  par un  ci rcu i t d 'en trée  protégé  par un  suppresseur de  
surtension :  auss i tôt que  ce  dern ier s 'ouvre,  l ' impédance  d 'en trée  devient très  fa ib le.  Un  essai  
réal iste  doi t correspondre  à  ce  comportement et  l e  générateur d 'essai  doi t  être  capable  de  
fourn i r une  impu ls ion  de  tension  sur une  hau te  impédance  aussi  b ien  qu 'une  impu ls ion  de  
courant  su r une  fa ib le  impédance  (générateur hybride) .  

H.26.8.2  Valeurs  d 'essai  

Les essais présentés au Tableau H. 16 doivent être appliqués.  

Les essais sur les bornes des lignes de signaux,  de données,  de commandes  et d'autres 
entrées ne doivent être effectués que si ces bornes sont conçues pour réaliser 
l'interconnexion avec des câbles de longueur supérieure à  10 m,  selon les spécifications du 
fabricant.   

Pour les dispositifs de commande  de protection  déclarés selon l’exigence 90 du 
Tableau 1 ,  l'essai supplémentaire suivant s'applique:  

Les bornes d'alimentation électrique du dispositif de commande  sont soumises aux essais 
de niveau 4 à  une tension d’essai en circuit ouvert de 4 kV (applicables au mode de couplage 
entre phase et terre)  en utilisant un générateur ayant une impédance de source de 12 Ω  et 
aux essais de niveau 3 à  une tension d’essai en circuit ouvert de 2 kV (applicables au mode 
de couplage entre phases)  en utilisant un générateur ayant une impédance de source de 2 Ω .  
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Tableau  H .1 6  (H .26.8.2  de  l ’ éd i tion  3)  – Tensions  d 'essai  pour l es  essais  de  n iveau  2   
(en  fonction  des  conditions  de  classe d ' instal lation)  

Valeurs  d ’ essai   
crête  kV 

Classe  
d ' i nstal lation  

de  
l ’ IEC  61 000-4-

5  

Al imentation  
Circu i ts  et l i gnes  non  

équ i l ibrés  Circu i ts  et  l i gnes  équ i l ibrés  

Mode de  couplage  Mode de  couplage  Mode de  couplage  

Entre  phases  Phase-terre  Entre  phases  Phase-terre  Entre  phases  Phase-terre  

2  0 , 5  1 , 0  0 , 5  1 , 0  Pas  d ’essai  1 , 0  

3  1 , 0  2 , 0  1 , 0  2 , 0  Pas  d ’essai  2 , 0  

4  2 , 0  4 , 0  2 , 0  4 , 0  Pas  d ’essai  2 , 0  

NOTE  1  Pou r l es  exi gences  de  n i veau  d ’essai  3 ,  appl i quer l a  cl asse  d ’ i nstal l ati on  l a  p l us  é l evée  su i van te.  Pou r l es  
exi gences  de  n i veau  d ’essai  4 ,  appl i quer l es  val eu rs  de  l a  cl asse  d ’ i nstal l ati on  4 .  

NOTE  2  Les  essais  son t  effectués  que l  que  soi t  l e  suppresseur d e  chocs  prévu  correctemen t  i nsta l l é .  

NOTE  3  Dans  u n  d isposi ti f de  commande ,  une  catégorie  i n férieure  peu t  su i vre  une  catégorie  supérieure  s i  des  
moyens  de  commande  de  surtension  provisoi re  appropriés  sont  fourn i s .  

NOTE  4  Voi r l ’Annexe  R pou r l a  descri ption  des  cl asses  d ' i n stal l ati on  et  d 'au tres  notes  expl i cati ves.  

Aux niveaux d’essai 2)  et 3) ,  après les essais de H.26. 8.2,  les composants de  protection 
contre les chocs ne  doivent pas être détruits.  

H.26.8.3  Procédure  d 'essai  

L'apparei l  et l a  procédure  d 'essai  doivent être  te ls  que  décri ts  dans  l ’ I EC 61 000-4-5.  Selon  
cette  norme,  l e  d ispositi f de  commande  est rel i é  à  une  source  d 'al imentation  appropriée  
fonctionnant  à  l a  tension  assignée,  l e  générateur d ' impu ls ion  étant  connecté  entre  l es  bornes.  

Les  essais  son t effectués  en  soumettant l e  système  à  ci nq  chocs  de  chaque polari té ,  posi ti ve  
et négative  (+ ,  –) ,  et avec les  relations  de  phase  de  au  moins  0° ,  90° ,  1 80°  et 270° ,  d is tribués  
selon  l es  modes  de  fonctionnement appropriés  e t avec l es  va leurs  de  tension  fi guran t dans  l e  
Tableau  H . 1 6  à  des  i n terval les  non  supérieurs  à  60  s  ou  comme spéci fié  dans  l a  partie  2  
appropriée.  

S i  des  varistances  son t  u ti l i sées  comme d isposi ti fs  de  protection  con tre  l es  chocs,  e l l es  
doivent être  conformes  à  l ’ I EC  61 643-1 1 .  De  p lus,  e l les  doivent être  chois ies  de  man ière  à  
rés ister aux impu ls ions  correspondant à  l a  cl asse  d ’ instal l ation  pour l aquel l e  l e  disposi ti f de  
commande  est  censé  être  u ti l i sé.  

Pour l es  disposi ti fs  de  commande  d otés  de  séparateurs  de  d isposi ti f de  protection  contre  
l es  chocs  i n tégran t des  éclateurs ,  l ’essai  est répété  à  un  n i veau  d ’essai  égal  à  95  %  de  la  
tens ion  de  contournement.  

Le  dispositi f de  commande  est  soum is  à  essai  et évalué  dans  chacun  des  modes  de  
fonctionnement appropriés,  comme spéci fié  dans  l a  partie  2  appropriée.  

H.26.9  Essai  de  d ’ immunité  aux chocs  électriques  et  de  transi toi res   
 é lectriques  rapides  

Le dispositif de commande  doit supporter des chocs transitoires rapides au niveau du 
réseau d'alimentation et des réseaux de signaux.   

La conformité  est vérifiée par l'essai de H. 26. 9. 2 à  H. 26. 9. 3 inclus.  
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H.26.9. 1  But de  l 'essai  

Cet essai s'applique aux bornes d'alimentation et,  dans des cas spécifiques,  aux bornes du 
dispositif de commande  (voir H. 26. 9. 2) .  

Le but de cet essai est de démontrer l'immunité du dispositif de commande  aux chocs de 
transitoires de  faible énergie pouvant être produits par des relais,  des contacteurs,  etc. ,  des 
charges inductives de commutation,  et qui peuvent être induits dans des circuits de  signaux 
et de données.  

H.26.9.2  N iveaux d 'essai  

Les essais doivent être  appliqués comme indiqué au Tableau H. 17.  

Les essais sur les bornes pour les câbles d'interface ne doivent être effectués que si ces 
bornes sont conçues pour réaliser l'interconnexion avec des câbles de longueur supérieure à  
3 m,  selon les spécifications du fabricant.  

Générateur:    interne  

Durée:    1  min  par polarité positive (+)  et négative (–)  

Conditions de fonctionnement:  selon la  partie 2 appropriée  

La tension d’essai sur le  port d’alimentation doit être appliquée simultanément entre le  plan 
de référence de terre  et toutes les bornes d’alimentation (mode commun) .   

Tableau  H .1 7  – N iveau  d 'essai  pour l ’ essai  de  chocs  électriques  de  transi toi res  rapides  

 Tension  d ’ essai  de  sortie  en  ci rcu i t  ouvert  
et  fréquence de  répéti tion  des  chocs  

 Sur port d ’ al imentation ,  PE  

Sur ports  de  signaux,  
données  et d i sposi ti f de  

commande E/S  
(en trée/sortie)  

N iveaux d 'essai  
appl icables  

correspondant à  
H .26. 1 5.3  

N iveau  d ’ essai  
conformément à  
l ’ IEC  61 000-4-4  

Crête  de  
tension  
 kV  

Fréquence 
de  

répéti tion  
KHz  

Crête  de  
tension  
 kV  

Fréquence  
de  

répéti tion  
KHz  

2  2   1   5   0 , 5   5   

3  3   2   5   1   5   

Disposi ti fs  de  commande 
de  protection  déclarés  à  
l ’ exigence  90  du  Tableau  1  
desti nés  à  être  u ti l i sés  
conformément à  
l ’ I EC 60335-1  

4   4   5   -  -  

 

H.26.9.3  Procédure  d 'essai  

L'apparei l  et l es  procédures  d 'essai  doiven t être  te ls  qu ' i l s  sont décri ts  dans  l ’ I EC  61 000-4-4.  

Le  dispositi f de  commande  est soum is  à  essai  se lon  chacun  des  modes  de  fonctionnement 
appropriés,  comme spéci fié  dans  l a  partie  2  appl icable.  

H.26. 1 0  Essais  d ’ immunité  de  transitoi res  osci l l atoires  

NOTE  Aux Canada  et  aux États-Un is ,  l 'essai  d e  trans i toi res  osci l l atoi res  de  H . 26. 1 0  est  exi gé.  
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H.26. 1 0.1  Bu t de  l 'essai  –  Domaine  d 'appl ication  

L'obj et de  l 'essai  est de  véri fi er l ' immun i té  du  matérie l  aux trans i toi res  osci l latoi res  qu i  
apparaissent dans  l es  réseaux basse  tension  rés iden tie ls  et  i ndustrie ls  i n térieurs  (câble) .  Cet 
essai  est complémentai re  à  l 'essai  d ’onde  de  choc 1 , 2/50  µs  qu i  couvre  l es  trans i toi res  
apparaissant dans  les  réseaux extérieurs  ( l i gnes  aériennes).  L'énerg ie  présente  dans  l es  
transi to i res  osci l l atoi res  est  cependan t p lus  fa ible  que  l 'énerg ie  associée  aux ondes  de  choc.  
D 'au tre  part,  i l s  peuvent engendrer des  effets  dans  l es  dispositi fs  de  commande  en  ra ison  
du  changement de  polari té  de  l a  tension .  

H.26. 1 0.2  Caractéristiques  de  l 'onde d 'essai  

La forme d'onde d'essai doit consister en une impulsion ayant un  temps de montée de 0, 5 µs,  
suivie d'une oscillation à  100 kHz affectée d'un amortissement tel que l'amplitude de chaque 
pointe soit à  60 % de la  pointe précédente.  Voir Figure H.3.   

H.26. 1 0 .3  Matériel  d 'essai /générateur d 'essai  

Le générateur de tension d'impulsion nécessaire à  cet essai d'immunité est décrit à  la   
Figure H.4.  

H.26. 1 0.4  N iveaux d 'essai  

Les tensions doivent être  appliquées conformément au Tableau H. 18.  

Tableau  H .1 8  (H .26.1 0.4  de  l ’ éd i tion  3)  – Tensions  crête  

Tension  Catégori e  a  b  
assignée  
(max. )  I  I I  I I I  

V kV R 1  kV R 1  kV R 1  

1 00  0 , 5  25  0 , 8  25  1 , 5  25  

300  1 , 0  25  1 , 6  25  2 , 5  25  

600  2 , 0  25  3 , 0  25  5 , 0  25  

NOTE  Aux É tats-Un is ,  l a  tension  crête  de  l 'onde  de  choc est  déterm inée  par l a  tension  assignée  et  l a  catégorie  
déclarée  du  disposi ti f de  commande  comme dans  l ’ I EC 60664-1 .  

a  kV en  ci rcu i t  ouvert.  Voi r F i gu re  H . 4  pou r R 1 .  

b  Voi r l ’Annexe  L  pour l es  catégori es.   
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H.26. 1 0.5  Procédure d 'essai  

Le dispositif de commande  doit être soumis à  essai comme indiqué en H.26. 8. 3.  

 

T =  1 0 µs 
(f =  1 00 kHz) 

Vcrête  
0,9 Vcrête  

0, 1  Vcrête  

0,5 µs  

60 % de Vcrête  
IEC   2512/13 

 

Figure H .3  – Caractéristiques  d 'un  transitoi re  osci l l atoi re  (tension  en  ci rcu i t ouvert)  

 

0 kV-1 0 kV 
Courant 
continu 

0,5 µF 

1 0 µF 

0,005 µF 
5 µH 

2,5 Ω  R1  

Equipement 
en essai  Fi l tre 

Al imentation 
alternative 

IEC   2513/13  

Figure H .4 – Schéma d 'un  générateur  
de  transitoi res  osci l l atoires  0,5  µs/1 00  kHz  

NOTE  La  val eur de  R 1  est  spéci fi ée  dans  l e  Tabl eau  H . 22:  

– une  rés i stance  R 1  d e  2 , 5  Ω  fourn i ra  un  cou ran t de  cou rt-ci rcu i t  de  500  A crête;  

– une  rés i stance  R 1  d e  25  Ω  fou rn i ra  un  couran t de  court-ci rcu i t  de  200  A crête.  

H.26. 1 1  Essai  de  décharges  électrostatiques  

Cet essai est effectué selon l’IEC 61000-4-2.  

Les valeurs d’essai doivent être appliquées au niveau d’essai 3.  

Application directe de décharge: les décharges de contact à  6 kV sur les parties métalliques 
accessibles,  ou les décharges dans l'air à  8 kV sur les parties accessibles  des matériaux 
d'isolation doivent s'appliquer.  

Application indirecte de décharge: les décharges de contact à  6 kV sur la  plaque de couple  
horizontale ou verticale  doivent s’appliquer.  

Pour l es  d ispositi fs  de  commande  d e  protection  déclarés  se lon  l ’ exigence  90  du  Tableau  1 ,  
l 'essai  supplémentai re  su ivant  s 'appl ique:  Cet essai  est effectué  se l on  l 'Article  5,  n i veau  
d ’essai  4  de  l ’ I EC  61 000-4-2 :2008.  Les  décharges  de  contact  à  8  kV sur l es  parties  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 51 7  –  
© I EC  201 5  

métal l i ques  accessib les ,  ou  l es  décharges  dans  l 'a i r à  1 5  kV sur les  parties  accessibles  des  
matériaux d ' isolation  doiven t s 'appl i quer.  

H.26. 1 2  Immun ité  aux champs  électromagnétiques  de  fréquences  rad io  

H .26. 1 2. 1  But de  l 'essai  

Le but de  l 'essai  est de  véri fier l ' immun i té  des  dispositi fs  de  commande  aux champs  
é lectromagnétiques  générés  par des  émetteurs  de  rad iod i ffusion  ou  tou t au tre  d isposi ti f 
émettan t de  l 'énerg ie  rayonnée  sous  forme d ’onde  é lectromagnétique  en tretenue.  L' immun i té  
des  dispositi fs  de  commande  aux rayonnements  des  émetteurs/récepteurs  tenus  à  l a  main  
(ta lkie-walkie)  est l e  pri ncipal  bu t de  l 'essai  mais  d 'au tres  sources  de  rayonnement 
é lectromagnétique  sont  concernées,  te l l es  que  l es  émetteurs  des  stations  fixes  de  
rad iod i ffusion  et de  té lévis ion ,  l es  émetteurs  rad io  montés  sur véh icu les ,  et  d iverses  sources  
é lectromagnétiques  industrie l les  issues  de  sources  i n term i tten tes.  

H.26. 1 2.1 . 1  S i  l a  cri tici té  du  n i veau  d ’essai  2  n 'est pas  affectée  après  l e  n i veau  d ’essai  3,  le  
n iveau  d ’essai  2  n 'a  pas  besoin  d 'être  effectué.  

H.26. 1 2.2  Immunité  aux perturbations  condui tes  

Le dispositif de commande  doit tolérer les signaux haute fréquence sur l'alimentation 
électrique et sur les bornes de signaux appropriées.   

La  conformité  est vérifiée  par les essais de H. 26. 12. 2. 1  à  H.26. 12. 2. 2 inclus.  

H.26. 1 2.2 . 1  N iveaux d 'essai  pour l es  perturbations  condui tes  

Au minimum,  les niveaux d'essai du Tableau H. 19 doivent s'appliquer.  

Les essais doivent seulement être appliqués aux câbles d'interface qui,  selon les 
spécifications du fabricant,  peuvent mesurer plus de  1  m.  

Tableau  H .1 9  (H .26.1 2.2 .1  de  l ’ éd i tion  3)  – N iveaux d 'essai  pour les  perturbations  
condui tes  sur les  l ignes  d 'al imentation  et les  l ignes  entrée/sortie  

Gammes  de  fréquences  d ’ essai :  1 50  kHz à  80  MHz 

N iveau  d ’essai  

N iveau  de  tension  (efficace)  

U0  

dBµV  

U0  

V 

2  1 30  3  

3  1 40  1 0  

NOTE  Les  n i veaux d ’ essai  dans  l es  bandes  I SM  et  CB  son t  chois i s  pou r être  6  dB  au-dessus  ( I SM:  Matérie l  de  
fréquence  rad io  i ndustriel ,  scien ti fi que  et  méd ical :  1 3 , 56  MHz ±  0 , 007  MHz et  40, 68  MHz ±  0 , 02  MHz,  CB:  Ci ti zen  
Band :  27,  1 25  MHz ±  1 , 5  MHz) .  

 

H.26. 1 2 .2 .2  Procédure  d 'essai  

Cet essai doit être effectué selon l’IEC 61000-4-6.  

Le dispositif de commande  est soumis à  un balayage complet de la  gamme de fréquences 
d’essai au moins une fois,  le  système  étant dans ses modes de fonctionnement appropriés.  
Quand la  gamme de fréquences est balayée par incréments,  la  taille des paliers ne doit pas 
dépasser 1  % de la  valeur de fréquence précédente fondamentale avec une interpolation 
linéaire entre les points d'étalonnage.  Le temps de palier de chaque fréquence ne doit pas 
être inférieur au temps nécessaire au dispositif de commande  pour être excité et pouvoir 
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répondre,  mais en aucun cas ne doit être inférieur à  0, 5 s.  Les bandes ISM et CB doivent être 
soumises à  essai avec les fréquences d’essai utilisées pour le  balayage sur toute la  gamme 
de fréquences d’essai et couvrir les bandes ISM et CB considérées.  

NOTE  Les  fréquences  cri ti q ues  ou  l es  fréquences  d ' i n térêt  dom inant  peuvent être  analysées  séparément.  

H.26. 1 2 .3  Immunité  aux perturbations  rayonnées  

Le dispositi f de  commande  d o i t  to lérer des  s i gnaux de  fréquence é levée  sur l 'a l imentation  et  
l es  bornes  de  s ignaux appropriées.   

La conformité est vérifiée par les essais de H. 26. 12. 3. 1  à  H. 26. 12. 3. 2 inclus.  

H.26. 1 2.3. 1  N iveaux d 'essai  pour l es  champs électromagnétiques  rayonnés  

Les  n i veaux d ’essai  pou r l ’ immun i té  aux champs  é lectromagnétiques  rayonnés  doiven t être  
appl iqués  conformément au  Tableau  H . 20.  

Les  n i veaux d ’essai  augmentés  pour l ’ immun i té  rayonnée  d oiven t être  appl i qués  
conformément au  Tableau  H . 21 .  

Tableau  H .20  (H .26.1 2.3. 1  de  l ’ éd i tion  3)  – N iveau  d ’essai  pour  
l ’ immunité  aux champs électromagnétiques  rayonnés  

 Gammes  de  fréquences  d ’essai /N iveau  de  champ  
V/m  

N iveau  d ’essai  80  MHz à  960  MHZ 1 ,4  GHz à  2 , 0  GHz  2, 0  GHz à  2 , 7  GHz  

2  3  3  1  

3  1 0  3  1  

 

Tableau  H .21  – N iveau  d ’essai  augmenté  pour l ’ immunité  
aux champs  rayonnés  (bandes  ISM ,  GSM ,  DECT)  

 Gammes  de  fréquences  d ’ essai /N iveau  de  champ  
V/m  

N iveau  
d ’ essai  

433  MHz à  
435  MHz 

864 MHz à  
91 5 MHz  

935 MHz à  
960  MHz 

1  71 0  MHz à  
1  784 MHz 

1  805  MHz à  
1  960  MHz 

2  446  MHz à  
2  454 MHz 

2  6  6  6  6  6  2  

3  20  20  1 0  6  6  2  

 

H.26. 1 2 .3.2  Procédure  d 'essai  

Cet essai doit être effectué selon l’IEC 61000-4-3.  

Le dispositif de commande  est soumis à  un balayage complet dans la  totalité des gammes 
de fréquences d’essai et dans l'orientation verticale et horizontale de l'antenne,  le  système 
étant dans ses modes de fonctionnement appropriés.  Quand la  gamme de fréquences est 
balayée par incréments,  la  taille des paliers ne  doit pas dépasser 1  % de la  valeur de 
fréquence précédente fondamentale avec une interpolation linéaire entre les points 
d'étalonnage.  Le temps de palier de chaque fréquence ne doit pas être inférieur au temps 
nécessaire au dispositif de commande  pour être excité et pouvoir répondre mais en aucun 
cas ne doit être inférieur à  0, 5 s.  Les bandes ISM,  GSM et DECT doivent être soumises à  
essai avec les fréquences d’essai utilisées pour le balayage sur toute la  gamme de 
fréquences d’essai et couvrir complètement les bandes ISM,  GSM et DECT considérées.  
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L’essai doit généralement être réalisé en positionnant l’antenne de génération devant chaque 
côté du dispositif de commande.  Lorsque l’équipement peut être utilisé dans les différentes 
orientations (c’est-à-dire verticale ou horizontale) ,  tous les côtés doivent être exposés au 
champ pendant l’essai.  Lorsque la  technique le justifie,  certains dispositifs de commande  
peuvent être soumis à  essai en exposant moins de faces à  l’antenne de génération.  Dans 
d’autres cas,  comme déterminé par exemple par le type et les dimensions du dispositif de 
commande  ou les fréquences d’essai,  il peut être nécessaire d’exposer plus de quatre 
azimuts.  

NOTE  Les  fréquences  cri ti q ues  ou  l es  fréquences  d ' i n térêt  dom inant  peuvent être  analysées  séparément.  

H.26. 1 3  Essai  de  l ' influence des  variations  de  l a  fréquence  d 'al imentation  

Les dispositifs de commande  basés sur des microprocesseurs utilisant des fonctions de 
commande de classe B  et/ou de classe C  qui reposent sur la  fréquence industrielle 
d'alimentation pour leur fonctionnement correct doivent tolérer des variations de  fréquence 
industrielle d'alimentation,  si cela  est déclaré par le fabricant dans les informations 
complémentaires au Tableau 1  fournies en H. 7.  

H.26. 1 3.1  But de  l 'essai  

Le but de  cet essai  est de  véri fier l 'effet sur l e  disposi ti f de  commande  des  déviations  de  l a  
fréquence de  l 'a l imentation .  

H.26. 1 3.2  N iveaux d 'essai  

Les valeurs d'essai du Tableau H.22 doivent être  appliquées.  

Tableau  H .22  (H .26.1 3.2  de  l ’ éd i tion  3)  – N iveau  d 'essai   
pour l es  variations  de  l a  fréquence  d 'al imentation  

Niveau  d ’ essai  Variations  de  l a  fréquence d ’al imentation   
% a  

2  ±1  et  ±  2  

3  ±  3 ,  ±  4  et  ±  5  

a   D 'au tres  valeurs  peuvent  être  spéci fi ées  dans  l a  parti e  2 .  

H.26. 1 3.3  Procédure  d 'essai  

L'apparei l  et  l es  procédures  d 'essai  doiven t être  ceux décri ts  dans  l ’ I EC  61 000-4-28.  

Le  dispositi f de  commande  do i t  i n i tia lemen t fonctionner à  sa  tens ion  assignée et doi t 
ensu i te  être  soum is  aux variations  de  fréquences  détai l l ées  en  H . 26. 1 3. 2 .  

H.26. 1 4  Essai  d ' immunité  au  champ magnétique  à  l a  fréquence industriel le  

Les  disposi ti fs  de  commande  sens ib les  au  champ magnétique  tels  que  l es  disposi ti fs  de  
commande  u ti l i san t des  d ispos i ti fs  à  effet de  Hal l  doiven t tolérer les  champs magnétiques  à  
l a  fréquence  i ndustrie l l e.   

La  conformité  est vérifiée par les essais de H. 26. 14. 2.  

NOTE  Des  exemples  de  tel s  disposi ti fs  de  commande  comprennent l es  capteu rs  de  pression  u ti l i san t  des  
d i sposi ti fs  à  effet  de  hal l ,  des  disposi ti fs  de  commande  i ncorporan t d es  rel a i s  à  l ames  souples  et  d es  disposi ti fs  
de  commande  u ti l i sant  d es  re l ai s  b i stabl es.  
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H.26. 1 4.1  Objet  de  l 'essai  

Le bu t de  cet essai  est de  démontrer l ' immun i té  des  disposi ti fs  de  commande  pouvant être  
affectés  par l es  champs magnétiques  à  l a  fréquence i ndustrie l l e  l i és  à  l 'emplacement 
spéci fique  et aux cond i tions  d ' i nstal lation  du  disposi ti f de  commande  (par exemple,  
proxim i té  entre  le  matérie l  et  la  source  de  perturbation) .   

Le  champ magnétique  à  l a  fréquence  i ndustrie l l e  est généré  par l a  fréquence des  couran ts  
d 'al imentation  dans  l es  conducteurs  ou  par d 'au tres  d ispos i ti fs  (par exemple,  fu i tes  des  
transformateurs)  à  proxim i té  du  matérie l .  

I l  convient de  ne  prendre  en  considération  que  l es  i n fluences  des  conducteurs  avois inan ts,  
quand  l e  couran t,  dans  des  cond i ti ons  normales  de  fonctionnement,  produ i t u n  champ  
magnétique  conti nu ,  avec une  ampl i tude  comparativement fa ib le.  

H.26. 1 4.2  N iveaux d 'essai  

Les  n i veaux d 'essai  doiven t être  appl iqués  se lon  l e  Tableau  H . 23  su ivant:  

Tableau  H .23  (H .26.1 4.2  de  l ’ éd i tion  3)  – N iveaux d 'essai  pour champs  continus  

Niveau  d ’essai  Niveau  de  champ continu  
A/m  

2  3   

3  1 0   

 

H.26. 1 4.3  Procédure  d 'essai  

Le  dispositi f de  commande  est  a l imenté  à  l a  tens ion  assignée.  Le  matérie l  d 'essai ,  l e  
montage  d 'essai  et  la  procédure  d 'essai  doivent être  en  accord  avec l ’ I EC  61 000-4-8.  Le  
dispositi f de  commande  est soum is  à  essai  dans  les  cond i tions  d 'essai  spéci fiées  dans  l a  
partie  2  appropriée.   

H.26. 1 5  Évaluation  de  la  conformité  

H .26. 1 5.1  Après  l es  essais  de  H . 26. 2  à  H . 26. 1 4  et H . 26. 1 6  inclus,  l e  ou  l es  échan ti l l ons  
doivent  satisfa i re  aux exigences  des  Article  8 ,  Paragraphe  1 7 .5  et Article  20.  

H.26. 1 5.2  De  p l us,  l e  disposi ti f de  commande  d o i t  satisfai re  aux exigences  su ivan tes:  

– l es  exigences  de  H . 1 7. 1 4  ou  

– l a  ( l es)  sortie(s)  et  fonctions  doivent être  conformes  aux i nd ications  données  dans  les  
exigences  58a  et  58b  du  Tableau  1 .  

La conformité avec la  seconde alternative de H. 26. 15. 2 peut rendre le dispositif de 
commande  non  acceptable pour certaines applications.  

Les  parties  2  peuven t conten ir certa ines  restrictions  concernant les  effets  perm is  su r l a  ou  les  
sorties  commandées  pour des  types  particu l iers  de  disposi ti fs  de  commande  ou  des  
fonctions  de  commande  pour des  n i veaux d 'essai .  

H .26. 1 5.3  Des  sorties  et des  fonctions  d i fféren tes  peuvent être  déclarées  par l e  fabricant  
après  le  n iveau  d ’essai  2  ou  n iveau  d ’essai  3 ,  s i  appl icable.  La  partie  2  peut spéci fier des  
cri tères  particu l iers  après  chacun  de  ces  essais.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 521  –  
© I EC  201 5  

H.26. 1 5.4  Les  cri tères  de  conform i té  doiven t être  donnés  d  partie  2  et être  basés  sur l es  
cond i ti ons  de  fonctionnement de  l a  sortie  et l es  spéci fications  fonctionnel l es  du  dispositi f de  
commande  en  essai :  

a)  performance normale  sans  perte  de  fonction  de  protection  et dispositi f de  commande  
dans  l es  spéci fications  ou  l im i tes  déclarées;  

b)  perte  de  fonction  de  protection  dans  l es  l im i tes  déclarées;  

c)  perte  de  fonction  de  protection  avec arrêt de  sécuri té ;  

d )  perte  de  fonction  de  protection  avec fonctionnement  non  sûr.   

H.27  Fonctionnement anormal  

H.27. 1  Dispositi fs  de  commande électron iques  – Évaluation  par rapport aux pannes  
in ternes  

H .27. 1 . 1  Les  dispositi fs  de  commande électroniques  do ivent être  évalués  du  poin t de  vue  
des  effets  d 'une  défai l lance  ou  d 'un  mauvais  fonctionnement des  composants  du  ci rcu i t  afi n  
d 'assurer l a  sécuri té  é lectrique.  

La conformité est vérifiée  par les essais de H. 27. 1 . 1 . 1  à  H. 27. 1 . 1 . 6 inclus et H. 27. 4.  

Les composants qui présentent une défaillance du fait d'une contrainte cumulative sont 
remplacés si nécessaire.  

NOTE  Les  composants  non  é lectron iques  tel s  q ue  l es  i n terrupteu rs ,  l es  re l a i s  et  l es  transformateu rs  q u i  son t  
éva lués  selon  l 'Arti cl e  24  ou  selon  l es  exi gences  appropri ées  de  l a  présente  norme ne  sont  pas  soum is  à  l 'essai  de  
H . 27. 1 . 1 .  

Pendant les  essais  de  H . 27. 1 . 1 ,  pour un  disposi ti f de  commande  assuran t une  coupure 
électronique  ( type  1 .Y ou  2 .Y),  n ' importe  quel le  défai l lance  d u  d ispos i ti f,  décri t  à  la  note  de  
bas  de  tableau  n  du  Tableau  1 2  est perm ise.  

H.27. 1 . 1 . 1  Les  cond i ti ons  de  panne  spéci fi ées  dans  le  Tableau  H . 24  ne  son t pas  appl i quées  
aux ci rcu i ts  ou  parties  de  ci rcu i t pour lesquel l es  tou tes  l es  cond i ti ons  su ivantes  sont 
satisfai tes :  

– l e  ci rcu i t é l ectron ique  est  un  ci rcu i t  à  basse  pu issance  comme décri t  ci -dessous;  

– l a  protection  contre  les  chocs  é lectriques,  l es  dangers  d ' i ncend ie,  les  dangers  
mécan iques  ou  un  mauvais  fonctionnement dangereux d 'autres  parties  du  disposi ti f de  
commande  ne  dépend  pas  du  fonctionnement correct du  ci rcu i t é lectron ique.  

Un circuit à  basse puissance est déterminé comme suit et expliqué en  détail à  la  Figure H. 5.  
Le dispositif de commande  est mis en fonctionnement à  la  tension assignée ou à  la  limite 
supérieure de la  plage de tensions assignées et une résistance variable,  réglée à  sa  valeur 
maximale,  est raccordée entre le point à  étudier et le  pôle  opposé de la  source d'alimentation.  

La résistance est alors diminuée jusqu'à ce que la  puissance consommée par la  résistance 
atteigne un maximum.  Tout point le plus proche de la  source,  auquel la  puissance maximale 
délivrée à  cette résistance n'excède pas 15 W après 5 s est appelé point à  basse puissance.  
La partie du circuit plus éloignée de la  source d'alimentation que le point à  basse puissance 
est considérée comme étant un circuit à  basse puissance.  

Les mesures sont effectuées à  partir d'un seul pôle de  la  source d'alimentation,  de préférence  
celui qui donne le plus petit nombre de points à  basse puissance.  

 

NOTE  Lors  de  l a  déterm inati on  des  poin ts  à  basse  pu i ssance,  commencer par l es  po in ts  l es  p l us  proches  de  l a  
source  d 'al imentation .  La  pu i ssance  consommée  par l a  rés i stance  variable  est  mesurée  selon  u ne  méthode  
appropri ée,  par exemple  par u n  wattmètre.  
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Si un circuit électronique fonctionne pour assurer la  conformité à  l'Article H. 27,  l'essai 
approprié  est répété,  en simulant une panne  isolée,  comme indiqué en H. 27. 1 . 1 . 5.  

 

Z1  

A 

B  

C  

D  

Z2  

Z6  

Z7  

Z8  

Z3  Z4  

Z5  Source 
d’al imentation  

IEC   2514/13 

 

D est  l e  poi n t  l e  p l us  é l oi gné  de  l a  source  d 'a l imentati on  où  l a  pu i ssance  maximale  dél i vrée  à  une  charge  
extérieure  est  supérieure  à  1 5  W.  

A et  B  sont  l es  poin ts  l es  p l us  proches  de  l a  source  d 'al imentation  où  l a  pu i ssance  maximale  dél i vrée  à  une  charge  
extérieure  n 'est  pas  supérieure  à  1 5  W.  Ce  son t  des  poin ts  à  basse  pu i ssance.  

Les  poi n ts  A et  B  son t  séparément m is  en  court-ci rcu i t  avec C.  

Les  cond i ti ons  de  panne  spéci fi ées  en  H . 27. 1 . 1 . 5  son t  app l i quées  i n d ivi duel l ement à  Z 1 ,  Z2 ,  Z3 ,  Z6  e t  Z7 ,  pour 
au tant  qu 'e l l es  soient  appl i cabl es.  

Figure H .5 – Exemple  d 'un  ci rcu i t  électronique   
comportant des  poin ts  à  basse  pu issance  

H .27. 1 . 1 .2  Le  dispositif de commande  doit être mis en fonctionnement dans les conditions 
suivantes.  

a)  Sous la  tension la plus défavorable dans la  plage 0, 9 à  1 , 1  fois la  tension assignée 
d'alimentation.  

b)  Avec le  type de charge,  dans la  limite des paramètres mesurés ou déclarés,  produisant 
l'effet le plus sévère.  

c)  A  une température ambiante de (20 ±  5)  °C,  à  moins qu'il y ait des raisons valables 
(comme par exemple au cours de l'essai du point b)  de H. 27. 1 . 1 . 3)  pour effectuer l'essai à  
une autre  température de  la  plage déclarée par le fabricant.  

d)  Connecté à  une source d'alimentation électrique ayant des caractéristiques assignées de 
coupe-circuit à  fusible telles que le  résultat de l'essai n'est pas influencé par le  
fonctionnement du coupe-circuit à  fusible.  

e)  Avec tout organe de manœuvre  placé dans la  position la  plus défavorable.  
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H.27. 1 . 1 .3  Avec chaque panne  décri te  au  Tableau  H . 24,  s imu lée  ou  appl i quée  à  un  
composan t de  ci rcu i t  à  l a  fo is,  l e  disposi ti f de  commande  d oi t  satisfai re  aux  

– poin ts  su ivants  a)  à  g )  i nclus.  Pour l es  composants  satisfaisan t à  l 'Article  1 4  de  
l ’ I EC 60065: 2001 ,  Amendement 1 : 2005,  Amendement 2 : 201 0,  l es  disposi ti fs  de  
commande  on t seu lement à  satisfa i re  aux poin ts  a),  c) ,  d ) ,  f)  et  g ) .  

NOTE  1  Au  Canada  et  aux É tats-Un is ,  s i  un  composant a  reçu  une  certi fi cation  selon  l e  programme I ECQ,  
avec l es  périodes  de  cond i ti onnement et  l es  facteurs  de  s tress  appropri és ,  l es  pannes  d u  Tableau  H . 25  n 'on t 
pas  à  être  appl i qués.  

– à  tou t cri tère  de  conformi té  add i ti onnel ,  comme spéci fié  dans  l es  paragraphes  appropriés  
de  la  partie  2 ;  et  

– aux exigences  de  l a  cl asse  de  l og iciel  spéci fiée,  s i  e l les  son t déclarées.  

a)  Les  disposi ti fs  de  commande  ne  doivent pas  émettre  de  fl ammes,  de  particu les  
chaudes  de  métal  ou  de  p lastique,  et ne  doiven t provoquer aucune  explosion .  Pour les  
dispositi fs  de  commande montés  sur câble  souple  e t  les  dispositi fs  de  
commande à  montage indépendant,  l a  conform i té  est déterm inée  par l 'essai  su ivant.  

 L 'enveloppe contenant l e  dispositi f de  commande  est enveloppée dans  du  papier de  
soie .  Le  disposi ti f de  commande  est m is  en  fonctionnement j usqu 'à  atte indre  un  
rég ime établ i  ou  pendant 1  h ,  se lon  l a  durée  l a  p lus  courte.  I l  ne  doi t  pas  y avoi r de  
combustion  du  papier de  soie .  A l ' i n térieur de  l 'enveloppe,  certa ines  p ièces  peuven t 
roug i r momentanément et i l  peu t y avoir une  ém ission  temporaire  de  fumée ou  de  
flamme.  

NOTE  2  Au  Canada  et  aux É tats-Un is ,  de  l a  moussel i ne  est  u ti l i sée  au  l i eu  d u  papier de  so ie.  

 Les  disposi ti fs  de  commande incorporés  et  i n tégrés  doiven t soi t satisfai re  à  l 'essai  
spéci fié  pour l es  disposi ti fs  de  commande montés  sur câble  souple  et  à montage  
indépendant ,  so i t  ê tre  classés  comme nécessi tant,  par exemple,  une  protection  
supplémentaire,  dans  l ’apparei l  ou  le  matérie l .  

b)  La  température  de  l ' i solation  supplémentai re  et  de  l ' isolation  renforcée  ne  doi t pas  
dépasser 1 , 5  fois  l es  valeurs  appropriées  spéci fi ées  de  l 'Article  1 4,  sauf dans  l e  cas  
des  matériaux thermoplasti ques.  

 I l  n 'y a  pas  de  l im i te  de  température  spéci fique  pour l ' i solation  supplémentaire  e t  
l ' isolation  renforcée  d es  matériaux thermoplastiques;  l eur température  doi t cependant  
être  enreg istrée  dans  l e  cadre  de  l 'Article  21 .  

c)  Tout changement des  sorties  commandées  doi t être  comme déclaré  dans  l 'exigence  
57  du  Tableau  1 .  

d )  Le  disposi ti f de  commande  do i t  satisfa i re  aux exigences  de  l 'Article  8  et  1 3. 2  pour 
l ' isolation  principale .  

e)  I l  ne  doi t y avoi r aucune détérioration  des  d i fférentes  parties  du  dispositi f de  
commande  pouvant  résu l ter dans  l a  non-conform i té  aux exigences  de  l 'Arti cle  20 .  

f)  Un  fus ib le  sur l 'a l imentation ,  extérieur au  disposi ti f de  commande  en  essai  et  te l  que  
décri t  au  poin t d )  de  H . 27. 1 . 1 . 2  ne  doi t pas  fondre  à  moins  qu 'un  d isposi ti f i n terne  de  
protection  fonctionne  aussi ,  en  étan t seu lement access ib le  après  u ti l i sation  d 'un  outi l .  

 Un  d ispos i ti f de  protection  i n terne  est j ugé  ne  pas  être  nécessai re  s i  l 'échanti l l on  
con tinue  à  satisfai re  aux exigences  su ivantes  après  remplacement du  fusib le  sur 
l 'a l imentation :  

– poin ts  a),  b)  et  d )  de  H . 27. 1 . 1 . 3 ;  

– exigences  de  l 'Article  20  pour l es  distances  dans  l 'ai r  e t  l ignes  de  fu i te  en tre  
parties  actives  e t  surfaces  du  dispositi f de  commande  access ib les  quand  le  
disposi ti f de  commande  est  monté  comme en  usage  prévu .  

g )  La  forme d 'onde  de  sortie  doi t être  te l le  que  déclarée  à  l 'exigence  56  du  Tableau  1 .  
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H.27. 1 . 1 .4  Lignes  d i rectrices  pour l es  essais  de  H .27. 1 . 1 .3  

Pour éviter des essais inutiles,  il convient de s'efforcer d'évaluer les conditions qui peuvent 
résulter en une non-conformité aux exigences de H. 27. 1 . 1 . 4.  Une telle évaluation doit 
consister en l'étude des schémas des circuits et la  simulation des conditions de défaut 
correspondantes,  afin de vérifier si ces conditions se produisent.  Pour les dispositifs de 
commande  utilisant des logiciels,  l'analyse de panne  de H. 27. 1 . 1 . 4 doit être liée à  l'analyse 
de défaut du logiciel de l'exigence 68 du Tableau 1 .  

Toutes les conditions résultant de l'introduction de panne  d'un circuit électronique comme 
spécifié  en H.27. 1 . 1 . 5 sont considérées comme étant une panne.  

Les circuits imprimés qui révèlent des signes de détérioration pendant les essais sont 
considérés comme étant susceptibles d'avoir des défaillances.  

H.27. 1 . 1 .5  Cond itions  de  panne  pour l es  ci rcu i ts  électroniques  

Pour les  besoins  de  l 'Article  H .27,  l es  modes  de  défai l lance  appl icables  son t donnés  par le   
Tableau  H . 24 .  
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Tableau  H .24 (H .27.1  de  l ’ éd i tion  3)  – Modes  de  panne   
des  composants  é lectriques/électron iques  (1  sur 3)  

Type de  composant  Court a  Ouvert b  Remarques  

Résistances  fi xes  

Fi lm  m ince  c  

F i lm  épais  c   

Enrou lement  c  (s imple  couche)  émai l l é  ou  
convenablement  enrobé  
 

Au tres  types  

 

 

 

 

 

X  

 

X 

X 

X 

 

X 

 

Comprend  l e  type  CMS  

Comprend  l e  type  CMS  

 

Résistances  variables  

(par exemple  poten ti omètre/trimmer)  

Enrou lement  (s imple  couche)  

Au tres  types  

 

 

 

X d  

 

 

X  

X 

 

Condensateurs  

Types  X1  et  Y selon  l ’ I EC 60384-1 4  

F i lm  métal l i sé  selon  l ’ I EC 60384-1 6  et  
l ’ I EC 60384-1 7  

Autres  types  

 

 

 
 

X  

 

X 

 
X 

X 

 

I nductances  

Enrou lement  

Au tres  types  

 

 

X 

 

X 

X 

 

Diodes  

Tous  types  

 

X 

 

X 

 

 

Disposi ti fs  du  type  à  semi -conducteur 
comme les  transistors  

Tous  types  (par exemple,  b i po l ai re;  LF ;  RF;  
m i cro-onde;  FET;  thyri stor;  D iac;  Triac;  Un i  
j onction )  

 
 

X d  

 
 

X  

 

 

e  

Circu i t h ybride  f  f   

Circu i ts  i n tégrés  

Tous  types  non  couverts  par H . 1 1 . 1 2  

 

X g  

 

X  

 

Pour sorti es  de  ci rcu i t  i n tégré,  l a   
note  de  bas  de  tabl eau  e  

s 'appl i que  

Optocoupleurs  

Selon  l ’ I EC 60335-1  

 

X h  

 

X  
 

Relais  

Bobines  

Contacts  

 

 

X i  

 

X  

X 

 

Relais  à  l ames  souples  X  X Contacts  seu lement  

Transformateurs  

Selon  l ’ I EC 61 558-2-6  ou  l ’ I EC  61 558-2-1 6  

Au tres  types  

 

 

X d  

 

X  

X 

 

Quartz  X  X j  

In terrupteurs  X  X k  

Connexions  (bretel l es)   X l  

Câble  souple  et fi l s   X   
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Tableau  H .24  (2 sur 3)  

Conducteurs  de  ci rcu i ts  imprimés  

Selon  l a  séri e  I EC 62326  
X m  X n   

Capteurs  

Thermistances  pol ymères  

Thermistances  céram iques  

X 

 

X  

X 

o  

a  Les  cond i ti ons  qu i  on t  mené  à  l a  conception  de  l i gnes  de  fu i te  e t  distances  dans  l 'ai r  se lon  l 'Arti cl e  20  
pou r l ' assemblage  pour l equel  l 'exclus i on  du  mode  de  panne  «cou rt»  est  revend i quée  doi vent  être  
main tenues  pendant tou te  l a  d urée  de  vi e  du  disposi ti f de  commande .  

 Ces  cond i ti ons  doiven t  être  déclarées  ou  documentées  comme su i t:  

 Degré  de  pol lu tion  d u  disposi ti f de  commande  (Tableau  1 ,  exi gence  49).   

 Degré  de  pol lu tion  d u  microenvi ronnement  d e  l a  l i gne  de  fu i te  ou  d e  l a  di stance  dans  l ’ ai r,  s i  p l us  
propre  que  cel l e  du  disposi ti f de  commande ,  et  conception  (documentation )  (Tableau  1 ,  exi gence  79).  

 Tension  assignée  de  choc du  disposi ti f de  commande  (Tableau  1 ,  exigence  75).  

 Tension  assignée  de  choc pou r l a  l i gne  de  fu i te  ou  distance  dans  l ’ ai r,  s i  d i fféren te  de  cel l e  du  
disposi ti f de  commande ,  et  comment e l l e  est  réal i sée  (documentation )  (Tableau  1 ,  exi gence  80).  

 Les  val eu rs  prévues  pour l es  to lérances  des  d i stances  pour l esquel l es  l 'excl us ion  d u  mode  de  panne  
«court»  est  revend i quée  (déclaration  et  d ocumentation )  (Tabl eau  1 ,  exi gence  81 ).  

b  Ouvertu re  seu le  d 'une  broche  à  n ' importe  que l  moment.  
c  Ces  composants  peuvent être  u ti l i sés  en  impédance  de  protection ,  s i  l ' impédance  des  composants  

sati sfai t  à  H . 20. 1 . 1 5. 3  et  rés i ste  à  l 'essai  de  tens ion  de  choc de  20. 1 . 1 2  pour u ne  catégorie  de  surtension  
I I I  au  moins.  

d  M i se  en  court-ci rcu i t  de  d eux broches  tou r à  tour avec chacune  des  au tres  broches;  seu lement deux 
broches  à  l a  fo i s .  

e  Pour l es  d i spos i ti fs  d e  type  à  thyri stors  d i screts  ou  i n tégrés  te l s  que  Tri acs  et  SCR,  l es  cond i ti ons  de  
pannes  d o i vent  i ncl u re  l e  court-ci rcu i t  de  tou tes  l es  bornes  avec l a  troi s ième borne  en  ci rcu i t  ouvert.  L 'effet  
de  tou t  d i sposi ti f é l ectron ique  de  type  à  onde  ple i ne,  te l  q u 'un  Tri ac passant  en  cond i ti on  de  dem i -onde  
commandée  ou  non  commandée  (thyri stor ou  d iode,  respecti vement)  doi t  être  pri s  en  compte.  

 La  défai l l ance  d ' un  d i spos i ti f d e  commutation  de  pu i ssance  é l ectron i que  à  effet  d e  champ (FET,  MOSFET,  
I GBT)  par perte  de  commande*  de  porte  (base)  en traînan t un  mode  de  m ise  en  marche  parti e l l e,  i n du i san t  
un  état  i ndéfi n i  d oi t  être  pri se  en  compte.  Les  cri tères  d 'essai  et  d 'éval uation  do ivent  correspondre  à  l a  
fonction  et  aux ci rcu i ts  de  commande  spéci fi q ues.  Des  l i g nes  d i rectri ces  peuvent  être  données  dans  l es  
parti es  2 .  

 *La  perte  de  commande  de  porte  peu t  se  produ i re  en  ra i son ,  par exemple,  d 'une  connexion  soudée  
i nsuffi san te  du  FET.  

f  Les  modes  de  défai l l ance  pour l es  composants  i nd i vi duel s  du  ci rcu i t  h ybride  son t  app l i cables  comme 
décri t  pou r l es  composants  i nd i vi d uel s  d ans  ce  tabl eau .  

g  Le  cou rt-ci rcu i t  de  d eux bornes  ad jacentes  quelconques  et  l e  court-ci rcu i t  d e:  

 -  chaque  borne  de  l 'a l imentati on  du  ci rcu i t  i n tég ré,  s i  appl i cab l e  au  ci rcu i t  i n tég ré;  

 -  chaque  borne  à  l a  borne  de  terre  d u  ci rcu i t  i n tégré,  s i  appl i cable  au  ci rcu i t  i n tég ré.  

 Le  nombre  des  essai s  impl i qués  pou r l es  ci rcu i ts  i n tégrés  peu t  normalement rendre  imposs ible  
l 'app l i cation  de  tou tes  l es  cond i ti ons  de  pannes  correspondantes  ou  l 'éval uation  des  dangers  poss ibles  à  
parti r d 'une  étude  d u  schéma du  ci rcu i t i n tégré .   

 I l  est  donc adm is  d 'anal yser d 'abord  en  détai l  tous  l es  pannes  mécan iques,  therm iques  et  é l ectri ques  
possib les  q u i  peuvent se  man i fester dans  l e  disposi ti f de  commande  l u i -même ou  dans  sa  sorti e  d u  fa i t  
d 'un  mauvais  fonctionnement,  i nd i vi d uel l ement  ou  d ans  une  combinaison  quelconque,  des  disposi ti fs  de  
commande électron iques  ou  des  au tres  composants  de  ci rcu i ts .  

 Excepté  pou r l es  types  éval ués  par H . 1 1 . 1 2,  u ne  anal yse  par arbre  de  panne  d oi t  être  effectuée  pou r 
i ncl u re  l es  résu l tats  de  cond i ti ons  de  fonctionnements  conti nus  mu l ti p l es  aux bornes  b i d i rectionne l l es  
programmées  dans  l e  bu t  d ' i d en ti fi er l es  cond i ti ons  de  défaut  add i ti onnel l es  pour l eu r pri se  en  compte.  Le  
mode  de  défai l l ance  en  court-ci rcu i t  est  exclu  en tre  sections  i solées  pour l es  ci rcu i ts  i n tégrés  ayant  d es  
sections  i solées.  L ' i sol ation  en tre  l es  sections  do i t  sati sfai re  aux exigences  de  1 3. 2  pou r l ' i sol ation  
fonctionnel le .  

h  S i  des  optocoupleu rs  sati sfont  à  29. 2 . 2  d e  l ’ I EC 60335-1 : 201 0  20. 3. 2 . 2 ,  l e  cou rt-ci rcu i t  en tre  l es  broches  
d 'en trée  et  de  sorti e  n 'est  pas  pri s  en  compte.  
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Tableau  H .24  (3 sur 3)  

   
I  Le  mode  de  défau t  en  court-ci rcu i t  est  exclu  pou r l es  re la i s  où  l e  con tact  con trôle  u ne  fonction  de  

commande  de  Cl asse  A ou  B  et  n ’ est  pas  i ncl us  dans  l e  fonctionnement cycl i que  spéci fi é  de  l ’ appl i cati on ,  à  
cond i ti on  q u ’ i l  a i t  été  con trôl é  par essai  avec succès  selon  l ’ Arti cl e  1 7  dans  l es  cond i ti ons  su ivan tes:  

 Pour l es  fonctions  de  commande  de  C lasse  A,  l e  nombre  de  cycles  déclaré  par l e  fabrican t  ou  certi fi é  pour 
l ’ appl i cation .  

 Pour l es  fonctions  de  commande  d e  Classe  B ,  au  moins  1 00  000  cycl es  ou  nombre  de  cycles  spéci fi é  par l e  
fabri cant,  se lon  l a  valeur l a  p l u s  é l evée,  ou  certi fi é  pour l ' appl i cation .  

 Pour l es  fonctions  de  commande  d e  C lasse  C,  l e  mode  de  court-ci rcu i t  est  excl us  pou r l es  rela i s  où   

•  l a  fonction  de  contact  passe  en  fonctionnement  normal  sans  charge  (pas  de  courant  l ors  de  l ’ ouvertu re  
ou  de  l a  fermeture),  et  

•  l a  fonction  de  con tact  déconnecte  l a  charge  en  fonctionnement  anormal  du  système de  commande  
d es  brû leurs  pou r atteindre  l ’arrêt de  sécuri té,  e t  

•  l e  re l ai s  sati sfai t  à  l ’Arti cl e  1 7  à  au  moins  1 00  000  cycles ,  appl i quan t tou tefoi s  l a  charge  de  sorti e  
déclarée  ou  certi fi ée  pou r l ’ app l i cation ,  et   

•  l e  disposi ti f de  commande  sa ti sfai t  aux exi gences  de  1 1 . 3. 5. 2 . 1  (d i sposi ti ons  pour préven i r l es  erreurs  
de  cause  commune ) .  

j  Pour l es  horloges  à  quartz,  i l  convi en t  de  prend re  en  compte  l a  variati on  des  fréquences  harmon i ques  et  
sous-harmon iques  affectan t  l es  tempori sations.  

k  S i  des  i n terrupteu rs  son t  u ti l i sés  pou r l a  sélection  de  temps  de  sécu ri té,  d e  temps  de  purge,  de  prog ramme 
et/ou  d 'au tres  rég l ages  l i és  à  l a  sécuri té,  i l  convien t  q ue  ces  d i sposi ti fs  fonctionnent de  façon  tel l e  q u 'en  
cas  d 'ouverture,  l a  cond i ti on  l a  p l us  sû re  possib le  se  produ ise  (par exemple,  dans  un  système de  
commande  d e  brû leur,  l e  temps  de  sécuri té  l e  p l us  court  ou  l e  temps  de  purge  l e  p l us  l ong ).  

 Le  mode  de  court-ci rcu i t  est  exclu  pou r l es  commutateurs  don t  l e  contact  contrôl e  u ne  fonction  de  
commande  de  Cl asse  A ou  B ,  à  cond i ti on  qu ’ i l  a i t  été  soum is  à  essai  conformément à  l ’Arti cl e  1 7  dans  l es  
cond i ti ons  su ivantes:  

 Pour l es  fonctions  de  commande  d e  C lasse  A,  l e  nombre  de  cycles  déclaré  par l e  fabrican t  ou  certi fi é  pour 
l ’ appl i cation .  

 Pour l es  fonctions  de  commande  de  Cl asse  B ,  au  moins  6  000  cycles  pou r l a  manœuvre  manuel l e  ou  
1 00  000  cycles  pour l a  manœuvre  automatique  ou  nombre  de  cycles  spéci fi é  par l a  norme  de  produ i t  ou  
certi fi é  pou r l ’ appl i cati on .  

 Pour l es  fonctions  de  commande  Cl asse  C,  l e  mode  de  cou rt-ci rcu i t  n ’ est  pas  exclu .  
l  Les  exi gences  son t  l es  mêmes  que  pou r l a  note  de  bas  de  tabl eau  n ,  excepté  q u 'e l l es  s 'appl i quen t  aux 

bretel l es  prévues  pou r l 'attache  de  l a  sélection  d 'un  rég l age .  
m  Le  mode  de  défai l l ance  en  court-ci rcu i t  est  excl u  s i  l es  exigences  de  l 'Arti cl e  20  son t  rempl i es.  
n  Le  mode  de  défai l l ance  en  ci rcu i t  ouvert,  c'est-à-d i re  l ' i n terruption  d 'un  conducteu r,  est  exclu  s i   

•  l ' épa isseur du  conducteur est  supérieu re  ou  égale  à  une  val eur nom inal e  d e  35  µm  avec u ne  tol érance  
de  –30  %  au  p l us  de  l a  va l eu r nom inale  adm ise  et  l a  d imension  l argeur d u  conducteu r est  supérieure  ou  
égal e  à  u ne  val eu r nom inal e  de  0 , 3  mm  avec une  tol érance  de  –30  %  au  p l us  de  l a  va l eur nom inale  
adm ise,  ou   

•  l e  conducteu r présente  des  précau tions  add i ti onnel l es  contre  l ' i n terruption ,  par exemple  l 'étamage,  etc.   

S i  un  court-ci rcu i t  su r l es  bornes  de  sorti e  provoque  l 'ouvertu re  d 'un  conducteu r de  ci rcu i t  imprimé,  ce  
conducteur doi t  être  soum is  à  une  anal yse  de  panne  en  ci rcu i t  ouvert.   

 Lors  d e  l 'acceptati on  des  ta i l l es  de  conducteu rs  l i ées,  pour l es  cond i ti ons  de  cou ran t et  de  température,   
voi r l a  série  I EC 62326.  

o  Pour l es  composants  de  capteur desti nés  à  mesurer l es  g randeu rs  de  manœuvre  tel l es  que  l a  températu re,  
l a  press ion  etc. ,  l es  modes  de  panne  complémentai res  aux modes  en  ci rcu i t  ouvert  ou  en  cou rt-ci rcu i t  
doi ven t  être  pri s  en  compte.  Ces  modes  de  panne  peuvent comprend re  l a  d éri ve  prog ressi ve  de  rés i stance,  
un  composant  non  conforme  et  un  écart  d ’ exacti tude  de  composant.  

 

H . 27. 1 . 1 .6  Si la  charge comprend un moteur (voir 6. 2. 2 ou 6. 2. 5)  et si la  défaillance  ou le 
mauvais fonctionnement d'un composant d'un circuit électronique provoque une modification 
dans la  forme d'onde alimentant le moteur commandé,  le  dispositif de commande  doit être 
soumis aux essais suivants.  

1 )  La  charge doit être ajustée dans les conditions de forme d'onde normales à  six fois la  
charge assignée ou la  puissance assignée rotor bloqué déclarée par le fabricant.  

2)  Puis les conditions de  panne  doivent être introduites.  
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3)  L'essai est effectué dans les conditions détaillées dans les points a) ,  c) ,  d)  et e)  de 
H. 27. 1 . 1 . 2.  

Le dispositif de commande doit faire l'objet d'une évaluation conformément aux points a)  à  e)  
inclus de H. 27. 1 . 1 . 3,  suivant ce qui convient au composant à  évaluer.  

H.27. 1 .2  Protection  contre  les  pannes  i n ternes  pour assurer la  sécuri té  fonctionnel le  

H .27. 1 .2. 1  Exigences  relatives  à  la  conception  et  à  l a  construction  

H .27. 1 .2. 1 . 1  Évi tement  des  pannes  et tolérance aux pannes  

En  p l us  de  H . 27. 1 . 1 ,  l es  dispositi fs  de  commande  comportant des  fonctions  de  commande  
de  classe  B  ou  C  doiven t être  conçus  selon  H . 27. 1 . 2  en  tenan t compte  des  modes  de  
défai l l ance  du  Tableau  H . 24  et  H . 1 1 . 1 2  pour les  l og iciels ,  l e  cas  échéant.  

Les  défai l l ances  d es  électroniques  complexes  peuvent être  dues  soi t  à  des  erreurs  
systématiques  ( in tégrées  à  l a  conception  voi r H . 1 1 . 1 2. 3) ,  soi t  à  des  pannes  a léatoires  
(pannes  d e  composants ,  voi r H . 1 1 . 1 2 . 2) .  Par conséquent,  l e  système  do i t  être  conçu  de  te l l e  
man ière  que  l es  erreurs  systématiques  soient évi tées  et  l es  pannes  a l éatoi res  doiven t être  
tra i tées  par une  configuration  correcte  du  système .  

La  conception  du  l og icie l  et du  matérie l  do i t  être  basée sur l 'anal yse  fonctionnel l e  de  
l 'appl ication  ayan t comme résu l tat une  conception  s tructu rée  qu i  i ncorpore  expl ici tement l e  
flux de  commande ,  l e  fl ux de  données  et l es  fonctions  temporel les  requ ises  par l 'appl ication .  
Dans  l e  cas  des  puces  personnal isées,  une  attention  spécia le  est  requ ise  en  ce  qu i  concerne  
l es  mesures  prises  pour rédu i re  au  maximum  l es  erreurs  systématiques.  

Cela  doi t résu l ter sur une  configuration  système  so i t  q u i  est à  sécuri té  i n tri nsèque,  soi t dans  
l aquel l e  l es  composants  dotés  de  fonctions  d i rectement cri tiques  pour la  sécuri té  (par 
exemple,  commandes  de  valve  de  gaz,  m icroprocesseurs  avec l eurs  ci rcu i ts  associés,  etc. )  
son t protégés  par des  d ispos i ti fs  de  protection  conformes  à  H . 1 1 . 1 2,  l og icie ls  de  classe  B  ou  
C.  Ces  d ispos i ti fs  de  protection  doivent être  i n tégrés  dans  le  matérie l  (par exemple,  ch ien  de  
garde,  supervis ion  de  l a  tension  d 'a l imentation)  et  peuvent  être  complétés  par des  l og icie ls  
(par exemple  ROM-test,  RAM-test,  etc. ) .  I l  est importan t que  ces  d isposi ti fs  de  protection  
pu issent  provoquer un  arrêt de  sécuri té  complètement indépendant .   

S i  l e  contrôle  des  créneaux de  temps  est  u ti l i sé,  i l  do i t  ê tre  sens ib le  tant  à  l a  l im i te  supérieure  
qu 'à  la  l im i te  in férieure  de  l ' i n terval l e  de  temps.  Les  pannes  i n du isant un  décalage  de  l a  l im i te  
i n férieure  et/ou  de  l a  l im i te  supérieure  doivent  être  prises  en  compte.  

Dans  l e  cas  d 'une  fonction  de  commande  q u i  est cl assée en  classe  C,  s i  une  seu le  panne  
dans  l e  d isposi ti f de  protection  primaire  peu t rendre  i nopéran t l e  d ispos i ti f de  protection ,  u n  
d ispos i ti f de  protection  secondai re  doi t être  fourn i .  Le  temps  de  réaction  du  d ispos i ti f de  
protection  secondai re  doi t être  conforme à  H . 27. 1 . 2. 3.  

NOTE  1  Les  temps  de  réacti on  de  ces  d i sposi ti fs  de  protection  peuvent  être  i n féri eurs  ou  égaux au  temps  de  
tolérance aux pannes  correspondants.  

NOTE  2  La  protection  secondai re  peut  être  réal i sée  par 

a)  un  ci rcu i t  phys i quement  séparé  qu i  su rve i l l e  l e  d i spos i ti f de  protection  primai re;  ou  

b)  une  action  mutuel l e  en tre  l e  ci rcu i t  protégé  et  l e  d i spos i ti f d e  protecti on  primai re  (par exemple,  un  ch ien  de  
garde  protégé  par l e  m icroprocesseur);  ou  

c)  une  action  en tre  l es  d i spos i ti fs  de  protection  primai res  (par exemple  une  ROM-test  protégeant  une  RAM-test) .  

Les  composan ts  doiven t être  d imensionnés  sur l a  base  des  cond i ti ons  l es  p lus  défavorables  
susceptib les  de  se  produ ire  dans  l e  dispositi f de  commande ,  comme ind iqué  par l e  fabricant  

NOTE  3  Une  défai l l ance  d e  composant est  susceptibl e  d e  causer l a  détérioration  d e  l ' i solation  cri ti que  pour l a  
sécuri té.   
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H.27. 1 .2. 1 . 2  Documentation  

En  général ,  l a  documentation  doi t être  basée  sur H . 1 1 . 1 2 .3. 2.  

L'anal yse  fonctionnel l e  du  disposi ti f de  commande  e t  des  programmes l iés  à  l a  sécuri té  
sous  son  contrôle  doi t être  documentée  d 'une  façon  h iérarch ique  b ien  cla i re  conformément à  
l a  ph i losoph ie  de  sécuri té  et  aux exigences  re lati ves  aux programmes.  

Au  m in imum,  l a  documentation  su ivan te  doi t accompagner le  système  soum is  à  l ’ évaluation .  

a)  Une  description  de  l a  ph i losoph ie  du  système ,  d u  débi t  du  disposi ti f de  commande ,  d e  
l a  ci rcu lation  des  données  et des  chronolog ies.  

b)  Une  description  cla i re  de  la  ph i losoph ie  de  sécuri té  du  système  avec l es  d ispos i ti fs  de  
protection  et l es  fonctions  de  sécuri té  cla i rement i nd iqués.  Des  i n formations  suffisantes  
re lati ves  à  l a  conception  doivent être  fourn ies  pour permettre  l 'évaluation  des  fonctions  de  
sécuri té  ou  des  d isposi ti fs  de  protection .  

c)  La  documentation  pour tou t l og icie l  présen t dans  l e  système .  

La  documentation  de  programmation  doi t  être  fourn ie  dans  un  l angage  d 'étude  de  
programmation  déclaré  par l e  fabrican t.  

Les  données  et l es  segments  de  sécuri té  de  l a  séquence  de  fonctionnement  d o iven t être  
i denti fiés  et classés  selon  H . 1 1 . 1 2 . 3. 2 .  

I l  d oi t  y avoir une  re lation  cla i re  entre  l es  d i verses  parties  de  l a  documentation ,  par exemple  
l es  i n terconnexions  des  procédés,  du  matérie l  et de  l 'étiquetage  u ti l i sées  dans  l a  
documentation  du  l og icie l .  

S i  un  fabricant fourn i t  la  documentation  des  mesures  anal yti ques  prises  au  stade  de  l a  m ise  
au  poin t  du  matérie l  et  du  log icie l ,  cette  documentation  doi t  être  u ti l i sée  par l e  l aboratoire  
d ’essai  comme partie  i n tégrante  de  l a  procédure  d 'évaluation .  

H.27. 1 .2.2  Fonction  de  commande  de  classe  B  

H .27. 1 .2.2. 1  Exigences  relatives  à  l a  conception  et à  l a  construction  

Une fonction  de  commande de  classe  B  d o i t  être  conçue de  man ière  à  rester ou  passer 
dans  un  état défin i  en  cas  de  cond i tions  de  prem ière  panne .  Une  seconde panne 
indépendante  n 'est  pas  prise  en  cons idération .  

NOTE  Une  défai l l ance  d ' une  fonction  de  commande  de  cl asse  B  en  présence  d 'une  au tre  panne  de  l 'apparei l ,  
ou  u ne  défai l l ance  d 'une  fonction  de  commande  de  classe  C  seu le,  pou rrai t  en traîner un  d ysfonctionnement  
dangereux,  u n  choc é lectri q ue,  un  i ncend i e,  des  dangers  mécan iques  ou  au tres.  

Le  log icie l  doi t  être  conforme à  l a  cl asse  B  de  l og iciels .  

La  classe  de  l a  fonction  de  commande  do i t  être  i den ti fiée  dans  l e  Tableau  1 ,  exigence  92 .  

L'évaluation  doi t être  effectuée  conformément à  H .27. 1 . 2 . 2. 2  et  H . 27. 1 . 2. 2 . 3  et dans  l es  
cond i ti ons  d 'essai  et  sous  l es  cri tères  d 'essai  de  H . 27. 1 . 2. 5.  

H.27. 1 .2.2.2  Première  panne  

Toute  prem ière  panne  (voi r Tableau  H . 24)  dans  un  composant quelconque ou  une  panne  
que lconque accompagnée  d 'une  autre  panne quelconque décou lan t de  cette  prem ière  panne  
do i t  se  tradu i re  par l 'un  ou  l 'au tre  des  événements  su ivan ts :  

a)  l e  dispositi f de  commande  d evien t i nopéran t avec tou tes  l es  bornes  de  sortie  de  sécuri té  
m ises  hors  tension  ou  passées  à  un  état  où  e l l es  assurent une  s i tuation  sécurisée;   
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b)  l e  dispositi f de  commande  réag i t dans  l e  temps  de  réaction  aux pannes  (voi r  
Tableau  1 ,  exigence  91 )  en  passant à  un  état défin i ,  à  cond i ti on  que  l e  réarmement  
u l térieur à  parti r de  l ’état défin i  d ans  le  même état de  panne  renvoie  le  système  au  
même état défin i ;   

c)  l e  dispositi f de  commande  conti nue  de  fonctionner,  la  panne  é tan t i den ti fi ée  au  cours  de  
l a  prochaine  séquence de  démarrage,  l e  résu l tat  étant a)  ou  b) ;   

d )  l e  disposi ti f de  commande  reste  opérationnel  conformément aux exigences  
fonctionnel les  relati ves  à  l a  sécuri té  i nd iquées  dans  l a  partie  2  appropriée.  

La  partie  2  appropriée  doi t spéci fi er le  temps  de  réaction  aux pannes  a insi  que  l 'appl icabi l i té  
de  c).  

Pour l ’état défin i  avec un  actionneur mécan ique,  un  essai  j usqu 'aux con tacts  de  commutation  
non  compris  est suffisant.  S i  l ' essai  de  l ’état défin i  échoue,  le  système  d o i t  passer à  l 'arrêt  
de  sécuri té .  La  fréquence d 'essai  est spéci fiée  dans  la  partie  2  appropriée.  Les  pannes  
i n ternes  sur l es  composants  du  ci rcu i t  de  con trôle  ne  son t pas  prises  en  cons idération .  

H.27. 1 .2.2.3  Panne  in trodui te  au  cours  de  l ’ état défin i   

Chaque fo is  que  l e  disposi ti f de  commande  est en  état  défin i  sans  panne  i n terne,  l es  
exigences  su ivantes  s 'appl i quen t.   

Toute  prem ière  panne  (accompagnée de  tou te  au tre  panne  i ndu i te  par cette  panne)  dans  un  
composant quelconque (voir Tableau  H .24)  i ndu i te  alors  que  le  d ispositi f de  commande  
reste  dans  un  état  défin i ,  doi t  en traîner l ' un  ou  l 'au tre  des  événements  su ivan ts:  

a)  Le  dispositi f de  commande  reste  à  l ’état défin i ,  l es  bornes  de  sortie  de  sécuri té  restan t 
hors  tens ion ;  ou  

b)  l e  d ispositi f de  commande  d evien t i nopérant,  tou tes  les  bornes  de  sortie  de  sécuri té  
restant  hors  tension ;  ou  

c)  l e  dispositi f de  commande  retourne  en  fonctionnement  avec comme résu l tat a)  ou  b)  
comme mentionné  dans  l e  présent article  à  cond i ti on  que  l es  bornes  de  sortie  de  sécuri té  
soient a l imentées  pendant un  temps  i n férieu r ou  égal  au  temps de  réaction  aux pannes  
(voi r Tableau  1 ,  exigence 91 ) .  S i  l a  cause  de  l ’état défin i  d i sparaît et l e  dispositi f de  
commande  retourne  en  fonctionnement ,  i l  do i t  fonctionner conformément aux exigences  
fonctionnel les  de  sécuri té  de  l a  partie  2  appropriée.    

H.27. 1 .2.3  Fonction  de  commande  de  classe C  

H .27. 1 .2.3. 1  Exigences  relatives  à  l a  conception  et à  l a  construction  

Une fonction  de  commande de  classe C  d o i t  être  conçue de  man ière  à  rester ou  passer 
dans  un  état défin i  en  cas  de  cond i tions  de  prem ière  et deuxième panne .  Une  trois ième 
panne  indépendante  n 'est pas  prise  en  cons idération .  

NOTE  Une  défai l l ance  d 'u ne  fonction  de  commande  de  classe  B  en  présence  d 'un  au tre  défaut  de  l ' apparei l ,  
ou  u ne  défai l l ance  d 'une  fonction  de  commande  de  classe  C  seu le,  pou rrai t  en traîner un  d ysfonctionnement  
dangereux,  u n  choc é lectri q ue,  un  i ncend i e,  des  dangers  mécan iques  ou  au tres.  

Le  log icie l  doi t  être  conforme à  l a  cl asse  C  de  log iciels .  

La  classe  de  l a  fonction  de  commande  do i t  être  i den ti fiée  dans  l e  Tableau  1 ,  exigence  92 .  

L'évaluation  doi t être  effectuée  conformément à  H . 27. 1 . 2. 3. 2 ,  H . 27. 1 . 2. 3. 3  et  H . 27. 1 . 2 . 4  et  
dans  l es  cond i tions  d 'essai  et  sous  l es  cri tères  d 'essai  de  H . 27. 1 . 2 . 5.  
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H.27. 1 .2.3.2  Première  panne  

Toute  prem ière  panne  (voi r Tableau  H . 24)  dans  un  composant quelconque ou  une  panne  
que lconque accompagné  d 'une  autre  panne  que lconque décou lan t de  cette  prem ière  panne  
do i t  se  tradu i re  par l 'un  ou  l 'au tre  des  événements  su ivan ts:  

a)  l e  dispositi f de  commande  d evien t i nopéran t avec tou tes  l es  bornes  de  sortie  de  sécuri té  
m ises  hors  tension  ou  passées  à  un  état  où  e l l es  assurent une  s i tuation  sécurisée;  

b)  l e  disposi ti f de  commande  réag i t dans  l e  temps de  réaction  aux pannes  (vo i r  
Tableau  1 ,  exigence 91 )  en  passant à  l ’état  défin i ,  à  cond i ti on  que  l e  réarmement  
u l térieur à  parti r de  l 'état  défin i  dans  l e  même état de  défaut  renvoie  l e  système  à  l 'état  
défin i ;   

c)  l e  dispositi f de  commande  continue  de  fonctionner,  la  panne  é tan t i den ti fi ée  au  cours  de  
l a  prochaine  séquence  de  démarrage,  l e  résu l tat  étant a)  ou  b) ;  

d )  l e  disposi ti f de  commande  reste  opérationnel  conformément aux exigences  
fonctionnel les  relati ves  à  l a  sécuri té  i nd iquées  dans  l a  partie  2  appropriée.  

La  partie  2  appropriée  doi t  spéci fi er le  temps de  réaction  aux pannes  a insi  q ue  l 'appl icabi l i té  
de  c).  

H.27. 1 .2.3.3  Seconde  panne  

Si  l 'évaluation  de  prem ière  panne  a  pour résu l tat que  l e  disposi ti f de  commande  reste  
opérationnel  conformément aux exigences  fonctionnel l es  l i ées  à  l a  sécuri té  de  la  partie  2  
appropriée  (voir H . 27. 1 . 2. 3. 2  d )) ,  n ' importe  quel l e  au tre  panne indépendante  cons idérée  
con j oin tement avec l a  prem ière  panne  d o i t  avoi r pour résu l tat  l 'un  des  poin ts  a) ,  b) ,  c)  ou  d )  
de  H . 27. 1 . 2 . 3. 2.  

Au  cours  de  l 'évaluation ,  l a  seconde  panne  d o i t  seu lement être  considérée  comme se  
produ isan t,   

a)  so i t  l orsqu 'une  séquence  de  démarrage  a  été  exécu tée  en tre  l a  prem ière  et l a  seconde  
panne ,  soi t   

b)  24  h  après  l a  prem ière  panne .   

La  partie  2  appropriée  doi t  spéci fi er l 'appl icabi l i té  de  a)  ou  de  b)  et  l e  temps de  réaction  aux 
pannes  (vo i r Tableau  1 ,  exigence  91 ) .  

E l le  peu t auss i  spéci fi er une  durée  d i fférente  au  cours  de  l aquel l e  l a  seconde panne ne se  
produ i t  pas,  s i  e l le  est  d i fférente  de  24  h .  

H.27. 1 .2.4 Défauts  in trodui ts  au  cours  de  l ’ état défin i   

H .27. 1 . 2.4. 1  Général i tés  

Chaque fois  que  l e  dispositi f de  commande  est en  état défin i  sans  panne  i n terne,  une  
évaluation  se lon  H . 27. 1 . 2. 4. 2  et H . 27. 1 . 2 . 4 . 3  doi t  être  réal isée.   

Chaque fois  que  le  dispositi f de  commande  est  i nopéran t avec toutes  l es  bornes  de  sortie  
de  sécuri té  m ises  hors  tension  ou  dans  un  état où  e l l es  assuren t une  s i tuation  sécurisée,  en  
état défin i  avec une  panne  i n terne,  une  évaluation  de  prem ière  panne  supplémentai re  selon  
H . 27. 1 . 2. 4. 3  doi t  être  effectuée.  

NOTE  Une  borne  de  sorti e  de  sécuri té  te l l e  q u 'u ti l i sée  en  H . 27. 1 . 2 . 4 . 2  et  H . 27. 1 . 2 . 4. 3  est  une  borne  q u i  est  l i ée  à  
l a  sécuri té  même en  arrêt de  sécuri té  ou  en  état défin i ,  par exemple  une  borne  de  va lve  à  gaz,  mais  pas  une  
borne  pou r un  acti onneu r commandant  l 'é l ément  de  commande  qu i  ne  dég rade  pas  l a  sécu ri té  en  état défin i .   

International  Electrotechnical  Commission

 



 – 532  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

H.27. 1 .2.4.2  Première  panne  in troduite  au  cours  de  l ’ état défin i  

Toute  prem ière  panne  (accompagnée  de  toute  au tre  panne  i ndu i t par cette  panne)  dans  un  
composant quelconque  (voir Tableau  H . 24)  i ndu i t  a l ors  que  l e  disposi ti f de  commande  reste  
dans  un  état défin i ,  do i t  en traîner l 'un  ou  l 'au tre  des  événements  su ivants,  soi t:  

a)  l e  disposi ti f de  commande  reste  en  état défin i ,  l es  bornes  de  sortie  de  sécuri té  restant  
hors  tens ion  ou  dans  un  état  où  e l l es  assuren t une  s i tuation  sécurisée;  

b)  l e  dispositi f de  commande  d evien t i nopéran t avec tou tes  l es  bornes  de  sortie  de  sécuri té  
restantes  m ises  hors  tens ion  ou  passées  à  un  état où  e l l es  assuren t une  s i tuation  
sécurisée;  

c)  l e  dispositi f de  commande  retourne  en  fonctionnement  avec comme résu l tat a)  ou  b)  
comme mentionné  en  H . 27. 1 . 2. 4. 2  à  cond i ti on  que  les  bornes  de  sortie  de  sécuri té  soien t 
a l imentées  pendan t un  temps  in férieur ou  égal  au  temps de  réaction  aux pannes  (voi r 
Tableau  1 ,  exigence 91 ) .  S i  l a  cause  de  l a  cond i ti on  i n i ti a le  d 'arrêt de  sécuri té  d i sparaît  
et l e  d ispositi f de  commande  retourne  en  fonctionnement,  i l  doi t  fonctionner 
conformément aux exigences  fonctionnel les  de  sécuri té  de  la  partie  2  appropriée  et  
l 'évaluation  de  second  défaut  d oi t  être  effectuée  conformément à  H . 27. 1 . 2 .3 .3 .  

H.27. 1 .2.4.3  Seconde  panne  in trodu ite  au  cours  de  l ’ état défin i   

Toute  seconde panne  (accompagnée de  toute  au tre  panne  i ndu i te  par cette  panne)  dans  un  
composant quelconque (voi r Tableau  H . 24) ,  i ndu i t a l ors  que  l e  disposi ti f de  commande  
reste  en  état défin i  d o i t  en traîner l 'un  ou  l 'au tre  des  événements  su ivan ts:  a),  b)  ou  c)  de  
H . 27. 1 . 2. 4. 2 .  

Au  cours  de  l 'évaluation ,  l a  seconde panne  ne  doi t pas  être  considérée  se  produ i re  dans  l es  
24  h  après  l a  prem ière  panne .  

La  partie  2  appropriée  doi t  spéci fi er l e  temps de  réaction  aux pannes .  

E l le  peu t auss i  spéci fi er une  durée  d i fféren te  dans  laquel l e  l a  seconde panne  ne  se  produ i t  
pas,  s i  e l l e  est  d i fférente  de  24  h .  

H.27. 1 .2.5  Évaluation  de  circu i t et  de  construction  

H .27. 1 .2.5. 1  Conditions  d 'essai  

Les  effets  des  pannes  i n ternes  doivent être  évalués  par s imu lation  et/ou  par examen  de  l a  
conception  du  ci rcu i t.  

La  panne doi t  être  considérée  s 'être  produ i te  à  n ' importe  quel  stade  de  l a  séquence de  
programme du  disposi ti f de  commande .  

Le  dispositi f de  commande  d o i t  être  m is  en  fonctionnement ou  être  cons idéré  comme 
fonctionnant dans  l es  cond i tions  su ivan tes:  

a)  sous  l a  tens ion  l a  p l us  défavorable  dans  l a  p lage  a l l an t de  85  %  à  1 1 0  %  de  la  tension  
assignée  d 'a l imen tation ;  

b)  soum is  à  l a  charge  la  p lus  défavorable  déclarée  par l e  fabrican t;  

c)  à  une  température  ambian te  de  (20  ±  5)  °C,  à  moins  qu ' i l  n ' y a i t  des  ra isons  va lables  
d 'effectuer l 'essai  à  une  au tre  température  de  l a  p lage  déclarée  par l e  fabrican t;  

d )  avec tout  organe de  manœuvre  p lacé  dans  l a  posi tion  l a  p lus  défavorable;  

e)  avec du  papier de  soie  p lacé  sur l a  ( l es)  surface(s)  d 'appu i  du  disposi ti f de  commande ;  

f)  avec des  éti ncel les  de  3  mm  de  longueur environ  ayan t une  énerg ie  d 'au  moins  0 , 5  J  
appl iquées  aux composan ts  qu i  sont susceptib les  de  l ibérer des  gaz i n fl ammables  
pendant l 'essai .  
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H.27. 1 .2.5.2  Cri tères  d 'essai  

Au  cours  de  l 'étude,  i l  doi t  ê tre  véri fié  que  dans  les  cond i ti ons  décri tes  ci -dessus,  l es  cri tères  
su ivants  son t respectés.  

a)  Le  disposi ti f de  commande  ne  doi t pas  émettre  de  flammes,  de  métal  chaud  ou  de  
matières  p lastiques  chaudes,  l e  papier de  soie  ne  doi t pas  s 'enflammer,  aucune explos ion  
ne  doi t  en traîner l a  l ibération  de  gaz i n fl ammables  et  tou te  flamme produ i te  ne  doi t  pas  
con tinuer de  brû ler p lus  de  1 0  s  après  l a  m ise  hors  tens ion  du  générateur d 'étincel les .  
Lorsqu 'un  dispositi f de  commande  est i ncorporé  avec un  apparei l  quelconque,  tou te  
enveloppe fourn ie  par l 'apparei l  est  prise  en  cons idération .  

b)  S i  l e  dispositi f de  commande  con tinue  de  fonctionner,  i l  doi t  se  conformer aux Articles  8  
et  1 3  ou  aux Articles  8  et  1 3  de  la  partie  2  appropriée.  S ' i l  cesse  de  fonctionner,  i l  do i t  
encore  conti nuer de  se  conformer à  l 'Article  8  ou  à  l 'Article  8  de  l a  partie  2  appropriée.  

c)  I l  ne  doi t  pas  y avoi r de  perte  de  fonction  de  protection .  

Après  les  essais,  i l  ne  doi t y avoi r aucune détérioration  des  d i fférentes  parties  du  dispositi f 
de  commande  pouvan t résu l ter dans  la  non-conform ité  à  l 'Article  20  ou  à  l 'Article  20  de  la  
partie  2  appropriée.  

H.27. 1 .2.5.3  Évaluation  

Une étude  approfond ie  du  ci rcu i t doi t être  effectuée  pour déterm iner sa  performance dans  les  
cond i ti ons  de  panne  spéci fi ées.  Cette  étude  doi t  prendre  l a  forme d 'une  anal yse  théorique  et 
d 'un  essai  de  s imu lation  d 'une  défai l lance  d e  composant.  Des  s imu lations  de  pannes  
peuvent également être  réal isées  pour s imu ler les  pannes  d ans  l es  d ispos i ti fs  complexes,  par 
exemple  essais  de  s imu lation  des  EPROM.  

Seu l  l e  l og icie l  de  sécuri té  ( log icie ls  de  classe  B  et  C)  te l  qu ' identi fi é  se lon  H . 27. 1 . 2. 1 . 2  doi t  
subi r une  évaluation  p lus  poussée.  Pour l ' identi fication  de  l a  classe,  une  anal yse  par arbre  de  
panne  peut  être  u ti l i sée.  

H.27.4  Des  disposi ti fs  de  commande  assuran t une  coupure électron ique  ( type  1 . Y ou  
2 .Y)  doiven t rés ister aux cond i ti ons  de  surtension  anormale  qu i  peuvent se  produ ire.  

La conformité  est vérifiée par l'essai suivant:  

H.27.4. 1  Le dispositif de commande  est chargé comme indiqué en 17. 2 et soumis à  
1 , 15 ×  VR  pendant 5 s,  lorsque le dispositif de commande est prévu comme coupure 
électronique.  

H.27.4.2  Pendant et après l'essai,  le  dispositif de commande  doit continuer à  assurer une 
coupure électronique  comme déterminé par l'essai de  H. 11 . 4. 16.2.  

H.28  Guide sur l 'uti l isation  des  coupures  électroniques  

H.28. 1  Caractéristiques  des  d ispositi fs  de  coupure  à  semi-conducteurs  

H .28. 1 . 1  Les  d ispos i ti fs  de  coupure  à  sem i -conducteurs  d i ffèrent de  leurs  équ iva len ts  
é lectromécan iques  en  tro is  poin ts:  

a)  l orsqu ' i l s  assuren t une  coupure électron ique ,  un  fa ib le  courant traverse  tou jours  l e  
ci rcu i t contrôlé;  

b)  i l s  sont p lus  sensib les  aux perturbations  du  réseau  d 'a l imentation ;  

c)  i l s  sont p l us  sensib les  à  l a  température.  
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H.28. 1 .2  Les  exigences  et essais  pour coupure  électronique  d e  l a  présente  norme 
garantissent que:  

a)  l e  courant traversant la  coupure  électronique  n e  sera  pas  supérieur à  5  mA ou  1 0  %  du  
courant ass igné,  su ivant  l a  valeur l a  p l us  basse,  pour tou te  charge  j usqu 'à  la  charge  
maximale  prévue  dans  l e  ci rcu i t;  

b)  même avec l es  cond i tions  l im i tes  des  perturbations  réseau ,  un  d ispositi f de  commande  
ne  sera  pas  affecté  et ne  permettra  pas  l e  passage  du  couran t dans  le  d i spos i ti f pendant  
p lus  d 'un  dem i-cycle  de  l a  forme d 'onde  d ’a l imentation ;  

c)  l e  d isposi ti f aura  une  endurance  convenable  en tre  les  l im i tes  de  température  pour 
l esquel les  i l  est prévu  de  fonctionner.  

H.28.2  U ti l i sation  de  d ispositi fs  de  coupure  à  semi -conducteurs  

H .28.2. 1  Une  coupure  électronique  peu t provoquer le  passage  du  courant pendant un  
dem i-cycle  de  l a  fréquence  de  l 'a l imentation  par appl ication  d 'une  impu ls ion  d 'une  tension  
suffisante.  Tand is  que  l e  complet  i so lement de  l 'a l imentation  est tou jours  réal isé  par 
l 'équ ivalent de  l a  pleine  coupure ,  i l  peu t y avoi r quelques  appl ications  où  le  
fonctionnement,  même pendan t un  dem i -cycle,  est i nacceptable.   

En  ce  qu i  concerne  les  apparei ls  domestiques,  l ' i n terruption  très  occasionnel le  pendant un  
maximum  d 'un  dem i-cycle  de  l a  fréquence de  l 'a l imentation  peut généralement ne  pas  être  
prise  en  compte.  Cela  sera  sans  conséquence pour l es  apparei ls  de  chauffage  et l a  majori té  
des  apparei ls  à  moteur.   

Cependant,  pour l es  apparei ls  à  moteur,  où  i l  est possib le  pour l 'uti l i sateur  d 'en trer en  
con tact avec des  parties  mobi l es  dangereuses  ou  des  parties  qu i  sont  sous  tens ion  soi t 
pendant l 'usage normal  so i t  pendant  l 'entretien  par l 'u ti l isateur  (par exemple  nettoyage),  i l  
sera  nécessaire  d 'exiger davan tage  de  garanties  ou  de  ne  pas  permettre  de  te ls  d isposi ti fs.  
Des  exemples  d 'apparei l s,  pour l esquels  une  coupure électronique  ne  serai t pas  appropriée,  
son t certa ins  types  de  mach ines  de  cu is ine  où  l 'accès  à  des  parties  mobi les  ou  des  parties  
actives  est possib le.   

AVERTISSEMENT:  Pour quelques  apparei ls  à  moteur,  l a  m ise  sous  tension  de  l a  charge  
con trôlée  à  l a  fréquence  de  l 'a l imentation  pendant un  dem i -cycle  peut provoquer l a  rotation  
du  moteur.  Le  fonctionnement de  d isposi ti fs  à  solénoïde  peut auss i  se  produ ire.  

H.28.2.2  Quand  la  charge  contrôlée  est une  charge  à  grande  impédance comme une  bobine  
de  re la is  ou  solénoïde,  des  précautions  doivent être  prises  de  façon  que  le  courant perm is  
dans  le  disposi ti f de  commande  assuran t une  coupure électronique  so i t  assez fa ib le  pour 
provoquer la  déconnexion  de  l a  charge.  
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Annexe J   
(normative)  

 
Exigences  pour éléments  de  thermistance et d ispositi fs  

de  commande uti l isant des  thermistances  

L'Annexe J  complète  ou  mod i fie  l es  articles  correspondants  de  la  présente  norme.  

J .1  Domaine  d ’appl ication  

J . 1 . 1 . 1  Alinéas complémentaires:  

L'Annexe J  est appl icable  aux d isposi ti fs  de  type  à  thermistance  d i scrète  et aux disposi ti fs  
de  commande  u ti l i san t des  therm istances  fabriquées  avec des  matériaux sem i -conducteurs  
céram iques  ou  pol ymères.  

L'Annexe J  s 'appl ique  à  l a  sécuri té  in trinsèque,  aux va leurs  de  températures  de  
fonctionnement et aux essais  des  dispositi fs  de  commande  u ti l i sant des  thermistances  so i t  
avec rég lage  soi t avec té lécommande.   

NOTE  Ces  thermistances  peuvent  être  u ti l i sées:  

−  en  mode  au to-chauffan t  comme l es  rad iateurs  au tocontrôlés  e t  dans  des  appl i cati ons  semblab les ;   

−  comme é léments  de  d isposi ti fs  de  commande ,  ou   

−  comme éléments  sensibles .  

L'Annexe J  ne  concerne  pas  l es  thermistances  u ti l i sées  dans  des  fonctions  de  commande  
dans  lesquel l es  son t m ises  en  œuvre  des  mesures  supplémenta ires  visan t à  assurer l a  
sécuri té  au  se in  du  dispositi f de  commande .  

Ces  exigences  s ’appl iquen t aux d ispos i ti fs  de  type  à  coefficien t de  température  pos i ti f (CTP)  
et  coefficien t de  température  négati f (CTN).  

Les  dispositi fs  de  commande  te ls  que  l es  l im i teurs  de  couran t ne  son t pas  destinés  à  
remplacer l es  d isposi ti fs  de  coupure  de  courant te ls  que  les  fus ib les  mais  ont pour objet 
d ’assurer un  n i veau  de  protection  contre  les  surin tens i tés  satisfaisant aux exigences  
appl icables  à  l ’ équ ipement en  u ti l i sation  fi nale.  

Les  parties  2  de  la  norme peuvent conten i r des  exigences  add i tionnel l es  pour les  
thermistances  fa isan t office  de  disposi ti fs  de  commande  complets .  

J .2  Termes  et défin i tions  

J .2. 1 5 Défin i tions  relatives  aux thermistances  

J .2. 1 5. 1   
thermistance  
rés istance  à  sem i-conducteur sensib le  therm iquement qu i  présente,  dans  au  moins  une  partie  
de  sa  caractéristique  rés istance/température  (R/T) ,  un  changement non  l i néaire  s ign i ficati f de  
sa  rés istance  électri que  pour un  changement de  température   

Note  1  à  l ’ arti cl e:  Le  changement  de  température  peut  surven i r soi t  en  ra i son  du  passage  du  cou rant  dans  l a  
thermistance ,  ou  comme résu l tat  du  changement  de  l a  température  ambian te,  soi t  de  l a  combinaison  de  deux de  
ces  facteurs.  

Note  2  à  l ’ arti cl e:  Les  thermistances  ne  sont  pas  cons idérées  comme des  disposi ti fs  él ectron iques  (voi r 
Annexe  H ).  
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J .2. 1 5.2  
thermistance CTP  
thermistance  à  coefficien t de  température  pos i ti f (CTP)  qu i  présente  une  augmentation  de  
rés istance  avec l 'accroissement de  température  dans  la  portion  u ti l e  de  la  caractéristi que  
rés istance/température  (R/T)  

Note  1  à  l ’ arti cl e:  Les  thermistances  CTP  p résenten t  égal ement une  rés i stance  décroissante  avec u ne  tens ion  
appl i quée  comme un  effet  secondai re.  

Note  2  à  l ’ arti cl e:  Pou r une  thermistance  CTP ,  l a  porti on  s i gn i fi cati ve  de  l a  caractéri sti q ue  
rés i stance/températu re  est  habi tuel l ement  l a  porti on  dans  l aquel l e  u n  accroissement brusque  de  l a  rés i stance  
provi ent  d 'une  augmentati on  de  température,  habi tuel l ement précédée  par un  changement progress i f de  rés i stance  
aux p l us  basses  températu res  et  un  changement prog ressi f semblable  aux températures  au -dessus  de  
l 'accroissement brusque.  La  caractéri sti que  rés i stance/température  de  quelques  thermistances  CTP  peu t  avoi r 
une  pen te  négati ve  après  une  augmentati on  progress ive  de  peu  d ' importance  après  l 'accroissement  brusque.  

J .2. 1 5.3  
thermistance  CTN  
thermistance  à  coefficien t de  température  négati f (CTN )  qu i  présente  une  d im inution  de  
rés istance  avec l 'accroissement de  température  dans  la  portion  u ti l e  de  la  caractéristique  
rés istance/température  

J .2. 1 5.4  
élément  de  d ispositi f de  commande à  thermistance  
thermistance CTP  ou  CTN  qu i  con trôle  d i rectement une  charge  en  étant connectée  en  série  
avec el l e  

Note  1  à  l ’ arti cl e:  Une  thermistance  de  d isposi ti f de  commande  n ’ est  pas  desti née  à  être  raccordée  par l e  
réseau .   

Note  2  à  l ’ arti cl e:  Les  u ti l i sati ons  types  son t  l es  l im i teurs  de  courant,  l es  l im i teurs  de  courant d ’ appel ,  l es  
l im i teurs  de  cou rant  de  bobi ne  démagnéti san te  et  l es  l im i teurs  de  cou ran t de  démarrage  de  moteur.  

J .2. 1 5.5   
rad iateur autocontrôlé  
thermistance  CTP  q u i  n 'a  pas  de  l im i teur de  température  add i tionnel  et qu i  est u ti l i sée  
comme é lément de  chauffage  à  cause  de  son  effet  au to-chauffan t  

Note  1  à  l ’ arti cl e:  Généralement u ti l i sé  en  branchement d i rect  au  secteur.   

Note  2  à  l ’ arti cl e:  Normalement un  rad iateur au tocontrôl é  provoquera  une  action  de  type  2 .  

J .2. 1 5.6  
élément  sensible  de  thermistance  
thermistance  CTP  ou  CTN  u ti l i sée  comme capteur et qu i  ne  transporte  pas  de  couran t de  
charge  

J .2. 1 5.7  
valeur B  
i nd ice  de  thermistance  CTN  q u i  exprime  le  n iveau  de  variation  de  l a  résistance  ca lcu lé  à  
parti r de  deux poin ts  quelconques  spéci fiés  par l e  fabricant sur l a  courbe  
résistance/température  (R/T)  

J .2. 1 5.8  
courant de  maintien  
Ih  

courant  maximal  qu ’une  thermistance CTP  de  l im i tation  de  courant  peu t main ten i r à  l ’ état 
«acti vé»  de  faib le  rés istance  à  l a  température  ambian te  ass ignée et pendan t une  durée  
spéci fiée  par l e  fabricant  
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J .2. 1 5.9  
courant d ’appel  
In  
courant de  crête  mesuré  après  m ise  sous  tension  à  l a  tens ion  assi gnée et à  une  température  
de  25  °C  ± 2  K ou  à  l a  température  ambiante  spéci fi ée  par l e  fabrican t  

J .2. 1 5. 1 0  
courant de  déclenchement 
It  
pour une  thermistance CTP  de  l im i tation  de  couran t,  couran t m in imal  déclaré  par l e  fabricant 
auquel  une  thermistance CTP  passe  d ’ une  rés istance  fa ible  à  é levée  à  une  température  ou  
p lage  de  températures  spéci fiée   

Note  1  à  l ’ arti cl e:  It  =  Y ×  Ih ,  où  Y est  l e  mu l ti p l i cateu r de  courant de  décl enchement  décl aré  par l e  fabricant.  

J .2. 1 5. 1 1  
courant maximal  
Imax  
valeur de  couran t attribuée  par l e  fabrican t et  qu i  satisfa i t  à  tou tes  l es  exigences  de  la  
présente  norme 

Note  1  à  l ’ arti cl e:  Pou r l es  d i fféren ts  d i sposi ti fs ,  l e  cou ran t associé  désigné  Imax  est  i nd i qué  au  Tableau  J . 1 .  

Tableau  J . 1  – Courant  maximal  

Disposi ti f Couran t associ é  désigné  Imax  

Rad iateur autocontrôlé  CTP  Couran t maximal  en  rég ime  établ i  a  

Démarreu r de  moteu r CTP  Cou ran t maximal  d ’ en rou lemen t  de  démarrage  

Lim i teur de  courant,  d émagnéti seur CTP   Couran t de  déclenchement  maximal  b  

L im i teur de  courant d ’appel  CTN  Cou ran t maximal  en  rég ime  établ i  

Capteu r CTP  ou  CTN  Non  app l i cabl e  

a   Pour l es  d i sposi ti fs  don t  l es  valeu rs  ass ignées  en  watts  son t  déclarées  par l e  fabricant,  Imax  est  
ca l cu lé.  Ce  couran t ne  correspond  pas  au  courant d ’ appel .  

b   Pour l es  d i spos i ti fs  d ont  l a  courbe  temps  jusqu ’ à  déclenchement  en  fonction  du  cou rant  est  
ass ignée  par l e  fabricant,  l e  courant maximal  (Imax)  doi t  être  i den ti fi é .  

J .2. 1 5. 1 2  
courant de  court-ci rcu i t  
Isc  
courant maximal  d ispon ib le  à  parti r de  l a  source  à  impédance l im i tée  ( te l le  qu ’une  
a l imentation)  

J .2. 1 5. 1 3  
courant en  régime  établ i  
Iss  
courant mesuré  après  s tabi l i sation  de  la  température  de  la  thermistance  d ans  l ’a i r à  la  
température  ambian te  de  25  °C  ±  2  K ou  à  une  températu re  ambian te  spéci fi ée  par le  
fabrican t,  l orsqu ’e l le  est  raccordée  à  l a  tens ion  ass ignée et fonctionne  dans  son  état de  
rés istance  é levée pour l es  thermistances  CTP  ou  de  faib le  résistance  pour l es  
thermistances  CTN   

Note  1  à  l ’ arti cl e:  Pou r certa i nes  thermistances  CTN ,  Iss  est  i den ti que  à  Imax .  

J .2. 1 5. 1 4  
résistance  
Rmin  
pour une  thermistance CTP  céram ique,  poin t de  rés istance  m in imale  sur l a  courbe  R/T 
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J .2. 1 5. 1 5  
résistance  
Rx  (R25)  
résistance  ass ignée  à  une  température  spéci fi ée  par l e  fabrican t pour Rx  ou  à  l a  température  
de  25  °C  ±  2  K pour R25  

J .2. 1 5. 1 6  
résistance de  commutation   
Rsw  
pour une  thermistance  CTP  céram ique,  valeur de  résistance  à  laquel l e  l a  résistance  
commence  à  augmenter brusquement en  fonction  de  l ’augmentation  de  la  température  

Note  1  à  l ’ arti cl e:  Pou r l a  présente  norme,  Rsw  es t  l a  va l eu r à  l aquel l e  l a  rési stance  est  égale  au  doubl e  d e  Rmin ;  
à  moins  que  l e  fabrican t  spéci fi e  l a  val eu r de  Rsw  en  référence  à  Rmin  avec un  facteur de  mu l ti p l i cation  au tre  que  
deux,  ou  en  référence  à  Rx.  

J .2. 1 5. 1 7  
résistance  déclenchée   
Rtr  
pour une  thermistance CTP  d e  dispositi f de  commande ,  va leur de  la  résistance  de  la  
therm istance  dans  son  état  déclenché à  l a  tension  maximale  (Vmax)   

Note  1  à  l ’ arti cl e:  R tr  es t  ca l cu lée  en  d i vi san t  l a  chu te  de  tens ion  au  n i veau  de  l a  thermistance  par l e  couran t en  
rég ime  établ i  (Iss)  ci rcu lan t  d ans  l a  thermistance .  

J .2. 1 5. 1 8  
température  de  commutation   
Tsw  
pour une  thermistance CTP  céram ique,  température  à  l aquel le  l a  résistance  est à  l a  va leur 
de  Rsw  

J .2. 1 5. 1 9  
température  de  surface   
Ts  
température  de  l a  surface  d ’une  thermistance  l orsque  l a  thermistance  est m ise  sous  tens ion  
dans  l es  cond i tions  de  fonctionnement normal  

Note  1  à  l ’ arti cl e:  Le  Tabl eau  J . 2  spéci fi e  l es  cond i ti ons  de  fonctionnement  normal  types  pour l es  thermistances .  

Tableau  J .2  (J .7 ,  7.2  de  l ’ éd i tion  3)  – Conditions  de  fonctionnement normal  

Type  de  thermistance  Tension  Couran t  

Radiateur autocontrôlé  CTP  Vmax  Iss  

Démarreu r de  moteu r CTP  Vmax  Iss  

Démagnéti seur CTP  Vmax  Iss  

L im i teur de  couran t CTP  Vmax  Ih  e t  Iss
 a  

L im i teur de  courant d ’ appel  CTN  Vmax  Imax  

a  La  températu re  de  surface  mesurée  à  Iss  refl ète  l es  cond i ti ons  à  l ’ état  d éclenché  de  
l a  thermistance  (cond i ti ons  de  fonctionnement normal  pou r l e  CTP,  cond i ti on  de  
fonctionnement anormal  pour l e  ci rcu i t/appl i cati on  contrôl és  par l e  CTP).  

 

J .2. 1 5.20  
temps  jusqu ’à  déclenchement 
temps  nécessai re  à  une  thermistance CTP  pour l im i ter l e  courant de  déclenchement  (It)  
déclaré  par l e  fabrican t à  50  %  de  sa  valeur lorsqu ’e l le  est m ise  sous  tens ion  à  l a  tens ion  
ass ignée  et à  température  ambiante  
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J .2. 1 5.21  
température  d ’embal lement  thermique  
TR  
point de  température  é levée sur l a  courbe  R /T auquel  une  résistance de  thermistance  CTP  
n ’augmente  p lus  en  fonction  de  l ’ augmentation  de  l a  température  

J .2. 1 5.22  
tension  maximale   
Vmax  
tension  maximale  d ’une  thermistance  te l le  que  déclarée  par le  fabricant  

Note  1  à  l ’ arti cl e:  Vmax  est  supérieu re  à  l a  tens i on  assignée  (Vr)  l orsqu ’une  tensi on  de  service  p l us  é l evée  se  
produ i t  d ans  certai nes  cond i ti ons  dans  l ’ équ ipement en  u ti l i sation  fi nale,  comme par exemple  pou r l es  l im i teurs  de  
bobi ne  de  démarrage  de  moteur.  

J .4 Général i tés  sur les  essais  

J .4.2  Échanti l lons  requ is  

Paragraphes complémentaires:  

J .4.2 .5  Sauf i nd ication  contra ire,  l es  échanti l l ons  représentati fs  i nd iqués  au  Tableau  J . 3  
doivent fai re  l ’ objet des  essais  spéci fi és  en  J . 1 7. 1 8.  De  nouveaux échanti l lons  doivent être  
u ti l i sés  pour tous  les  essais  au tres  que  les  essais  de  surcharge  et  d ’endurance.  

Tableau  J .3  – Échanti l lons  pour l ’ essai  (article  de  référence)  

 Vi ei l l i sse  
ment  

(J.17.18.3)  

É tabl isse  
ment de  
cycl e  

chaleur-
froid-

humid i té  

(J.17.18. 1)  

Surcharge  

(J.17.18.2.1,  
J.17.18.7.1)  

Endurance  

(J.17.18.2.2,  
J.17.18.7.2)  

É tabl isse  
ment de  
cycl e  

fonctionnel  
à  froid  

(J.17.18.4,  
J.17.18.8)  

É tabl i sse  
ment de  
cycl e  

thermique  
à  froid  

(J.17.18.6)  

Embal le  
ment 

thermique  

(J.17.18.5)  

Nombre  d ’échanti l l ons  par 
essai  

3  3  3  a  3  a  3  3  3  

Appl i cation  
de  
thermistan
ce  

Radiateur 
autocontrôl é  
CTP  

X X X X X -  X 

Disposi ti f de  
commande  
CTP  

X X X X X -  X 

Capteu r CTP  X X X X -  X -  

Disposi ti f de  
commande 
CTN  

X X X X X -  -  

Capteu r CTN  X X X X -  X -  

Les  essais  d ’étal onnage  de  J . 1 5. 7  et  J . 1 5. 8  do iven t  être  réal i sés  avant  et  après  chacun  des  essais  ci -dessus  (sauf pou r 
l ’ embal l ement therm ique).  
a    Les  troi s  mêmes  échanti l l ons  doiven t  être  u ti l i sés  pou r l es  essais  de  su rcharge  et  d ’ endu rance.  

 

J .4.3.2  Selon  les  caractéristiques  assignées  

Alinéas complémentaires: 

Pour l es  besoins  de  la  présente  norme,  l a  tens ion  assignée (Vr)  d ’ une  thermistance  est l a  
tens ion  d ’en trée  d ’ une  thermistance  déclarée  par l e  fabricant.   

NOTE  Vr  est  en  général  éga l  à  l a  tens i on  de  l a  sou rce  d ’ a l imentati on .  
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Paragraphe complémentaire:  

J .4.3.2 . 1 1  Les  cond i tions  é lectri ques  et therm iques  d ’ une  thermistance  do ivent être  
conformes  au  Tableau  J . 4  et  être  fonction  de  son  appl ication  prévue.  

Tableau  J .4 – Cond itions  électriques  et  thermiques  d ’une thermistance  

Caractéristique   

Type de  thermistance  

CTP  CTN   

Rad iateur 
autocontrôl é  

Démarrage  
de  moteur 

Lim i teur 
de  courant 

a  

Capteur a  Démagnétiseur Capteur a  L imi teur 
de  courant 
d ’ appel  

Valeur béta  (B)   -   -   -   -   -   R -  

Numéro  de  classe  
d ’ étalonnage  

-  -  -  R -  R -  

Capaci té  – charge  
ou  caractéristique  
assignée  Jou l e   

-   -   -   -   -   -   R 

Couran t de  
déclenchement (It)  

-   -   R -   -   -   -   

Courant d ’appel  (In )  R  R -   -   R -   R 

Couran t de  main tien  
(Ih )  

-   -   R -   -   -   -   

Couran t maximal  
(Imax)  

-   R R -   R -   R 

Couran t en  rég ime  
établ i  (Iss)  

R  R R -   R -   R 

Impédance  de  
bobine   

-   -   -   -   R -   -   

Résistance – R25 et 
tolérance  

R  R R R R R R 

Température  
ambiante  de  
fonctionnement 
maximale   

-   R R R R R R 

Température  de  
commutation  (Tsw)   

R  R R R R -   -   

Température  de  
surface  maximale  
(Ts )  

R  R R -   R -   R 

Temps  jusqu ’à  
déclenchement  

-   -   R -   -   -   -   

Tension  maximale  
(Vmax)  

R  R R -   R -   R 

Tension  assignée  
(Vr)  

R  R R -   R -   R 

La  désignation  "R"  i nd ique  l es  caractéri sti ques  ass ignées  pou r l e  d i spos i ti f devant être  fou rn i es  par l e  fabrican t.   

a   La  gamme de  températu res  ambian tes  de  foncti onnement  doi t  être  spéci fi ée.  
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J .4.3.5  Selon  l a  fonction  

Paragraphes complémentaires:  

J .4.3.5.4  En  fonction  du  type  de  thermistance  e t  de  l ’ appl ication  particu l i ère,  l es  
thermistances  d o iven t être  soum ises  aux essais  i nd iqués  dans  l e  Tableau  J . 3  et aux essais  
d ’éta lonnage  de  J . 1 5. 7  ou  J . 1 5.8 ,  se lon  ce  qu i  s ’appl i que.   

J .4.3.5.4. 1  Les  thermistances  u ti l i sées  dans  l es  dispositi fs  de  commande à  action  de  
type  1  conformes  à  l ’ I EC 60738  ou  à  l ’ I EC 60539  doivent un iquement fa i re  l ’objet d ’essais  
d ’embal l ement therm ique  de  J . 1 7. 1 8. 5.  La  conform ité  à  l ’ I EC 60738-1  ou  à  l ’ I EC 60539  n ’est  
pas  requ ise  s i  l es  thermistances  satisfon t aux exigences  de  l ’Annexe  J .  

J .6  Classi fication  

J .6.4 Selon  l es  caractéristiques  du  fonctionnement automatique  

J .6.4.3.3  Remplacement:  

Dans  l e  cadre  de  la  présen te  norme,  un  dispositi f de  commande à  thermistance CTP  ou  un  
élément sensible  q u i  est en  mode ouvert (résistance  é levée)  ou  une  thermistance CTN  en  
mode fermé (rés istance  élevée)  son t considérés  comme fourn issant l 'équ iva lent d 'une  
coupure  électron ique  e t  sont classés  comme à  action  de  type  1 .YJ  ou  2 .YJ .  

– thermistance  ( type  1 . YJ  ou  2 .YJ )  

NOTE  Voi r égal ement  J . 1 1 . 4 . 1 7.   

J .6. 1 5 Selon  la  construction  

Paragraphes complémentaires:  

J .6. 1 5.6  Disposi ti f de  commande uti l i sant des  thermistances  CTN  ou  CTP  

J .6. 1 5.7  E lément céramique  

J .6. 1 5.8  E lément polymère  

Paragraphes complémentaires:  

J .6. 1 7  Selon  l 'u ti l isation  de  l a  thermistance  

J .6. 1 7. 1  – élément de  d ispositi f de  commande à  thermistance  

J .6. 1 7. 1 . 1  –  l im i teur de  courant CTP  

J . 6. 1 7. 1 . 2  –  démarreur de  moteur CTP  

J . 6. 1 7. 1 .3  –  démagnétiseur CTP   

J . 6. 1 7. 1 .4  – l im i teur de  courant d ’appel  CTN  

J . 6. 1 7.2  – rad iateur autocontrôlé  

J .6. 1 7.3  –  é lément sensible  de  thermistance  

J .6. 1 7.3. 1  –  capteur CTP  

J . 6. 1 7.3.2  –  capteur CTN  
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J .7  Information  

Le  Tableau  J . 5  fourn i t  des  exigences  supplémenta ires  au  Tableau  1 .  

Tableau  J .5  – Points  complémentai res  au  Tableau  1  

 
I n formation  

Arti cle  ou  
paragraphe  Méthode 

61  Selon  l a  constructi on  et  l ' u ti l i sation  d ' une  thermistance  J . 6 . 1 5,  J . 6 . 1 7  X 

62  Caractéri sti ques  R/T,  spéci fi cations  d ’éta lonnage  k  J . 1 5. 7 ,  J . 1 5. 8  X 

63  Caractéri sti ques  R/T,  spéci fi cations  d ’étalonnage,  dérive  i  J . 1 5. 7 ,  J . 1 5. 8,  
J . 1 7. 1 7. 1  

X 

64  Nombre  de  cycles  J . 1 7. 1 8. 2  X 

65  Méthode  de  mesure  R/T J . 1 5. 7 . 4 ,  J . 1 5. 8. 3  X 

82  Lim i teurs  de  cou rant  CTP  don t  l e  couran t maximal  est  rédu i t  à  une  
val eu r i n férieure  ou  éga le  à  8  A en  <  5  s .  

J . 1 5. 7. 6. 1 . 1  X 

Notes de  bas de tableau complémentaires au Tableau 1 :  

k  Les  caractéri sti q ues  R/T d oi vent  être  présentées  sous  forme d 'une  cou rbe,  d ' un  tableau  ou  de  poin ts  d e  
fonctionnement d i vers  et  doi vent  comporter l a  dévi ation  déclarée.   

l  Des  i n d ications  add i ti onnel l es  peuvent être  i n d i quées  à  d es  nombres  i n terméd iai res  de  cycles  pou r l ' essai  de  
J . 1 7. 1 8. 2 .  

 

J . 1 1  Exigences  de  construction  

Paragraphes complémentaires:  

J . 1 1 .3. 1 0  Les  thermistances  u ti l i sées  dans  l es  dispositi fs  de  commande  pour assurer une  
sécuri té  fonctionnel le  ou  comme disposi ti fs  de  commande  pour assurer une  sécuri té  
fonctionnel le  à  une  appl ication  con trôlée,  doiven t fourn i r une  action  de  type  2  ( type  2 .YJ ) ,  
pour d ’autres  appl ications  au  moins  (type  1 .YJ ) .  

NOTE  Exemples  de  thermistances  u ti l i sées  pou r assurer l a  sécuri té  fonctionnel l e  d ’ u ne  app l i cation  contrôlée:  
capteu rs  de  températu re  pour appl i cations  de  coupe-ci rcu i t  de  températu re  ou  d i spos i ti fs  CTP  de  l im i tation  de  
courant  dans  l es  ci rcu i ts  à  énerg i e  non  l im i tée.   

J . 1 1 .4. 1 7  Action  de  type 1 .YJ  ou  2 .YJ  

Une thermistance  à  action  de  type  1 . YJ  ou  de  type  2 .YJ  doi t fonctionner pour assurer une  
variation  i n trinsèque de  l a  rés istance.  

La conformité est vérifiée par les essais spécifiés dans les exigences correspondantes de la  
présente Annexe J.  

J .1 3  Rigidi té  d iélectrique et résistance d ' i solement 

J . 1 3.2  Rig id i té  d iélectrique  

Modification de la  note de bas de tableau c du Tableau 12:  

Ajouter le  mot "therm istances , " après "les  parties  é lectron iques".  
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J .1 5 Tolérances  de  fabrication  et dérive  

Paragraphes complémentaires:  

J . 1 5.7  Essais  d ’ étalonnage des  thermistances  CTP   

J . 1 5.7. 1  Les thermistances  céramiques ne sont pas affectées par la  séquence des essais 
d’étalonnage de J. 15. 7. 4 à  J. 15. 7. 8 réalisés sur les échantillons.  Cependant les types 
polymères peuvent être  affectés en raison de la  nature du matériau.  Ainsi,  pour les 
thermistances  polymères,  il est recommandé de réaliser l’essai de J. 15. 7. 4 à  la  fin de tous 
les essais d’étalonnage.  

J . 1 5.7.2  En l’état de livraison,  chaque échantillon de thermistance CTP doit être soumis 
aux essais spécifiés dans le Tableau J. 6 et doit satisfaire aux critères applicables à  chaque 
essai tels que spécifiés dans le  Tableau J. 6.  

J . 1 5.7.3  A l’issue des essais décrits en J. 17. 17 a) ,  les mêmes échantillons de thermistance 
CTP doivent être soumis aux essais spécifiés dans le Tableau J. 6 et doivent satisfaire  aux 
critères applicables à  chaque essai tels que spécifiés dans le Tableau J. 6.  Pour les capteurs 
CTP,  les résultats d’essai doivent satisfaire aux critères applicables à  chaque essai tels que 
spécifiés dans le Tableau J. 7.  
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Tableau  J .6  – Séquence  des  essais  d ’étalonnage et de   
cond i tionnement des  thermistances  CTP  

Type  de  
thermistance  

CTP  

Essais  d ’étalonnage  
réal isés  su r des  

échanti l lons  avant l es  
essais  de  

condi tionnement 
spéci fiés  en  J . 1 7. 1 8  a  

Désignation  des  cri tères  
de  conformi té  (avant 
condi tionnement)  b  

Essais  d ’ étalonnage 
réal isés  su r des  
échan ti l lons  de  

thermistances  après  l es  
essais  de  

condi tionnement 
spéci fi és  en  J . 1 7. 1 8  a  

Désignation  
des  cri tères  de  
conformi té  

(après  
condi tionne  

ment)  b  

Radiateur 
autocontrôl é   

R/T A Ts  
D 

Ts  
 

In  
 

In  

Démarreur de  
moteur  

R/T A Ts  
D 

Ts  In  

In   

Démagnétiseur
  

R/T A Ts  
D 

Ts  In  

In  

L imi teur de  
couran t  

R/T B  TT E  

Ts  

TT 

Iss  

Ih  

Capteur  R/T C  R/T F  

R/T -  Mesu re  R/T pour thermistances  CTP  – tous  l es  types  (J . 1 5. 7. 4)  

Ih  -  Essai  de  couran t d e  main ti en  pour l im i teurs  de  cou rant  CTP  (J . 1 5. 7. 5)  

TT -  Essai  de  temps  j usqu ’à  d éclenchement pou r l im i teurs  de  couran t CTP  (J . 1 5. 7. 6)  

Ts  -  Essai  de  températu re  de  su rface  (J . 1 5. 7. 7)  

In  -  Couran t d ’appel  ( l a  conform i té  est  déterm inée  par mesure,  J . 1 5. 7. 8)  

Iss  -  Cou ran t en  rég ime  établ i  ( l a  conform i té  est  déterm inée  par mesure)  

A -  Les  va leu rs  de  rés i stance  à  25  °C,  de  température  de  surface  e t  de  couran t d ’appel  d oi ven t  s ’ i nscri re  dans  
l es  to lérances  d ’ écart  déclarées  spéci fi ées  par l e  fabricant.   

B  -  Les  valeurs  de  rés i stance  à  25  °C,  d e  température  de  surface ,  de  courant en  rég ime établ i  e t  d e  temps  
jusqu ’ à  déclenchement  do i ven t  s ’ i nscri re  d ans  l es  to lérances  d ’écart  déclarées  spéci fi ées  par l e  fabri cant.  
La  thermistance  d oi t  main ten i r l e  courant de  main tien  pendant  l a  du rée  spéci fi ée  et  à  l a  température  
ambian te  spéci fi ée  par l e  fabri can t,  sans  déclenchement.   

C -  Les  températures  correspondant à  l a  résistance  de  commutation  (Rsw)  et  deux poi n ts  supplémenta i res,  

s i tués  au -dessus  et  au -dessous  de  Rsw  su r l a  cou rbe  R/T doi vent  s ’ i nscri re  dans  l es  to lérances  d ’écart  
déclarées  spéci fi ées  par l e  fabricant.    

D -  Les  valeurs  de  température  de  surface  e t  de  courant  d ’ appel  d oi vent  s ’ i nscri re  dans  l a  to l érance  de  dérive  
déclarée  spéci fi ée  par l e  fabrican t.  

E  -  Les  valeurs  de  temps  j usqu ’à  déclenchement doiven t  s ’ i nscri re  dans  l es  tolérances  de  dérive  déclarées  
spéci fi ées  par l e  fabrican t.  

F  -  Les  températures  correspondant  à  l a  résistance  de  commutation  (Rsw)  et  deux poi n ts  supplémenta i res,  

s i tués  au -dessus  et  au -dessous  de  Rsw  su r l a  cou rbe  R/T ne  doivent  pas  s ’écarter d es  val eurs  en  l ’ état  de  
l i vrai son  correspondantes  de  p l us  de  cel l es  spéci fi ées  dans  l e  Tableau  J . 7 .   

a   Abréviati ons  pou r l ’ essai  
b   Cri tères  de  conform i té  
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Tableau  J .7  – Classes  pour thermistances  sensibles  CTP  

Propriété   

C lasse  N °   

C 1  C2  C3  C4  

Dérive  d e  température,  K pou r une  rés i stance  donnée  ±0, 5   ±1 , 0   ±2 , 0   ±5, 0   

I l  convi ent  q ue  l es  val eurs  de  températu re  soi en t  « normal i sées»  par rapport  à  l ’ échel l e  Kel vi n  l ors  d e  l a  
déterm ination  de  l a  dérive  de  températu re.  

 

J . 1 5.7.4 Mesure  R/T pour thermistances  CTP   

J . 1 5.7.4. 1  Les échantillons de thermistance  doivent être placés dans une étuve à  air 
circulant entièrement ventilée ou milieu fluide,  tel que de l’huile de silicone,  la  température 
étant maintenue à  ±1  K de la  température spécifiée pour l’essai.  L ’essai doit être réalisé à  
différentes températures en commençant à  la  température ambiante de la  pièce jusqu’à  la  
température de commutation  (Tsw)  sans dépasser la  température d’emballement 
thermique  (TR)  de la  courbe R/T.  La  résistance  doit être mesurée avec un ohmmètre à  
autant de valeurs de température que nécessaire pour générer une courbe R/T complète.  

J . 1 5.7.5  Essai  de  courant de  maintien  (Ih)  pour l imiteurs  de  courant  CTP 

J . 1 5.7.5. 1  Une thermistance  de limitation de courant doit maintenir le courant de maintien  
(Ih )  spécifié pendant la  durée spécifiée par le fabricant à  la  température ambiante spécifiée 
par le  fabricant sans déclenchement.  

J . 1 5.7.6  Essai  de  temps  jusqu ’à  déclenchement pour l imiteurs  de  courant CTP  

J . 1 5.7.6. 1  Une thermistance  de limitation de courant avec une spécification de temps 
jusqu’à déclenchement  doit déclencher au courant de déclenchement (It)  spécifié et à  la  
tension assignée correspondante (Vr)  dans le temps jusqu’à déclenchement spécifié.  Une 
thermistance  à  plusieurs courants de déclenchement et temps jusqu’à  déclenchement doit 
être soumise à  essai aux courants maximal et minimal spécifiés.  Le courant ne doit pas 
dépasser le point du courant maximal (Imax)  sur la  courbe temps jusqu’à déclenchement 
en  fonction du temps.  

J . 1 5.7.6. 1 . 1  Une thermistance  de limitation de courant,  telle  que déclarée au point 82 du 
Tableau J. 5,  doit déclencher au courant de déclenchement (It)  déclaré et à  la  tension 
assignée correspondante (Vr)  dans le temps jusqu’à déclenchement spécifié.  

J . 1 5.7.7  Essai  de  température  de  surface   

J . 1 5.7.7. 1  La température de surface  (Ts)  d’une thermistance CTP doit être mesurée en 
utilisant des thermocouples ou dispositifs équivalents.  Pour une thermistance CTP  autre 
qu’un limiteur de courant,  la  température de surface  (Ts)  doit être mesurée alors que la  
thermistance  fonctionne à  la  tension maximale  (Vmax)  et au courant en régime établi.  Pour 
un limiteur de courant CTP,  la  température de surface  (Ts)  doit être mesurée dans deux 
conditions:  

a)  condition de fonctionnement en état maintenu dans laquelle  le  dispositif doit fonctionner à  
sa tension maximale  (Vmax)  assignée et courant de maintien  (Ih )  assigné,  et 

b)  condition de fonctionnement en état déclenché dans laquelle le dispositif doit fonctionner 
à  la  tension maximale  (Vmax)  assignée et au courant en régime établi  (Iss)  assigné.  

Voir le Tableau J. 2.  
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J . 1 5.7.8  Mesure  du  courant d ’appel  

J . 1 5.7.8. 1  Pour les thermistances CTP destinées à  être utilisées comme radiateurs 
autocontrôlés ,  démarreurs de moteur ou démagnétiseurs,  le courant d’appel doit être 
mesuré en utilisant un oscilloscope alors que la  thermistance  fonctionne à  la  tension 
maximale  sous charge assignée.  

J . 1 5.8  Essais  d ’ étalonnage des  thermistances  CTN   

J . 1 5.8. 1  En l’état de livraison,  chaque échantillon de thermistance CTN  doit être soumis 
aux essais spécifiés dans le Tableau J. 8 et doit satisfaire aux critères applicables à  chaque 
essai tels que spécifiés dans le  Tableau J. 8.  

J . 1 5.8.2  A l ’ i ssue  des  essais  décri ts  en  J . 1 7. 1 7  b) ,  l es  mêmes  échanti l lons  de  thermistance  
CTN  d o ivent  être  soum is  aux essais  spéci fiés  dans  l e  Tableau  J . 8  et doiven t satisfai re  aux 
cri tères  appl icables  à  chaque essai  te ls  que  spéci fi és  dans  l e  Tableau  J . 8 .  Pour l es  capteurs  
CTN,  l es  résu l tats  d ’essai  doivent satisfa i re  aux cri tères  tels  que  spéci fi és  dans  l e   
Tableau  J . 9 .  

Tableau  J .8  – Séquence  des  essais  d ’étalonnage  
et  de  cond i tionnement pour thermistances  CTN  

Type de  
thermistance 

CTN  

Essais  d ’étalonnage  
réal i sés  sur des  

échanti l lons  avan t l es  
essais  de  

condi tionnement 
spéci fi és  en  J . 1 7. 1 8  a  

Désignation  des  
cri tères  de  

conformi té  (avant 
condi tionnement)  b  

Essais  d ’étalonnage  
réal isés  su r des  
échanti l lons  de  

thermistances  après  l es  
essais  de  

condi tionnement spéci fi és  
en  J . 1 7. 1 8  a  

Désignation  des  
cri tères  de  

conformi té  (après  
condi tionnement)  b  

Lim i teur de  
couran t 
d ’appel   

R/T A Ts  C 

Ts  In  

In  

Capteu r R/T B  R/T D 

Beta  

R/T -  Mesu re  R/T pour thermistances  CTN  (J . 1 5. 8. 3)  

Ts  -  Essai  de  températu re  de  su rface  (J . 1 5. 8. 4)  

Beta  -  Essai  de  rési stance (R25)  et  valeur bêta  (B )  pour thermistances  CTN  (J . 1 5. 8. 6)  

In  -  Courant d ’ appel  ( l a  conform i té  est  déterm inée  par mesure  (J . 1 5. 8. 5)  

A -  Les  va leu rs  de  rés i stance  à  25  °C,  de  température  de  surface  e t  d e  courant d ’ appel  d oi ven t  s ’ i nscri re  
dans  l es  tol érances  d ’ écart  d éclarées  spéci fi ées  par l e  fabricant.   

B  -  La  rési stance  à  deux poin ts  d e  température  ou  pl us  sur l a  courbe  R/T e t  l a  va leur bêta  (s i  déclarée)  doi vent  
s ’ i nscri re  dans  l es  to l érances  d ’écart  déclarées  spéci fi ées  par l e  fabricant.  Une  des  températu res  do i t  être  
de  25  °C.  

C  -  Les  val eu rs  de  température  de  surface  e t  de  courant d ’ appel  d oi ven t  s ’ i nscri re  dans  l a  to l érance  de  
dérive  d éclarée  spéci fi ée  par l e  fabricant.  

D  -  La  résistance  à  deux poi n ts  de  températu re  ou  pl us  sur l a  cou rbe  R/T ne  doi t  pas  s ’écarter d es  
températu res  en  état  d e  l i vrai son  correspondantes  sur l a  courbe  R/T en  état  de  l i vrai son  de  p l us  d es  valeurs  
i nd i quées  dans  l e  Tabl eau  J . 9 .  L ’ une  des  températu res  doi t  être  d e  25  °C.  

a   Abréviati ons  pou r l ’ essai  
b   Cri tères  de  conform i té  
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Tableau  J .9  – Classes  pour thermistances  sensibles  CTN  

Propriété   

C lasse  N °   

C1  C2  C3  C4  

Dérive  d e  température  pour u ne  rés i stance  donnée  ±0, 5  ±1 , 0  ±2 , 0  ±5, 0  

I l  convi ent  q ue  l es  val eurs  de  températu re  soi en t  « normal i sées»  par rapport  à  l ’ échel l e  Kel vi n  l ors  d e  l a  
déterm ination  de  l a  dérive  de  températu re.  

 

J . 1 5.8.3  Mesure  R/T pour thermistances  CTN  

J . 1 5.8.3. 1  Les échantillons de thermistance  doivent être placés dans une étuve à  air 
circulant entièrement ventilée ou milieu fluide,  tel que de l’huile de silicone,  la  température 
étant maintenue à  ±1  K de la  température spécifiée pour l’essai.  L ’essai doit être réalisé à  
différentes températures,  en commençant à  la  température ambiante de la  pièce sans 
dépasser la  température maximale de détection déclarée (capteurs)  ou la  température de 
surface  (Ts)  maximale déterminée selon J. 15. 8. 4 (limiteurs de courant d’appel) .  La 
résistance  doit être mesurée à  autant de valeurs de température que nécessaire pour 
générer une courbe R/T complète.  

J . 1 5.8.4 Essai  de  température  de  surface ( l imi tation  du  courant  d ’appel  un iquement)  

J . 1 5.8.4. 1  La température de surface  (Ts)  d’un limiteur de courant d’appel  CTN doit être 
mesurée en utilisant des thermocouples ou dispositifs équivalents alors que la  thermistance 
CTN fonctionne à  la  tension maximale  (Vmax)  et au courant maximal (Imax)  avec la  valeur 
de capacité parallèle à  la  charge.  La température doit s’inscrire dans les limites spécifiées par 
le fabricant.  Voir le  Tableau J. 8.  

J . 1 5.8.5  Mesure  du  courant  d ’appel  ( l im i tation  du  courant d ’appel  un iquement)  

J . 1 5.8.5. 1  Pour un  l im i teur de  courant d ’appel  CTN ,  l e  courant d ’appel  do i t  ê tre  mesuré  
en  u ti l i sant un  osci l loscope a lors  que  l a  thermistance  fonctionne  à  l a  tension  maximale  
(Vmax)  et  au  courant maximal  (Imax)  avec l a  va leur de  capaci té  ass ignée paral l è le  à  la  
charge.   

J . 1 5.8.6  Essai  de  résistance  (R25)  et  de  l a  valeur bêta  (B)  pour thermistances  CTN   

J . 1 5.8.6. 1  Les caractéristiques assignées de la  valeur bêta (B)  d’une thermistance  à  
valeur bêta (B)  doivent s’inscrire dans les limites spécifiées par le  fabricant.  La résistance  
(R25)  d’une thermistance CTN doit être mesurée à  25 °C,  opération suivie par la  mesure des 
résistances R1  et R2  aux températures T1  et T2  telles que spécifiées par le fabricant.  La  
valeur bêta (B)  doit être calculée en appliquant la  formule suivante:  

B= (In  R1  – In  R2)  / (1 /T1  – 1 /T2 )  

où 

B  est la  valeur bêta  calculée,  

R1  est la  résistance  à  T1 ,  

R2  est la  résistance  à  T2 ,  

T1  est une température en K sur la  courbe R/T spécifiée par le fabricant,  et 

T2  est une deuxième température en K sur la  courbe R/T spécifiée par le fabricant.  
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J .1 7  Endurance  

Paragraphes complémentaires:  

J . 1 7. 1 7  La  séquence des  essais  est  l a  su ivan te:  

a)  pour les thermistances CTP:  

– Vieillissement (J. 17. 18. 3. 1  ou J. 17. 18. 3. 2) ;  

– Chaleur-froid-humidité (J. 17. 18. 1 ) ;  

– Surcharge (J. 17. 18. 2. 1 ) ;  

– Endurance (J. 17. 18. 2. 2) ;  

– Établissement de cycle fonctionnel à  froid (J. 17. 18. 4) ;  

– Établissement de cycle thermique à  froid (J. 17. 18. 6) ;  

– Emballement thermique (J. 17. 18. 5) .  

b)  pour thermistances CTN:  

–  Vieillissement (J. 17. 18. 3. 1 ) ;  

– Chaleur-froid-humidité (J. 17. 18. 1 ) ;  

– Surcharge (J. 17. 18. 7. 1 ) ;  

– Endurance (J. 17. 18. 7. 2) ;  

– Établissement de cycle fonctionnel à  froid (J. 17. 18. 8) ;  

– Établissement de cycle thermique à  froid (J. 17. 18.6) .  

J . 1 7. 1 7. 1  Après les essais appropriés de J. 17. 18. 1  à  J. 17. 18.4 compris,  le fonctionnement 
du dispositif de commande  ne doit pas être perturbé et il doit fonctionner comme prévu et 
annoncé.  La  conformité  est vérifiée par les essais de J. 15.7 ou J. 15. 8,  selon le  cas 
applicable.  

J . 1 7. 1 7.2  Après les essais appropriés de J. 17. 18,  le dispositif de commande  doit continuer 
à  être conforme aux exigences des Articles 8 et 13.  Pendant et après les essais,  il ne doit pas 
y avoir d'émission de flammes ou de projection de particules.  

J . 1 7. 1 8  Essais  de  condi tionnement 

J . 1 7. 1 8. 1  Chaleur-froid-humidi té  

A l ’ i ssue  du  cond i tionnement spéci fié  en  J . 1 7 . 1 8 . 1 . 1 ,  u ne  thermistance  do i t  être  conforme 
aux Tableaux J . 6 ,  J . 7 ,  J . 8  ou  J . 9 ,  se lon  l e  cas  appl icable .  

J . 1 7. 1 8. 1 . 1  Trois échantillons non mis sous tension d’une thermistance  doivent être soumis 
à  trois cycles complets de la  séquence spécifiée en a)  ou b) :  

a)  Utilisation de la  température intérieure:  

1 )  24 h  à  la  température de surface  (Ts)  mesurée ou à  la  température maximale de 
service déclarée.  Dans tous les cas,  la  température ne doit pas être inférieure à  70 °C.  
La  température de l’étuve doit être maintenue à  ±5 K de la  température spécifiée pour 
l’essai.  La température doit être  surveillée dans la  zone de l’étuve où les échantillons 
sont soumis à  essai;  

2)  168 h  dans une atmosphère sans condensation d’une humidité relative de 90 % à  
95 %  à  40 °C; et 

3)  8 h  à  0 °C ou à  la  température ambiante spécifiée par le  fabricant,  selon la  valeur la  
plus basse.  
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b)  Utilisation de la  température extérieure:  

1)  24 h  en  immersion dans de  l’eau à  25 °C;  

2)  8 h  à  moins 35 °C ou à  la  température ambiante spécifiée par le  fabricant,  selon la  
valeur la  plus basse;  

3)  24 h  à  la  température de surface  (Ts)  mesurée ou à  la  température maximale de 
service déclarée.  Dans tous les cas,  la  température ne doit pas être inférieure à  70 °C.  
La température de l’étuve doit être maintenue à  ±5 K de la  température spécifiée pour 
l’essai.  La température de l’étuve doit être surveillée dans la  zone de l’étuve où les 
échantillons sont soumis à  essai;  et  

4)  168 h  dans une atmosphère sans condensation d’une humidité relative de 90 %  à  95 %  
à  40 °C.  

J . 1 7. 1 8.2  Etabl issement de  cycle  étendu  (CTP)  

J . 1 7. 1 8.2. 1  Surcharge  

J . 1 7. 1 8.2. 1 . 1  À l ’ i ssue  des  essais  spéci fi és  en  J . 1 7. 1 8. 2 . 1 . 2 ,  J . 1 7. 1 8 . 2 . 1 . 3  ou  J . 1 7. 1 8. 2 . 1 . 4  
et  J . 1 7. 1 8. 2 . 2. 1 ,  une  thermistance  d oi t  ê tre  conforme au  Tableau  J . 6  ou  au  Tableau  J . 7.  

J . 1 7. 1 8.2. 1 .2  Pour un radiateur autocontrôlé,  trois échantillons doivent être installés et mis 
en fonctionnement comme prévu pendant 50 cycles en connexion à  120 % de la  tension 
maximale  (Vmax) .  Chaque cycle doit couvrir la  portion de la  courbe R/T entre le  coude 
inférieur et l’état de  résistance  élevée.  

J . 1 7. 1 8.2. 1 .3  Pour une thermistance de dispositif de commande ,  trois échantillons 
doivent être installés et mis en fonctionnement comme prévu pendant 50 cycles en connexion  
à  la  tension maximale  (Vmax)  et la  plus faible valeur de:  

a)  120 % du courant maximal (Imax)  assigné,  ou  

b)  120 % du courant de court-circuit (Isc)  assigné  

Chaque cycle doit commencer avec l’échantillon  en équilibre thermique à  25 °C ± 5 K.  
Chaque cycle doit couvrir la  portion de la  courbe R/T entre le coude inférieur et l’état de 
résistance  élevée.  

J . 1 7. 1 8.7. 1 .4 Pour une thermistance  sensible,  trois échantillons doivent être installés et 
mis en fonctionnement comme prévu pendant 50 cycles de fonctionnement en commençant 
avec l’échantillon en équilibre thermique à  25 °C ± 5 K et en  augmentant la  température 
jusqu’à  120 % de la  température maximale de détection de la  thermistance.  

J . 1 7. 1 8.2.2  Endurance    

J . 1 7. 1 8.2.2. 1  Les trois échantillons de thermistance  déjà soumis à  l’essai de surcharge de  
J. 17. 18. 2. 1 ,  doivent fonctionner dans les conditions spécifiées en a) ,  b)  ou c)  pendant le  
nombre de cycles spécifiés dans le Tableau J. 10.  Chaque cycle doit couvrir une portion 
significative de la  courbe R/T.  

a)  Radiateur autocontrôlé  – Une thermistance  de  radiateur autocontrôlé  ou d’ensemble 
d’appareil de chauffage doit être installée et soumise à  essai à  la  puissance maximale  
assignée en watts de la  tension maximale  (Vmax)  ou au courant maximal (Imax) .  Une 
thermistance  dont la  consommation varie en fonction de la  quantité  de dissipation 
thermique,  du débit d’air ou variables analogues fournies dans l’équipement en utilisation 
finale,  doit être soumise à  essai à  la  puissance maximale assignée en  watts ou au 
courant maximal (Imax)  en utilisant la  dissipation thermique,  le  débit d’air ou autres 
conditions de l’équipement en utilisation finale.  
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b)  Dispositif de commande – Une thermistance  de  dispositif de commande doit être soumise 
à  essai à  la  tension maximale  (Vmax)  et aux courants suivants:  

1 )  Limiteur de courant – Le  courant d’essai ne doit pas être inférieur au courant minimal 
de déclenchement (It)  ou au courant minimal de fonctionnement (Ifun ) .  

2)  Démagnétiseur – Le  courant d’essai doit être le  courant maximal  (Imax) .  

3)  Démarreur de moteur – Le courant d’essai doit être le courant maximal (Imax) .  

c)  Détection – Une thermistance  sensible doit être soumise aux cycles entre 25 °C ±  5 K et 
la  température maximale de  fonctionnement.  

Tableau  J . 1 0  – Nombre de  cycles  pour l ’essai  d ’endurance  

Type  de  thermistance  
Nombre  de  cycl es  de  

fonctionnement 

Radiateur autocontrôlé    1 00  000   

L im i tation  de  couran t d esti né  à  être  u ti l i sé  dans  un  ci rcu i t  de  sécuri té  
fonctionnel le    1 00  000  a  

L im i teur de  couran t non  desti né  à  être  u ti l i sé  dans  u n  ci rcu i t  de  sécuri té  
fonctionnel l e        6  000   

Démagnéti seur ou  démarreu r d e  moteur     30  000   

Capteu r non  desti né  à  être  u ti l i sé  dans  u n  ci rcu i t  de  sécuri té  fonctionnel l e       6  000   

Capteu r desti né  à  être  u ti l i sé  d ans  un  ci rcu i t  de  sécuri té  fonctionnel l e    1 00  000   

a  Le  nombre  m in imal  de  cycles  est  rédu i t  à  6  000  dans  l es  cond i ti ons  su ivan tes:  

 – l ’ état  d éclenché  de  l a  thermistance  est  apparen t dans  l ’ appl i cation  d ’ u ti l i sati on  fi nale;  et  

 – une  i n tervention  manuel l e  est  nécessai re  pour procéder au  réarmement  des  thermistances .  

 

J . 1 7. 1 8.3  Cond itionnement thermique  

J . 1 7. 1 8.3. 1  Viei l l i ssement passif 

À l’issue du conditionnement spécifié en J. 17. 18. 3. 1 . 1  et J. 17. 18. 3. 2. 1 ,  une thermistance  
doit être conforme aux Tableaux J. 6,  J. 7,  J. 8 ou J. 9,  selon le  cas.  

J . 1 7. 1 8.3. 1 . 1  Trois échantillons non mis sous tension d’une thermistance  doivent être  
conditionnés pendant 1  000 h  à  une température de 30 K supérieure à  la  température  
spécifiée dans le Tableau J. 11  dans une étuve à  air circulant.  Dans tous les cas,  la  
température ne doit pas être inférieure à  70 °C.  La température de l’étuve doit être maintenue 
à  ±5 K de la  température spécifiée pour l’essai.  La température de l’étuve doit être surveillée 
dans la  zone de l’étuve où les échantillons sont soumis à  essai.  

Tableau  J . 1 1  – Température  d ’essai  de  viei l l i ssement  

Type  de  thermistance  Température  

Tous  l es  types  sauf l es  
capteu rs  

Températu re  déterm inée  sel on  l ’ essai  de  températu re  de  surface ,  J . 1 5. 7. 7  (CTP)  et  
J . 1 5. 8. 4  (CTN )  

Détection  Caractéri sti ques  assignées  de  l a  température  l a  p l us  é l evée   
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J . 1 7. 1 8.3.2  Viei l l i ssement acti f 

J . 1 7. 1 8.3.2. 1  Outre l’essai décrit en J. 17. 18. 3. 1 . 1 ,  un limiteur de courant doit être soumis à  
cet essai.  Trois échantillons d’une thermistance de limitation de courant  CTP doivent être 
mis sous tension et conditionnés pendant 1  000 h  à  l’état déclenché à  la  tension maximale  
(Vmax)  et transportant le  courant en régime établi (Iss) .  

J . 1 7. 1 8.4 Établ issement de  cycle  fonctionnel  à  froid  (CTP)  

J . 1 7. 1 8.4. 1  À l’issue de l’essai spécifié en J. 17. 18. 4. 2,  une thermistance  doit être conforme 
au Tableau J. 6.  

J . 1 7. 1 8.4.2  Trois échantillons d’une thermistance  doivent être soumis à  1  000 cycles de 
fonctionnement à  une température ambiante de 0 °C ou à  la  température ambiante spécifiée 
par le  fabricant,  selon la  valeur la  plus basse.  Les conditions d’essai doivent être  telles que 
spécifiées en J. 17. 18. 2. 2. 1  a)  pour un radiateur autocontrôlé  ou en J. 17. 18.2. 2. 1  b)  pour 
une thermistance de dispositif de commande .  La  température de la  thermistance  doit être 
reportée à  la  température de démarrage avant chaque cycle.    

J . 1 7. 1 8.5 Embal lement  thermique  

Les thermistances  sont mises sous tension et placées dans les conditions assignées 
maximales jusqu'à stabilisation thermique.  La tension est alors augmentée progressivement 
jusqu'au claquage,  ou jusqu'à obtenir deux fois la  tension de service  de  la  thermistance ,  à  
partir de quoi l'essai peut être  arrêté.  

NOTE  L'augmentation  de  l a  tension  par pal i ers  d e  0 , 1  fo i s  l a  tension  de  servi ce  de  l a  thermistance ,  chaque   
2  m in ,  consti tue  une  val eu r convenable  de  montée.  

J . 1 7. 1 8.6    Établ issement de  cycle  thermique à  froid  

J . 1 7. 1 8.6. 1  À l’issue des cycles spécifiés en  J. 17. 18. 6. 1 . 1 ,  une thermistance  doit être 
conforme aux Tableaux J. 7 ou J. 9,  selon le cas applicable.  

J . 1 7. 1 8.6. 1 . 1  Trois échantillons d’une thermistance  sensible doivent être soumis à  1  000 
cycles thermiques de fonctionnement  à  froid.  Chaque cycle doit commencer à  0 °C ou à  la  
température ambiante spécifiée par le fabricant,  selon la  valeur la  plus basse,  et couvrir la  
portion de la  courbe R/T entre la  température de démarrage et la  température maximale 
assignée.  

J . 1 7. 1 8.7  Établ issement de  cycle  étendu  (CTN)  

J . 1 7. 1 8.7. 1  Surcharge  

J . 1 7. 1 8.7. 1 . 1  À l’issue des essais spécifiés en J. 17. 18. 7. 1 . 2 ou J. 17. 18. 7. 1 . 3 et 
J. 17. 18. 7. 2. 1 ,  une thermistance  doit être  conforme au Tableau J. 8.  

J . 1 7. 1 8.7. 1 . 2  Pour une thermistance  de limitation de courant d’appel,  trois échantillons 
doivent être installés et mis en  fonctionnement comme prévu pendant 50 cycles en connexion  
à  la  tension maximale  (Vmax)  et à  120 % du courant maximal (Imax) .  Chaque cycle doit 
commencer avec l’échantillon en équilibre thermique à  25 °C.  

J . 1 7. 1 8.7. 1 .3  Pour une thermistance  sensible,  trois échantillons doivent être installés et 
mis en fonctionnement comme prévu pendant 50 cycles de fonctionnement en commençant 
avec l’échantillon en équilibre thermique à  25 °C ± 5 K et en  augmentant la  température 
jusqu’à  120 % de la  température maximale de détection de la  thermistance.  
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J . 1 7. 1 8.7.2  Endurance   

J . 1 7. 1 8.7.2. 1  Les trois échantillons de thermistance  déjà soumis à  l’essai de surcharge de 
J. 17. 18. 7. 1 ,  doivent fonctionner dans les conditions spécifiées en a)  ou b)  pendant le nombre 
de cycles spécifiés dans le Tableau J. 12.  Chaque cycle doit couvrir une portion significative 
de la  courbe R/T.  

a)  Limitation de courant d’appel – Une thermistance  de limitation de courant d’appel doit 
être soumise à  essai à  la  tension maximale  (Vmax)  et au courant maximal (Imax)  avec la  
valeur de capacité  assignée parallèle à  la  charge.  Voir la  Figure J. 1 .  

b)  Détection – Une thermistance  sensible doit être soumise aux cycles entre 25 °C ± 5 K et 
la  température maximale de  fonctionnement.  

Tableau  J . 1 2  – Nombre  de  cycles  pour l ’essai  d ’endurance  

Type de  thermistance  Nombre  de  cycl es  de  fonctionnement  

Lim i teur de  courant d ’appel  d esti né  à  être  u ti l i sé  d ans  un  ci rcu i t  de  
sécuri té  fonctionnel le   1 00  000   

L im i teur de  courant d ’appel  n on  desti né  à  être  u ti l i sé  d ans  u n  
ci rcu i t  de  sécuri té  fonctionnel l e       6  000   

Capteu r desti né  à  être  u ti l i sé  dans  un  ci rcu i t  de  sécuri té  
fonctionnel le    1 00  000   

Capteu r non  desti né  à  être  u ti l i sé  dans  u n  ci rcu i t  de  sécuri té  
fonctionnel le        6  000   

   

 CTN 

IEC   2515/13 
 

Figure J . 1  – C ircu i t d ’essai  pour essai  d ’endurance de  thermistance   
de  l imitation  de  courant d ’appel  

J . 1 7. 1 8.8  Établ issement de  cycle  fonctionnel  à  froid  (pour thermistances  de  
l im itation  de  courant d ’appel  CTN  un iquement)  

J . 1 7. 1 8.8. 1  À l ’ i ssue  des  cycles  spéci fiés  en  J . 1 7. 1 8. 8. 2 ,  u ne  thermistance  do i t  être  
conforme au  Tableau  J . 8 .  

J . 1 7. 1 8.8.2  Trois échantillons d’une thermistance  doivent être soumis à 1  000 cycles de  
fonctionnement à  la  tension maximale  (Vmax)  conduisant le courant maximal (Imax) ,  à  une 
température ambiante de  0 °C ou à  la  température ambiante spécifiée par le fabricant,  selon  
la  valeur la  plus basse.  Chaque cycle doit couvrir la  portion de la  courbe R/T entre la  
température de démarrage et les conditions en régime établi.  La  température de la  
thermistance doit être stabilisée à  la  température de démarrage ±2 K avant chaque cycle.  
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J .20  Lignes  de  fu i te,  d istances  dans  l ’ai r et d istances  à  travers  l ’ isolation  

Paragraphes complémentaires:  

J .20. 1 . 1 4 D istance dans  l ’ ai r 

J . 20. 1 . 1 4. 1  La  d istance dans  l ’ ai r  en tre  les  parties  actives  connectées  é lectriquement à  
l ’a l imentation  réseau  et l es  surfaces  accessibles  ou  parties  access ib les  doi t satisfai re  aux 
exigences  de  20. 1 .  

J . 20. 1 . 1 4.2  La  d istance  dans  l ’ a i r en tre  l es  parties  actives  assuran t l ’ i solation  
fonctionnel le  d o i t  satisfa i re  aux exigences  de  20 . 1 .  

J .20.2.5 Ligne  de  fu i te  

J .20.2.5. 1  La  l igne de  fu i te  en tre  les  parties  actives  connectées  électri quement à  
l ’a l imentation  réseau  et l es  surfaces  accessibles  ou  parties  access ib les  doi t  satisfai re  aux 
exigences  de  20. 2 .  

J .20.2.5.2  La  l igne  de  fu i te  en tre  l es  parties  actives  assurant  l ’ i solation  fonctionnel le  
do i t  satisfa i re  aux exigences  de  20. 2 .  

J .24 Éléments  consti tuants  

J .24.2. 1  Addition:  

Le Paragraphe  J . 24 .2 . 1  est appl icable  aux thermistances  déj à  soum ises  aux essais  de  
l ’ I EC 60738-1 ,  de  l ’ I EC 60738-1 -1  ou  de  l ’ I EC  60539.  

H.27  Fonctionnement anormal  

J .27. 1  Les  modes  de  panne  do ivent être  pris  en  compte  selon  l e  Tableau  H . 24  pour l es  
thermistances  uti l i sées  dans  des  disposi ti fs  de  commande de  protection .  
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Annexe K  
(in formative)  

 
Tensions  nominales  des  systèmes d 'al imentation  pour  

d i fférents  modes  de  d ispositi fs  de  commande de  surtension  

Les  tens ions  nom inales  des  systèmes  d 'a l imentation  pour d i fféren ts  modes  de  d ispos i ti fs  de  
commande de  surtens ion  sont ind iquées  au  Tableau  K. 1  et  au  Tableau  K. 2 .  

Tableau  K.1  – Si tuation  naturel le  ou  s i tuation  contrôlée  équ ivalente  

 Tensions  nominal es  actuel l ement u ti l i sées  dans  l e  monde  Tension  assignée  de  choc pour 
l es  matériels  a   

Tension  
phase-neu tre  

selon  l es  
tensions  

nominales  c.a.  
ou  c.c.  a  

Système 
triphasé  à  

quatre  fi l s  avec 
neutre  à  l a  

terre  

Système 
triphasé  à  
trois  fi l s  

non  mis  à  l a  
terre  

Système 
monophasé  à  
deux fi l s  c. a.  

ou  c.c.  

Système 
monophasé à  
trois  fi l s  c.a.  

ou  c.c.  

V  

 

 

Catégorie  de  surtension  

V  V V V V I  I I  I I I  IV 

50    1 2 , 5;  24;  25;  
30;  42 ;  48  

30  /  60  330  500  800  1  500  

1 00  66  /  1 1 5  66  60   500  800  1  500  2  500  

1 50  1 20  /  208  b  
1 27  /  220  

1 1 5;  1 20;  
1 27  

1 1 0;  1 20  1 1 0  /  220  
1 20  /  240  c  

800  1  500  2  500  4  000  

300  220  /  380  
230  /  400  
240  /  4 1 5  
260  /  440  
277  /  480  

220;  230;  
240;  260;  
277;  347;  
380;  400;  
41 5;  440;  
480  

220  220  /  440  1  500  2  500  4  000  6  000  

600  347  /  600  
380  /  660  
400  /  690  
41 7  /  720   
480  /  830  

500;  577;  
600  

480  480  /  960  2  500  4  000  6  000  8  000  

1  000   660;  690;  
720;  830;   
1  000  

1  000   4  000  6  000  8  000  1 2  000  

a  Ces  colonnes  proviennent  d u  Tableau  F . 1  de  l 'Annexe  F  d e  l ’ I EC 60664-1 : 2007  dans  l equel  l es  valeurs  de  l a  
tension  assignée  de  choc  son t  spéci fi ées.  Voi r 4 . 2 . 3  de  l ’ I EC 60664-1 : 2007,  pour l es  défi n i ti ons  de  l a  s i tuati on  
natu rel l e  ou  de  l a  s i tuati on  con trôlée.   

b  Prati qué  aux États-Un is  et  au  Canada.  

c Pour 1 20/240  V au  J apon ,  l es  séries  préférenti el l es  de  tensions  de  choc assignées  d e  1  500  V,  2  500  V,  
4  000  V et  6  000  V sont  u ti l i sées  avec l es  catégories  de  surtensions  I ,  I I ,  I I I  et  I V correspondantes.  
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Tableau  K.2  – Cas  où  un  d ispositi f de  commande de  protection  est nécessaire  et la  
commande est fourn ie  par des  parafoudres  ayant un  rapport  tension  de  calage-tension  

assignée  non  inférieur à  celu i  spécifié  par l ’ IEC  60099-1  

 Tensions  nominal es  actuel lement u ti l i sées  dans  l e  monde  Tension  assignée  de  choc pour 
l es  matériels  a   

Tension  
phase-neu tre  

selon  l es  
tensions  

nominales  c.a.  
ou  c.c.  a  

Système 
triphasé  à  

quatre  fi l s  avec 
neutre  à  l a  

terre  

Système 
triphasé  à  
trois  fi l s  

non  mis  à  l a  
terre  

Système 
monophasé  
à  deux fi l s  
c. a.  ou  c.c.  

Système 
monophasé  à  
trois  fi l s  c. a.  

ou  c.c.  

V  

Catégori e  de  surtension  

V  V V V V I  I I  I I I  IV  

50    1 2 , 5;  24;  25;  
30;  42 ;  48  

30/60  330  500  800  1  500  

1 00  66  /  1 1 5  66  60   500  800  1  500  2  500  

1 50  1 20  /  208  b  
1 27  /  220  

1 1 5;  1 20;  
1 27  

1 1 0;  1 20  1 1 0/220  
1 20/240  

800  1  500  2  500  4  000  

300  220  /  380   
230  /  400   
240  /  4 1 5   
260  /  440  
277  /  480  

220;  230;  
240;  260;  
277  

220  220/440  1  500  2  500  4  000  6  000  

600  347  /  600   
380  /  660   
400  /  690  
41 7  /  720   
480  /  830  

347;  380;  
400;  41 5;  
440;  480;  
500;  577;  
600  

480  480/960  2  500  4  000  6  000  8  000  

1  000   660;  690;  
720;  830;  
1  000  

1  000   4  000  6  000  8  000  1 2  000  

 a  Ces  colonnes  proviennent  du  Tableau  F . 1  d e  l 'Annexe  F  de  l ’ I EC 60664-1 : 2007  dans  l eque l  l es  valeurs  de  l a  
tension  assignée  de  choc  son t  spéci fi ées.  Voi r 4 . 2 . 3  de  l ’ I EC 60664-1 : 2007,  pou r l es  défi n i ti ons  de  l a  
s i tuation  natu rel l e  ou  de  l a  s i tuation  contrô lée.   

b
 Prati q ué  aux É tats-Un is  et  au  Canada.  
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Annexe L   
(normative)  

 
Catégories  de  surtension  

La  catégorie  de  surtension  est  un  ch i ffre  caractérisant une  cond i ti on  de  surtension  
transitoi re .  

Les  i n formations  su ivan tes  sur l es  catégories  de  surtension  reposent sur l ’ I EC 60664-1 .  Les  
parties  2  peuvent spéci fi er une  catégorie  de  surtension  d i fférente  pour des  appl ications  
particu l i ères.  

Le  matériel  de  l a  catégorie  de  surtension  I V est prévu  pour une  u ti l i sation  à  l 'orig i ne  de  
l ' i nsta l l ation .  

NOTE  1  Des  exemples  de  te l s  matérie l s  son t  l es  compteurs  é l ectri ques  et  l es  matériel s  primai res  de  protection  
contre  l es  suri n tens i tés.  

Le matérie l  de  l a  catégorie  de  surtension  I I I  est  un  matérie l  pour i nstal l ations  fixes  et pour 
l es  cas  où  l a  fiabi l i té  et l a  d ispon ibi l i té  du  matérie l  son t soum ises  à  des  exigences  
particu l ières.  

NOTE  2  Cette  catégori e  s 'appl i que  normalement aux disposi ti fs  de  commande  prévus  pour l ' i n terconnexion  au  
câblage  fi xe  ou  pou r i ncorporation  dans  l e  matéri el  prévu  pou r une  connexion  permanente  au  câblage  fi xe ,  à  
moins  que  l e  disposi ti f de  commande  ou  l ’ appl i cation  du  matéri el  fou rn i sse  des  moyens  de  suppression  de  l a  
tension  trans i to i re,  auquel  cas  une  catégorie  i n férieure  s ’ app l i que.  

Le  matérie l  de  l a  catégorie  de  surtension  I I  est un  matériel  consommateur d 'énerg ie  à  
a l imenter depu is  l ' i nsta l lation  fixe.  

NOTE  3  Cette  catégori e  s 'appl i q ue  normalement  aux disposi ti fs  de  commande  n e  comportan t  pas  de  bornes  
pou r câblage  fixe  ou  connectés  en  aval  d ' un  socl e  d e  pri se  de  cou ran t ou  pou r i ncorporation  dans  u n  matéri el  
connecté  en  aval  d ' un  socle  de  pri se  de  cou ran t.  Les  di sposi ti fs  de  commande  prévus  pou r l a  connexi on  
permanente  au  câblage  fixe  peuvent aussi  en trer dans  cette  catégorie,  où  l es  méthodes  de  suppress ion  de  l a  
tension  trans i toi re,  te l l es  que  des  moyens  l im i teurs  de  tens i on  en  bout  de  l i gne  ou  l es  distances  dans  l 'ai r  en tre  
parti es  acti ves,  son t  i ncorporées  dans  l es  d isposi ti fs  de  commande  ou  l e  matéri e l .  S i  l es  con tacts  des  
disposi ti fs  de  commande  son t  conçus  pour permettre  l e  contournement  d e  l a  tension  transi toi re  et  son t  aptes  à  
rés i ster au  courant  coupé  l im i té,  i l s  peuvent  fourn i r u ne  suppression  adéquate.  Ce  son t,  par exemple,  des  
disposi ti fs  de  commande  pou r apparei l s  d omesti ques  sati sfai sant  aux descriptions  ci -dessus.  

Si  un  te l  matériel  est soum is  à  des  exigences  particu l i ères  au  regard  de  l a  fi abi l i té  et  de  la  
d ispon ibi l i té,  la  catégorie  de  surtension  I I I  s 'appl ique.  

Le  matérie l  de  l a  catégorie  de  surtension  I  est un  matérie l  pour connexion  aux ci rcu i ts  dans  
l esquels  son t prises  des  mesures  pour l im i ter l es  surtensions  transi toi res  à  un  n i veau  faib le  
approprié.  

NOTE  4  Cette  catégorie  s 'appl i q ue  normalement  aux disposi ti fs  de  commande  connectés  après  des  matériel s  
de  catégorie  I I  et  qu i ,  par exemple,  comprennent  des  systèmes  él ectron i ques  l og iques,  d es  ci rcu i ts  secondai res  
l im i tés  i solés ,  d es  ci rcu i ts  TBTS  ou  des  ci rcu i ts  TBTP,  et  des  ci rcu i ts  su r l a  parti e  seconda i re  des  
transformateurs.  
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Annexe M   
(in formative)  

 
U ti l isations  types  

Tableau  M .1  – U ti l i sations  types  

Si tuation  du  d isposi ti f de  commande  Catégori e  de  surtension  

 I  I I  I I I  IV  

Spécia l  
Circu i t secondaire  l im i té  i sol é  
Al imentation  l im i tée  en  trans i to i res  

 
X 
X 

 
 
X 

 
 
X  

 
 
X  

Matéri el  d ' u ti l i sation  consommateu r d 'énerg i e  

 Disposi ti fs  de  commande incorporés  e t  i n tégrés  
dans  des  matériel s  domesti ques  

 Disposi ti fs  de  commande à  montage  
indépendan t  câbl és  à  poste  fi xe  su r des  charges  
consommatrices  d 'énerg ie  

  

X 
 

 
X 

 

 
 

 
X  

 

Au tres  u ti l i sati ons  domesti ques  et  anal ogues:  

 Disposi ti fs  de  commande  non  i n tégrés,  non  
i ncorporés  ou  non  câblés  à  poste  fi xe  su r des  
charges  consommatrices  d 'énerg i e  

 Disposi ti fs  de  commande  u ti l i sés  à  l 'ori g i ne  de  
l ' i nstal l ati on  (c'est-à-d i re  compteurs  d 'énerg ie  et  
matérie l  de  protection  primai re  contre  l es  
su rtensi ons,  matéri el  s i tué  avan t l e  tabl eau  
d 'abonné)  

 Disposi ti fs  de  commande  couverts  par l es  
cons idérations  spécial es  d 'u ne  parti e  2  

 

 
 

 
 
 

X  

 

 
 

 
 
 

X  

 

X  
 

 
 
 

X  

 

 
 

 
X  
 

X 
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Annexe N   
(normative)  

 
Degrés  de  pol lution  

N.1  Pol lution  

Le  microenvi ronnement  d éterm ine  l es  effets  de  la  pol lu tion  sur l ' i solation .  Le  macro-
environnement,  cependan t,  est  à  prendre  en  compte  quand  on  cons idère  l e  
microenvironnement .  

Des  moyens  peuven t être  fourn is  pour rédu i re  l a  pol lution  sur l ' i so lation  cons idérée  par 
l ' usage  efficace  de  revêtements ,  d 'enveloppes,  d 'encapsu lation  ou  de  scel l ement hermétique.  
De  tels  moyens  pour rédu i re  l a  pol lution  peuvent ne  pas  être  efficaces  s i  l e  matérie l  est  
soum is  à  de  l a  condensation  ou  s i ,  en  fonctionnement  normal ,  i l  génère  l u i -même des  
pol l uan ts.  

De  peti tes  distances  dans  l 'ai r  peuvent être  pon tées  complètement par des  particu les  
sol i des,  de  l a  pouss ière  et de  l 'eau  et,  en  conséquence,  des  distances  dans  l 'ai r  m in imales  
son t spéci fi ées  s i  de  la  pol lu tion  peu t être  présen te  dans  l e  microenvironnement .  

NOTE  1  La  pol lu tion  d evient  conductri ce  en  présence  d 'hum id i té.  La  pol lu tion  causée  par de  l 'eau  contam inée,  
de  l a  su i e,  des  pouss ières  métal l i q ues  ou  de  charbon  est  nature l l ement conductri ce.  

NOTE  2  La  pol lu tion  conductri ce  par gaz i on i sés  et  d épôts  métal l i ques  se  produ i t  un i quement dans  des  
emplacements  spéci fi ques,  par exemple  dans  l es  chambres  à  arc des  d i s joncteurs,  et  n 'est  pas  couverte  par l a  
présente  norme.  

N.2  Degrés  de  pol lution  dans  le  microenvironnement 

Dans  l e  bu t d 'évaluer l es  l i gnes  de  fu i te  et  d istances  dans  l 'ai r,  l es  quatre  degrés  de  
pol lution  su ivan ts  on t été  établ is  pour l e  microenvironnement:  

– Degré de  pol lu tion  1  

Pas  de  pol lution  ou  seu le  une  pol l u tion  sèche  non  conductrice  se  produ i t.  La  pol lu tion  
n 'a  pas  d ' in fluence.  

NOTE  1  Des  considérati ons  spécial es  (par exemple  revêtement  évalué  sel on  l 'Annexe  P  ou  Q,  enveloppe  scel l ée)  
sont  nécessai res  pour établ i r l e  degré  de  pol lu tion  1 .  

– Degré de  pol lu tion  2  

 Seu le  une  pol lu tion  n on  conductrice  se  produ i t,  excepté  qu 'occasionnel lement,  une  
conductivi té  temporai re  causée par de  l a  condensation  peut  être  attendue.  

NOTE  2  Le  degré  de  pol lu ti on  2  est  représentati f d e  l a  ci rcu lation  normale  de  l ' a i r en  usage  domesti que.  

NOTE  3  La  pol lu tion  par l e  fonctionnement des  contacts  est  cl assée  comme degré  de  pol lu tion  2  sau f s i  l a  
zone  est  affectée  par u ne  au tre  pol lu tion ,  auquel  cas  l e  degré  de  pol lu tion  correspondant à  l ' au tre  pol lu tion  
s 'appl i que.  

– Degré de  pol lu tion  3  

 La  pol lution  conductrice  ou  de  l a  pol lution  sèche  non  conductrice  se  produ i t et devien t 
conductrice  à  cause  de  l a  condensation  à  l aquel l e  on  peu t s 'attendre.  

– Degré  de  pol lu tion  4  

 La  pol lution  génère  une  conductivi té  pers istante  causée par de  l a  pouss ière  conductrice,  
par de  la  p l u ie  ou  de  la  neige.  
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Annexe P   
(normative)  

 
Essai  de  performance des  revêtements  de  cartes  de  circu its  imprimés  

P.1  U n  revêtement prévu  pour être  u ti l i sé  su r une  carte  de  ci rcu i t  imprimé  qu i  a  des  l ignes  
de  fu i te  en  accord  avec l 'Article  20 ,  degré de  pol lution  1 ,  d oi t  satisfai re  aux exigences  de  la  
l 'Annexe P.   

P.2  U n  assemblage  de  cartes  de  ci rcu i ts  imprimés  u ti l i sé  avec un  revêtement,  y compris  l es  
encres,  l es  parties  soudées  et l es  composants  assemblés,  est acceptable  pour son  u ti l i sation  
en  termes  de  température,  cond i tions  de  soudure,  ta i l l e  de  conducteurs  et  d 'adhérence  au  
matériau  de  base  comme déterm iné  par l es  exigences  de  l a  série  I EC  61 249.  

P.3  Rig i d i té  d ié lectri que  du  revêtement – Un  revêtement doi t rés ister à  l 'essai  de  ri g i d i té  
d ié lectri que  de  1 3 . 2  pour l ' i solation  fonctionnel le  à  l a  tens ion  d 'essai  déterm inée  au  
Tableau  1 2,  basé  sur l a  tension  de  service  maximale  fourn ie  à  l 'assemblage  de  cartes,  
après  cond i ti onnement se lon  P. 3. 3  et  P. 3. 4 .  

P.3.1  D ix échanti l l ons  doivent être  préparés  avec les  l ignes  de  fu i te  m in imales  appl icables  
et l 'épaisseur m in imale  de  revêtement en  u ti l i san t l e  schéma de  l a  F igure  P. 1 .  Les  
échanti l lons  son t à  préparer par des  moyens  de  production  normaux en  u ti l i san t l e  nettoyant 
ou  l 'apprêt  employé  avant  d 'appl iquer le  revêtement sur l a  carte.  Le  câblage  convenant aux 
tens ions  et aux températures  concernées  y est  rel i é.  

P.3.2  Essai  de  viei l l i ssement – Cinq  échanti l l ons  des  cartes  revêtues  comme en  P. 3. 1  
doivent être  soum is  à  une  température  de  1 30  °C  ±  2  K pendant 1  000  h .  

P.3.3  Cond i ti onnement hum ide  – Les  ci nq  échanti l lons  de  cartes  revêtues  soum is  à  l 'essai  
de  vie i l l i ssement de  P. 3. 2  sont cond i tionnés  pendan t 48  h  dans  une  étuve  à  une  température  
de  (35  ±  1 )  °C  et une  hum id i té  re lati ve  de  (90  ±  5)  %.  Imméd iatement après  l e  retra i t  de  
l 'étuve,  chaque échanti l l on  est soum is  à  l 'essai  de  rig i d i té  d ié lectri que  décri t  en  P.3 . 5  et  
P. 3 . 6 .  

P.3.4  Cycle  de  cond i ti onnement d 'environnement – C inq  des  échanti l lons  de  cartes  revêtues  
décri ts  en  P.3 . 1  son t soum is  à  tro is  cycles  complets  de  cond i tionnement d 'envi ronnement 
décri t  au  Tableau  P. 1 .  Imméd iatement après  ce  cond i tionnement,  chaque échanti l l on  est à  
soumettre  à  l 'essai  de  rig i d i té  d ié lectrique  décri t  en  P.3. 5  et  P . 3. 6.  

P.3.5  Après  cond i ti onnement,  l es  échanti l l ons  de  cartes  revêtus  comme en  P.3. 1  sont à  
envelopper de  façon  serrée  par une  feu i l le  de  papier a lum in ium  (représen tant un  dépôt  
é lectriquement conducteur sur l a  surface  du  revêtement)  qu i  couvre  le  schéma d 'essai  sauf 
pour l e  fi l  i solé  d 'essai  et  l es  poin ts  de  soudure.  

P.3.6  La  con train te  de  tens ion  est à  appl i quer selon  l 'Article  P. 3  à  chacun  des  échanti l l ons  
cond i ti onnés  en tre  l es  fi l s  A,  B  et  C  i nd ividuel l emen t et  l e  fi l  commun  (voi r F i gure  P. 1 ).  I l  ne  
doi t se  produ ire  n i  con tournement n i  avarie.  Des  décharges  l um inescen tes  sans  chu te  de  
tens ion  sont nég l igées.  

Tableau  P. 1  – Conditions  d ’établ issement de  cycles  d 'environnement 

Pour une  u ti l i sation  i n térieure  Pour une  u ti l i sation  extérieure  

24  h  à  Tmax;  su i vi es  d ’au  moins  96  h  à  (35  ±  2 )  °C  et  
une  hum id i té  re lati ve  de  (90  ±  5 )  % ;  su ivi es  de  8  h  à   
(0  ±  2 )  °C  

Un  m in imum  de  24  h  immergé  à  (25  ±  2 )  °C;  
imméd iatement su ivies  d 'au  moins  96  h  à  (35  ±  2 )  °C  et  
une  hum id i té  re lati ve  de  (90  ±  5)  % ;  su ivi es  de  8  h  à   
(–35  ±  2 )  °C   
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Fils d’essai  isolés à température 
élevée (c’est-à-dire PTFE,  
Si l icone,  etc. ) soudés selon  le 
schéma d’essai  au  dos de la carte 

1 65 mm  
(6,5 in)  

75 mm  
(3 in)  

B  A 

IEC   2516/13 

 

 

NOTE  La  pl us  peti te  d i stance  en tre  p i stes  (poi n t  à  poin t,  poin t  à  l i gne  et  l i gne  à  l i gne)  représente  l a  d i stance  
m in imale  perm ise  su r l es  montages  en  producti on .  

Figure P.1  – Échanti l lon  d 'essai  
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Annexe Q  
(normative)  

 
Essai  de  performance des  revêtements  de  cartes  de  circu its  imprimés  

Q.1  U ne  carte  de  ci rcu i t imprimé  conforme à  toutes  l es  exigences  du  revêtement de  type  1  
te l l es  qu 'el les  son t spéci fi ées  dans  l ’ I EC  60664-3  doi t satisfa i re  aux exigences  m in imales  des  
l ignes  de  fu i te  d e  l 'Article  20,  degré  de  pol lu tion  1  de  l a  présente  norme.  

Q.2  U ne  carte  de  ci rcu i t imprimé conforme à  tou tes  l es  exigences  du  revêtement de  type  2  
te l l es  qu 'e l l es  sont spéci fiées  dans  l ’ I EC 60664-3  doi t satisfa i re  aux exigences  m in imales  pour 
l ' i solation  sol i de  de  20. 3  de  l a  présente  norme.  L ’espacement en tre  l es  conducteurs  p lacés  
avan t l a  protection  ne  doi t  pas  être  in férieur aux va leurs  ind iquées  au  Tableau  1  de  
l ’ I EC 60664-3:2003.  

Q.3  De  véri tables  cartes  de  ci rcu i ts  imprimés  représentatives  d 'échanti l l ons  de  production  
ou  de  cartes  d ’essai  s tandards  selon  l es  F igu res  Q. 1  et Q. 2  peuvent être  u ti l i sées  pour ces  
essais .  Treize  échan ti l l ons  sont nécessaires  pour les  essais  de  type  1 ,  d ix-sept échan ti l l ons  
pour l es  essais  de  type  2 .  

Q.4  La conformité avec les exigences des revêtements de  type 1  ou de  type 2 doit être 
vérifiée par les essais de  l'Article  5 de l’IEC 60664-3:2003,  Amendement 1 :2010.  

Q.5  Pour l es  essais  de  l 'Article  5  de  l ’ I EC 60664-3: 2003,  Amendement 1 : 201 0,  l es  n iveaux 
ou  cond i ti ons  d 'essai  donnés  au  Tableau  Q. 1  s 'appl iquen t:  

Tableau  Q. 1  – N iveaux ou  cond itions  d ’essai  de  l ’ IEC  60664-3  

Paragraphes  de  l ’ IEC  60664-3: 2003  Niveaux d 'essais  de  l a  présente  norme  

5 . 7 . 1  Stockage  froi d  –25  °C  

5. 7 . 3  Variati on  rapi de  de  l a  température  Degré  de  sévéri té  2  (–25  °C  à  +1 25  °C)  

5 . 7 . 4 . 2  É lectro-m igration  N 'est  pas  appl i cable,  sauf s i  spéci fi é  dans  une  parti e  2  

5 . 8 . 5  Décharge  parti e l l e  N 'est  pas  appl i cable,  sau f s i  spéci fi é  dans  une  parti e  2  
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Dimensions en millimètres  
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Figure Q.1  – Échanti l lon  d 'essai  
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Dimensions en millimètres  

 
2, 54   2 

Ecartement assigné 

0,5 

2,54 

2,54 

2,54 

0,3 

0,2 

0,1 5 

2,54 

2,54 

2,54   2 
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Figure Q.2  – Exemples  de  configurations  de  cordon   
(voi r au ssi  F i g u re  Q. 1 )  
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Annexe R  
(in form ati ve)  

 
Notes  expl icatives  pour l 'essai  d ' immunité  au  choc électrique  

R.1  Di fférentes  impédances  de  source  

La  sél ecti on  d e  l ' i m péd an ce d e  sou rce  d u  g én érateu r d épen d :  

– d u  g en re  d e  câbl e/con d u cteu r/l i g n e  (a l i m en tati on  a l tern ati ve,  a l i m en tati on  con ti n u e,  
i n tercon n exi on ,  etc. ) ;  

– d e  l a  l on g u eu r d u  câbl e/d e  l a  l i g n e;  

– d es  con d i ti on s  i n téri eu res/extéri eu res;  

– d e  l 'appl i cati on  d e  l a  ten si on  d 'essai  (en tre  ph ases  ou  en tre  ph ase  et terre) .  

L' i m péd an ce d e  2  Ω  représen te  l ' i m péd an ce d e  sou rce  d u  réseau  d 'a l i m en tati on  basse  
ten s i on .  

On  u ti l i se  u n  g én érateu r avec u n e  i m péd an ce  d e  sorti e  effecti ve  d e  2  Ω .  

L' i m péd an ce d e  1 2  Ω  ( 1 0  Ω  +  2  Ω)  représen te  l ' i m péd an ce  d e  sou rce  d u  réseau  
d 'a l i m en tati on  basse  ten s i on  et d e  l a  terre.  

On  u ti l i se  u n  g én érateu r avec u n e  rés i stan ce  ad d i ti on n el l e  en  séri e  d e  1 0  Ω .  

L' i m péd an ce d e  42  Ω  (4 0  Ω  +  2  Ω)  représen te  l ' i m péd an ce  d e  sou rce  en tre  l es  au tres  l i g n es  
d u  réseau  et  l a  terre.  

On  u ti l i se  u n  g én érateu r avec u n e  rés i stan ce  ad d i ti on n el l e  en  séri e  d e  40  Ω .  

R.2  Appl ication  des  essais  

I l  fau t d i sti n g u er d eu x types  d i fféren ts  d 'essai s :  au  n i veau  d u  m atéri e l  et  au  n i veau  d u  
système .  

R.2. 1  Immunité  au  n iveau  du  matériel  

L'essai  d oi t être  effectu é  au  l aboratoi re  su r u n  seu l  éq u i pem en t en  essai  (E U T – eq u i pm en t 
u n d er test) .  I l  est fa i t  référen ce à  l ' i m m u n i té  d e  l 'E U T ai n s i  sou m i s  à  essai  com m e à  
l ' i m m u n i té  au  n i veau  d u  m atéri e l .  

La  ten s i on  d 'essai  n e  d oi t pas  d épasser l a  capaci té  spéci fi ée  d e  l ' i sol ati on  à  su pporter l es  
con trai n tes  d e  l a  h au te  ten s i on .  

R.2.2  Immunité  au  n iveau  du  système 

I l  est fa i t  référen ce à  l 'EU T pou r l ' essai  effectu é  au  l aboratoi re.  L ' i m m u n i té  au  n i veau  d u  
m atéri e l  n ' assu re  pas  l ' i m m u n i té  d ' u n  système  d an s  tou s  l es  cas.  Pou r cette  ra i son ,  u n  essai  
au  n i veau  d u  système  est con sei l l é  pou r s i m u l er l ' i n stal l ati on  réel l e .  L ' i n stal l ati on  s i m u l ée  
com pren d  l es  d i spos i ti fs  d e  protecti on  (parafou d res,  vari stan ces,  l i g n es  b l i n d ées,  etc. )  et l a  
l on g u eu r et l e  type  réel s  d es  l i g n es  d ' i n tercon n exi on .   

Cet essai  vi se  l a  s i m u l ati on  l a  p l u s  proch e  possi b l e  d es  con d i ti on s  d ' i n stal l ati on  d an s  
l esq u el l es  i l  est prévu  q u e  l e  ou  l es  EU T fon cti on n en t u l téri eu rem en t.  
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Dan s  l e  cas  d e  l ' i m m u n i té  d an s  d es  con d i ti on s  réel l es  d ' i n stal l ati on ,  d e  p l u s  h au ts  n i veau x 
d 'essai  peu ven t être  appl i q u és,  m ai s  l 'én erg i e  con cern ée  sera  l i m i tée  par l es  d i spos i ti fs  d e  
protecti on  sel on  l eu rs  caractéri sti q u es  d e  l i m i tati on  d u  cou ran t.  

L'essai  est au ss i  prévu  pou r m on trer q u e  l es  effets  secon d ai res  prod u i ts  par l es  d i spos i ti fs  d e  
protecti on  (m od i fi cati on s  d e  l a  form e d 'on d e,  d u  m od e,  d e  l 'am pl i tu d e  d es  ten si on s  ou  d es  
cou ran ts)  n e  ca u sen t pas  d 'effets  i n acceptabl es  su r l ' EU T.  

R.3  Classi fication  d ' instal lation  

R.3. 1  Général i tés  

Les  cl ass i fi cati on s  d ’ i n sta l l ati on  son t l es  su i van tes:  

Cl asse  2 :  Environnement  é l ectri q u e  où  l es  câbl es  son t b i en  séparés,  m êm e su r d e  fa i b l es  
l on g u eu rs   

 L ' i n stal l ati on  est m i se  à  l a  terre,  vi a  u n e  l i g n e  d e  terre  séparée,  au  s ystèm e d e  
m i se  à  l a  terre  d e  l ' a l i m en tati on ,  q u i  peu t être  essen ti e l l em en t sou m i s  à  d es  
i n terféren ces  d e  ten si on  g én érées  par l ' i n sta l l ati on  e l l e-m êm e ou  par l a  fou d re.  
L'al i m en tati on  d es  m atéri e l s  é l ectron i q u es  est  séparée  d e  cel l e  d es  au tres  
ci rcu i ts,  pri n ci pal em en t par u n  tran sform ateu r spéci al  pou r l ' a l i m en tati on .  I l  peu t y 
avoi r d an s  l ' i n sta l l ati on  d es  ci rcu i ts  n on  protég és  s ' i l s  son t b i en  séparés  et en  
n om bre  réd u i t.  

  Cette  cl asse  s 'appl i q u e  au  m atéri e l  d e  catég ori e  d e  su rten s i on  I .  La  catég ori e  d e  
su rten si on  I  s 'appl i q u e  au x disposi ti fs  de  commande  raccord és  après  d es  
m atéri e l s  d e  catég ori e  d e  su rten s i on  I I  et  q u i ,  par exem pl e,  com pren n en t d es  
systèm es  é l ectron i q u es  l og i q u es  TBT ,  d es  ci rcu i ts  secondai res  l im ités  isolés ,  
d es  ci rcu i ts  TBTS ,  d es  ci rcu i ts  TBTP ,  et d es  ci rcu i ts  su r l a  parti e  secon d ai re  d es  
tran sform ateu rs.  

  La  su rten s i on  n e  peu t d épasser 1  kV.  

Cl asse  3:  Environnement  é l ectri q u e  où  l es  câbl es  d ' a l i m en tati on  et d e  s i g n au x cou ren t en  
para l l èl e  

 L ' i n stal l ati on  est m i se  à  l a  terre  au  s ystèm e com m u n  d e  m i se  à  l a  terre  d e  
l 'a l i m en tati on  q u i  peu t être  pri n ci pa l em en t sou m i s  à  d es  i n terféren ces  d e  ten s i on  
g én érées  par l ' i n sta l l ati on  e l l e-m êm e ou  par l a  fou d re.  

  Le  cou ran t d û  à  d es  pannes  à  l a  terre,  d es  opérati on s  d e  com m u tati on  et  à  d es  
cou ps  d e  fou d re  su r l ' i n sta l l ati on  d e  pu i ssan ce  peu t g én érer d es  i n terféren ces  d e  
ten s i on  avec d es  am pl i tu d es  re l ati vem en t g ran d es  d an s  l e  s ystèm e d e  m i se  à  l a  
terre.  Le  m atéri e l  é l ectron i q u e  protég é  et l es  m atéri e l s  é l ectri q u es  m oi n s  
sen s i b l es  son t re l i és  au  m êm e réseau  d ' a l i m en tati on .  Les  câbl es  d ' i n tercon n exi on  
peu ven t passer en  parti e  com m e câbl es  extéri eu rs  m ai s  à  proxi m i té  d u  réseau  d e  
m i se  à  l a  terre.  I l  reste  d an s  l ' i n sta l l ati on  d es  ch arg es  i n d u cti ves  n on  su ppri m ées  
et  i l  n ' y a  h abi tu el l em en t pas  d e  séparati on  d es  d i fféren tes  n appes  d e  câbl es.  

 Cette  cl asse  s 'appl i q u e  au  m atéri e l  d e  catég ori e  d e  su rten si on  I I I  ou  au  m atéri e l  
d e  catég ori e  d e  su rten s i on  I I .  

 La  catég ori e  d e  su rten s i on  I I I  s 'appl i q u e  n orm al em en t au x disposi ti fs  de  
commande  prévu s  pou r l a  con n exi on  au  câblage fixe  ou  pou r l ' i n corporati on  
d an s  l e  m atéri el  prévu  pou r u n e  con n exi on  perm an en te  au  câblage fixe ,  à  m oi n s  
q u e  l e  dispositi f de  commande  ou  l e  m atéri e l  d 'u ti l i sati on  fou rn i sse  d es  m oyen s  
d e  su ppress i on  d e  l a  ten si on  tran si to i re,  au q u el  cas  u n e  catég ori e  i n féri eu re  
s 'appl i q u era.  

 La  catég ori e  d e  su rten si on  I I  s 'appl i q u e  n orm al em en t au x disposi ti fs  de  
commande  con n ectés  en  aval  d ' u n  socl e  d e  pri se  d e  cou ran t ou  pou r 
l ' i n corporati on  d an s  u n  m atéri e l  con n ecté  en  aval  d ' u n  socl e  d e  pri se  d e  cou ran t.  
Les  dispositi fs  de  commande  prévu s  pou r l a  con n exi on  perm an en te  au  câblage  
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fixe  peu ven t au ss i  en trer d an s  cette  catég ori e,  où  l es  m éth od es  d e  su ppress i on  
d e  l a  ten si on  tran s i toi re,  te l l es  q u e  d es  m oyen s  l i m i teu rs  d e  ten s i on  en  bou t d e  
l i g n e  ou  l es  distances  dans  l 'ai r  en tre  parti es  acti ves,  son t i n corporées  d an s  l es  
dispositi fs  de  commande  ou  l e  m atéri el .  S i  l es  con tacts  d es  dispositi fs  de  
commande  son t con çu s  pou r perm ettre  l e  con tou rn em en t d e  l a  ten s i on  tran s i toi re  
et son t aptes  à  rés i ster au  cou ran t cou pé l i m i té,  i l s  peu ven t fou rn i r u n e  
su ppress i on  ad éq u ate.  Ce  son t,  par exem pl e,  d es  dispositi fs  de  commande  pou r 
apparei l s  d om esti q u es  sati sfai san t au x d escri pti on s  ci -d essu s.  

  La  su rten s i on  n e  peu t d épasser 2  kV.  

Cl asse  4:   Environnement  é l ectri q u e  où  l es  câbl es  d ' i n tercon n exi on  son t d i sposés  com m e 
d es  câbl es  extéri eu rs  avec l es  câbl es  d 'a l i m en tati on ,  e t où  l es  câbl es  son t u ti l i sés  
à  l a  fo i s  pou r l es  ci rcu i ts  é l ectron i q u es  et pou r l es  ci rcu i ts  é l ectri q u es.  

  L ' i n stal l ati on  est re l i ée  au  systèm e d e  m i se  à  l a  terre  d e  l 'a l i m en tati on  q u i  peu t  
être  sou m i s  à  d es  i n terféren ces  d e  ten s i on  g én érées  par l ' i n sta l l ati on  e l l e-m êm e 
ou  par l a  fou d re.  Les  cou ran ts ,  d an s  l a  g am m e d es  ki l oam pères,  d u s  à  d es  
pannes  à  l a  terre,  d es  opérati on s  d e  com m u tati on  et au x ch ocs  d e  fou d re  su r 
l ' i n sta l l ati on  d e  pu i ssan ce  peu ven t g én érer d es  i n terféren ces  d e  ten s i on  avec d es  
am pl i tu d es  re l ati vem en t g ran d es  d an s  l e  s ystèm e d e  m i se  à  l a  terre.  Le  m atéri e l  
é l ectron i q u e  et  l e  m atéri e l  é l ectri q u e  peu ven t être  re l i és  au  m êm e réseau  
d 'al i m en tati on .  Les  câbl es  d ' i n tercon n exi on  peu ven t passer com m e câbl es  
extéri eu rs ,  m êm e pou r l e  m atéri e l  h au te  ten si on .  

  U n  cas  parti cu l i er d e  cet  environnement  est cel u i  où  l e  m atéri e l  é l ectron i q u e  est  
re l i é  au  réseau  d e  té l écom m u n i cati on  d an s  u n e  zon e  d e  popu l ati on  d en se.  I l  n ' y a  
pas  réseau  d e  m i se  à  l a  terre  s ystém ati q u em en t con stru i t  à  l 'extéri eu r d u  m atéri e l  
é l ectron i q u e  et l e  s ystèm e d e  m i se  à  l a  terre  est seu l em en t com posé  d e  con d u i ts ,  
câbl es,  etc.   

  La  su rten si on  n e  peu t d épasser 4  kV.  

  Des  exem pl es  d ' i n stal l ati on  d u  m atéri e l  é l ectron i q u e  d an s  l es  d i fféren ts  cas  son t  
d on n és  au x F i g u res  R. 1 ,  R. 2  et  R. 3.  

R.3.2  Immunité  au  n iveau  du  matériel  des  ports  connectés  au  réseau  d 'al imentation  

Le  n i veau  m i n i m al  d ' i m m u n i té  pou r con n exi on  au  réseau  d 'a l i m en tati on  pu bl i c  est:  

Cou pl ag e  en tre  ph ases:     0 , 5  kV 

Cou pl ag e  en tre  ph ase  et  terre:   1  kV 

R.3.3  Immunité  au  n iveau  du  matériel  des  ports  connectés  à  des  l ignes  
d ' interconnexion  

Les  essai s  d e  ch ocs  él ectri q u es  su r l es  ci rcu i ts  d ' i n tercon n exi on  son t  u n i q u em en t req u i s  pou r 
l es  con n exi on s  extern es  (à  l 'extéri eu r d u  coffret/en vel oppe) .  S i  l ' essai  est poss i b l e  au  n i veau  
d u  système  (E U T avec d es  câbl es  d ' i n tercon n exi on  re l i és) ,  i l  n 'est  pas  n écessai re  d e  fa i re  
l 'essai  au  n i veau  d u  m atéri e l  (par exem pl e,  ports  d u  processu s  d e  com m an d e/en trées -sorti es  
d e  s i g n au x)  parti cu l i èrem en t d an s  l es  cas  où  l e  b l i n d ag e d u  câbl e  d ' i n tercon n exi on  fa i t  parti e  
d es  m esu res  d e  protecti on .  S i  l ' i n sta l l ati on  d e  l ' apparei l  est effectu ée  par q u el q u 'u n  d 'au tre  
q u e  l e  fabri can t d u  m atéri e l ,  i l  con vi en t q u e  l a  ten s i on  ad m i ss i bl e  pou r l es  en trées/sorti es  
(parti cu l i èrem en t pou r l es  i n terfaces  d u  processu s  d e  con trôl e)  d e  l ' E U T soi t  spéci fi ée.  

I l  con vi en t q u e  l e  fabri can t sou m ette  à  essai  son  m atéri e l  su r l a  base  d es  n i veau x d ' essai  
spéci fi és  pou r con fi rm er l ' i m m u n i té  au  n i veau  d u  m atéri e l ,  par exem pl e  avec l a  protecti on  
secon d ai re  d es  ports  d e  l ' EU T pou r u n  n i veau  d e  ten s i on  d 'essai  d e  0, 5  kV.  I l  con vi en t q u e  
l 'uti l i sateur  d e  l ’ i n sta l l ati on  ou  l es  respon sabl es  d e  son  i n stal l ati on  appl i q u en t l es  m esu res  
(par exem pl e,  b l i n d ag e,  éq u i poten ti a l i té,  m i se  à  l a  terre,  protecti on )  n écessai res  pou r assu rer 
q u e  l a  ten si on  d ' i n terface  cau sée,  par exem pl e,  par d es  cou ps  d e  fou d re  n e  d épasse  pas  l e  
n i veau  d ' i m m u n i té  ch oi s i .  
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EUT 1  
par exemple 

unité centrale 
de traitement 

EUT 2 
par exemple 

borne 
Câble bl indé 

Terre de référence commune 
IEC   2519/13 

 

Figure  R. 1  – Exemple  de  protection  contre  l es  chocs  électriques  par b l indage   
dans  l es  bâtiments  avec des  systèmes de  terre  de  référence  commune  
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Terre de référence 

Terre de référence 
IEC   2520/13  

 

Figure R.2  – Exemple  de  protection  secondaire  contre  l es  chocs  électriques  dans   
les  bâtiments  avec des  systèmes de  terre  de  référence commune  séparés  
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Figure  R.3  – Exemple  de  protection  primaire  et  secondaire  contre   
les  chocs  électriques  du  matériel  in térieur et  extérieur 
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Annexe S   
(in form ati ve)  

 
Gu ide pour l 'appl ication  de  l 'Article  20  

Le  g u i d e  pou r l ’ appl i cati on  d e  l ’ Arti cl e  20  est  i n d i q u é  d an s  l a  F i g u re  S . 1 ,  l e  Tabl eau  S. 1  et l e  Tabl eau  S . 2 .  

 

Non  

 
Essai  

d’ impulsion 
conduite ? 

20.1 .1 2  

Isolation 
accessible 

?  

Isolation 
accessible 

?  

Distance dans l ’air Ligne de fuite  Isolation solide  

Paragraphe 20.1  Paragraphe 20.2 Paragraphe 20.3 

I nformations requises 
Système d’al imentation ou  tension 

de service 
Catégorie de surtension (Annexe L) 

Tension de choc assignée (Tableau  21 ) 
Degré de pol lution (Annexe N)  

Informations requises 
Système d’al imentation ou  tension  

de service 
Degré de pollution (Annexe N) 

Groupe de matériaux (Paragraphe 6.1 3,  
20.2.2 Note 2)  

Type d’isolation (voir Article 2)  

Supplémentaire 
20.3.2 

Renforcée 
20.3.2 

Fonctionnel le 
ou  

principale 20.3.1  

Type d’ isolation (voir Article 2)  Type d’ isolation  (voir Article 2)  

Supplémentaire 
20.1 .8 

Renforcée 20.1 .9 
Coupure totale 

du  circuit 20.1 .7.2  

Principale 20.1 .1  
Fonctionnel le 20.1 .2 

Micro-coupure 20.1 .7.1  
Micro-interruption  

20.1 .7.1  

Supplémentaire 
20.2.3 

Renforcée 20.2.4 
Principale 20.2.1  

Fonctionnelle 
comprenant 

Coupure totale de circuit 
Micro-coupure 

Micro-interruption 

20.2.2 

 
Ligne de fuite 

minimale requise 
_______ 

Tableau  23  

Ligne de fuite 
minimale requise 

_______ 
Tableau 24  

Non  

Oui  

Epaisseur 
minimale 0,7 mm 

ou 3 couches 
d’ isolation 

(20.3.2)  

Epaisseur 
minimale 0,7 mm 

ou 2 couches 
d’ isolation 

(20.3.1 )  

Oui  

Considération de l ’essai  d’échauffement et 
essais de viei l l issement 

Mécanique requise  
(20.3.1  ou  20.3.2)  

Pas de 
spécification pour 

l ’épaisseur 
requise 

Non  

Distance dans l ’air 

minimale requise 

_______ 
Cas B 

Tableau 22  

Distance dans l ’air 

minimale requise 

_______ 
Cas A 

Tableau 22  

Oui  

Type de distance à l ’étude (voir Article 2) 

IEC   2522/13  
Figure S.1  – Gu ide pour l ’ appl ication  des  exigences  de  l ’Article  20  
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Tableau  S. 1  – Exemple  A – U ti l i sation  de  l 'Annexe  S  pour l 'appl ication  de  l 'Article  20  

Question  Réponse  I nstruction  

La  d i sta n ce  est-e l l e  con si d é rée  
d an s  l 'a i r ou  à  travers  u n e  s u rface  ?  

Dan s  l ’ a i r S u i vre  l e  tra j et  d es  distances  dans  
l 'ai r  d e  l a  carte  

Qu el l e  est  l a  ten si on  d ' a l i m en tati on  
d u  système ,  ou  pou r l ' i sol ation  
fonctionnel le ,  l a  tension  de  
service  ?  

230  V/4 00  V,  tri p h as é e,  4  fi l s  E n re g i stre r en  a)  

Qu el l e  est  l a  catégorie  de  
surtension  ?  (Voi r An n e xe  L)  

Voi r caté g ori e  I I  E n re g i stre r en  b)  

Qu el l e  est  l a  tension  assignée  de  
choc ?  

À d éterm i n er d a n s  l e  Tabl e au  21  e n  
u ti l i san t  a )  et  b )  

E n re g i stre r en  c)  

Qu el  est  l e  degré  de  pol lu tion  ?  
(Voi r An n exe  N )  

Degré  de  pol lu tion  2  E n re g i stre r en  d )  

Qu el  est  l e  type  d ' i sol ati on  ?   
(s e  référer a u x d éfi n i ti on s,  etc. )  

I solation  renforcée  S e  réfé re r à  2 0. 1 . 9 .  P ou r l ' i s o l ati on  
ren forcé e,  u ti l i s er l e  cas  A et  l e  
n i veau  d e  te n s i on  d e  ch oc 
i m m éd i atem en t su péri eu r d an s  l e  
Tabl e au  22 .  E n reg i strer en  e ) .  

Qu el l e  est  l a  l i m i te  d e  cette  
d i s tan ce  ?  

S e  réfé re r au  Tabl ea u  2 2   Déte rm i n er l a  l i m i te  en  u ti l i s a n t  d )  
et  e)  

 La l im i te  est 3  mm   

 

Tableau  S.2  – Exemple  B  – U ti l i sation  de  l 'Annexe  S  pour l 'appl ication  de  l 'Article  20  

Question  Réponse  Instruction  

La  d i s ta n ce  est-e l l e  con si d é rée  
d an s  l 'a i r ou  à  travers  u n e  s u rface  ?  

À travers  u n e  s u rface  S u i vre  l e  tra j et  d es  l i gnes  de  fu i te  

Qu el l e  est  l a  ten s i on  d ' a l i m en tati on  
d u  système ,  ou  pou r l ' i sol ation  
fonctionnel l e ,  l a  tension  de  
service  ?  

230  V  E n re g i stre r en  a)  

Qu el  est  l e  degré  de  pol lu tion  ?  
(Voi r An n e xe  N )  

Degré  de  pol lu tion  2  E n re g i s tre r en  b)  

Qu el  est  l e  g rou p e  d e  m atéri au  ?  
(se  référer à  20. 2 . 2 ,  N ote  2 )  

I I I b)  E n re g i s tre r en  c)  

Qu el  est  l e  type  d ' i s ol ati on  ?  (s e  
réfé re r au x d éfi n i ti on s,  etc. )  

I solation  fonctionnel le  S e  réfé re r à  2 0. 2 . 2 .  

Qu el l e  est  l a  l i m i te  d e  cette  
d i stan ce  ?  

S e  réfé re r au  Tabl ea u  24   Déte rm i n er l a  l i m i te  en  u ti l i s an t  a) ,  
b)  et  c)  

 La l im i te  est 2 , 5  mm   

International  Electrotechnical  Commission

 



I E C 6 073 0-1 : 201 3 +AM D 1 : 2 01 5  CS V – 571  –  
© I EC  2 01 5  

Annexe T  
(n orm ati ve)  

 
Exigences  pour la  TBTS et TBTP  

T.1  Vue d 'ensemble des  exigences  pour la  TBTS et l a  TBTP 

T.1 . 1  Protection  par TBTS  

 

 

 

 
Protection par TBTS  

(voir T.2.1 ) 

 
L i m i tati on  d e  

ten s i on  
(voi r T. 3 . 1 )  

 
S E PARATI ON  

DE  
P ROTE CTI ON  

(voir T.3.2) 

 
SEPARATI ON SI MPLE de la 

TERRE,  réseaux TBTP et autres 
réseaux TBTS  

(voir T.3. 3) 

_et_ 
_et_ 

 

T.1 .2  Protection  par TBTP  

 

 

 

 

 
Opti on s  p ou r  

M I S E  A LA TE RRE  
F ON CTI O N N E LLE  

(voir T. 3.4) 
 

Dans certains cas isolation 
principale complémentaire 

(voir 2.7.1 0) 
 
 

Protection par TBTP 

(voi r T. 2 . 2 )  

L i m i tati on  d e  
ten si on  

(voi r T. 3. 1 )  

_et_ 
 

S E P ARATI ON  
DE  

PROTE CTI ON  
(voi r T. 3 . 2 )  

_et__ 

(Ad opté  d e  l ’ I E C 61 1 4 0)  

 

N OTE  Les  e xi g en ces  d e  l ’ I E C 61 1 40  pou r l es  s épa rati on s  on t  été  con s i d érées  et  i n cl u se s  d an s  l es  e xi g en ces  d e  
l a  présen te  n orm e  y com pri s ,  s an s  tou tefoi s  s 'y l i m i ter,  l es  Art i cl es  8,  1 1 ,  1 8  et  20.  

T.2  Protection  contre  les  chocs  électriques  par l 'uti l isation  de  la  TBTS ou  de  
la  TBTP 

T.2. 1  TBTS 

La  protecti on  con tre  l es  ch ocs  é l ectri q u es  d oi t être  fou rn i e  par l es  m esu res  su i van tes:  

– u n e  l i m i tati on  d e  l a  ten si on  TBT  se l on  T. 3. 1  d an s  u n  ci rcu i t ( l e  réseau  TBTS) ,  et  

– u n e  séparati on  d e  protecti on  sel on  T. 3. 2  d u  réseau  TBTS  d e  tou s  l es  ci rcu i ts  au tres  q u e  
l es  ci rcu i ts  TBTS  et  l es  ci rcu i ts  TBTP,  et  

– u n e  séparati on  s i m pl e  se l on  T. 3. 3  d u  réseau  TBTS  d es  au tres  réseaux TBTS ,  d es  
réseaux TBTP  et  d e  l a  terre.  

Le  raccord em en t d él i béré  d es  masses  d u  dispositi f de  commande  à  u n  conducteur de  
commande de  protection  ou  à  u n  con d u cteu r d e  terre  n ' est pas  ad m i s.   

Dan s  l es  l ocau x parti cu l i ers  où  l a  TBTS  est exi g ée  et  l orsq u e  l a  protecti on  par écran  sel on  
T. 3. 2. 1  est appl i q u ée,  l ' écran  d e  protecti on  d oi t  être  séparé  d e  ch aq u e  ci rcu i t ad j acen t par 
u n e  i solation  principale  ass i g n ée  pou r l a  ten s i on  l a  p l u s  é l evée  présen te.  

Les  exi g en ces  pou r l es  é l ém en ts  d e  l a  TBTS  son t d on n ées  à  l ' Arti cl e  T. 3.  
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T.2.2  TBTP  

La  protecti on  con tre  l es  ch ocs  él ectri q u es  d oi t être  fou rn i e  par l es  m esu res  su i van tes:  

–  u n e  l i m i tati on  d e  l a  ten si on ,  TBT  sel on  T. 3. 1  d an s  u n  ci rcu i t q u i  peu t être  m i s  à  l a  terre  
et/ou  d on t l es  parties  conductrices  accessibles  peu ven t être  m i ses  à  l a  terre  ( l e  réseau  
TBTP) ,  et   

–  u n e  séparation  de  protection  se l on  T. 3. 2  d u  réseau  TBTP  d e  tou s  l es  ci rcu i ts  au tres  q u e  
l es  ci rcu i ts  TBTS  et  l es  ci rcu i ts  TBTP.  

S i  l e  ci rcu i t TBTP  est m i s  à  l a  terre  et s i  l a  protecti on  par écran  sel on  T. 3. 2 . 1  est u ti l i sée,  i l  
n 'est pas  n écessai re  d e  fou rn i r u n e  i solation  principale  en tre  l 'écran  d e  protecti on  et l e  
réseau  TBTP .   

S i  l es  parties  actives  d u  réseau  TBTP  son t  accessi bl es  (au  tou ch er)  s i m u l tan ém en t avec l es  
parti es  con d u ctri ces  q u i ,  en  cas  d e  panne ,  son t su scepti b l es  d 'attei n d re  l e  poten ti e l  d u  ci rcu i t 
pri m ai re,  l a  protecti on  con tre  l es  ch ocs  é l ectri q u es  d épen d  d e  l a  l i aison  équ ipotentiel le  de  
protection  (T. 3 . 4)  d e  tou tes  l es  parti es  con d u ctri ces.  De  tel l es  parti es  d oi ven t être  rel i ées  à  
l a  born e  ou  connexion  d e  m i se  à  l a  terre  d e  protecti on  d u  dispositi f de  commande .   

Les  exi g en ces  pou r l es  é l ém en ts  d e  l a  TBTP son t d on n ées  à  l 'Arti cl e  T. 3.  

T.3  TBT,  séparation  de  protection,  séparation  s imple,  l i aison  de  protection  en  
tant qu 'éléments  de  la  TBTS et de  la  TBTP 

T.3. 1  La  l i m i tati on  d e  ten s i on  d oi t con d u i re  à  ce  q u e  l a  ten s i on  en tre  l es  parties  
si m u l tan ém en t accessibles  n e  d épasse  pas  l es  l i m i tes  TBT  appropri ées  com m e spéci fi é  en  
2 . 1 . 4  et 8. 1 . 1 .  

T.3.2  La  séparation  de  protection  en tre  u n  ci rcu i t TBTS /TBTP et d 'au tres  ci rcu i ts  acti fs  
d oi t être  assu rée  par l es  m esu res  su i van tes:   

– u n e  isolation  principale  et  u n e  i solation  supplémentaire ,  ch acu n e étan t  ass i g n ée  pou r 
l a  ten s i on  l a  p l u s  é l evée présen te,  c'est-à-d i re  double  isolation ,  ou  

– u n e  i solation  renforcée  ass i g n ée  pou r l a  ten si on  l a  p l u s  é l evée  présen te,  ou   

– u n e  protecti on  par écran  se l on  T. 3. 2 . 1  avec l 'écran  d e  protecti on  séparé  d e  ch aq u e ci rcu i t  
ad j acen t par u n e  i solation  principale  ass i g n ée  pou r l a  ten s i on  l a  p l u s  é l evée d u  ci rcu i t 
ad j acen t (voi r au ss i  T. 2 . 1 ,  d ern i er a l i n éa),  ou  

– u n e  com bi n ai son  d e  ces  d i sposi ti on s.  

Les  con d u cteu rs  d u  ci rcu i t séparé,  l orsq u ' i l s  son t con ten u s  en sem bl e  avec l es  con d u cteu rs  
d ' au tres  ci rcu i ts  d an s  u n  câbl e  m u l ti con d u cteu rs  ou  d an s  u n  au tre  g rou pem en t d e  
con d u cteu rs,  d oi ven t être  i so l és,  i n d i vi d u el l em en t ou  col l ecti vem en t,  pou r l a  ten s i on  présen te  
l a  p l u s  é l evée,  d e  façon  q u 'u n e  double  i solation  ou  u n e  i solation  renforcée  soi t  réa l i sée.   

S i  u n  d es  com posan ts  est raccord é  en tre  d es  ci rcu i ts  séparés,  ce  com posan t d oi t  sati sfai re  
au x exi g en ces  pou r l ' impédance  de  protection .  

Lorsq u e  l 'a l i m en tati on  d es  ci rcu i ts  TBTS  ou  TBTP est obten u e  à  parti r d 'u n  réseau  
d ' al i m en tati on  d e  ten s i on  p l u s  é l evée,  e l l e  d oi t  

– soi t  ê tre  réa l i sée  à  travers  u n  transformateur de  sécuri té ,  so i t   

– être  u n  con verti sseu r à  en rou l em en ts  séparés  fou rn i ssa n t u n e  i sol ati on  éq u i val en te  et 
avec d es  exi g en ces  com m e ci -d essou s.  

N OTE  1  Les  l i m i tes  d e  ten si on  s on t  établ i es  su r l ' h yp oth ès e  d ' u n  transformateur de  sécuri té  a l i m en té  à  l a  l i m i te  
su péri eu re  d e  sa  te n si on  as si g n ée.  
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N OTE  2  Au  Ca n ad a  et  au x É tats-U n i s ,  l es  parti es  raccord ée s  à  l a  TBT  à  p arti r d 'u n  transformateur de  sécuri té  
son t  à  u n e  ten si on  n e  d ép assan t  pas  4 2, 4  V crête  ou  30  V effi caces  en  con d i ti on s  sèch es,  ou  21 , 2  V crête  ou  1 5  V  
effi caces  l orsq u e  u n  con tact  h u m i d e  es t  s u s cepti bl e  d e  se  prod u i re.  

S i  u n  con verti sseu r est u ti l i sé,  et  s i  l e  disposi ti f de  commande  est  d écl aré   

–  I PX7  se l on  6. 5. 2,  l e  d isposi ti f de  commande  d o i t  être  d écl aré  com m e d evan t être  sou m i s  
à  u n e  an al yse  d e  secon d e panne  (exi g en ce 73  d u  Tabl eau  1 )  pou r l es  ci rcu i ts  et l ' i sol ati on  
en tre  l es  en rou l em en ts  d u  con verti sseu r et,  résu l tan t d e  cette  secon d e  panne ,  l a  val eu r 
TBT  d e  0  V n e  d oi t pas  être  d épassée.  Le  cou ran t en tre  l es  pôl es  d e  l a  sorti e  d oi t 
sati sfai re  à  H . 8 . 1 . 1 0 .  

La conformité est vérifiée par examen,  mesure et réalisation du ou des essais appropriés 
dans l'ordre de la  présente norme.  

T.3.2. 1  La  protecti on  par écran  d oi t com pren d re  u n  écran  conducteur  i n séré  en tre  l es  
parties  actives  dangereuses  d u  disposi ti f de  commande ,  d e  l ' i n sta l l ati on  ou  d u  réseau  et  
l a  parti e  protég ée (par exem pl e  u n  ci rcu i t  TBTS  ou  u n  ci rcu i t  TBTP).  L'écran  d e  protecti on :  

– d oi t  être  raccord é  en  perm an en ce et d e  façon  sû re  à  l a  born e  d e  m i se  à  l a  terre  d e  
protecti on  d u  d isposi ti f de  commande  et  l a  con n exi on  d oi t  sati sfai re  au x exi g en ces  d e  
l ' Arti cl e  9 ;  et   

– i l  d oi t  l u i -m êm e sati sfai re  au x exi g en ces  d e  l 'Arti cl e  9.  

T.3.3  La  séparati on  s i m pl e  en tre  u n  ci rcu i t TBTS  e t  d 'au tres  réseaux TBTS  ou  réseaux 
TBTP  ou  l a  terre  d oi t sati sfai re  au x exi g en ces  d e  l ' isolation  principale  d an s  l eu r tota l i té ,  
ass i g n ées  pou r l a  ten si on  présen te  l a  p l u s  é l evée.  

S i  u n  q u el con q u e  d es  com posan ts  est raccord é  en tre  l es  ci rcu i ts  séparés,  ce  com posan t d oi t  
su pporter l es  con trai n tes  él ectri q u es  spéci fi ées  pou r l ' i sol ati on  q u ' i l  con tou rn e  et  son  
i m péd an ce d oi t  l i m i ter l e  cou ran t présu m é à  travers  l e  com posan t au x val eu rs  d e  courant en  
régime  établ i  i n d i q u ées  en  H . 8. 1 . 1 0  et  H . 1 1 . 2 . 5  pou r l ' impédance  de  protection .  

T.3.4 Liaison  de  protection  

Les  exi g en ces  pou r l a  l i a i son  d e  protecti on  son t  ce l l es  prévu es  pou r l a  m i se  à  l a  terre  d e 
protecti on  à  l ' Arti cl e  9  d e  l a  présen te  n orm e.  

Pou r l ' i n sta l l ati on  d es  dispositi fs  de  commande  q u i  com pren n en t p l u s i eu rs  com posan ts  
(é l ém en t th erm osen si b l e,  tran sm etteu rs,  u n i té  d e  commande  cen tral e ,  récepteu rs,  
acti on n eu rs,  u n i tés  d ' i n terfaces)  et  l orsq u e  d e  te l s  com posan ts  son t d es  parti es  d e  
l ' i n sta l l ati on  é l ectri q u e  fi xe  d 'u n  bâti m en t,  l es  exi g en ces  pou r l a  l i a i son  d e  protecti on  d an s  l es  
n orm es  d e  l ’ I E C pou r l ' i n sta l l ati on  d es  bâti m en ts  s 'appl i q u en t.   

N OTE  La  m i s e  à  l a  terre  fon cti on n el l e  est  l e  raccord em en t d ' u n  ci rcu i t  é l ectri q u e  l ocal  à  l a  terre  pou r d es  ra i son s  
fon cti on n el l es  pa r op pos i ti on  à  l a  m i s e  à  l a  terre  pou r d es  ra i son s  d e  protecti on .  S el on  l e  type  d u  rés ea u  
d ' i n s tal l ati on ,  d i ffé ren tes  e xi g e n ces  s 'appl i q u en t et  son t  d on n ées  d an s  l es  n orm es  d e  l ’ I E C pou r l ' i n s ta l l ati on  d es  
bâti m en ts .  La  m i se  à  l a  te rre  fon cti on n el l e  p eu t  être  n écessai re  pou r l es  m atéri el s  d e  tél écom m u n i cati on s,  pou r 
l es q u e l s  l es  n orm es  prod u i ts  d e  l ’ I E C s 'ap pl i q u en t.   

La présente norme admet l'utilisation des parties conductrices accessibles  en tant que 
conducteurs internes  d'un circuit TBTP interne pour la  mise à  la  terre fonctionnelle,  sous 
réserve des conditions spécifiées dans la  présente Partie  1 ,  et pour les usages particuliers 
dans la  partie  2 appropriée.  
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Annexe U   
(n orm ati ve)  

 
Exigences  pour les  relais  u ti l isés  comme disposi ti fs   

de  commande dans  les  apparei ls  de  l ’ IEC 60335 

L'  An n exe  U  com pl ète  ou  m od i fi e  l es  arti cl es  correspon d an ts  d e  cette  n orm e.  

N OTE  Ces  e xi g en ces  éta i en t  précé d em m en t  con ten u es  d an s  l ’ I E C 6073 0-2 -1 ,  l aq u el l e  a  été  reti ré e. 6  

U.2   Termes et défin i tions  

U.2.2  Défin i tions  des  d i fférents  types  de  d ispositi fs  de  commande  en  fonction  de  
l 'appl ication  

U .2.2. 1 2  
d isposi ti f de  commande à  fonctionnement électrique  
pou r l es  besoi n s  d e  l a  présen te  an n exe,  u n  re l a i s  est u n  disposi ti f de  commande  te l  q u e  
d éfi n i  en  2 . 2 . 1 2  

Remplacer la  note à  l'article par la  nouvelle  note  à  l'article  suivante:  

N OTE  Les  rel a i s  d e  cou ran t,  l es  re l a i s  d e  ten si on  ou  l es  re l a i s  d e  cycl ag e  son t  d es  e xem pl es  d e  re l a i s .  

U.4  Général i tés  sur les  essais  

U.4.3  Instructions  pour les  essais  

U .4.3.5  Selon  la  fonction  

Paragraphe complémentaire:  

U.4.3.5.4  Si un  relais incorpore un dispositif de ventilation,  il convient de mettre celui-ci hors 
de service pour réaliser les essais des Articles 12 à  17,  si déclaré ainsi.  

U.6   Classification  

U.6.3  Selon  les  fonctions  

Paragraphes complémentaires:  

U.6.3. 1 0. 1  – re l a i s   

U . 6.3. 1 0.2  – re l a i s  d e  cou ran t  

U . 6.3. 1 0.3  – re l a i s  d e  ten si on  

  

___________ 

6  I E C 607 30 -2 -1 : 1 989,  Dispositifs de commande électrique automatiques à  usage domestique et analogue  
Deuxième partie:  Règles particulières pour dispositifs de commande électrique  pour appareils 
électrodomestiques 
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U.6.6  Selon  le  mode de  connexion  

Paragraphes complémentaires:  

U.6.6.6   –  d i spositi f de  commande  pou r m on tag e  su r carte  i m pri m ée  

U .6.6.7  –  d i spositi f de  commande  pou r m on tag e  su r carte  i m pri m ée,  avec con n exi on  
d es  con tacts  au trem en t q u e  par l es  p i stes  d e  l a  carte  i m pri m ée  

U .6.6.8   – re l a i s  en fi ch abl e  

U . 6.8  Selon  la  protection  contre  les  chocs  électriques  

Paragraphes complémentaires:  

U.6.8.5 Pou r u n  re l a i s :  i sol ati on  en tre  l a  bobi n e  et l es  ci rcu i ts  d es  con tacts :  

U . 6.8.5.1  – d e  cl asse  0 ;  

U . 6.8.5.2  – d e  cl asse  0 I ;  

U . 6.8.5.3  – d e  cl asse  I ;  

U . 6.8.5.4  – d e  cl asse  I I ;  

U . 6.8.5.5  – d e  cl asse  I I I .  

U . 6.8.6  Pou r u n  re l a i s :  i sol ati on  en tre  l es  parties  actives  e t  l a  fon cti on  d 'essai ,  organe  de  
manœuvre à  action  manuel le :  

U .6.8.6. 1  – d e  cl asse  0 ;  

U .6.8.6.2  – d e  cl asse  0 I ;  

U .6.8.6.3  – d e  cl asse  I ;  

U .6.8.6.4  – d e  cl asse  I I ;  

U .6.8.6.5  – d e  cl asse  I I I .  

U.7   Information  

Remplacer les lignes 3,  4  et 88 du Tableau 1  comme suit:  

In formation  Arti cle  ou  
paragraphe  

Méthode  

3  Ten s i on s  assi g n é es  pou r à  l a  foi s  l a  bobi n e  et  l es  con tacts ,  s i  d i ffére n te  U . 1 4 ,  U . 1 7  C  

4  N atu re  d e  l 'a l i m en tati on  é l ectri q u e  pou r à  l a  fo i s  l a  b obi n e  et  l es  con tacts,  s i  
d i fféren te  

U . 1 4 ,  U . 1 7  C  

88  Cad en ce  d e  rép éti ti on  m axi m al e  prévu e  U . 2 3  D  
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U.1 4 Échauffements  

Remplacement du paragraphe:  

U.1 4.4  Les essais doivent être réalisés dans les conditions suivantes:  

– Tension de bobine ×  0, 9 +  contacts chargés ou courant de bobine  ×  0, 9 +  contacts 
chargés 

– Tension de bobine ×  1 , 1  +  contacts chargés ou courant de bobine  ×  1 , 1  +  contacts 
chargés 

– Bobine désalimentée +  contacts chargés (contacts N.C. ) .  

– Les relais doivent être montés comme indiqué – les relais connectés à  la  carte imprimée 
doivent être montés sur la  carte imprimée si elle est proposée avec les relais à  soumettre 
à  essai.  Si la  carte imprimée n'est pas fournie,  les relais doivent être montés sur un 
matériau lisse de carte  imprimée,  les conducteurs de la  section appropriée (selon le 
Tableau 6)  doivent être soudés aux broches de la  carte imprimée.  

U.1 7  Endurance   

U.1 7. 1 4  Évaluation  de  la  conformité  

Remplacer le  second tiret de la  liste par ce qui suit:  

– si les exigences de l'Article  14,  dans les conditions établies par U. 14. 4,  concernant les 
points désignés à  la  note de bas de tableau a  du Tableau 13,  c'est-à-dire les bornes,  les 
parties transportant le courant et les surfaces de support,  sont satisfaites.  

U.1 7. 1 6  Essai  pour l es  d ispositi fs  de  commande à  usages  particu l iers  

Les relais doivent être soumis à  un essai d'endurance selon le programme suivant:  

– Essai de vieillissement de 17. 6 si applicable  

– Essai de surtension pour action automatique  de  17. 7 

– Essai d'action automatique  accélérée de 17. 8  

– Essai d'action automatique  lente de 17. 9 si applicable  

– Essai de surtension pour une action manuelle  accélérée de 17. 10 si applicable  

– Essai d'action manuelle  à  faible  vitesse de 17. 11  si applicable  

– Essai d'action manuelle  à  grande vitesse de 17. 12 si applicable  

– Essai d'action manuelle  à  vitesse accélérée de 17. 13 si applicable  

U.20  Lignes  de  fu i te,  d istances  dans  l 'ai r et d istances  à  travers  l ' isolation  
sol ide  

L'éval u ati on  d oi t être  con d u i te  avec l e  re l ai s  a l i m en té,  d ésal i m en té  et m an œu vré  
m an u el l em en t (s i  appl i cabl e) .  

U.23 Exigences  de  compatibi l i té  électromagnétique (CEM)  – Émission   

I l  con vi en t d e  porter atten ti on  à  l a  d éterm i n ati on  d e  l 'appl i cabi l i té  d es  exi g en ces  CE M  au x 
re l a i s .  

U.24 Éléments  consti tuants  

Les  rel a i s  i n corporan t  d es  com posan ts  é l ectron i q u es  d oi ven t être  éval u és  sel on  l 'An n exe  H .  
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Annexe V  
(n orm ati ve)  

 
Exigences  appl icables  aux d isposi ti fs  de  commande  
al imentés  par pi les  secondaires  (rechargeables)  

Les  m od i fi cati on s  su i van tes  apportées  à  l a  présen te  n orm e s ’ appl i q u en t  au x dispositi fs  de  
commande  a l i m en tés  par p i l es  su scepti b l es  d ’ être  rech arg ées  d an s  l e  dispositi f de  
commande .  

V.4.3.2  Selon  l es  caractéristiques  assignées  

Paragraphes complémentaires:  

V.4.3.2 . 1 1  Le  fonctionnement  d u  dispositi f de  commande  se  fa i t  d an s  l es  con d i ti on s  
su i van tes:  

– l e  dispositi f de  commande ,  a l i m en té  par sa  p i l e  com pl ètem en t ch arg ée,  fon cti on n e  
com m e spéci fi é  d an s  l a  présen te  n orm e ou  l a  parti e  2  appropri ée;  

– l a  p i l e  est  ch arg ée,  l a  p i l e  étan t i n i ti a l em en t d éch arg ée  d e  sorte  q u e  l e  disposi ti f de  
commande  n e  peu t pas  fon cti on n er;  

– si  possi b l e,  l e  disposi ti f de  commande  est a l i m en té  à  parti r d u  réseau  par son  ch arg eu r 
d e  p i l e ,  l a  p i l e  étan t i n i ti a l em en t d éch arg ée d e  sorte  q u e  l e  disposi ti f de  commande  n e  
peu t pas  fon cti on n er.  Le  dispositi f de  commande  fon cti on n e  com m e spéci fi é  d an s  l a  
parti e  2  appropri ée;  

– s i  l e  disposi ti f de  commande  i n corpore  u n  cou pl ag e  i n d u cti f en tre  d eu x parti es  q u i  son t 
d ébroch abl es,  l e  disposi ti f de  commande  est  a l i m en té  par l e  réseau  en  reti ran t l a  partie  
amovible .  

V.7  Information  

Paragraphes complémentaires:  

V.7 .4  Exigences  supplémentai res  de  marquage  

V.7.4. 1 0  Les  i n stru cti on s  d oi ven t d on n er d es  i n form ati on s  con cern an t l es  opérati on s  d e  
ch arg e  d es  p i l es.  

V.8  Protection  contre  les  chocs  électriques  

Paragraphes complémentaires:  

V.8.5  Les  dispositi fs  de  commande  fon cti on n an t à  p i l e  d oi ven t être  con çu s  d e  sorte  q u ’ au  
poi n t  extern e  d e  cou pu re  d e  l ’ a l i m en tati on  réseau  en  cou ran t con ti n u  access i b l e  à  
l ’uti l i sateur,   

–  l a  ten s i on  m axi m al e  accessi bl e  soi t  i n féri eu re  ou  ég al e  au x l i m i tes  d ’ u n  ci rcu i t TBTS /TBTP 
(par exem pl e,  en  ra i son  d e  l a  ch arg e  em m ag asi n ée  su r u n e  p i l e  d an s  l e  dispositi f de  
commande  ou  u n e  a l i m en tati on  réseau  en  cou ran t con ti n u  red on d an te  pou r sau veg ard e) ,  
et   

– l a  pu i ssan ce  d i spon i b l e  soi t  i n féri eu re  à  1 5  W  au  bou t d e  5  s .  
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V.8.5.1  La  vérification est réalisée par l’essai suivant:  

Un essai est réalisé en coupant l’alimentation réseau en courant continu d’un dispositif de 
commande  à  pile complètement chargée.  La tension entre les bornes d’alimentation réseau 
est mesurée 1  s après coupure de l’alimentation réseau.  Une charge résistive variable est 
ensuite raccordée aux bornes d’entrée où l’alimentation réseau en courant continu est 
généralement raccordée.  Le dispositif de commande  fonctionne à  partir de sa pile  interne.  
La  charge variable est réglée de sorte qu’elle tire une puissance maximale par le circuit.  La  
puissance maximale est enregistrée au bout de 5 s.  

Si la  tension et la  puissance enregistrées s’inscrivent dans les limites spécifiées en V. 8.5,  le  
circuit est considéré satisfaire à  l’objet de V. 8. 5.  

V.1 1 . 1 3.4.4.3  La pile  utilisée pour les essais suivants est une pile  rechargeable 
complètement chargée telle que fournie ou recommandée par le fabricant pour utilisation avec 
le  matériel.  

V.1 1 . 1 3.4.4.3.1  Surcharge d’une pile rechargeable.  La pile  est chargée dans chacune des 
conditions suivantes à  la  fois.   

V.1 1 . 1 3.4.4.3.1 . 1  Le  circuit de charge de pile est réglé,  avec la  pile déconnectée,  pour 
obtenir 106 % de la  tension de sortie assignée du chargeur,  ou la  tension maximale de charge 
disponible à  partir du chargeur (sans simulation de pannes) ,  selon la  valeur la  plus élevée 
qu’il est possible d’atteindre.  La pile  est ensuite chargée pendant 7 h.  

V.1 1 . 1 3.4.4.3.1 .2  Le circuit de charge de pile est réglé,  avec la  pile déconnectée,  pour 
obtenir 100 % de la  tension de sortie assignée du chargeur.  La  pile est chargée tout en 
faisant rapidement l’objet d’une simulation d’une simple défaillance  de  composant 
susceptible de se produire dans le circuit de charge et donnant lieu à  une surcharge de la  
pile.  Pour réduire au minimum la  durée de l’essai,  la  défaillance  choisie est celle qui 
engendre le courant de  surcharge le plus élevé.  La pile  est ensuite chargée pendant une 
seule période de 7 h  en maintenant la  défaillance  simulée.  

V.1 1 . 1 3.4.4.3.2  Inversion de charge d’une pile rechargeable.  La pile est mise en charge 
inversée tout en faisant rapidement l’objet d’une simulation d’une simple défaillance  de 
composant susceptible de se produire dans le  circuit de charge et donnant lieu à  une 
inversion de charge de la  pile.  Pour réduire au minimum la  durée de l’essai,  la  défaillance  
choisie est celle qui engendre le courant d’inversion de charge le  plus élevé.  La pile est 
ensuite mise en charge inversée pendant une seule période de 7 h  en maintenant la  
défaillance  simulée.  

V.1 1 . 1 3.4.4.3.3  Régime de décharge excessif de pile.  La pile est soumise à  une décharge 
rapide en mettant en circuit ouvert ou en court-circuit tout composant limiteur de courant ou 
de tension dans le  circuit de charge de la  pile en essai.  

V.1 1 . 1 3.4.4.3.4  La  conformité est considérée conformément à  11 . 13. 4. 4. 4 et 11 . 13. 4.5.    
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AUTOMATIC ELECTRICAL CONTROLS –  

 
Part 1 :  General  requ irements  

 
FOREWORD 

1 )  The  I n ternational  E l ectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ i zati on  for standard ization  compris i ng  
a l l  national  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operati on  on  a l l  questions  concern ing  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y Avai l abl e  Speci fi cations  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cati on (s)” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati ona l  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two organ i zati ons.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y as  possi ble,  an  i n ternati onal  
consensus  of opin ion  on  the  rel evant subjects  s i nce  each  techn ical  comm i ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC Nati ona l  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ical  content  of I EC  
Publ i cati ons  i s  accurate,  I EC cannot be  hel d  responsi b le  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  un i form i ty,  I EC Nati onal  Commi ttees  undertake  to  app ly I EC  Publ i cations  
transparen tl y to  the  maximum  extent  poss ibl e  i n  thei r national  and  reg ional  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg ional  publ i cation  shal l  be  cl earl y  i n d icated  i n  
the  l atter.  

5)  I EC i tsel f does  not  provide  any attestation  of conform i ty.  I ndependent certi fi cation  bod ies  provide  conform i ty 
assessment  services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi b le  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC National  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC  Pub l i cation  or any other I EC 
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cati on .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possibi l i ty that  some of the  e l ements  of th i s  I EC Publ i cati on  may be  the  sub ject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  paten t  ri gh ts .  

DISCLAIMER 
Th is  Consol idated  version  i s  not an  official  IEC  Standard  and  has  been  prepared  for 
user conven ience.  On ly the  current versions  of the  standard  and  i ts  amendment(s)  
are  to  be  considered  the  official  documents.  

Th is  Consol idated  version  of IEC  60730-1  bears  the  ed i tion  number 5. 1 .  I t  consists  of 
the  fi fth  ed i tion  (201 3-1 1 )  [documents  72/899/FDIS  and  72/928/RVD]  and  i ts   
corrigendum 1  (september 201 4) ,  and  i ts  amendment 1  (201 5-1 2)  [documents  
72/1 01 7/FDIS  and  72/1 026/RVD] .  The technical  content i s  identical  to  the  base  ed i tion  
and  i ts  amendment.  

Th is  Final  version  does  not show where  the  technical  content is  mod ified  by 
amendment 1 .  A separate  Redl ine  version  with  al l  changes  h igh l igh ted  i s  avai lable  in  
th is  publ ication .  
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I n ternational  Standard  I EC  60730-1  has  been  prepared  by I EC techn ical  committee  72:  
Au tomatic e lectrica l  con trols.  

Th is  ed i ti on  consti tu tes  a  techn ica l  revis ion .  The  major changes  wi th  respect to  the  previous  
ed i tion  are  as  fo l l ows.   

– mod i fication  of the  ti tl e  and  scope;   

– revisions  to  Clause  H .26  based  on  changes  i n  technology,  appl ications,  and  to  improve  
cons istency and  l ayout;  

– mod i fication  to  Table  H . 1 2  to  a l i gn  wi th  CI SPR 22 ;  

– revis ions  to  Annex J  to  correlate  the  fau l t  modes  of therm istors  and  to  exempt therm istors  
used  in  con j unction  wi th  type  1  controls  i n  SELV low power ci rcu i ts  from  the  tests  speci fi ed  
i n  Annex J ;  

– new requ i rements  covering  battery-powered  controls,  and  the  use  of batteries  i n  con trols ;  

– revision  address ing  the  exclusion  of re lay fau l ts;  

– new/updated  requ i rements  i n  C lause  24,  for swi tch  mode  power suppl ies ;  

– revis ions  covering  the  a l lowance of screwless-type  clamping  un i ts  complying  wi th  
I EC 60999-1 ;  

– new requ i rements  addressing  remotel y actuated  con trol  functions ;  

– add i ti on  of a  new/updated  l eakage current d iagram  to  a l i gn  the  Annex E  d iagram  wi th  the  
d iagram  in  I EC 60990;  

– updated  requ i rements  for temperature  sens ing  con trols .  

A l i st  of a l l  parts  of the  I EC 60730  series,  u nder the  general  t i t l e:  Automatic electrical controls,  
can  be  found  on  the  I EC websi te.  

I n  the  development of a  fu l l y i n ternational  standard  to  cover au tomatic con trols  for household  
and  s im i lar use,  i t  has  been  necessary to  take  i n to  cons ideration  the  d i ffering  requ i rements  
resu l ting  from  practical  experience  i n  various  parts  of the  world  and  to  recogn ize  the  variation  
i n  national  e lectrical  systems  and  wi ring  ru les.  

The  “ i n  some coun tries”  notes  regard ing  d i ffering  national  practices  are  conta ined  i n  the  
fol lowing  subclauses:  

2. 1 . 5  

2 . 7. 2  

2 . 7. 3  

2 . 1 4 . 2  

4 . 2 . 1  

6 . 6. 1  

Table  1  (7 . 2),  footnote  d  

7 . 4. 3  

7 . 4. 3. 2  

8. 1 . 1 . 1  

8 . 4  

9. 3. 2  

9. 3. 4  

9. 5. 2  

Table  3  (1 0. 1 . 4 ),  footnote  b  

1 0 . 1 . 4 . 1  

1 0 . 1 . 1 4  

1 0 . 1 . 1 6  

1 0 . 1 . 1 6. 1  

1 1 . 1 1 . 1 . 2  

1 1 . 1 1 . 1 . 3  

1 1 . 1 1 . 1 . 4  

1 2 . 1 . 6  

1 2 . 3  

Table  1 2  (1 3. 2 . 1 ),  footnote  a  

1 3. 3. 4  

1 4. 4  

Table  1 3  (1 4. 7. 4),  footnote  f 

1 5. 1  

1 6. 2 . 1  

1 7. 1 . 3. 1  

1 7. 2 . 2  

1 7. 2 . 3  

1 7. 2 . 3. 1  

Table  1 4  (1 7. 2 . 5)  

Table  1 5  (1 7. 2 . 5)  

Table  1 6  (1 7. 2 . 5)  

1 7. 5. 1  

1 7. 1 0. 4  

1 7. 1 2. 5  

1 8. 1 . 6  

1 8. 1 . 6. 1  

1 8. 1 . 6. 2  

1 8. 1 . 6. 3  

1 8. 4  

1 9. 2 . 4. 1  

1 9. 2 . 5. 1  

21 . 1  

21 . 4  

27. 2 . 3. 1  

Annex C  

Annex D  

H . 26. 1 0  

Table  H . 1 8  (H . 26. 1 0. 4)  

H . 27. 1 . 1 . 3  

Table  K. 1 ,  footnote  b  

Table  K. 2 ,  footnote  b  
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Table  6  (1 0. 2 . 1 ) ,  footnote  b  

1 1 . 5  

Table  1 0  (1 1 . 8. 2),  footnote  b  

 

1 7. 7. 7  

1 7. 8. 4. 1  

1 7. 1 0  

 

T. 3. 2  

I t  i s  envisaged  that i n  the  next ed i tion  of th is  s tandard  i t  wi l l  be  found  possib le  to  remove  
those  d i fferences  that are  covered  by new I EC  standards  now being  prepared  by other 
techn ical  committees.  

Th is  part  1  i s  to  be  used  i n  con j unction  wi th  the  appropriate  part 2  for a  particu lar type  of 
con trol ,  or for con trols  for particu lar appl ications.  Th is  part 1  may a lso  be  appl ied ,  so  far as  
reasonable,  to  controls  not mentioned  i n  a  part 2 ,  and  to  controls  designed  on  new principles,  
i n  wh ich  cases  add i tional  requ i rements  may be  considered  to  be  necessary.  

Where,  for a  particu lar clause  or subclause,  the  text of part 2  i nd icates:  

Addition:          the  part 1  text appl i es  wi th  the  add i ti onal  requ i rement i nd icated  in  a  part 2 ;  

Modification:    the  part 1  text appl i es  wi th  a  m inor change  as  i nd icated  i n  a  part 2 ;  

Replacement:   the  part  2  text conta ins  a  change  wh ich  replaces  the  part  1  text  i n  i ts  enti rety.  

Where  no  change i s  necessary,  the  part 2  i nd icates  that the  re levant cl ause  or subclause  
appl ies.  

NOTE  I n  th i s  standard  the  fol l owing  pri n t  types  are  used :  

– Requ i rements  proper:  i n  roman  type ;  

– Test specifications: in  italic type; 

– Explanatory matter:  i n  smal l er roman  type;  

– Defined  terms:  bold  type .  

Some table  ti tl es  con ta in  reference  i n  brackets  to  tab le  numbers  in  I EC 60730-1 ,  ed i tion  3  for 
ease  of correlation  between  parts  2  and  the  Part  1 .  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/I EC  D i recti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  unti l  the  stabi l i ty date  i nd icated  on  the  I EC  web s i te  under 
"h ttp: //webstore. iec.ch "  i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

 

IMPORTANT – The 'colour inside'  l ogo on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  
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AUTOMATIC ELECTRICAL CONTROLS –  
 

Part 1 :  General  requ irements  
 
 
 

1  Scope and  normative references  

1 . 1  Scope  

I n  general ,  th is  part of I EC 60730  appl ies  to  au tomatic electrical  controls  for use  in ,  on ,  or i n  
association  wi th  equ ipment for household  and  s im i lar use.  The  equ ipment may use  e lectrici ty,  
gas,  o i l ,  so l i d  fuel ,  solar thermal  energy,  etc. ,  or a  combination  thereof.  

NOTE  1  Throughout  th i s  standard  the  word  "equ i pment"  means  "appl i ance  and  equ i pment. "  

EXAMPLE  1  Controls  for appl i ances  wi th i n  the  scope  of I EC 60335.  

This  I n ternational  Standard  is  appl icable  to  controls  for bu i l d i ng  au tomation  wi th in  the  scope 
of I SO  1 6484.  

Th is  standard  a lso  appl ies  to  automatic  e lectrical  controls  for equ ipment that may be  used  
by the  publ ic,  such  as  equ ipment i n tended  to  be  used  i n  shops,  offices,  hospi ta ls ,  farms  and  
commercia l  and  i ndustria l  appl ications.  

EXAMPLE  2  Controls  for commercial  cateri ng ,  heati ng  and  a i r-cond i ti on i ng  equ i pment.  

This  standard  i s  a lso  appl icable  to  ind ividual  controls  u ti l i zed  as  part of a  control  system  or 
controls  wh ich  are  mechan ical l y i n tegral  wi th  mu l ti functional  controls  having  non-electrica l  

ou tpu ts.  

EXAMPLE  3  I n dependentl y mounted  water va lves,  con trol s  i n  smart  g ri d  systems  and  controls  for bu i l d i ng  
au tomation  systems  wi th i n  the  scope  of I SO  1 6484-2.  

This  standard  i s  a lso  appl icable  to  relays  when  used  as  controls  for I EC 60335  appl iances.  
Add i ti onal  requ irements  for the  safety and  operating  values  of relays  when  used  as  controls  

for I EC 60335 appl iances  are  conta ined  i n  Annex U .  

NOTE  2  These  requ i rements  are  referred  to  i n  the  scope  of I EC 61 81 0-1 .  

NOTE  3  Th i s  standard  i s  i n tended  to  be  used  for the  testi ng  of any s tand-alone  relay wh ich  i s  i n tended  to  be  used  
as  a  control  of an  appl i ance  accord i ng  to  I EC 60335-1 .  I t  i s  not  i n tended  to  be  used  for any other stand -al one  
re l ay,  or to  repl ace  the  I EC 61 81 0  series  of s tandards.  

This  standard  does  not appl y to  au tomatic electrical  controls  i n tended  exclus ive l y for 
i ndustria l  process  appl i cations  un less  expl ici tl y mentioned  i n  the  re levant part 2  or the  
equ ipment standard .  

Th is  standard  appl ies  to  controls  powered  by primary or secondary batteries ,  requ i rements  
for wh ich  are  con tained  wi th in  the  standard ,  i nclud ing  Annex V.  

1 . 1 . 1  Th is  I n ternational  Standard  appl ies  to  the  i nheren t safety,  to  the  operating  values ,  
operating  times ,  and  operating  sequences  where  such  are  associated  wi th  equ ipment 
safety,  and  to  the  testi ng  of au tomatic electrical  control  d evices  used  i n ,  or in  association  

wi th ,  equ ipment.  

Th is  s tandard  appl ies  to  controls  us i ng  thermistors ,  see  a lso  Annex J .  
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Th is  standard  i s  a lso  appl icable  to  the  functional  safety  of low complexity safety related  
systems  and  controls .  

1 . 1 . 2  Th is  standard  appl ies  to  au tomatic electrical  controls ,  mechan ical l y or e lectrical l y 
operated ,  responsive  to  or con trol l ing  such  characteristics  as  temperature,  pressure,  passage  
of time,  hum id i ty,  l i gh t,  e l ectrostatic  effects,  flow,  or l i qu id  l evel ,  curren t,  vo l tage,  acceleration ,  
or combinations  thereof.  

1 . 1 . 3  Th is  standard  appl ies  to  starting  re lays,  wh ich  are  a  speci fic type  of au tomatic  
electrical  control ,  i n tended  to  swi tch  the  starti ng  wind ing  of a  motor.  Such  controls  may be  

bu i l t  i n to,  or be  separate  from ,  the  motor.   

1 . 1 .4  Th is  s tandard  appl ies  to  manual  controls  when  such  are  e lectrical l y and /or 
mechan ical l y i n tegral  wi th  automatic  controls .   

NOTE  Requ i rements  for manual  swi tches  not  form ing  part  of an  automatic  control  are  contained  i n  I EC 61 058-1 .  

1 . 1 .5  Th is  standard  appl ies  to  a . c.  or d . c.  powered  controls  wi th  a  rated  vol tage  not 

exceed ing  690  V a . c.  or 600  V d . c.  

1 . 1 .6  Th is  s tandard  does  not take  in to  account the  response value  of an  automatic action  
of a  control ,  i f such  a  response value  i s  dependen t upon  the  method  of mounting  the  
control  i n  the  equ ipment.  Where  a  response value  i s  of s ign i fican t purpose  for the  protection  
of the  user,  or surround ings,  the  va lue  defined  i n  the  appropriate  household  equ ipment 

standard  or as  determ ined  by the  manufacturer shal l  apply.  

1 . 1 .7  Th is  standard  appl ies  a lso  to  controls  i ncorporating  electronic devices ,  requ i rements  

for wh ich  are  con tained  i n  Annex H .  

1 . 1 .8  Th is  standard  appl ies  a l so  to  controls  us i ng  NTC or PTC thermistors ,  requ irements  
for wh ich  are  con tained  i n  Annex J .  

1 . 1 .9  Th is  standard  appl ies  to  the  e lectrical  and  functional  safety  of controls  capable  of 
receiving  and  respond ing  to  communications  s ignals ,  i nclud ing  s ignals  for power b i l l i ng  rate  
and  demand  response.   

The  s i gnals  may be  transm itted  to  or received  from  external  un i ts  being  part of the  control  
(wi red),  or to  and  from  external  un i ts  wh ich  are  not  part  of the  control  (wi reless)  under test.   

1 . 1 . 1 0  Th is  standard  does  not address  the  i n tegri ty of the  ou tpu t s i gnal  to  the  network 
devices,  such  as  in teroperabi l i ty wi th  other devices  un less  i t  has  been  evaluated  as  part of the  
control  system .  

1 .2  Normative  references  

The fol l owing  documents ,  i n  whole  or in  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl ies.  For 
undated  references,  the  latest ed i ti on  of the  referenced  document ( includ ing  any 
amendments)  appl i es.  

I EC 60038,  IEC standard voltages 

I EC 60065: 2001 ,  Audio,  video and similar electronic apparatus – Safety requirements 1  
Amendment 1 : 2005  
Amendment 2 : 201 0  

___________ 

1  There  exi sts  a  consol i dated  ed i ti on  7. 2 : 201 1  i ncl ud ing  I EC  60065: 2001  and  i ts  Amendments  1 : 2005  and  2 : 201 0.  

International  Electrotechnical  Commission

 



 – 1 2  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

I EC 60068-2-75,  Environmental testing – Part 2-75:  Tests – Test Eh: Hammer tests 

IEC 60085,  Electrical insulation – Thermal evaluation and designation  

IEC 60099-1 ,  Surge arresters – Part 1 : Non-linear resistor type gapped arresters for a. c.  
systems2  

I EC 601 1 2: 2003,  Method for the determination of the  proof and the comparative tracking 
indices of solid insulating materials3  
Amendment 1 : 2009   

I EC 601 27-1 ,  Miniature fuses – Part 1 : Definitions for miniature fuses and general 
requirements for miniature fuse-links 

I EC 60227-1 ,  Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V – Part 1 :  General requirements 

I EC 60245-1 ,  Rubber insulated cables – Rated voltages up to and including 450/750 V – 
Part 1 : General requirements 

I EC 60269-1 ,  Low-voltage fuses – Part 1 :General requirements 

I EC 60335-1 : 201 0,  Household and similar electrical appliances – Safety – Part 1 :  General 
requirements 

I EC 60364  (a l l  parts) ,  Low-voltage electrical installations 

I EC 60384-1 4,  Fixed capacitors for use in  electronic equipment – Part 14: Sectional 
specification: Fixed capacitors for electromagnetic interference suppression and connection to 
the supply mains 

I EC 60384-1 6,  Fixed capacitors for use in  electronic equipment – Part 16: Sectional 
specification:  Fixed metallized polypropylene film dielectric d. c.  capacitors 

I EC 60384-1 7,  Fixed capacitors for use in electronic equipment – Part 17: Sectional 
specification: Fixed metallized polypropylene film dielectric a. c.  and pulse capacitors  

I EC 6041 7  (a l l  parts) ,  Graphical symbols for use on equipment 

I EC 60423,  Conduit systems for cable management – Outside diameters of conduits for 
electrical installations and threads for conduits and fittings 

I EC 60529: 1 989,  Degrees of protection provided by enclosures (IP code) 4  
Amendment 1 : 1 999  

I EC 60539  (a l l  parts) ,  Directly heated negative temperature coefficient thermistors 

I EC 60664-1 : 2007,  Insulation coordination for equipment within low-voltage systems – Part 1 : 
Principles,  requirements and tests 

___________ 

2  Wi thdrawn .  

3  There  exi sts  a  consol i dated  ed i ti on  4 . 1 : 2009  i ncl ud ing  I EC  601 1 2 : 2003  and  i ts  Amendment  1 : 2009.  

4 There  exi sts  a  consol i dated  ed i ti on  2 . 1 : 2001  i ncl ud ing  I EC  60529: 1 989  and  i ts  Amendment 1 : 1 999.  
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IEC 60664-3: 2003,  Insulation coordination for equipment within  low-voltage systems – Part 3:  
Use of coating,  potting or moulding for protection against pollution 

Amendment 1 : 201 0  

IEC 60664-4,  Insulation coordination for equipment within low-voltage systems – Part 4:  
Consideration of high-frequency voltage stress 

I EC 60695-2-1 0 ,  Fire Hazard testing – Part 2-10: Glowing/hot-wire based test methods – 
Glow-wire apparatus and common test procedure 

I EC 60695-2-1 1 : 2000,  Fire hazard testing – Part 2-11 : Glowing/hot-wire based test methods – 
Glow-wire flammability test method for end-products 

I EC 60695-1 0-2 ,  Fire hazard testing – Part 10-2: Abnormal heat – Ball pressure test 

I EC 60738-1 ,  Thermistors – Directly heated positive  temperature coefficient – Part 1 :  Generic 
specification 

I EC 60738-1 -1 ,  Thermistors – Directly heated positive step-function temperature coefficient – 
Part 1 -1 : Blank detail specification – Current limiting application – Assessment level EZ 

I EC 60947-1 : 2007,  Low-voltage switchgear and controlgear – Part 1 :  General rules 

I EC 60998-2-2 ,  Connecting devices for low-voltage circuits for household and similar 
purposes – Part 2-2: Particular requirements for connecting devices as separate entities with 
screwless-type clamping units 

I EC 60998-2-3,  Connecting devices for low-voltage circuits for household and similar 
purposes – Part 2-3: Particular requirements for connecting devices as separate entities with 
insulation-piercing clamping units 

I EC 60999-1 ,  Connecting devices – Electrical copper conductors – Safety requirements for 
screw-type and screwless-type clamping units – Part 1 :  General requirements and particular 
requirements for clamping units for conductors from 0, 2 mm2  up  to 35 mm2  (included)  

I EC 61 000  (a l l  parts) ,  Electromagnetic compatibility (EMC)  

I EC 61 000-3-2 ,  Electromagnetic compatibility (EMC)  – Part 3-2: Limits – Limits for harmonic 
current emissions (equipment input current ≤  16 A  per phase)   

I EC 61 000-3-3: 2008,  Electromagnetic compatibility (EMC)  – Part 3-3: Limits – Limitation of 
voltage changes,  voltage fluctuations and flicker in public low-voltage supply systems,  for 
equipment with  rated current ≤16 A  per phase and not subject to conditional connection 

I EC 61 000-4-2 : 2008,  Electromagnetic compatibility (EMC)  – Part 4-2:  Testing and 
measurement techniques – Electrostatic discharge immunity test 

I EC 61 000-4-3,  Electromagnetic compatibility (EMC)  – Part 4-3: Testing and measurement 
techniques – Radiated,  radio-frequency,  electromagnetic field immunity test 

I EC 61 000-4-4 ,  Electromagnetic compatibility (EMC)  – Part 4-4: Testing and measurement 
techniques – Electrical fast transient/burst immunity test  

I EC 61 000-4-5,  Electromagnetic compatibility (EMC)  – Part 4-5: Testing and measurement 
techniques – Surge immunity test 
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I EC 61 000-4-6,  Electromagnetic compatibility (EMC)  – Part 4-6: Testing and measurement 
techniques – Immunity to conducted disturbances,  induced by radio-frequency fields  

IEC 61 000-4-8,  Electromagnetic compatibility (EMC)  – Part 4-8: Testing and measurement 
techniques – Power frequency magnetic field immunity test 

IEC 61 000-4-1 1 ,  Electromagnetic compatibility (EMC)  – Part 4-11 : Testing and measurement 
techniques – Voltage dips,  short interruptions and voltage variations immunity tests 

I EC 61 000-4-1 3: 2002,  Electromagnetic compatibility (EMC)  – Part 4-13: Testing and 
measurement techniques – Harmonics and interharmonics including mains signalling at a. c.  
power port,  low frequency immunity tests  
Amendment 1 : 2009  

IEC 61 000-4-28,  Electromagnetic compatibility (EMC)  – Part 4-28: Testing and measurements 
techniques – Variation of power frequency,  immunity test 

I EC 61 058-1 ,  Switches for appliances – Part 1 : General requirements 

IEC 61 21 0,  Connecting devices – Flat quick-connect terminations for electrical copper 
conductors – Safety requirements 

IEC 61 249  (a l l  parts) ,  Materials for printed boards and other interconnecting structures  

IEC 61 558-2-6,  Safety of transformers,  reactors,  power supply units and similar products for 
supply voltages up to 1  100 V – Part 2-6: Particular requirements and tests for safety isolating 
transformers and power supply units incorporating safety isolating transformers  

IEC 61 558-2-1 6 ,  Safety of transformers,  reactors,  power supply units and similar products for 
voltages up to 1  100 V – Part 2-16: Particular requirements and tests for switch mode power 
supply units and transformers for switch  mode power supply units  

IEC 61 643-1 1 ,  Low-voltage surge protective devices – Part 11 : Surge protective devices 
connected to  low-voltage power systems – Requirements and test methods 

I EC 621 51 ,  Safety of equipment electrically connected to a  telecommunication network 

I EC 62326  (a l l  parts) ,  Printed boards 

I EC 62368-1 ,  Audio/video,  information and communication technology equipment – Part 1 : 
Safety requirements 

CISPR 1 1 ,  Industrial,  scientific and medical equipment – Radio-frequency disturbance 
characteristics – Limits and methods of measurement 

CISPR 1 4-1 : 2005,  Electromagnetic compatibility – Requirements for household appliances,  
electric tools and similar apparatus – Part 1 :  Emission5  

Amendment 1 : 2008  

CISPR 22: 2008,  Information technology equipment – Radio disturbance characteristics – 
Limits and methods of measurement 

I SO 1 6484-2 ,  Building automation and control systems (BACS)  – Part 2: Hardware 

___________ 

5 There  exi sts  a  consol i dated  ed i ti on  5. 1 : 2009  i ncl ud ing  CI SPR 1 4-1 : 2005  and  i ts  Amendment 1 : 2008.  
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2  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms and  defin i ti ons  apply.   

Where  the  terms  "vol tage"  and  "curren t"  are  used ,  they impl y the  r.m . s.  va lues,  un less  
otherwise  speci fied .   

 Defin i tions  relating  to  ratings,  vol tages,  currents,  frequencies,  and  wattages  2.1

  2.1 .1
rated  vol tage,  current,  frequency or wattage  
vol tage,  curren t,  frequency or wattage  ass igned  to  a  control  by the  manufacturer  

Note  1  to  en try:  For th ree  phase  suppl y,  the  rated  vo l tage  i s  the  l i ne  vol tage.  

  2.1 .2
rated  vol tage,  current,  frequency or wattage range  
vol tage,  curren t,  frequency or wattage  ranges  assigned  to  the  control  by the  manufacturer 

and  expressed  by l ower and  upper values  

  2.1 .3
working  vol tage  
h ighest r.m .s.  va lue  of the  a. c.  or d . c.  vol tage  across  any particu lar i nsu lation  wh ich  can  occur 
when  the  equ ipment i s  suppl ied  at rated  vol tage  

Note  1  to  en try:  Transien t overvol tages  are  d i sregarded .  

Note  2  to  en try:  Open -ci rcu i t  cond i ti ons  and  normal  operati ng  cond i ti ons  are  taken  i n to  account.  

  2.1 .4
extra-low voltage   
ELV 
nominal  vol tage  not exceed ing  50  V between  conductors  and  between  conductors  and  earth ,  
or for three-phase connection  not exceed ing  50  V between  l i ne  conductors  and  29  V between  
l i ne  conductors  and  neutral  

Note  1  to  en try:  These  values  were  deri ved  from  I EC 60335-1 : 201 0,  Defi n i ti on  3 . 4 . 1 .  

Note  2  to  en try:  I n  th i s  s tandard  ELV- l evel s  for use  i n  a  speci fi c  appl i cati on  as  speci fi ed  i n  the  re levant appl i cati on  
standard  may be  decl ared  for control s  u sed  i n  or wi th  such  appl i cations  for envi ronmental  cond i ti ons  as  speci fi ed  
by the  appl i cation  standard .  

  2.1 .5
safety extra-low voltage  
SELV 
nominal  vo l tage  for use  i n  a  SELV  system  or PELV system  between  conductors  and  between  
conductors  and  earth ,  not exceed ing  42  V between  conductors,  or i n  the  case  of th ree-phase  
ci rcu i ts,  not exceed ing  24  V between  conductors  and  neutral ,  the  no- load  vol tage  of the  ci rcu i t 
not exceed ing  50  V and  29  V,  respective l y,  and  wh ich  is  provided  by a  battery or when  
obtained  from  h igher vol tage  i s  provided  by a  safety i solating  transformer  or a  converter 

wi th  separate  wind ings   

Note  1  to  en try:  The  vol tage  l im i ts  are  based  on  the  assumption  that  the  safety i solating  transformer  i s  suppl i ed  
at  i ts  rated  vol tage.  

Note  2  to  en try:  Converters  wi th  separate  wi nd i ngs  provi d i ng  equ ivalen t  i nsu l ation  are  deal t  wi th  i n  I EC  61 558-2-6  
and  I EC 61 558-2-1 6.  

Note  3  to  en try:  I n  Canada  and  the  USA,  the  l im i t  for safety extra-low vol tage  i s  30  V.  

Note  4  to  en try:  Al so  see  2 . 1 . 20  SELV  system  and  2 . 1 . 21  PELV system .  
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  2.1 .6
safety i solating  transformer 
transformer,  the  i npu t wind ing  of wh ich  i s  e l ectrical l y separated  from  the  output wind ing  by an  
i nsu lation  at l east equ iva lent to  double  i nsu lation  or reinforced  insu lation ,  and  wh ich  i s  
i n tended  to  suppl y safety extra-low vol tage  c i rcu i ts  

  2.1 .7
same  polari ty  
relationsh ip  between  l ive  parts  such  that an  i n terconnection  between  them  al l ows  a  fl ow of 

curren t through  a  load ,  and  wh ich  curren t i s  thus  l im i ted  by the  l oad  

  Void  2.1 .8
 

  2.1 .9
isolated  l im i ted  secondary ci rcu i t  
ci rcu i t from  an  i solated  secondary wind ing  of a  transformer having  a  maximum  capaci ty of 
1 00  VA and  an  open-circu i t  secondary vol tage  rati ng  not exceed ing  1  000  V  

  2.1 .1 0
pi lot duty 
class  of operation  i n  wh ich  the  u l timate  e lectrical  l oad  i s  control led  by an  auxi l i ary means  
such  as  a  re lay or contactor 

  2.1 .1 1
transient overvoltage  
short duration  overvol tage  of few m i l l iseconds  or less ,  osci l latory or non -osci l l atory,  usual l y 
h igh l y damped   

[SOURCE:  I EC 60050-604: 1 987,  604-03-1 3]  

  2.1 .1 2
rated  impu lse  vol tage  
impu lse  wi thstand  vol tage  ass igned  by the  manufacturer to  the  equ ipment or to  a  part of i t,  
characterizing  the  speci fied  wi thstand  capabi l i ty of i ts  i nsu lation  against  overvol tages  

  2.1 .1 3
overvol tage  category 
numeral  characterizing  a  transient overvoltage  cond i tion  

Note  1  to  en try:  Overvol tage  categories  I ,  I I ,  I I I ,  and  I V are  used .  See  Annex L.  

  2.1 .1 4
exposed-conductive-part  
conductive  part of equ ipment,  wh ich  can  be  touched  and  wh ich  i s  not normal l y l i ve,  bu t wh ich  
can  become l i ve  when  basic insu lation  fa i l s   

Note  1  to  en try:  A conducti ve  part  of a  con trol  wh ich  can  on l y become l i ve  th rough  contact  wi th  an  exposed-
conductive-part  wh ich  has  become l i ve,  i s  not  considered  to  be  an  exposed-conducti ve-part  i tsel f.   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-06-1 0,  mod i fied  – Note  1  to  entry has  been  added . ]   

  2.1 .1 5
(conductive)  screen  
(conductive)  sh ield  (US)  
conductive  part  that encloses  or separates  e lectri c ci rcu i ts  and/or conductors  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendment 1 : 2001 ,  1 95-02-38]  
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  2.1 .1 6
(electrical ly)  protective  screen  
(electrical ly)  protective  sh ield  (US)  
conductive  screen  used  to  separate  an  e lectri c ci rcu i t  and/or conductors  from  hazardous-

l i ve-parts  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendment 1 : 2001 ,  1 95-06-1 7]  

  2.1 .1 7
(electrical ly)  protective  screening  
(electrical ly)  protective  sh ield ing  (US)  
separation  of e l ectric ci rcu i ts  and /or conductors  from  hazardous  l ive  parts  by an  electrical ly  
protective  screen  connected  to  the  protecti ve  equipotential  bonding  system  and  i n tended  

to  provide  protection  against  e lectric  shock 

[SOURCE:  I EC 60050-1 95: 1 998,  Amendment 1 : 2001 ,  1 95-06-1 8]  

  2.1 .1 8
simple  separation  
separation  between  ci rcu i ts  or between  a  ci rcu i t  and  earth  by means  of basic insu lation  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 23]  

  2.1 .1 9
(electrical ly)  protective  separation  

separation  of one  e lectric  ci rcu i t  from  another by means  of:   

– double  insu lation ,  or  

– basic insu lation  and  electrical ly protective  screen ing  (sh ield ing ) ,  or  

– reinforced  insu lation  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendment 1 : 2001 ,  1 95-06-1 9]  

  2.1 .20
SELV system  
electrica l  system  i n  wh ich  the  vol tage  cannot exceed  ELV:   

–  under normal  cond i tions,  and   

– under s ing le-fau l t  cond i ti ons,  i nclud ing  earth  fau l ts  i n  other ci rcu i ts  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 26. 1 ]  

  2.1 .21
PELV system  
electrical  system  in  wh ich  the  vol tage  cannot  exceed  ELV:  

– under normal  cond i tions,  and  

– under s i ng le-fau l t  cond i ti ons,  except earth  fau l ts  i n  other ci rcu i ts  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 26. 2 ]  

 Defin i tions  of types  of control  according  to  purpose  2.2

  2.2.1
electrical  control   
device  used  in ,  on  or i n  association  wi th  an  equ ipment for the  purpose  of varying  or mod i fying  
the  ou tpu t from  such  equ ipment,  and  wh ich  embod ies  the  aspects  of i n i tiation ,  transmission  
and  operation  
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Note  1  to  en try:  Hereinafter,  e l ectri cal  control  i s  referred  to  as  "control " .  

Note  2  to  en try:   At  l east  one  of these  aspects  shal l  be  e l ectri cal  or e l ectron ic.  

  2.2.2
manual  control  
control  i n  wh ich  the  in i ti ation  i s  by actuation  and  i n  wh ich  the  transmission  and  the  
operation  are  both  d i rect and  wi thout  any i n ten tional  t ime delay 

  2.2.3
automatic control  
control  i n  wh ich  at l east one  aspect  i s  non-manual  

  2.2.4
sensing  control  
automatic control  i n  wh ich  in i tiation  i s  by an  element sens i ti ve  to  the  particu lar activating  
quanti ty  d eclared ,  for example,  temperature,  cu rrent,  hum id i ty,  l i gh t,  l i qu id  l evel ,  pos i tion ,  

pressure  or veloci ty 

  2.2.5
thermal ly operated  control  
automatic control  i n  wh ich  the  transmission  i s  by a  thermal  prime mover  

  2.2.6
thermostat  
cycl ing  temperature  sensing  control ,  wh ich  i s  i n tended  to  keep  a  temperature  between  two  
particu lar va lues  under normal  operati ng  cond i ti ons  and  wh ich  may have  provis ion  for setting  
by the  user  

  2.2.7
temperature  l im iter 
temperature  sensing  control  wh ich  i s  i n tended  to  keep a  temperature  be low or above one  
particu lar value  during  normal  operati ng  cond i tions  and  wh ich  may have  provis ion  for setting  
by the  user  

Note  1  to  en try:  A temperature  l im i ter  may be  of the  au tomatic  or of the  manual  reset  type.  I t  does  not  make  the  
reverse  operation  d u ri ng  the  normal  duty cycl e  of the  app l i ance.  

  2.2.8
thermal  cut-out 
temperature  sensing  control  i n tended  to  keep  a  temperature  be low or above one  particu lar 
value  during  abnormal  operating  cond i tions  and  wh ich  has  no  provis ion  for setting  by the  
user  

Note  1  to  en try:  A thermal  cu t-ou t  may be  of the  au tomatic  or of the  manual  reset  type.  

Note  2  to  en try:  Normal l y a  thermal  cut-ou t  wi l l  provi de  a  type  2  action .  

  Void  2.2.9

  2.2.1 0
energy regu lator 
sel f-cycl ing  control  wh ich  a l ters  the  energy to  a  l oad  and  wh ich  may i ncorporate  means  for 
setting  by the  user  to  change  the  average  energy suppl ied  

Note  1  to  en try:  The  ratio  of the  on-time,  to  the  on-p lus-off-time,  determ ines  the  average  energy suppl i ed .  

  2.2.1 1
time-based  control  
au tomated  control  i n  wh ich  the  transmission  i s  effected  by a  time-based  prime mover  or a  

time-based  e lectrica l  ci rcu i t  
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  2.2.1 2
electrical ly operated  control  
automatic control  i n  wh ich  the  transmission  i s  effected  by an  e lectrical  prime mover  and  i n  
wh ich  the  operation  con trols  an  e lectric ci rcu i t,  and  is  wi thout i n ten tional  s ign i ficant 

time-delay 

Note  1  to  en try:  An  example  i s  a  re lay.  

Note  2  to  en try:  A s l ugged -relay may be  e i ther an  electri cal l y operated  con trol ,  or a  time-based  con trol  by  
agreement  between  testi ng  au thori ty and  manufactu rer.  

  2.2.1 3
timer 
time-based  control  wh ich  requ ires  actuation  before  the  next  cycle  can  take  p lace  

Note  1  to  en try:  Duri ng  a  cycle,  i t  may requ i re  an  external  e l ectri cal  or mechan ica l  s i gna l  before  moving  from  a  
rest  pos i ti on  to  a l l ow the  cycle  to  con ti nue.  An  example  i s  a  programmer.  

  2.2.1 4
time switch  
time-based  control  wh ich  con ti nues  wi th  a  subsequent cycle  when  the  preced ing  one  has  

been  completed  

Note  1  to  en try:  An  example  i s  a  24  h  con trol  on  a  storage  heater.  

  2.2.1 5
motor protector 
automatic control  that i s  speci fica l l y  i n tended  to  protect the  wind ings  of an  e lectric motor 

from  overheating  

  2.2.1 6
thermal  motor protector 
automatic control ,  bu i l t- i n  or on  a  motor,  that i s  speci fical l y  i n tended  to  protect the  motor 

against  overheating  due  to  runn ing  overload  and  fa i l u re  to  start  

Note  1  to  en try:  The  control  carri es  motor cu rren t  and  i s  sensi ti ve  to  motor temperatu re  and  cu rrent.  

Note  2  to  en try:  The  con trol  i s  capable  of bei ng  reset (ei ther manual l y or au tomatical l y)  when  i ts  temperatu re  fa l l s  
to  the  reset  va l ue.  

  2.2.1 7
electrical ly operated  valve  
automatic control  i n  wh ich  the  transmission  i s  effected  by an  e lectrical  prime mover  and  i n  
wh ich  the  operation  con trols  the  flow of a  l i qu id  or a  gas  

  2.2.1 8
electrical ly operated  mechanism  
automatic control  i n  wh ich  the  transmission  i s  effected  by an  e lectrical  prime mover  i n  
wh ich  the  operation  con trols  a  mechan ica l  device  

Note  1  to  en try:  An  example  i s  an  e l ectri ca l l y operated  i n terl ock for a  spin  d ryer l i d .  

Note  2  to  en try:  An  e l ectri c  motor i s  not  i ncl uded  i n  th i s  defi n i ti on .  

  2.2.1 9
operating  control  
control  wh ich  s tarts  or regu lates  the  equ ipment during  normal  operation  

  2.2.20
protective  control  
control ,  the  operation  of wh ich  i s  i n tended  to  prevent a  hazardous  s i tuation  du ring  abnormal  
operation  of the  equ ipment  
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  2.2.21
multipurpose control   
electrical  control  that can  be  class i fied  and  used  for more  than  one  purpose  

Note  1  to  en try:  An  example  of a  multipurpose con trol  i s  a  thermostat that  can  a l so  be  used  as  a  temperatu re  
l im i ter.  

  2.2.22
multi functional  control  
electrical  control  wh ich  i ncorporates  more  than  one  function  

Note  1  to  en try:  An  example  of a  mul ti functional  control  i s  the  combination  of a  thermostat  and  a  hum id i stat.  

  2.2.23
system  
control  and  control  sensors  and  actuators  as  appl i ed  to  an  appl ication  or processes   

 Defin i tions  relating  to  the  function  of controls  2.3

  2.3.1
in i tiation  
al teration  to  that aspect of a  control  wh ich  i s  requ i red  to  produce  transmission  and  
operation  

  2.3.2
transmission  
essentia l  coupl ing  between  in i ti ation  and  operation  wh ich  i s  requ i red  to  enable  the  control  

to  fu l fi l  i ts  purpose  

Note  1  to  en try:  Th i s  i ncl udes,  bu t  i s  not  l im i ted  to,  the  use  of:  

a)  commun ication  l i nes/protocols ;   

b)  add i ti onal  hardware  and /or software;  

c)  I R/RF  transmission ;  or 

a l l  combinations  of a)  to  c)  vi a  I n ternet  us ing ,  for example,  modems,  portabl e  te lephones,  etc.  

  2.3.3
operation  
change  in  that aspect of a  control  wh ich  mod i fies  the  i nput to  the  equ ipment or part  of the  

equ ipment 

  2.3.4
automatic action  
that action  of an  automatic control  i n  wh ich  the  transmission  and  operation  are  produced  
by in i ti ation  wh ich  i s  not  the  resu l t  of actuation  

  2.3.5
slow-make  s low-break automatic action  
mode of operation  where  the  rate  of contact make and /or break i s  d i rectl y proportional  to  the  
rate  of change  of the  activating  quanti ty,  or to  the  speed  of movement of a  prime mover  

Note  1  to  en try:  Th i s  action  may be  appl i cable  to  e i ther the  make,  or the  break,  or both .  

  2.3.6
manual  action  
that action  of an  automatic control  or of a  manual  control  i n  wh ich  the  transmission  and  
operation  are  produced  by in i ti ation  wh ich  i s  the  resu l t  of actuation  
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  2.3.7
actuation  
movement of the  actuating  member  of the  control  by the  user,  by hand ,  by foot or by any 
other human  acti vi ty 

  2.3.8
located  position  
posi tion  of the  actuating  member  to  wh ich  i t  wi l l  retu rn  i f i t  i s  re leased  after be ing  moved  

s l igh tl y 

  2.3.9
intermediate  posi tion  
any posi ti on  of any actuating  member  wh ich  i s  ad j acent to  a  located  position ,  and  i n  wh ich  
the  actuating  member  wi l l  remain  and  in  wh ich  the  operation  of the  control  i s  i n termed iate  

  2.3.1 0
activating  quanti ty  
physical  characteristic of a  med ium ,  the  variation  or stabi l i ty of wh ich  i s  being  sensed  

  2.3.1 1
operating  value  
value  of the  re levant temperature,  pressure,  current,  etc.  at  wh ich  a  sensing  control  operates  
on  a  rise  or fal l  of the  activating  quanti ty  

   2.3.1 2
operating  time  
duration  of t ime,  or the  d i fference  of time,  between  any two  functions,  e lectrical  or 
mechan ical ,  occurring  du ring  the  automatic action  of a  time-based  control  

  2.3.1 3
operating  sequence  
i n tended  sequence,  order or pattern  i n  wh ich  the  operation  of the  e lectrical  or mechan ical  
functions  of a  control  are  i n tended  to  occur as  a  resu l t of e i ther an  au tomatic  or a  manual  
action  of a  control  

Note  1  to  en try:  I t  i ncl udes  the  pattern  of opened  or cl osed  contacts  i n  any l ocated  posi tion ,  i n termediate  
posi tion  o r posi ti on  of setting  by the  equ ipment manufacturer  or setting  by the  user.  

  2.3.1 4
response  value  
operating  value ,  the  operating  time  or the  operating  sequence  wh ich  re lates  a  control  to  a  

particu lar equ ipment 

  2.3.1 5
trip-free  
automatic action ,  wi th  a  reset actuating  member,  i n  wh ich  the  automatic action  i s  
i ndependent of man ipu lation  or posi tion  of the  reset  mechan ism  

  2.3.1 6
leakage  current  
al l  currents ,  includ ing  capaci ti vel y coupled  cu rrents ,  wh ich  may be  conveyed  between  
exposed  conductive  surfaces  of a  device  and  earth  or other exposed  conductive  su rfaces  of a  
device  

  2.3.1 7
setting  
mechan ical  pos i ti on ing  of a  part of a  control  i n  order to  select an  operating  value  
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  2.3.1 8
setting  by the  control  manufacturer 
any setting  carried  ou t by the  control  manufacturer  wh ich  i s  not in tended  to  be  al tered  by 
the  equipment manufacturer,  the  instal ler or the  user  

  2.3.1 9
setting  by the  equ ipment manufacturer 
any setting  carried  ou t by the  equ ipment manufacturer  wh ich  i s  not i n tended  to  be  a l tered  
by the  instal ler  or the  user  

  2.3.20
setting  by the  i nstal ler 
any setting  carried  ou t by the  instal ler,  as  i nstructed  by the  equ ipment manufacturer  or the  
control  manufacturer,  and  wh ich  is  not  in tended  to  be  a l tered  by the  user  

  2.3.21
setting  by the  user 
any selection  of an  operating  value  by actuation  performed  by the  user  

  2.3.22
set  point  
value  selected  by setting  

  2.3.23
adjustable  set  point  
mul tip le  va lues,  wi th in  a  declared  range  of va lues,  wh ich  can  be  selected  by setting  

  2.3.24
duty cycle  
al l  au tomatic and  manual  actions  i nvolved  i n  one  start-to-fi n ish  operation  of the  con trol l ed  

equ ipment 

  2.3.25
cycle  of contact operation  
one  contact make and  one  subsequen t con tact break action ,  or one  con tact break and  one 
subsequent  con tact make  action  

  2.3.26
operating  d i fferential  
d i fference  between  the  upper and  l ower va lues  of the  operating  value  

  2.3.27
adjustable  d i fferential  
abi l i ty to  change or a l ter the  operating  d i fferential  wi th in  rated  l im i ts  by operation  of a  

manual l y actuated  mechan ism  

  2.3.28
fixed  d i fferential  
operating  d i fferential  wh ich  cannot be  changed  from  the  manufactu rer's  setting  

  2.3.29
maximum  working  pressure   
maximum  rated  pressure  
declared  maximum  l ine  or system  working  pressure  to  wh ich  the  control  or parts  thereof may 
be  subj ected  
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  2.3.30
maximum  temperature  
Tmax  
declared  maximum  continuous  ambient temperature  to  wh ich  the  switch  head  i s  i n tended  to  
be  exposed  during  normal  operation  

  2.3.31
remotely actuated  control  function  
function  provid ing  any operation  by control  devices  through  external  means  

Note  1  to  en try:  Th i s  i ncl udes,  bu t  i s  not  l im i ted  to,  the  use  of:  

a)  commun ication  l i nes/protocols ;   

b)  add i ti onal  hardware  and /or software;  

c)  I R/RF  transmission ;  or 

a l l  combinations  of a)  to  c)  vi a  I n ternet  us ing ,  for example,  modems,  portabl e  te lephones,  etc.   

  2.3.32
safety shut-down  
change  i n  the  s tate  of a l l  e lectrica l  ou tputs  so  that a l l  safety cri tica l  e l ectrical  ou tpu ts  of the  
control  wi l l  proceed  to  a  safe  cond i tion  i nclud ing  shu t-down  

 Defin i tions  relating  to  d isconnection  and  in terruption  2.4

Some controls  may i ncorporate  more  than  one  form  of ci rcu i t d isconnection  or i n terruption .  

  2.4.1
al l -pole  d isconnection  
for s ing le-phase  a . c.  appl i ances  and  for d . c.  appl iances,  d isconnection  of both  suppl y 
conductors  by a  s ing le  swi tch ing  action  or,  for appl iances  to  be  connected  to  more  than  two 
supply conductors,  d isconnection  of a l l  suppl y conductors,  except the  earthed  (grounded)  
conductor,  by a  s ing le  swi tch ing  action  

Note  1  to  en try:  The  protecti ve  earth ing  conductor i s  not  considered  to  be  a  suppl y conductor.  

  2.4.2
fu l l  d isconnection  
con tact separation  i n  a l l  suppl y poles  other than  earth  so  as  to  provide  the  equ ivalent of basic 
insu lation  between  the  suppl y mains  and  those  parts  i n tended  to  be  d isconnected  

Note  1  to  en try:  There  are  e l ectri c  s trength  and  d imensional  requ i rements.  

Note  2  to  en try:  Where  the  number of poles  on  the  control  i s  equa l  to  the  number of suppl y poles  of the  appl i ance  
to  wh ich  i t  i s  connected ,  fu l l  d i sconnection  provi des  al l -pol e  d i sconnection .  

Note  3  to  en try:  See  a l so  Annex H .  

  2.4.3
micro-disconnection  

adequate  con tact separation  in  at  l east one  pole  so  as  to  provide  functional  securi ty  

Note  1  to  en try:  There  i s  a  requ i rement  for the  e l ectri c  strength  of the  contact  gap  bu t  no  d imensional  
requ i rement.  

Note  2  to  en try:  Micro-d isconnection  d enotes  that  for non-sensing  control s  th e  function  con trol l ed  by the  
d i sconnection  i s  secure,  and  that  for sensing  controls  i s  secure  between  the  l im i ts  of activating  quanti ty  
declared  i n  requ i rement  36  of Table  1 .  

Note  3  to  en try:  See  a l so  Annex H .  
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  2.4.4
micro-in terruption  
i n terruption  of a  ci rcu i t by con tact separation ,  by a  cycl ing  action  or by a  non-cycl ing  action  
wh ich  does  not provide  fu l l  d isconnection  or micro-d isconnection  

Note  1  to  en try:  There  are  no  e l ectri c  s trength  or d imensiona l  requ i rements  for the  contact  gap.  

Note  2  to  en try:  See  a l so  Annex H .  

  2.4.5
OFF  posi tion  
posi tion  provid ing  a  vis ib le  or impl ied  i nd ication  of a  fu l l  d i sconnection  or 
micro-disconnection  

  See Annex H .  2.4.6

 Defin i tions  of types  of control  according  to  construction  2.5

  2.5.1
integrated  control  
control  wh ich  is  dependent on  i ts  correct mounting  and  fixi ng  i n  an  equ ipment,  and  wh ich  can  

on l y be  tested  i n  combination  wi th  the  re levant  parts  of the  equ ipment  

Note  1  to  en try:  The  equ ipment  may use  e l ectri ci ty,  gas,  o i l ,  sol i d  fuel  or a  combination  thereof.  

Note  2  to  en try:  I n tegrated  control  a l so  denotes  a  control  wh ich  i s  part  of a  more  complex control  (e l ectri ca l  or 
non -el ectri cal ).  

  2.5.2
incorporated  control  
control  i n tended  for i ncorporation  i n ,  or on ,  an  equ ipment,  bu t wh ich  can  be  tested  separate l y  

Note  1  to  en try:  The  fact  that  an  i ncorporated  control  can  be  tested  separately d oes  not  imply that  i t  may not  be  
tested  i n  an  equ ipment as  speci fi ed  i n  4 . 3. 1 . 1 .  

Note  2  to  en try:  The  equ ipment may use  e lectri ci ty,  gas,  o i l ,  sol i d  fuel  or a  combination  thereof.  

Note  3  to  en try:  I ncorporated  control  a l so  denotes  a  control  i n tended  for i ncorporation  i n  or on  a  more  complex 
control  (e l ectri cal  or non-electri cal ).  

  2.5.3
in-l ine  cord  control  
separatel y cased  control  i n tended  to  be  connected  to  the  suppl y and  to  the  equ ipment by 
means  of flexib le  cords,  equ ipment i n l ets  or socket-outlets ,  and  i s  i n tended  to  be  manual l y 
actuated  

Note  1  to  en try:  A fuse  i n  the  p l ug  i s  not  regarded  as  a  part  of the  control .  

  2.5.4
free-stand ing  control  
in -l ine  cord  control  i n tended  to  stand  on  a  table  or on  the  floor  

Note  1  to  en try:  I t  may be  actuated  by hand ,  by foot  or by other s im i l ar h uman  acti vi ty.  

  2.5.5
independently mounted  control  
control  i n tended  for permanen t connection  to  fixed  wiring ,  bu t i n tended  to  be  mounted  away 

from  the  con trol l ed  equ ipment  

Note  1  to  en try:  I t  may be  e i ther:  

– for surface  mounti ng  such  as  on  to  a  wal l ;  
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– for fl ush  mounti ng ,  such  as  i n to  a  wa l l  cavi ty,  when  i nstal l ati on  shal l  be  possibl e  from  the  front;  

– for panel  mounti ng ,  such  as  on to  or i n to  a  control  panel ,  when  i nstal l ati on  may be  from  the  rear.  

  2.5.6
pu l l -cord  actuated  control  
control  i n tended  to  be  mounted  in ,  or on ,  an  equ ipment and  actuated  by means  of a  
pul l -cord  

2.5.7  to  2.5.1 0  See  Annex H .  

2.5. 1 1  
two-step  actuation  
sequen tia l  performance  of two d isti nct  movements  of the  actuating  member  

 Defin i tions  of type  of automatic action  of a  control  according  to  test  procedure  2.6

  2.6.1
type 1  action  
automatic action  for wh ich  the  manufacturing  deviation  and  the  drift  of i ts  operating  
value ,  operating  time  or operating  sequence  h ave  not been  declared  and  tested  under th is  

standard  

Note  1  to  en try:  A type  1  acti on  i s  subclassi fi ed  as  speci fi ed  i n  6 . 4.  

  2.6.2
type  2  action  
automatic action  for wh ich  the  manufacturing  deviation  and  the  drift  of i ts  operating  
value ,  operating  time  or operating  sequence  have  been  declared  and  tested  under th is  

standard  

Note  1  to  en try:  A type  2  acti on  i s  subclassi fi ed  as  speci fi ed  i n  6 . 4.  

 Defin i tions  relating  to  protection  against  electric shock 2.7

  2.7.1
l ive  part  
conductive  part i n tended  to  be  energ ized  i n  normal  use ,  i nclud ing  a  neu tra l  conductor,  bu t by 

convention  not a  PEN  conductor 

2.7. 1 . 1  
hazardous  l ive  part  
l ive  part  wh ich ,  under certa in  cond i tions  of external  i n fl uences,  can  g i ve  an  e lectric  shock  

  2.7.2
class  0  control  
control  i n  wh ich  protection  against e lectric  shock re l i es  upon  basic insu lation  

Note  1  to  en try:  Th i s  impl i es  that  there  are  no  means  for the  connection  of accessib le  conducti ve  parts ,  i f any,  to  
the  protective  conductor  i n  the  fixed  wi ring  of the  i nstal l ati on ;  re l i ance  i n  the  event  of a  fai lure  of the  basic  
i nsu lation  i s  p l aced  upon  the  envi ronment.  

Note  2  to  en try:  I n  Austria,  Belg i um ,  Denmark,  France,  Germany,  I ta l y,  Norway,  and  the  Un i ted  Kingdom  class  0  
controls  are  not  a l l owed .  

Note  3  to  en try:  An  earth ing  term inal  i s  on l y a l l owed  i f i t  i s  for conti nu i ty  or functiona l  (as  d i s ti nct  from  protecti ve)  
pu rposes.  

  2.7.3
class  0 I  control  
in -l ine  cord  control  having  at l east basic insu lation  th roughout and  provided  wi th  an  
earth ing  term inal  bu t wi th  a  non-detachable  cord  wi thou t earth ing  conductor,  and  a  p l ug  

wi thout  earth ing  contact wh ich  cannot  be  i n troduced  in to  a  socket-outlet  wi th  earth ing  con tact  
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Note  1  to  en try:  I n  Austria ,  Belg i um ,  Denmark,  France,  Germany,  I ta l y,  Norway,  and  the  Un i ted  Kingdom  class  0 I  
control s  are  not  a l l owed .  

Note  2  to  en try:  An  earth ing  term inal  i s  on l y a l l owed  i f i t  i s  for con ti nu i ty (as  d i sti nct  from  protecti ve)  pu rposes.  

  2.7.4
class  I  control  
control  i n  wh ich  protection  against shock does  not re l y on  basic insu lation  on l y,  bu t wh ich  
i ncludes  an  add i tional  safety precau tion  i n  such  a  way that means  are  provided  for the  
connection  of accessib le  conductive  parts  to  the  protecti ve  (earth ing)  conductor i n  the  fixed  
wiring  of the  i nstal l ation  i n  such  a  way that accessible  conductive  parts  cannot become l i ve  i n  
the  even t of a  fai lure  of the  basic insu lation  

Note  1  to  en try:  Th i s  provis ion  i ncl udes  a  protective  conductor  as  part  of the  fl exi b le  cord  or cabl e.  When  class  I  
controls  a re  fi tted  wi th  a  two-core  fl exib le  cord  or cable;  provided  that  i t  i s  fi tted  wi th  a  p l ug  wh ich  cannot be  
i n troduced  i n to  a  socket-ou tl et  wi th  earth ing  contact,  the  protection  i s  then  equ ivalent  to  that  of cl ass  0 ,  bu t  the  
earth ing  provis ions  of the  equ i pment i n  a l l  other respects  shou ld  fu l l y comply wi th  the  requ i rements  of cl ass  I .  

Note  2  to  en try:  Class  I  controls  may have  parts  wi th  double  i nsu lation  or parts  that  provi de  protection  agai nst  
e l ectri c  shock by SELV  o r PELV.  

  2.7.5
class  I I  control  
control  i n  wh ich  protection  against e lectric shock does  not re l y on  basic insu lation  on l y,  bu t  
i n  wh ich  add i tional  protecti ve  precautions,  such  as  double  insu lation  or reinforced  
insu lation ,  are  provided ,  there  being  no  provis ion  for protecti ve  earth ing  or re l i ance  upon  

i nstal l ation  cond i tions  

Note  1  to  en try:  Such  a  control  may be  one  of the  types  defi ned  i n  2 . 7. 5. 1  to  2 . 7. 5. 3.  

Note  2  to  en try:  Class  I I  con trols  may have  parts  that  provi de  protection  against  e l ectri c  shock by use  of SELV.   

Note  3  to  en try:  Class  I I  controls  cannot  have  parts  that  provide  protection  agai nst  e l ectri c  shock by use  of 
PELV,  as  such  ci rcu i ts  requ i re  connection  to  an  earth i ng  term inal .  

2.7.5. 1  
insu lation-encased  class  I I  control  
control  having  a  durable  and  substantial l y con tinuous  enclosure  of i nsu lation  material  wh ich  
envelopes  a l l  metal  parts ,  wi th  the  exception  of smal l  parts ,  such  as  name  p lates,  screws  and  
ri vets ,  wh ich  are  isolated  from  l ive  parts  by i nsu lation  at l east equ ivalen t to  reinforced  
insu lation  

2.7.5.2  
metal -encased  class  I I  control  
control  having  a  substan tia l l y conti nuous  meta l  enclosure  i n  wh ich  double  insu lation  i s  used  
throughou t,  except for those  parts  where  reinforced  insu lation  i s  used ,  because  the 
appl ication  of double  i nsu lation  i s  man i festl y impracticable  

2.7.5.3  
combination  insu lation-encased/metal -encased  class  I I  control  
control  wh ich  i s  a  combination  of the  types  described  i n  2 . 7 . 5. 1  and  2 . 7. 5. 2  

Note  1  to  en try:  The  enclosure  of an  a l l - i nsu l ated  class  I I  control  may form  a  part  or the  whole  of the  
supplementary insu lation  or of the  rein forced  insu l ation .  I f a  control  wi th  double  i nsu lation  and /or reinforced  
insu lation  th roughout  has  an  earth i ng  term inal  or earth i ng  con tact,  i t  i s  deemed  to  be  of cl ass  0 I  or cl ass  I  
construction .   

  2.7.6
class  I I I  control  
control  re l ying  on  l im i tation  of vol tage  to  ELV  va l ues  as  provis ion  against  e lectric shock for 

bas ic  protection  and  

– wi th  no  provis ion  for fau l t  protection ;   
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– wh ich  for suppl y are  on l y connected  to  a  SELV system  or a  PELV system ,  to  form  part of 
that  system ;   

–  where  i n ternal  ci rcu i ts  do  not operate  at  a  h igher l evel  than  ELV;  

– where  i n  case  of a  s ing le  fau l t  wi th in  the  control  no  steady state  touch  vol tage  may 
appear or be  generated  exceed ing  ELV  l evel ;  and  

– not provided  wi th  a  means  of connection  for a  protective  conductor  

  2.7.7
detachable  part  
part wh ich  can  be  removed  or opened  wi thout the  ai d  of a  tool  and  wh ich  does  not comply 

wi th  the  test  of 1 1 . 1 1 . 1 . 5  

  2.7.8
accessible  part  or accessible  surface  
part or surface  wh ich  can  be  touched  by the  test fi nger of F igure  2 ,  when  the  control  i s  
mounted  as  i n  normal  use ,  and  after detachable  parts  have  been  removed  

  2.7.9
functional  i nsu lation  
i nsu lation  between  l ive  parts  wh ich  have  a  poten tia l  d i fference between  them,  and  wh ich  
i nsu lation  i s  necessary for the  correct operation  o f the  control  or con trol l ed  equ ipment (L-L)  

Note  1  to  en try:  I n  2 . 7. 9  th rough  2 . 7. 1 2,  the  fol l owing  abbreviations  are  used :  

L   l i ve  part;  

A accessible  part  (e i ther conducti ve  or an  i nsu l ati ng  su rface);  

I   i n termed iate  part.  

  2.7.1 0
basic insu lation  
i nsu lation  appl ied  to  l ive  parts  to  provide  bas ic protection  against  e lectric  shock (L-A or L- I )  

Note  1  to  en try:  Basic i nsu lation  i ncl udes  i nsu l ation  between  l i ve  parts  and :   

– i n termed iate  conducti ve  parts  or metal  fo i l  over i n termed iate  i nsu lati ng  surfaces  (class  I I  s i tuation );  

– access ible  conducti ve  parts  (cl ass  0 ,  0 I ,  I  s i tuations);  

– conducti ve  parts  connected  to  access ible  conducti ve  parts  (cl ass  0 ,  0 I ,  I  s i tuations);  

– metal  foi l  over access ible  i nsu l ati ng  su rfaces  (class  0  s i tuati on ).  

Note  2  to  en try:  Th i s  was  formerly part  of that  i nsu lati on  referred  to  as  functional  i nsu l ati on .   

  2.7.1 1
supplementary insu lation  
i ndependent i nsu lation  appl ied  i n  add i tion  to  basic insu lation  i n  order to  provide  protection  
against  e lectric  shock i n  the  event of a  fai l ure  of basic insu lation  ( I -A)  

Note  1  to  en try:  I t  i ncl udes  i nsu lati on  between  i n termed iate  conducti ve  parts ,  or metal  foi l  over i n termed iate  
i nsu lati ng  su rfaces  and :   

– accessib le  conducti ve  parts  (cl ass  I I  s i tuation);   

– conducti ve  parts  connected  to  access ible  conducti ve  parts  (cl ass  I I  s i tuation);  

– metal  fo i l  over accessib le  i nsu l ati ng  su rfaces  (class  I I  s i tuation) .  

  2.7.1 2
reinforced  insu lation  
sing le  i nsu lation  system  appl i ed  to  l ive  parts ,  wh ich  provides  a  degree  of protection  against  
e lectric shock equ ivalen t  to  double  i nsu lation  under the  cond i ti ons  speci fied  i n  th is  standard  

(L-( I )-A)  

Note  1  to  en try:  I t  i ncl udes  i n su lation  between  l i ve  parts  and :   
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– access ible  conducti ve  parts  (cl ass  I I  s i tuation);   

– conducti ve  parts  connected  to  access ible  conducti ve  parts  (cl ass  I I  s i tuation);   

– metal  fo i l  over accessib le  i nsu l ati ng  su rfaces  (class  I I  s i tuation) .  

Note  2  to  en try:  The  term  " i nsu lation  system"  does  not  impl y that  the  i nsu l ation  must be  one  homogeneous  piece.  
I t  may comprise  severa l  l ayers  wh ich  cannot  be  tested  s i ng l y as  supplementary i nsu lation  or basic i nsu lation .   

  2.7.1 3
double  insu lation  
i nsu lation  compris ing  both  basic insu lation  and  supplementary i nsu lation  (cl ass  I I  

s i tuation)  

  See Annex H .  2.7.1 4
 

  2.7.1 5
equ ipotential  bond ing  
provis ion  of e l ectric connections  between  conductive  parts ,  i n tended  to  ach ieve  
equ ipoten tia l i ty  

Note  1  to  en try:  The  effecti veness  of the  equ ipotenti al  bond ing  d epends  on  the  frequency of the  cu rren t  i n  the  
bond ing .  

Equ ipotenti al  bond ing  i s  used  to  connect  any conducti ve  part  of a  bu i l d i ng  not  form ing  part  of the  e l ectri cal  
i nsta l l ati on  and  l i ab le  to  i n troduce  an  e l ectri ca l  poten ti a l ,  general l y the  e l ectri c  poten tial  of the  l ocal  earth  
(extraneous-conducti ve  part)  and  any conducti ve  part  of con trols  or equ ipment  or components  i n  the  i nstal l ati on  
wh ich  can  be  touched  and  wh ich  i s  not  normal l y l i ve  bu t  wh ich  can  become l i ve  when  basic i nsu lation  fa i l s  
(exposed-conductive-part)  to  a  main  equ ipotenti al  bonding  terminal  i n  the  form  of a  bar,  i n  order to  bri ng  these  
parts  to  the  same poten ti al .  Parts  to  be  connected  to  the  equ ipoten tial  bonding  system  i ncl ude,  for example,  
protecti ve  conductors ,  PE  conductors ,  PEN  conductors,  earth ing  conductors ,  protecti ve  earth i ng  term inal s  of 
control s  or equ ipment,  a l l  conducti ve  parts  i n  a  bu i l d i ng ,  for example,  metal  tubing  for water (d ri nking  and  waste),  
metal l i c  bath tubs,  the  central  heati ng  system  pip ing ,  any i n ternal  gas  tub ing  (wh ich  i s  a l so  requ i red  to  be  i sol ated  
from  external  gas  tubi ng ),  earth  connectors  for an tennas  and  telecommun ication  systems,  a l l  metal  parts  of the  
bu i l d i ng  used  for construction  l i ke  mats  and  i ron ,  and  conductors  for l i gh tn ing  protection  and  depend ing  on  the  
i nstal l ati on  system ,  the  earth  e l ectrode.  Requ i rements  for equ ipoten tial  bonding  can  be  found  i n  the  I EC 
standards  for the  i nstal l ati on  of bu i l d i ngs.  These  may be  re levant  for the  i nstal l ati on  of controls  wh ich  cons ist  of 
several  component-parts  (for example,  sensors,  actors,  central  control  e l ement,  i n terface  e lements)  connected  i n  
paral l e l  to  or vi a  the  fi xed  i nsta l l ati on  of the  bu i l d i ng .  

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-01 -1 0]  

2.7. 1 5. 1  
protective-equipotential -bonding  
equ ipotential  bond ing  for purposes  of safety (protection  against  e lectric  shock)   

Note  1  to  en try:  Functional  equ ipoten tial  bonding  i s  defi ned  i n  [ I EV 1 95-01 -1 6] .  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-01 -1 5,  mod i fied  – (protection  against e lectric shock)  has  
been  added . ]  

 Defin i tions  relating  to  component parts  of controls   2.8

  2.8.1
sensing  element  
that part of the  control  wh ich  i s  in tended  to  be  exposed  to  the  i n fl uences  of the  activating  
quanti ty  to  wh ich  the  automatic action  of a  sensing  control  responds  

  2.8.2
switch  head  
complete  control ,  except  for any sensing  element  

Note  1  to  en try:  I f by construction  i t  i s  imposs ible  to  d i sti ngu ish  between  the  swi tch  head  and  the  sensing  
element,  then  the  whole  control  i s  consi dered  to  be  the  sensing  element.  
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  2.8.3
actuating  member 
that  part wh ich  is  manual l y moved ,  pu l led ,  pushed  or turned  to  cause  in i tiation  of a  control  
action ,  or for setting  by the  user 

Note  1  to  en try:  The  term  "actuating  member"  does  not  i ncl ude  any device  such  as  a  set-screw used  for setting  
by the  con trol  manufacturer  i f such  a  device  i s  adequately l ocked  aga inst  fu rther movement,  or i f a  tool  i s  
requ i red  for such  setting  by the  control  manufacturer.  

  2.8.4
actuating  means  
any part wh ich  connects  the  actuating  member  to  the  mechan ism  of the  control  

  2.8.5
pu l l -cord  
flexible  actuating  member  wh ich  is  pu l led  to  cause  actuation  

  2.8.6
prime mover 
any device  used  to  produce  the  mechan ical  energy requ ired  to  provide  the  transmission  for 
an  automatic control ,  such  as  an  electrical ly operated  control ,  an  electrical ly operated  
valve ,  an  electrical ly operated  mechanism  or a  time-based  control  

Note  1  to  en try:  I t  may be  a  mechan ical  s torage  device  (for example,  a  cl ockwork spri ng ),  an  e l ectro-magneti c  
device  (for example,  an  e l ectri c  motor,  or s teppi ng  solenoid ) ,  an  e l ectro-thermal  device  (for example,  the  heati ng  
e l ement  of an  energy regu l ator)  or any other mechan ism  producing  mechan ical  energy.  

  2.8.7
clutch  
mechan ical  device  by wh ich  an  actuating  member  can  override  e i ther a  prime mover  or an  
activating  quanti ty,  causing  or a l l owing  the  in i ti ation  or cancel lation  of an  action  

  2.8.8
cover 
cover plate  
part wh ich  i s  access ib le  when  the  control  i s  mounted  as  in  normal  use  and  wh ich  can  be 
removed  on l y wi th  the  a id  of a  tool  

Note  1  to  en try:  I t  shal l  n ot  requ i re  the  use  of a  special  purpose  tool  for i ts  removal .  

  2.8.9
screwless  fixed  part  (or component)  
accessible  part  (or component)  wh ich ,  after attachment,  i nsta l lation ,  moun ting  or assembly 
i n to  or on to  an  equ ipment or another component,  or to  a  specia l l y prepared  support,  i s  
reta ined  i n  posi ti on  by posi ti ve  means  wh ich  do  not depend  on  screws  

Note  1  to  en try:  D i sassembly or removal  may requ i re  the  use  of a  tool ,  e i ther appl i ed  d i rectl y to  the  part  (or 
component),  or to  obtai n  access  to  the  reta in i ng  means.  

Note  2  to  en try:  The  fol l owi ng  are  some examples  of parts  wh ich  are  not  regarded  as  screwless  fixed  parts  or 
components :   

– parts  of components  fi xed  permanentl y by ri vets,  g l ue ing  or s im i l ar means;  

– fl at,  push-on  connectors ;  

– screwless  terminals ;  

– s tandard  p l ugs  and  socket-ou tl ets ;  

– standard  appl i ance  coupl ers,  even  i f such  have  add i ti onal  l atch i ng  devices  to  prevent  a  s i ng le  action  
uncoupl i ng ;  

– the  replacement of a  l amp i n  a  bayonet  type  l amphol der;  

– twist- l u g  construction ;  

– fri cti on -fi t  constructi on .  
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 Defin i tions  of types  of terminals  and  terminations  of controls  2.9

  2.9.1
pi l lar terminal  
term inal  in  wh ich  the  conductor i s  i nserted  in to  a  hole  or cavi ty,  where  i t  i s  clamped  un der the  
shank of the  screw or screws  

Note  1  to  en try:  The  cl amping  pressure  may be  appl i ed  d i rectl y by the  shank of the  screw,  or th rough  an  
i n termed i ate  cl amping  member to  wh ich  pressu re  i s  appl i ed  by the  shank of the  screw (see  F igu re  1 1 ).   

  2.9.2
screw terminal  

term inal  i n  wh ich  the  conductor is  cl amped  under the  head  of the  screw 

Note  1  to  en try:  The  cl amping  pressure  may be  app l i ed  d i rectl y  by the  head  of the  screw,  or th rough  an  
i n termed i ate  part,  such  as  a  washer,  a  cl amping  pl ate  or an  an ti -spread  device  (see  F i gu re  1 0).  

  2.9.3
stud  terminal  

term inal  i n  wh ich  the  conductor is  cl amped  under a  nu t  

Note  1  to  en try:  The  cl amping  pressu re  may be  appl i ed  d i rectl y by a  su i tabl y shaped  nu t,  or th rough  an  
i n termed i ate  part,  such  as  a  washer,  a  cl amping  pl ate  or an  an ti -spread  device  (see  F i gu re  1 0).  

  2.9.4
screwless  terminal  
term inal  i n  wh ich  the  connection  of the  conductor i s  ach ieved  d i rectl y or i nd i rectl y by means  of 
springs,  wedges,  eccen trics,  cones  or the  l ike  

Note  1  to  en try:  The  fol l owi ng  are  not  regarded  as  screwless  terminal s :   

– term inal s  requ i ri ng  the  fi xi ng  of specia l  d evices  to  the  conductors  before  cl amping  them  i n  the  term inal ,  for 
example,  flat push-on  connectors ;   

– term inal s  requ i ri ng  wrapping  of the  conductors,  for example,  those  wi th  wrapped  j oi n ts ;   

– term inal s  provi d i ng  d i rect  con tact  to  the  conductors  by means  of edges  or po in ts  penetrati ng  the  i nsu lation .   

  2.9.5
flat  push-on  connector 
assembly of a  tab  and  a  receptacle  enabl ing  the  connection ,  a t wi l l ,  of a  core  or conductor to  
a  control  or to  another core  or conductor 

  2.9.6
receptacle  
female  part of a  flat push-on  connector  i n tended  to  be  permanentl y attached  to  a  core  or 

conductor (see  F igure  1 6)  

  2.9.7
tab  
male  part  of a  flat  push-on  connector  (see  F igures  1 4  and  1 5)  

  2.9.8
in -l ine  tab  
tab  i n tended  to  be  permanentl y attached  to  a  core  or conductor 

  2.9.9
tab  forming  part  of a  control  
tab  permanentl y attached  to,  or an  i n tegral  part of,  a  control  
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  2.9.1 0
termination  
part by wh ich  a  conductor can  be  connected  to  a  control  i n  such  a  way that i ts  replacement 
requ ires  e i ther a  special  purpose  tool ,  a  specia l  process  or a  specia l l y prepared  end  of the  

conductor 

Note  1  to  en try:  Sol dering  requ i res  a  special  purpose  tool .  Wel d ing  requ i res  a  speci a l  process.  A cable  l u g  
attached  to  a  conductor i s  a  specia l l y prepared  end .  

  2.9.1 1
solder termination  
termination  i n  wh ich  the  conductor i s  secured  by a  mechan ica l  means,  and  the  ci rcu i t  

con tinu i ty i s  assured  by solder 

  2.9.1 2
saddle  terminal  
term inal  i n  wh ich  the  conductor is  cl amped  under a  sadd le  by means  of two  or more  screws  or 
nu ts  (see  F igure  1 3a)  

  2.9.1 3
lug  terminal  
screw terminal  or stud  terminal ,  i n tended  to  clamp a  cable  l ug  or bar by means  of a  screw 

or nu t  (see  F igure  1 3b)  

  2.9.1 4
mantle  terminal  
term inal  i n  wh ich  the  conductor is  cl amped  against the  base  of a  s lot i n  a  threaded  stud  by 
means  of a  nu t  

Note  1  to  en try:  The  conductor i s  cl amped  agai nst  the  base  of the  s l ot  by a  su i tabl y shaped  washer under the  nu t,  
by a  central  peg  i f the  nu t  i s  a  cap  nu t  or equal l y effecti ve  means  for transm i tti ng  the  pressure  from  the  nu t  to  the  
conductor wi th i n  the  s l ot  (see  F igu re  1 2).  

  2.9.1 5
equ ipotential  bond ing  terminal  
term inal  provided  on  equ ipment or on  a  device  and  i n tended  for the  electric connection  wi th  
the  equipotential  bonding  system   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-32]  

  2.9.1 6
protective  bond ing  terminal   
term inal  i n tended  for protective  equ ipotential  bonding  pu rposes  

Note  1  to  en try:  Examples  are  a  protecti ve  screen -  or PE -term inal  of a  control  or equ ipmen t.  

  2.9.1 7
protective  conductor  
PE  

conductor provided  for purposes  of safety,  for example,  protection  against e lectric shock 

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-09  ]  

 Defin i tions  relating  to  the  connections  to  controls  2.1 0

  2.1 0.1
external  conductor 
any cable ,  flexib le  cord ,  core  or conductor,  a  part of wh ich  is  external  to  an  i n -l ine  cord  
control ,  an  independently mounted  control  or to  an  equ ipment in  or on  wh ich  a  control  i s  
mounted  
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Note  1  to  en try:  Such  a  conductor may be  a  suppl y l ead ,  a  function  cord  or i n terconnecti ng  cord  between  d i fferent 
parts  of an  equ ipment;  or i t  may form  part  of the  fi xed  wi ring .  

  2.1 0.2
fixed  wiring  
any external  conductor  wh ich  i s  permanentl y secured  to  the  fabric  of the  bu i l d ing  such  that,  
i n  normal  use  at  the  poin t at  wh ich  the  conductor en ters  the  equ ipment or control ,  there  i s  no  

l i kel i hood  of any stra in  being  appl ied  to  the  conductor 

Note  1  to  en try:  Such  secu ring  to  the  fabric  of the  bu i l d i ng  may be,  for example,  by the  enclos ing  of conductors  i n  
condu i t,  buryi ng  cab les  i n  wal l s ,  adequatel y fi xi ng  cables  or cords  to  wal l s  or other su rfaces,  etc.  

  2.1 0.3
internal  conductor 
any cable,  fl exib le  cord ,  core  or conductor wh ich  i s  ne i ther an  external  conductor,  nor an  
in tegrated  conductor  

Note  1  to  en try:  An  example  i s  a  conductor i ns i de  the  equ i pment to  i n terconnect  the  control  and  the  equ ipment.  

  2.1 0.4
integrated  conductor 
conductor wh ich  i s  i ns ide  a  control ,  or i s  used  to  permanen tl y i n terconnect term inals  or 
terminations  of a  control  

  2.1 0.5
detachable  cord  
flexible  external  cord  connected  to  a  control  or equ ipment by means  of an  equ ipment i n let,  or 
p lug  and  socket arrangement  

  2.1 0.6
non-detachable  cord  
flexible  external  conductor  connected  to,  or assembled  to,  a  control  accord ing  to  one  of the  

methods  i n  2 . 1 0 .6. 1  to  2 . 1 0 . 6. 4  

2. 1 0.6. 1  
type X attachment 
method  of attachment such  that the  cord  can  be  eas i l y replaced  wi thou t special -purpose 
tools ,  us ing  s tandard  cords  wi thou t any specia l  preparation  

2. 1 0.6.2  
type  M  attachment 
method  of attachment such  that the  cord  can  be  eas i l y replaced  wi thou t special  purpose 
tools ,  bu t  i s  i n tended  to  use  on l y a  specia l  cord ,  such  as  one  wi th  a  mou lded-on  cord  guard ,  

or one  wi th  specia l  prepared  ends  

Note  1  to  en try:  Th i s  attachment  method  does  not  appl y i f i t  i s  possib le  to  fi t  a  s tandard  cord  d uri ng  servicing  
u n l ess  such  i s  perm i tted  by a  parti cu l ar equ i pment  standard .   

2. 1 0.6.3  
type  Y attachment 
method  of attachment of the  suppl y cord  such  that  any replacement is  in tended  to  be  made by 
the  manufacturer,  i ts  service  agent  or a  s im i l ar qual i fied  person  

2. 1 0.6.4  
type  Z  attachment 
method  of attachment such  that the  fl exib le  cable  or cord  cannot be  replaced  wi thou t breaking  
or destroying  a  part of the  control  
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  2.1 0.7
flying  l ead   
pigtai l  
wire  or wi res  i n tended  for the  connection  of the  control ,  wi th  one  end  permanentl y connected  
to  the  control  by the  control  manufacturer  

  2.1 0.8
primary battery  
cel l  
any kind  of e lectrochemical  cel l  i n  wh ich  the  electrochem ical  reaction  of i n terest i s  not 
reversib le  

Note  1  to  en try:  An  example  i s  an  a l kal i ne  battery.  

  2.1 0.9
secondary battery  
rechargeable  cel l  
any kind  of e lectrochem ical  cel l  i n  wh ich  the  e lectrochem ical  reaction  of i n terest i s  reversib le  

Note  1  to  en try:  A rechargeable  battery i s  a  g roup  of two  or more  secondary cel ls .  

Note  2  to  en try:  Examples  of rechargeable  batteries  are  n i ckel  metal  hyd ri de  (N iMH ),  l i th i um  i on  (Li - i on )  etc.  

 Defin i tions  relating  to  the  performance of type 2  actions  2.1 1

  2.1 1 .1
manufacturing  deviation  
maximum  d i fference  of operating  value ,  operating  time  or operating  sequence  wh ich  is  
cl aimed  between  any two  controls ,  suppl ied  by the  manufacturer to  a  unique type  reference ,  

when  tested  as  subm i tted  and  in  the  same manner 

Note  1  to  en try:  The  d i fference  may be  re l ated  to  an  absol u te  value  i f perm i tted  by the  appropriate  subclause  of 
Cl ause  1 5.  

  2.1 1 .2
dri ft  
maximum  al teration  of operating  value ,  operating  time  or operating  sequence  of any one  

sample  wh ich  can  occur when  i t  i s  tested  under the  cond i ti ons  speci fied  i n  th is  s tandard  

Note  1  to  en try:  The  a l teration  may be  re lated  to  an  absolu te  val ue,  or combined  wi th  the  manufacturing  
deviation ,  i f perm i tted  by the  appropriate  subclause  of Cl ause  1 5.   

 Defin i tions  relating  to  the  requ i rements  for creepage d istances  and  clearances  2.1 2

  2.1 2.1
clearance  
shortest d is tance  through  ai r between  two conductive  parts ,  or between  a  conductive  part and  
a  metal  fo i l  i n  contact wi th  a  surface  of i nsu lati ng  materia l  

Note  1  to  en try:  The  method  of measurement i s  detai l ed  i n  Annex B  and  F igu re  1 7.  

  2.1 2.2
creepage d istance  
shortest d istance  a long  the  surface  of the  i nsu lati ng  materia l  between  two conductive  parts,  or 
between  a  conductive  part and  a  metal  foi l  i n  contact wi th  any accessible  surface  of 

i nsu lating  materia l  

Note  1  to  en try:  The  method  of measurement i s  detai l ed  i n  Annex B  and  F igu re  1 7.  
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  Void  2.1 2.3

  Void  2.1 2.4

  Void  2.1 2.5

  Void  2.1 2.6

  Void  2.1 2.7

  2.1 2.8
pol lution  
any add i ti on  of foreign  matter,  so l i d ,  l i qu id ,  or gaseous  that can  resu l t i n  a  reduction  of e l ectric  
strength  or surface  res istivi ty of the  insu lation  

  Environment 2.1 2.9

2. 1 2.9. 1  
macro-environment 
environment  of the  room  or other location  i n  wh ich  the  equ ipment i s  i nsta l l ed  or used  

2. 1 2.9.2  
micro-environment 
immed iate  envi ronment  of the  insu lation  wh ich  particu larl y i n fl uences  the  d imension ing  of the  
creepage d istances  

2. 1 2.9.3  
pol lution  degree  
numeral  characterizing  the  expected  pol lution  of the  micro-environment  

Note  1  to  en try:  Pol lu tion  degrees  1 ,  2 ,  3 ,  and  4  are  used .  See  Annex N .  

 M iscel laneous  defin i tions  2.1 3

  2.1 3.1
un ique  type  reference  
marking  such  that by quoti ng  i t  i n  fu l l  to  the  manufacturer of the  control ,  a  replacement can  
be  suppl ied  wh ich  wi l l  be  fu l l y i n terchangeable  wi th  the  ori g inal ,  e l ectri ca l l y,  mechan ical l y,  
d imensional l y and  functional l y 

  2.1 3.2
tool  
screwdriver,  a  coin  or any other object wh ich  may be  used  to  operate  a  nu t,  a  screw or s im i l ar 
part  

  2.1 3.3
special -purpose  tool  
tool  wh ich  i s  un l ike l y to  be  read i l y avai lable  in  a  normal  household ,  for example,  a  key for a  
hexagonal  socket-headed  screw 

Note  1  to  en try:  Tools  such  as  coins ,  screwdri vers  and  spanners  i n tended  to  operate  square,  or hexagonal  n u ts,  
are  not  special -purpose tools .  

  2.1 3.4
normal  use  
use  of the  control ,  or i ts  associated  equ ipment,  for the  purpose  for wh ich  i t  was  made,  and  i n  
the  manner i n tended  by the  manufacturer 

Note  1  to  en try:  Normal  use  i ncl udes  any overl oad ,  or abnormal  operati ng  cond i ti ons  speci fi ed  i n  the  equ i pment 
standard .   
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Note  2  to  en try:  Normal  use  d oes  not  i ncl ude  any process  wh ich  i s  necessary to  main tai n  the  con trol  o r 
equ i pment  i n  good  order,  even  though  th i s  may be  carri ed  ou t  by the  user  accord ing  to  the  manufacturer's  
i nstructions.  

  2.1 3.5
user maintenance  
any period ic process  necessary to  main tain  the  control ,  or equ ipment,  i n  good  order,  for 
wh ich  deta i l s  are  g i ven  i n  the  manufacturer's  i nstructions  to  the  user  

  2.1 3.6
servicing  
any process  necessary to  main ta in  a  control ,  or equ ipment,  i n  good  order,  that  wou ld  be  done  

by a  competent  person ,  such  as  i n  a  workshop,  by an  e lectrician  or by a  service  organ ization  

Note  1  to  en try:  Th i s  i ncl udes  repl acing  a  fl exibl e  cord ,  thermal  l i nk or the  l i ke.  

  2.1 3.7
manufacturer servicing  
servicing  wh ich  can  on l y be  done  by the  manufacturer,  or h is  accred i ted  serviceman  

Note  1  to  en try:  Th i s  may be  due  to  the  need  for special  purpose  tools ,  or specia l  i nstrumentation ,  and  i ncl udes  
the  setting  by the  con trol  manufacturer.  

  2.1 3.8
fai lure  

term ination  of the  abi l i ty of an  i tem  to  perform  a  requ i red  function  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -04-01 ]  

  2.1 3.9
fau l t  

state  of an  i tem  characterised  by i ts  i nabi l i ty to  perform  a  requ ired  function ,  exclud ing  the  

i nabi l i ty during  preventive  main tenance or other p lanned  actions,  or due  to  l ack of external  

resources  

Note  1  to  en try:  ”Fai lu re“  i s  an  event,  as  d i s ti ngu ished  from  ”fau l t“ ,  wh ich  i s  a  s tate.  

Note  2  to  en try:  After fai lure ,  the  i tem  has  a  fau l t.  

Note  3  to  en try:  Th i s  concept  as  defi ned  does  not  app ly to  i tems  consisti ng  of software  on l y.  

Note  4  to  en try:  A fau l t  i s  often  the  resu l t  of a  fai lure  of the  i tem  i tsel f,  bu t  may exi st  wi thout  pri or fai lure .  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -05-01 ]  

  2.1 3.1 0
smart g rid   
in tel l igent g rid  
electric power system  that u ti l i zes  in formation  exchange and  control  technolog ies,  

d istribu ted  computing  and  associated  sensors  and  actuators,  for purposes  such  as :  

– to  in tegrate  the  behaviour and  actions  of the  network users  and  other s takeholders ,  

– to  efficien tl y del i ver sustainable ,  econom ic and  secure  e lectrici ty suppl ies  

[SOURCE:  I EC 60050-61 7: 201 1 -1 0,  61 7-04-1 3]  
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  2.1 3.1 1
smart enabled  control  
control  that i s  i n tended  to  i n teract wi th  the  smart grid  and  a l l ows  certain  functions  re lated  to  
power b i l l i ng  rate  or power demand  response  to  be  remotel y control led  or enabled  general l y 
by commun ication  wi th  the  power u ti l i ty or by user  remote  i n terface  

Note  1  to  en try:  For example,  remote  i n terface  i ncl udes  computer or smart  phone.  

 Defin i tions  relating  to  manufacturer and  user 2.1 4

  2.1 4.1
control  manufacturer 
manufacturer of the  control  

  2.1 4.2
equ ipment manufacturer 
manufacturer of equ ipment i n  wh ich ,  on  wh ich ,  or together wi th  wh ich  the  control  i s  used  

Note  1  to  en try:  I n  Canada  and  the  USA,  the  equ ipment manufacturer  i s  i nd icated  as  the  OEM  (ori g i nal  
equ ipment manufacturer).  The  OEM  recei ves  con trol s  from  control  manufacturers  for i n teg rati on  or 
i ncorporation  i n to  equ ipment.  

  2.1 4.3
instal ler 
person  qual i fi ed  to  i nstal l  the  control  and  poss ib l y the  associated  equ ipment  

  2.1 4.4
user 
one who uses  the  control  wi th  the  a i d  of documentation  (user maintenance)  d uring  i ts  
normal  l i fe  

Note  1  to  en try:  The  user  i s  cons idered  a  l ayman .  

  2.1 4.5
low complexity safety-related  systems  or controls  
safety related  system  or control  i n  wh ich  

– the  fai lure  modes  of each  i nd ividual  componen t are  wel l  defi ned ;  

– the  behaviour of the  system  or control  under fau l t  cond i ti ons  can  be  completel y 
determ ined  

 Defin i tions  pertain ing  to  thermistors  2.1 5

See  Annex J .  

 Defin i tions  relating  to  the  structure  of controls  using  software  2.1 6

See  Annex H .  

 Defin i tions  relating  to  error avoidance in  controls  using  software  2.1 7

See  Annex H .  

 Defin i tions  relating  to  fau l t/error control  techn iques  for controls  using  software  2.1 8

See  Annex H .  
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 Defin i tions  relating  to  memory tests  for controls  using  software  2.1 9

See  Annex H .  

 Defin i tions  of software terminology – General  2.20

See  Annex H .  

 Void  2.21

 Defin i tions  relating  to  classes  of control  functions  2.22

See  Annex H .  

 Defin i tions  relating  to  functional  safety  2.23

See  Annex H .  

 Defin i tions  related  to  access  to  data  exchange  2.24

See  Annex H .  

3 General  requirements  

Controls  shal l  be  so  des igned  and  constructed  that  i n  normal  use ,  they function  so  as  not to  
cause  in j ury to  persons  or damage  to  surround ing  property,  even  i n  the  event of such  
care lessness  as  may occur i n  normal  use .  

In general,  compliance is checked by carrying out the relevant tests specified in this standard 
and the  appropriate  part 2.  

4 General  notes  on  tests  

Tests according to this standard are type tests.   

NOTE  1  I f the  resu l ts  of any of the  prescri bed  tests  can  be  determ ined  beyond  doubt  by assessment,  then  the  test  
or tests  need  not  be  performed .  

NOTE  2  See  a l so  Annex H .  The  requ i rements  of Annex H  are  not  appl i cable  to  non -el ectron ic controls ,  un l ess  
speci fi ed  i n  an  appropri ate  part  2  of th i s  standard .  

 Cond i tions  of test  4.1

4. 1 . 1  Unless otherwise specified in this standard,  the samples are tested as delivered,  
having been mounted as declared by the  manufacturer,  but,  when significant,  in the most 
unfavourable position.  

4.1 .2  If the test results are influenced by the room temperature,  this shall be maintained at 

(20 ±  5)  °C,  except that in cases of doubt,  it shall be maintained at (23 ±  2)  °C,  unless 
otherwise specified in  a  particular clause.   

4. 1 .3  Actuating members  are placed in the most unfavourably located position ,  
intermediate position  or position of setting  by the  user,  unless other instructions are given 
in a  particular clause.   
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4.1 .4  Unless otherwise specified in  this standard,  the tests are carried out in the order of the 
clauses of this standard.  

See also Annex H.  

4.1 .5  During the tests of this standard,  actuation  may be performed by test equipment if so 
desired,  except for the high-speed tests of 17. 12.  

4.1 .6  During and for the purpose of the tests of this standard,  other than for the tests of 
17. 12,  the actuating means  can  be used to actuate the control,  if an actuating member is 
not supplied by the manufacturer.   

4.1 .7  The rates of temperature change declared in 7. 2 and used in Clause 17 (that is α1 ,  β1 ,  

α2  and β2)  shall have test tolerances of ±12 K/h.  

For other activating quantities,  the minimum and/or maximum rates of change declared in  

requirement 37 of Table 1  and used in  Clause 17 (that is α1 ,  β1 ,  α2  and β2)  shall have test 
tolerances as specified in  the  appropriate  part 2.  

4. 1 .8  In  all tests,  the measuring instruments or the measuring means shall be such as not to 
affect appreciably the value being measured.  

4. 1 .9  to  4. 1 .1 1  See  Annex H .  

 Samples  requ ired  4.2

4.2. 1  One sample is used for the tests in  Clauses 5 to 11  and 18 to 27,  including the relevant 
annexes.  A  set of three samples is subjected to the remaining tests.  

If one sample does not comply with  the tests of Clauses 12 to 17 inclusive,  the test which 
caused the non-compliance,  and those preceding which may have influenced the result of that 
test,  are repeated on another set of identical samples,  all of which shall then comply with the 
repeated tests.   

The manufacturer may submit,  together with the first set of samples,  the additional set or sets 
which may be wanted should one sample not comply.  The testing authority will then,  without 
further request,  test the additional samples,  and will only reject if a  further non-compliance 
occurs.  If the additional sets of samples are not submitted at the same time,  a  non-compliance 
of one sample may entail a  rejection.  

NOTE  I n  Canada  and  the  USA,  on ly  one  sample  i s  used  for the  tests  of Cl auses  1 2  to  1 7  i ncl us ive  and  the  sample  
tested  must  comply.  

4.2.2  Void  

4.2.3  Additional samples may be required for some destructive tests of this standard.   

4.2.4  Controls  which are intended to meet the requirements of more than one part 2 
document shall,  in  general,  be tested to  each part 2 separately.  

NOTE  By agreement between  manufacturer and  testi ng  au thori ty,  requ i rements  and  tests  wh ich  are  common  to  
more  than  one  part  2 ,  need  on l y be  checked  once,  un l ess  the  common  tests  can  i n fl uence  the  resu l ts  of any 
speci fi c  tests.   
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 I nstructions  for test  4.3

 Accord ing  to  submission  4.3.1

4.3. 1 . 1  Controls,  if submitted in or with an equipment,  may either be tested in or with the 
equipment,  in which case they are classified as for declared specific load or tested separately,  
in which case they may be classified as for declared specific load,  resistive load or resistive 
and inductive load.  In either of the latter two cases,  the current in the appropriate circuit when 
the equipment is operating under normal load is regarded as the rated current of the circuit.   

4.3. 1 .2  For all controls  submitted,  in,  on or with  an equipment,  all other relevant information 
as required by 7. 2 may be obtained by inspection and measurement of the submitted 
equipment.   

4.3. 1 .3  Integrated controls  are classified as for declared specific load and are tested in the 
equipment,  or part thereof,  for which they are  intended.  

4.3. 1 .4  Controls  not submitted in or with an equipment are tested separately.  

4.3. 1 .5  Controls  for use with  non-detachable cords  are tested with  the appropriate cord 
connected.  

 Accord ing  to  rating  4.3.2

4.3.2 .1  Controls  for a. c.  only are tested with  a. c.  at rated frequency if declared; those for 
d. c.  only are tested with d. c.  and those for a. c. /d. c.  at the more unfavourable  supply.   

4.3.2 .2  Controls  for a. c.  only,  which  are not declared for a  rated frequency,  are tested at 
either 50 Hz or 60 Hz,  whichever is the more unfavourable.  Controls  with  a  rated frequency 
within a  declared range other than 50 Hz to 60 Hz are tested at the  most unfavourable 
frequency within the marked or declared range.  

4.3.2 .3  When testing controls  intended for d. c.  only,  the  possible influence of polarity on the  
operation  of the control is taken into consideration.   

4.3.2 .4  For controls  with  different a. c.  and d. c.  ratings,  the tests for Clauses 12,  13,  14 and 
17,  are made on two sets of samples,  one being tested according to the a. c.  rating,  and the 
other according to  the d. c.  rating.   

NOTE  At  the  opti on  of the  testi ng  au thori ty,  a  reduced  number of tests  can  be  made  to  cover the  vari ous  rati ngs.   

4.3.2 .5  Unless otherwise specified,  controls  declared for one or more voltage ranges shall 
be tested at the most unfavourable voltage within the declared range,  and this voltage being 
multiplied by the factor indicated in  the appropriate clause (see 4. 3. 2. 7) .   

4.3.2 .6  For controls  marked or declared for more than one rated voltage or rated current,  
the tests of Clause 17 are made on sets of samples for each combination of rated voltage and 
rated current.  

NOTE  At  the  opti on  of the  testi ng  au thori ty,  a  reduced  number of tests  can  be  made  to  cover the  vari ous  rati ngs.  

4.3.2 .7  For controls  declared for a  voltage range,  tests are made on one set of samples at 
each limit of the range,  unless the difference between the limits does not exceed 10 % of the  
mean value of the range,  in which case the tests are made on one set of samples at the  upper 
limit of the range.  

4.3.2 .8  Controls  intended to be operated from a  specific supply are tested with that specific 
supply.   
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4.3.2 .9   A  circuit for connection to the  d. c.  mains supply is classified as either a  SELV/PELV 
circuit,  ELV circuit or mains voltage circuit depending on the maximum operating voltage of 
the supply.  This maximum operating voltage shall include consideration of the battery 
charging "float voltage" associated with the intended supply system,  regardless of the marked 
voltage rating of the  equipment.  

NOTE  F loat  vol tage  i s  the  constant  vol tage  that  i s  appl i ed  conti nuousl y to  a  vol ta ic  cel l  to  main tain  the  cel l  i n  a  
fu l l y charged  cond i ti on .  F l oat  vol tage  varies  s i gn i fi cantl y wi th  the  chem istry and  construction  of the  battery and  
ambient  temperature.  

4.3.2 . 1 0  Controls  powered by rechargeable batteries are additionally tested in accordance 
with Annex V.  

4.3.2 . 1 1  See  Annex J .  

 Accord ing  to  protection  against shock 4.3.3

4.3.3. 1  If in  class 0 control,  class 0I control or class I control,  or in  controls  for class 0,  
class 0I or class I equipment,  it is  necessary to  have parts with double insulation  or 
reinforced insulation ,  such parts are checked for compliance with the appropriate 
requirements specified for class II controls .  

4.3.3.2  In  any class I control,  and in any control used in a  class I equipment,  unearthed 
accessible metal or accessible insulating surfaces shall be provided with insulation complying 
with the requirements for a  class II control (see 9. 1 . 1 ) .   

4.3.3.3  If in  class 0 control,  class 0I control,  class I control or class II controls,  or 
controls  for class 0,  class 0I,  class I or class II equipment,  it is necessary to have parts using 
SELV-circuits,  such  parts are also checked for compliance with the appropriate requirements 
specified for protection by use of SELV in  11 . 2. 6.  

If in class I controls  or controls  for class I equipment it is necessary to have parts using 
PELV-circuits,  such parts are also checked for compliance with  the appropriate requirements 
specified for protection by use of PELV in  11 . 2. 6.  

NOTE  By defi n i ti on  (2 . 7. 5)  class  I I  con trols  cannot  use  PELV-ci rcu i ts .   

 Accord ing  to  manufacturing  variants  4.3.4

4.3.4. 1  Controls  which are otherwise identical but which  may be set by the manufacturer,  or 
which may,  by the inclusion at the manufacturing stage of alternative components or parts 
produce various operating values,  operating times  or operating sequences,  are for the 
purpose of this standard normally treated as a  single submission.  Normally,  controls  set to 
the most arduous condition will be sufficient.  However,  the testing authority may require extra  
samples,  set to other values,  where it can be clearly shown that these are necessary to allow 
approval of the whole  range.   

4.3.4.2  In  these cases,  due attention shall be paid to possible variations in manufacturing 
deviation  and drift of any operating value,  operating time  or operating sequence,  and,  for 
sensing  controls ,  to  the minimum and maximum acceptable rates of rise and fall of the 
appropriate  activating quantity which may be applicable to different parts of the range.   

 Accord ing  to  purpose  4.3.5

4.3.5.1  Multi-purpose controls  shall,  according to 6. 3,  in  general be tested for each purpose 
separately.  During the tests for any one purpose,  the activating quantities and prime movers  
applicable to all other purposes,  shall be maintained constant at the most arduous value or 
position within  the declared range or ranges.   

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 41  – 
© I EC  201 5  

4.3.5.2  Such controls  without an appropriate section of Clause 17 shall be tested in a  
manner agreed between the manufacturer and the testing authority so that the essential 
intended operating values ,  operating times  and operating sequences  are tested.   

4.3.5.3  Any control with  a  purpose not classified in  6. 3,  or in the appropriate part 2,  may be 
tested and approved to this standard,  except for Clause 17.  A  test schedule for Clause 17 
shall be based,  wherever possible,  on the intent of that clause and shall be agreed between 
the manufacturer and the testing authority.  

4.3.5.4  See  Annex J .  

5 Rating  

 Maximum rated  vol tage  5.1

The maximum  rated  vol tage  i s  690  V.   

 Void  5.2

 Compl iance  5.3

Compliance with  5. 1  and 5. 2 is checked by the information requirements in  Clause 7.  

6 Classification  

A control  i s  cl assi fied :   

 Accord ing  to  nature  of supply 6.1

 Control  for a . c.  on l y  6.1 .1

NOTE  1  A control  for a . c.  on l y can  be  used  on  a  d . c.  ci rcu i t  provi ded  that  the  cu rren t  d oes  not  exceed  1 0  %  of 
the  rated  cu rrent  for a. c. ,  or 0 , 1  A,  wh ichever i s  smal l er.   

NOTE  2  Add i ti ona l  tests  can  be  requ i red  to  establ i sh  the  d . c.  rati ng .   

 Control  for d . c.  on l y.  6.1 .2

 Control  for a . c.  and  d . c.  6.1 .3

 Control  for speci fic  suppl ies  or mu l tip le  suppl ies.  6.1 .4

 Battery powered  control .  6.1 .5

 Accord ing  to  type  of load  to  be  control led  by each  ci rcu i t of the  control   6.2

A control  h aving  more  than  one  ci rcu i t  need  not have  the  same class i fication  for each  ci rcu i t.  

6.2. 1  C i rcu i t for a  substan tia l l y res isti ve  load  wi th  a  power factor not  less  than  0, 95.   

NOTE  Such  ci rcu i ts  can  be  u sed  for an  i n ducti ve  l oad ,  provi ded  that  the  power factor i s  not  l ess  than  0 , 8,  and  the  
i nducti ve  l oad  does  not  exceed  60  %  of the  cu rrent  rati ng  for the  res i sti ve  l oad .  Such  ci rcu i ts  can  a l so  be  used  for 
other reacti ve  l oads  provided  that  the  reacti ve  cu rren t  d oes  not  exceed  5  %  of the  rated  res i sti ve  cu rrent,  and  that  
the  l oad  i s  not  g reater than  1 0  VA.   

6.2.2  C i rcu i t su i table  for ei ther a  res isti ve  l oad  or for an  i nductive  load  wi th  a  power factor 

not l ess  than  0 , 6  or a  combination  of both .  

NOTE  1  An  example  i s  a  ci rcu i t  i n  a  fan-heater wh ich  i ncorporates  both  a  heati ng  e l ement  and  a  motor.  
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NOTE  2  Ci rcu i ts  i n tended  for i nducti ve  l oads  on ly can  e i ther be  cl assi fi ed  under 6 . 2 . 2  by declari ng  that  the  
res i sti ve  l oad  i s  equal  to  the  i nducti ve  l oad ,  or may be  cl assi fi ed  as  for a  decl ared  speci fi c  l oad .  

6.2.3  C i rcu i t for declared  speci fic l oad .  

NOTE  Examples  are  ci rcu i ts  for tu ngsten  fi l ament  or fl uorescent l amp l oads,  h i gh l y i n ducti ve  l oads  wi th  a  power 
factor of l ess  than  0 , 6 ,  capaci ti ve  l oads,  and  contacts  i n tended  to  be  operated  off l oad .   

6.2.4  C i rcu i t for a  current  l ess  than  20  mA.  

NOTE  Examples  are  ci rcu i ts  for neon  i nd icators  and  other s i gnal  l amps.   

6.2.5  C i rcu i t for a . c.  motor load  whose  characteristics  are  defined  by the  control  
manufacturer's  declaration .  

6.2.6  C i rcu i t for p i l ot l oad .  

 Accord ing  to  thei r purpose  6.3

A control  may be  class i fied  for more  than  one  purpose,  i n  wh ich  case  i t  i s  referred  to  as  a  
mu l ti -purpose  control .  

NOTE  Any manual  action  of an  automatic control  o r a  separate  manual  action  be i ng  i n teg ral  wi th  an  
automatic  con trol  i s  not  cl ass i fi ed  accord ing  to  6 . 3.  

6.3. 1  –  thermostat;  

6.3.2  –  temperature  l im iter;  

6.3.3  –  thermal  cut-out ;   

6.3.4  Void  

6.3.5  –  energy regu lator;   

6.3.6  –  timer;   

6.3.7  –  time switch ;  

6.3.8  –  manual  control ;   

6.3.9  –  sensing  control  (other than  one  covered  by 6 . 3 . 1  through  6. 3. 4) ;  

6.3. 1 0  –  electrical ly operated  control ;   

6.3. 1 1  –  motor protector;   

6.3. 1 1 . 1   – thermal  motor protector;  

6.3. 1 2  –  electrical ly operated  valve ;  

6.3. 1 3  –  electrical ly operated  mechanism ;  

6.3. 1 4  –  protective  control ;  

6.3. 1 5  –  operating  control .  
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NOTE  Fu rther cl assi fi cation  can  be  found  i n  the  appropriate  part  2 .  

 Accord ing  to  features  of au tomatic  action  6.4

6.4. 1  –  Type 1  action ;   

6.4.2  –  Type 2  action .   

6.4.3  Type 1  actions  and  type 2  actions  are  fu rther classi fi ed  accord ing  to  one  or more  of 

the  fol lowing  constructional  or operational  features:   

NOTE  1  These  fu rther cl assi fi cations  are  on ly appl i cabl e  i f the  rel evant  declarations  have  been  made  and  any 
appropri ate  tests  completed .   

NOTE  2  An  action  provid i ng  more  than  one  featu re  may be  cl assi fi ed  by a  combinati on  of the  appropriate  l etters,  
for example,  type  1 . C. L.  or type  2 .A.E.   

NOTE  3  A manual  action  i s  not  cl ass i fi ed  accord i ng  to  6 . 4 . 3.  

6.4.3. 1  – fu l l  d isconnection  on  operation  ( type  1 .A or 2 .A);   

6.4.3.2  –  micro-disconnection  on  operation  ( type  1 . B  or 2 .B) ;  

6.4.3.3  –  micro-in terruption  on  operation  ( type  1 .C  or 2 .C);  

6.4.3.4  –  a  trip-free  mechan ism  wh ich  cannot even  momentari l y be  reclosed  against  the  
fau l t  ( type  1 .D  or 2 .D);  

6.4.3.5  –  a  trip-free  mechan ism  i n  wh ich  the  con tacts  cannot be  prevented  from  open ing  
or main tained  closed  against  a  con tinuation  of the  fau l t  ( type  1 . E  or 2 . E);   

NOTE  An  example  i s  a  current-sensing  con trol  wh ich  has  to  be  reclosed  or can  be  reclosed  momentari l y to  
detect  that  the  excess  current  fau l t  s ti l l  exi sts .  

6.4.3.6  –  an  action  wh ich  can  on l y be  reset by the  use  of a  tool  ( type  1 . F  or 2 .F);  

6.4.3.7  –  an  action  wh ich  is  not i n tended  to  be  reset under e lectrical l y l oaded  cond i ti ons  

(type  1 .G  or 2 .G);  

6.4.3.8  –  a  trip-free  mechan ism  i n  wh ich  the  con tacts  cannot be  prevented  from  open ing  
and  wh ich  may automatical l y be  reset to  the  "closed"  pos i ti on  after normal  
operation  cond i tions  have  been  restored  i f the  reset means  i s  held  i n  the  

"reset"  posi tion  ( type  1 .H  or 2 .H );  

6.4.3.9  –  a  trip-free  mechan ism  i n  wh ich  the  con tacts  cannot be  prevented  from  open ing  
and  the  control  i s  not  perm i tted  to  function  as  an  au tomatic  reset device  i f the  

reset means  i s  he ld  i n  the  "reset"  or "on "  pos i tion  ( type  1 . J  or 2 . J );  

6.4.3.1 0  –  for sensing  actions,  no  i ncrease  i n  the  operating  value  as  the  resu l t  of a  
breakage in  the  sensing  element ,  or i n  parts  connecting  the  sensing  element  
to  the  switch  head  ( type  1 .K or 2 .K) ;  

6.4.3.1 1  –  an  action  that does  not requ i re  any external  auxi l i ary energy source  of 
e lectrical  supply for i ts  i n tended  operation  ( type  1 . L  or 2 . L);  

6.4.3.1 2  –  an  action  wh ich  operates  after a  declared  ageing  period  ( type  1 .M  or 2 .M) .  

6.4.3.1 3  See  Annex H .  
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 Accord ing  to  the  degree of protection  and  control  pol lu tion  degree  6.5

6.5. 1  Accord ing  to  degrees  of protection  provided  by enclosures  against i ngress  of so l id  

obj ects  and  dust (see  I EC 60529):  

I P0X,  I P1 X,  I P2X,  I P3X,  I P4X,  I P5X,  I P6X.  

6.5.2  Accord ing  to  degree  of protection  provided  by enclosures  against  harmfu l  i ngress  of 
water (see  I EC 60529):  

I PX0,  I PX1 ,  I PX2,  I PX3,  I PX4,  I PX5,  I PX6,  I PX7,  I PX8.  

NOTE  1  A control  i n tended  for use  i n  a  parti cu lar environment  can  be  used  for a  d i fferent  envi ronment  i f the  
appropri ate  provis ions,  i f any,  are  made  i n  the  equ ipment.  

NOTE  2  Preferred  combinati ons  of deg rees  of protection  are  accord i ng  to  6 . 5. 1  and  6 . 5. 2 :  

First characteristic  
numeral  

Protection  against 
i ngress  of foreign  

bodies  

Second  characteristic  numeral  

Protection  against i ngress  of water 

 0  1  2  3  4  5  6  7  8  

0  I P00          

1           

2  I P20  I P21         

3           

4   I P41   I P43  I P44      

5      I P54  I P55     

6       I P65   I P67  I P68  

6.5.3  Accord ing  to  the  pol lution  degree  or pol lu tion  degrees  for wh ich  the  control  i s  

declared .  See  Annex N .  

NOTE  I t  i s  possib le  that  when  a  con trol  i s  mounted  i n  accordance  wi th  the  manufacturer’ s  declarati on ,  d i fferen t  
parts  of the  control  can  be  i n  macro-environments  having  d i fferen t  pol lu tion  degrees .  

 Accord ing  to  method  of connection  6.6

6.6. 1  Control  wi th  at l east  one  term inal  i n tended  for the  connection  of fixed  wi ring .  

NOTE  I n  Canada  and  the  USA,  fl ying  l eads  are  a l l owed .  

6.6.2  Control  wi th  at l east one  term inal  in tended  for the  connection  of a  fl exib le  cord .  

A control  may be  classi fi ed  under both  6. 6 . 1  and  6. 6. 2 .  

6.6.3  Control  wi thou t any term inals  i n tended  for the  connection  of an  external  conductor.  

Th is  type  of control  i s  i n tended  for the  connection  of on l y i n tegrated  or in ternal  conductors .  

6.6.4  Control  i n tended  for the  connection  of a  primary battery.  

6.6.5  Control  i n tended  for the  connection  of a  secondary battery (rechargeable  cel l ) .  
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 Accord ing  to  ambient temperature  l im i ts  of the  switch  head  6.7

6.7. 1  Control  wi th  a  switch  head  for use  i n  an  ambient temperature  between  a  m in imum  
value  (Tmin )  of 0  °C,  and  a  maximum  va lue  (Tmax)  of 55  °C.  

6.7.2  Control  wi th  a  switch  head  i n tended  to  be  used  i n  an  ambien t temperature  having  a  
maximum  value  (Tmax)  other than  55  °C  but  no  l ess  than  30  °C,  or a  m in imum  va lue  (Tmin )  

l ower than  0  °C,  or both .  

NOTE  Preferred  values  of Tmax  are  30  °C,  55  °C,  70  °C,  85  °C,  1 05  °C,  1 25  °C,  1 50  °C.  Preferred  val ues  of Tmi n  
are  0  °C,  –1 0  °C,  –20  °C,  –30  °C,  and  –40  °C.  

Values  d i fferi ng  from  these  preferred  val ues  are  possib le.  

 Accord ing  to  protection  against electric  shock  6.8

6.8. 1  For an  in tegrated  control :  

NOTE  An  i n tegrated  con trol  i s  not  cl ass i fi ed  bu t  takes  the  cl ass i fi cation  of the  equ i pment wi th  wh i ch  i t  i s  
i n teg rated .  

6.8.2  For an  incorporated  control  for use  i n :  

6.8.2 . 1  –  class  0  equ ipment;  

6.8.2 .2   –  cl ass  0I  equ ipment;  

6.8.2 .3  –  cl ass  I  equ ipment;  

6.8.2 .4  –  cl ass  I I  equ ipment;  

6.8.2 .5  –  cl ass  I I I  equ ipment.  

NOTE  1  For coord inati on  of e l ectri cal  equ i pment cl ass  0 ,  cl ass  I ,  cl ass  I I  and  cl ass  I I I ,  see  I EC 61 1 40,  and  for 
protecti ve  provis i ons  wi th i n  an  e l ectri cal  i nstal l ati on ,  see  I EC 60364.  

NOTE  2  A con trol  i n tended  for i ncorporati on  i n  a  parti cu l ar cl ass  of equ ipment may be  used  for a  d i fferen t  cl ass  i f 
appropri ate  provis ions  are  made  i n  the  equ ipment.  

6.8.3  For an  in -l ine  cord  control ,  a  freestand ing  control ,  or an  independently mounted  
control :  

6.8.3. 1  –  of class  0 ;  

6.8.3.2  –  of class  0 I ;  

6.8.3.3  –  of class  I ;  

6.8.3.4  –  of class  I I ;  

6.8.3.5  –  of class  I I I .  

NOTE  1  For coord inati on  of e l ectri cal  equ i pment cl ass  0 ,  cl ass  I ,  cl ass  I I  and  cl ass  I I I ,  see  I EC 61 1 40,  and  for 
protecti ve  provis i ons  wi th i n  an  e l ectri cal  i nstal l ati on ,  see  I EC 60364.  

NOTE  2  A con trol  i n tended  for i ncorporati on  i n  a  parti cu l ar cl ass  of equ ipment may be  used  for a  d i fferen t  cl ass  i f 
appropri ate  provis ions  are  made  i n  the  equ ipment.  

International  Electrotechnical  Commission

 



 – 46  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

6.8.4  Controls  us i ng  SELV  or PELV for protection  against  e lectric  shock  

6. 8.4. 1  Controls  us i ng  SELV-ci rcu i t(s) ,  and  i f appl icable ,  the  in formation  declared  in  

Table  1 ,  requ i rement 86  

6.8.4.2  Controls  us ing  PELV-circu i t(s) ,  and  i f appl icable,  the  i n formation  declared  i n  

Table  1 ,  requ irement 86  

 Accord ing  to  ci rcu i t d isconnection  or in terruption :  6.9

6.9. 1  –  fu l l  d isconnection ;  

6.9.2  –  micro-disconnection ;  

6.9.3  –  micro-in terruption ;  

6.9.4  –  al l -pole  d isconnection ;  

6.9.5  –  See  Annex H .  

NOTE  1  Some equ i pment standards  requ i re  fu l l  d i sconnection ,  others  perm i t  e i ther fu l l  d i sconnection  o r 
micro-d isconnection ;  some on ly requ i re  micro-in terruption .  

NOTE  2  Di fferent  actions  of a  control  can  provi de  d i fferent  ci rcu i t  d i sconnections  or i n terruptions.  

 Accord ing  to  number of cycles  of actuation  (M )  of each  manual  action  6.1 0

Preferred  values  are:  

6. 1 0. 1  –  1 00  000  cycles;  

6. 1 0.2  –  30  000  cycles;  

6.1 0.3  –  1 0  000  cycles;  

6.1 0.4  –  6  000  cycles;  

6.1 0.5  –  3  000  cycles  1 );  

6.1 0.6  –  300  cycles  1 ) ;  

6. 1 0.7  –  30  cycles  1 ) .  

1 )  Appl i cab le  on l y to  actions  of control s  for speci fi c  equ i pment  and  appl i cati ons  such  as  vol tage-tap  controls ,  
summer/wi n ter controls  for water heaters  and  where  perm i tted  by the  appropriate  equ ipment  s tandard .  

NOTE  For control s  wi th  more  than  one  manual  action ,  a  d i fferent  val ue  can  be  declared  for each .  I f a  control  
has  more  than  one  i n tended  "OFF"  posi tion ,  then  a  cycl e  of actuation  i s  regarded  as  a  movement  from  one  "OFF"  
pos i ti on  to  the  next  "OFF"  posi tion .  
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 Accord ing  to  number of automatic  cycles  (A)  of each  automatic action  6.1 1

Preferred  values  are:  

6.1 1 . 1  –  300  000  cycles;  

6.1 1 .2  –  200  000  cycles;  

6. 1 1 .3  –  1 00  000  cycles;  

6. 1 1 .4  –  30  000  cycles;  

6.1 1 .5  –  20  000  cycles;  

6.1 1 .6  –  1 0  000  cycles;  

6.1 1 .7  –  6  000  cycles;  

6.1 1 .8  –  3  000  cycles  
1 )

;  

6. 1 1 .9  –  1  000  cycles  
1 )

;  

6. 1 1 . 1 0  –  300  cycles  
2) ;  

6.1 1 . 1 1  –  30  cycles  
2)4) ;  

6. 1 1 . 1 2  –  1  cycle  
3) .  

1 )   Not  appl i cable  to  thermostats  or to  other fast  cycl i ng  acti ons.  

2)  Appl i cab le  on ly to  manual  reset.  

3)  Appl i cab le  on ly to  actions  wh ich  requ i re  the  replacement of a  part  after each  operation .   

4)  Can  on l y be  reset d uri ng  manufacturer servi cing .  

NOTE  For controls  h aving  more  than  one  automatic action ,  a  d i fferent  val ue  can  be  declared  for each .  

 Accord ing  to  temperature  l im its  of the  mounting  surface of the  control  6.1 2

6. 1 2. 1  Control  su i table  for mounting  on  a  surface  wh ich  is  not more  than  20  K above the  

ambien t temperature  classi fied  i n  6. 7.  

6.1 2.2  Control  su i tab le  for mounting  on  a  surface  wh ich  is  more  than  20  K above the  
ambien t temperature  classi fied  i n  6. 7.  

NOTE  An  example  of such  a  control  i s  one  mounted  on  a  compressor u n i t  i n  a  refri gerator,  where  the  mounti ng  
su rface  can  be  1 50  °C,  a l though  the  sensing  el ement  i s  at  a  temperatu re  of –1 0  °C,  and  the  ambien t  temperatu re  
i s  on l y 30  °C.  

 Accord ing  to  value  of proof tracking  index (PTI )  for the  insu lation  material  used  6.1 3

6. 1 3. 1   –  materia l  of materia l  g roup I I I b  wi th  a  PTI  of 1 00  and  up  to  bu t  exclud ing  1 75;  

6.1 3.2   –  materia l  of materia l  g roup I I I a  wi th  a  PTI  of 1 75  and  up  to  bu t  exclud ing  400;  

6.1 3.3   –  materia l  of materia l  g roup  I I  wi th  a  PTI  of 400  and  up  to  bu t exclud ing  600;  

6. 1 3.4   –  materia l  of materia l  g roup I  wi th  a  PTI  of 600  and  over.  
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 Accord ing  to  period  of electrical  stress  across  insu lating  parts  supporting  l ive  6.1 4
parts  and  between  l ive  parts  and  earthed  metal  

6. 1 4. 1  –  short period ;  

6.1 4.2  –  l ong  period .  

NOTE  Long  periods  of e l ectri cal  s tress  are  considered  to  exi st  i f the  control  i s  used  i n  equ ipment  for con ti nuous  
use;  and  a l so  for the  suppl y s i de  of a  control  i n  any other equ ipment un l i ke ly  to  be  d i sconnected  from  the  suppl y 
by the  removal  of a  p l ug  or by the  operation  of a  con trol  provid i ng  fu l l  d i sconnection .  

 Accord ing  to  construction:  6.1 5

6. 1 5. 1   –  in tegrated  control ;  

6. 1 5.2   –  incorporated  control ;  

6. 1 5.3   –  in -l ine  cord  control ;  

6.1 5.4   –  free-stand ing  control ;  

6.1 5.5   –  independently mounted  control  for:  

6.1 5.5. 1   –  surface  mounting ;  

6.1 5.5.2   –  flush  mounting ;  

6.1 5.5.3   –  panel  mounting .  

6. 1 5.6  See  Annex J .  

 Accord ing  to  ageing  requ irements  (Y)  of the  equ ipment in  which ,  or wi th  which ,  6.1 6
the control  i s  in tended  to  be  used  

6. 1 6. 1  –  60  000  h ;  

6.1 6.2  –  30  000  h ;  

6. 1 6.3  –  1 0  000  h ;  

6. 1 6.4  –  3  000  h ;  

6. 1 6.5  –  300  h ;  

6.1 6.6  –  1 5  h .  

NOTE  Controls  wh ich  operate  d uri ng  the  heati ng  or endurance  tests  of the  equ i pment  s tandard  are  not  cl assi fi ed  
accord i ng  to  6 . 1 6. 6.   

 Accord ing  to  use  of the  thermistor 6.1 7

See  Annex J .  

 Accord ing  to  classes  of control  functions  6.1 8

See  Annex H .  
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7 Information  

 General  requ irements   7.1

The control  manufacturer  shal l  provide  adequate  i n formation  to  confi rm :  

– that  a  su i table  control  can  be  selected ;  

– that  the  control  can  be  moun ted  and  used  in  a  manner that wi l l  enable  i t  to  meet the  
requ i rements  of th is  standard ;  and  

– that  the  re levant tests  can  be  performed  to  determine  compl iance  wi th  th is  standard .  

 Methods  of provid ing  in formation  7.2

7.2. 1  I n formation  shal l  be  provided  using  one  or more  of the  fol l owing  methods.  The  
i n formation  requ i red  for controls  and  the  appropriate  method  for provi d ing  th is  in formation  

shal l  be  as  i nd icated  in  Table  1 .  

NOTE  1  I t  i s  not  i n tended  that  Table  1  i tsel f necessari l y  be  the  actual  form  used  to  commun icate  between  
manufacturer and  test  house.  

–  By marking  (C)  – th is  i n formation  shal l  be  provided  by marking  on  the  control  i tse l f,  
except that,  i n  the  case  of an  in tegrated  control ,  such  marking  can  be  on  an  ad jacent 
part of the  equ ipment,  provided  that i t  i s  clear that  i t  refers  to  the  control .  

 NOTE  2  I n formation  provided  by marking  (C)  can  a l so  be  i ncl uded  i n  d ocumentation  (D, E).  

–  By documentation  on  hard  copy (D)  – th is  i n formation  shal l  be  provided  for the  user  or 
instal ler  of the  control ,  and  shal l  cons ist of l eg ible  i nstructions.  Each  control  shal l  be  
accompan ied  by such  i nstructions.  I nstruction  sheets  and  other texts  requ i red  by th is  
standard  shal l  be  wri tten  i n  the  official  l anguage(s)  of the  country i n  wh ich  the  control  i s  to  
be  sold .  

 For controls  i n tended  to  be  exclus ivel y del i vered  to  the  equ ipment manufacturer,  the  
i nstruction  sheet may be  replaced  by a  l eaflet,  le tter or d rawing ,  etc.  I t  i s  not  necessary for 
each  control  to  be  accompan ied  by such  a  document.  

– By documentation  on  e lectron ic med ia  on  i n ternal  or external  memory (E)  – th is  
i n formation  i s  as  al ternative  to  (D).  

–  By declaration  (X)  – th is  i n formation  shal l  be  provided  for the  testing  au thori ty for purposes  
of test and  in  a  manner agreed  between  testi ng  au thori ty and  manufacturer.  I t  may,  for 
example,  be  provided  by a  marking  on  the  control ,  by a  l eaflet,  l etter or d rawing  or,  i n  the  
case  of a  control  subm i tted  i n ,  on  or wi th  an  equ ipment,  by measurement or i nspection  of 
the  subm i tted  equ ipment.  Th is  i n formation  shou ld  a lso  be  provided  to  the  equ ipment  
manufacturer,  as  appropriate.  

7.2.2  I n formation  wh ich  i s  i nd icated  as  being  requ ired  by marking  (C)  or by documentation  
(D,E)  shal l  a lso  be  provided  for the  testi ng  au thori ty i n  an  agreed  manner i f so  requested  by 
the  testi ng  au thori ty.  

7.2.3  For controls  subm itted  i n ,  on  or wi th  an  equ ipment,  the  requ i rement for documentation  

(D,E)  i s  replaced  by declaration  (X).  

7.2.4  For an  i n tegrated  control  form ing  part  of a  more  complex control ,  the  marking  
re lating  to  the  in tegrated  control  may be  i ncluded  i n  the  marking  of the  more  complex 
control .  

7.2.5  The  requ i rement for documentation  (D ,E)  i s  considered  to  be  met i f such  in formation  
has  been  provided  by marking  (C) .  

7.2.5.1  The  requ irement for declaration  (X)  i s  considered  to  be  met i f such  i n formation  has  

been  provided  by e i ther documentation  (D ,E)  or by marking  (C) .  
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7.2.6  Except as  i nd icated  in  7. 4,  for integrated  controls  a l l  i n formation  i s  provided  by 
means  of declaration  (X) .Un less  otherwise  i nd icated  in  a  part 2 ,  for incorporated  controls ,  
the  on l y marking  requ i red  i s  the  manufacturer's  name or trade  mark and  the  unique  type 
reference ,  i f other requ i red  marking  i s  provided  by documentation  (D,E) .  For incorporated  
controls  declared  under requ i rement 50,  see  the  explanation  of documentation  (D,E)  

con tained  in  7. 2. 1 .  

7.2.7  For controls  that are  nei ther i n tegrated  nor i ncorporated ,  where  lack of space prevents  
l eg ib le  marking  as  speci fied ,  the  control  sha l l  be  marked  wi th  the  manu facturer's  name (or 
trade  mark)  and  the  unique type reference  on l y.  The  other marking  requ i red  shal l  be  
i ncluded  i n  documentation  (D,E) .  

7.2.8  Add i ti onal  marking  or i n formation  i s  a l lowed ,  provided  that i t  does  not g i ve  rise  to  
m isunderstand ing .  

7.2.9  When  symbols  are  used ,  they shal l  be  as  fol l ows:  

Amperes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   A 

Vol ts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   V 

Watts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   W 

Vol ts-amperes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   VA 

Al ternating  current (s ing le-phase)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   ~  I EC 6041 7-5032  
(2002-1 0)

  

Al ternating  current (three-phase)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3~  

Al ternating  current (three-phase  wi th  neu tral )  . . . . . . . . . . . . . . . . . . . .   3N~  

Di rect curren t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    I EC  6041 7-5031  
(2002-1 0)

 

Class  I I  construction   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .       I EC 6041 7-51 72  
(2003-02)  

 

Class  I I I  control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .            I EC  6041 7-51 80  
(2003-02)

 

 
Ambient  temperature  l im i ts  of switch  head  . . . . . . . . . . . . . . . . . . . . .  T   (The  l etter T  preceded  by a  m inus  

s ign  and  the  numerical  va l ue  of 
the  l ower temperatu re  i f Tmi n  l ess  
than  0  °C,  or fo l l owed  by the  
numerical  va l ue  of the  h i gher 
temperatu re  i f Tmax  o ther than  
55  °C. )  

Rated  current  of the  appropriate  fuse  i n  amperes  . . . . . . . . . . . . . .    
I EC 6041 7-501 6  (2002-1 0)

 

Frequency  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   H z 

Earth ing  term inal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .        I EC  6041 7-501 9  
(2006-08)  

Functional  earth ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .       I EC  6041 7-501 8  
(201 1 -07)  
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For i den ti fication  of the  degree  of protection  provided  by enclosu res,  the  symbols  shown  i n  
6. 5  shal l  be  used .  

NOTE  1  I n formation  abou t  rated  cu rrent  and  rated  vol tage  can  be  provided  by us i ng  fi gu res  a lone,  the  fi gu re  for 
the  rated  curren t  preced ing  or above  that  for the  rated  vol tage  and  separated  from  i t  by a  l i ne.  For ci rcu i ts  for 
res i sti ve  l oad  and  i nducti ve  l oads,  the  rated  cu rren t  for i nducti ve  l oad  i s  p l aced  between  paren theses  and  
immed iately  fol l owi ng  the  rated  curren t  for res i sti ve  l oad .  The  symbol  for the  natu re  of the  suppl y i s  p l aced  after the  
current  and  vol tage.  

Current,  vo l tage  and  natu re  of suppl y can  be  i nd icated  as  fol l ows:  

1 6  (3)  A 250  V ~  or 1 6  (3)  /  250  ~  or  1 6 3

2 5 0

( ) ~  

NOTE  2  The  fo l l owing  are  examples  of ways  to  provi de  i n formation  about  the  temperatu re  l im i ts  of a  control :  

– 20T 30  (mean i ng  m inus  20  °C  up  to  p l us  30  °C);  

– T85  (mean ing  0  °C  up  to  p l u s  85  °C).  

NOTE  3  I n formation  concern i ng  declared  speci fi c  l oads  can  be  g i ven  by reference  to  d rawings  or to  types,  for 
example:  

"E lectri c  motor,  d rawing  No.  . . . ,  part  l i s t  No.  . . . ,  made  by. . . "  or "5  ×  80  W  fl uorescent" .  
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Table  1  (7.2  of ed i tion  3)  – Requ i red  information   
and  methods  of provid ing  i nformation  (1  of 4)  

In formation  
Clause  or 
subclause  

Method  

1  Manufactu rer’ s  name or trade  mark  7 . 2 . 6  C  

2  Unique  type  reference  a  2 . 1 1 . 1 ,  
2 . 1 3. 1 ,  7 . 2 . 6  

C  

3  Rated  vol tage  or rated  vol tage  range  i n  vol ts  (V)  2.1 .2,  4.3.2  
1 4.4,   

C  

4  Natu re  of suppl y un less  the  control  i s  for both  a . c.  and  d . c. ,  or u n less  the  
rati ng  i s  the  same  for a . c.  and  d . c.  

4 . 3. 2 ,  6 . 1  C  

5  Frequency i f other than  for range  50  Hz to  60  Hz i ncl us ive  4 . 3 . 2  C  

6  Purpose  of control  2.2,  4.2.4,  4.3.5,  
6.3,  1 7.1 6 

D  or E  

6a  Construction  of control  and  whether the  control  i s  e l ectron ic  6 . 1 5,  Annex 
H ,  H . 2 . 5. 7  

X 

7  The  type  of l oad  control l ed  by each  ci rcu i t  b  6 . 2 ,  1 4 ,  1 7,  
23. 1 . 1  

C  

1 5  Degree  of protection  provi ded  by enclosu re  c  6 . 5. 1 ,  6 . 5. 2  
1 1 . 5  

C  

1 7  Wh ich  of the  term inal s  are  su i table  for the  connection  of external  
conductors ,  and  i f they are  su i table  for l i ne  or neu tral  conductors,  or both  

6 . 6,  7 . 4 . 2  
7 . 4 . 3  

C  

1 8  Wh ich  of the  term inal s  for external  conductors  a re  for a  wi der range  of 
conductor s i zes  than  those  i n d i cated  i n  Table  3 .  

1 0. 1  D  or E  

1 9  For screwless  terminals ,  the  method  of connection  and  d i sconnection  d ,  i f 
not  read i l y i denti fi abl e  

1 0  D  

20  Detai l s  of any special  conductors  wh ich  are  i n tended  to  be  connected  to  the  
term inal s  for i n ternal  conductors  

1 0 . 2 . 1  D  or E  

21  Maximum  temperatu re  of term inal s  for i n ternal  conductors  and  term inals  for 
external  conductors  of i ncorporated  and  i n tegrated  controls ,  i f h i gher than  
85  °C  

1 4  X 

22  Temperatu re  l im i ts  of the  swi tch  head ,  i f Tmi n  l ower than  0  °C  or Tmax  o ther 
than  55  °C  

6. 7,  1 4. 5  
1 4 . 7 ,  1 7 . 3  

C  

23  Temperatu re  l im i ts  of mounti ng  su rfaces  (Ts )  6 . 1 2 . 2 ,  1 4 . 1 ,  
1 7 . 3  

C  

24  Classi fi cation  of control  accord ing  to  protection  against  e l ectri c  shock 6. 8  X 

25  For class  I I  con trols ,  the  symbol  for Cl ass  I I  construction  7. 3  C  

26  Number of cycl es  of actuation  (M )  for each  manual  action  6 . 1 0 ,  1 7. 1 0,  
1 7 . 1 1  

X 

27  Number of au tomatic  cycles  (A)  for each  automatic  action  6 . 1 1 ,  1 7 . 8,  
1 7 . 9  

X 

28  Ageing  period  (Y)  for control s  wi th  type  1 M  or 2M  acti on  6 . 1 6,  1 7 . 6  X 
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Table  1  (2 of 4)  

In formation  
Clause  or 
subclause  

Method  

29  Type  of d i sconnection  or i n terruption  provided  by each  ci rcu i t  2 . 4 . 1 ,  2 . 4 . 2 ,  
2 . 4 . 3 ,  2 . 4. 4 ,  

6 . 9  

X 

30  PTI  of material s  used  for i nsu l ation  6. 1 3,   
Table 23,  
Footnote b,   
Table 24,  
Footnote d ,  
21 .2.7 

X 

31  Method  of mounti ng  control  e  1 1 . 6  D  

31 a  Method  of provid i ng  earth i ng  of control  7 . 4 . 3 ,  9 ,  
9 . 1 . 1 ,  9 . 1 . 2  

D  

32  Method  of attachment for non-detachable  cords  f  1 0 . 1 ,  1 1 . 7  D  or E  

33  I n tended  transportation  cond i ti on  of con trol  g  1 6 . 1  X 

34  Detai l s  of any l im i tation  of operating  time  h  1 4,  1 7  D  or E  

35  Period  of e l ectri c  stress  across  i nsu lati ng  parts  6 . 1 4  X 

36  Lim i ts  of activating  quan ti ty  for any sensing  elemen t  over wh ich  micro-
d isconnection  i s  secure  (see  a l so  Cl ause  H . 7,  i tem36)  

1 1 . 3. 2  X 

37  M in imum  and/or maximum  rates  of change  of actuati ng  q uan ti ty,  or m in imum  
and /or maximum  cycl i ng  rates  for a  sensing  control  i  

4 . 1 . 7,  1 5,  1 7  X 

38  Values  of overshoot of activati ng  quanti ty  for sensing  con trols  wh ich  are  
necessary for correct  action ,  or wh ich  can  be  used  for test  pu rposes  

1 7  X 

39  Type  1  action  or type  2  action  6 . 4  D  or E  

40  Add i ti onal  features  of type  1  action  o r type  2  actions  6 . 4 . 3,  1 1 . 4  D  or E  

41  Manufactu ring  devi ation  and  cond i ti on  of test  appropriate  to  devi ation  2 . 1 1 . 1 ,  
1 1 . 4 . 3,  1 5,  
1 7 . 1 4  

X 

42  Dri ft  2 . 1 1 . 2 ,  
1 1 . 4 . 3,  1 5,  
1 6 . 2 . 4  

X 

43  Reset characteri sti cs  for cu t-ou t  action  j  6 . 4  D  or E  

44  I f a  control  i s  e i ther to  be  hand-held  or i s  i n tended  for a  hand-held  equ ipment   X 

45  Any l im i tation  to  the  number or d i stri bu ti on  of fl at  push -on  receptacles  wh ich  
can  be  fi tted  

1 0 . 2 . 4 . 4  D  or E  

46  Any type  2  action  shal l  be  so  designed  that  the  manufacturing  deviation  
and  dri ft  of i ts  operating  value ,  operating  time  o r operating  sequence  i s  
wi th i n  the  l im i t  declared  i n  requ i rements  41 ,  42,  and  46  of Table  1   

1 1 . 4 . 3  D  or E  

47  Extent  of any sensing  elemen t  2 . 8 . 1  X 

48  Operating  value  (or val ues)  or operating  time  2 . 3 . 1 1 ,  
2 . 3 . 1 2,  

6 . 4 . 3 . 1 0,  1 1 ,  
1 4 ,  1 5. 6 , 1 7  

D  

49  Control  pol lu tion  degree  6 . 5. 3  D  or E  

50  Control  i n tended  to  be  del i vered  exclusivel y to  the  equ ipment manufacturer  7 . 2 . 1 ,  7 . 2 . 6  X 

51  G low wi re  test  temperatu res  21 . 2 . 1 ,  
21 . 2 . 2 ,  

21 . 2 . 3,  and  
21 . 2 . 4   

X 

52  to  60  See  Annex H    

61  to  65  See  Annex J    

66  to  74  See  Annex H    
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Table  1  (3 of 4)  

In formation  
Clause  or 
subclause  

Method  

75  Rated  impu lse  vol tage  2 . 1 . 1 2 ,  20. 1  D  or E  

76  Type  of pri n ted  ci rcu i t  board  coati ng  Annex P  or 
Annex Q  

X 

77  Temperatu re  for the  bal l  pressure  test  21 .2.1 ,  21 .2.2,  
21 .2.3 and  
21 .2.4 

X 

78 Maximum  declared  torque  on  s ing l e  bush  mounti ng  us i ng  thermoplasti c  
materi al  

Table  20,  
Footnote  a  

D  or E  

79  Pol lu tion  degree  i n  the  micro-envi ronment  of the  creepage  d istance  o r 
clearance  i f cl eaner than  that  of the  con trol ,  and  how th i s  i s  designed  

Table  H . 24   X  

80  Rated  impu lse  vol tage  for the  creepage  d istance  or clearance  i f d i fferent  
from  that  of the  control ,  and  how th i s  i s  ensu red  

Table  H . 24   D  or E  

81  The  values  designed  for to lerances  of d i stances  for wh ich  the  exclus ion  
from  fau l t  mode  "short"  i s  cl a imed  

Table  H . 24   X 

82  See  Annex J    

85  For class  I I I  con trols ,  the  symbol  for Cl ass  I I I  construction  7. 4. 6  C  

86  For SELV  or PELV ci rcu i ts ,  the  ELV  l im i ts  real i zed  2 . 1 . 5,  T. 3. 2  X 

87  Value  of accessibl e  vol tage  of SELV/PELV ci rcu i t,  i f d i fferen t  from  8. 1 . 1 ,  
product standard  referred  to  for the  appl i cation  of the  con trol ,  i n  wh ich  
standard (s)  the  accessible  SELV/PELV l evel (s)  i s  (are)  g i ven  

2 . 1 . 4 ,  6 . 8. 4. 1 ,  
6 . 8 . 4 . 2 ,  
8 . 1 . 1 . 1  

X 

88  See Annex U    

89  Em ission  tests  and  groups  as  declared  accord ing  to  CISPR 1 1  23. 2 ,  H . 23. 1 . 2  X 

90  Immun i ty tests  for protective  controls  for use  i n  accordance  wi th  I EC 60335  
appl i ances  

Table  H . 1 3   X 

91  to  94  See  Annex H    

95  Maximum  short  ci rcu i t  curren t  as  declared  1 1 . 3. 5. 2 . 1  b )  X 

96  Overcurren t  protecti ve  device  external  to  the  control  1 1 . 1 4  D  or E  

97  For i ncorporated  controls  o r i n tegrated  controls ,  whether the  overload  test  
shal l  be  done  at  control  l evel  

27. 5. 3  X 

98  Maximum  al ti tude  at  wh ich  the  control  can  be  used  i f g reater than  2  000  m  20. 1  X 

a
 The  un ique  type  reference  shal l  be  such  that,  when  i t  i s  q uoted  i n  fu l l ,  the  manufacturer of the  con trol  can  

suppl y a  repl acement  wh ich  wi l l  be  fu l l y i n terchangeabl e  wi th  the  ori g i nal  e l ectri cal l y,  mechan ical l y,  
d imensional l y,  and  functional l y.  

 I t  may comprise  a  series  type  reference  wi th  other marking ,  such  as  vol tage  rati ng  or an  ambien t  
temperatu re  marking ,  wh ich  together provide  a  un ique  type  reference .  

b
 For controls  wi th  more  than  one  ci rcu i t,  the  cu rren t  appl i cab le  to  each  ci rcu i t  and  to  each  term inal .  I f these 

are  d i fferen t  from  each  other,  then  i t  shal l  be  made  cl ear to  wh ich  ci rcu i t  or term inal  the  i n formation  app l i es.  
For ci rcu i ts  for res i sti ve  and  i n ducti ve  l oads,  the  rated  cu rren t,  or the  rated  l oad  i n  VA,  at  power factors  as  
i nd icated  i n  the  appropriate  tab le  of 1 7 . 2 .  

c
 The  marking  (C)  requ i rement  d oes  not  app ly to  con trols  or parts  thereof cl assi fi ed  as  I P00,  I P1 0,  I P20,  I P30  

and  I P40.  

d
 I n  Canada  and  the  USA,  marking  (C)  i s  requ i red  for the  method  of connection  and  d i sconnection  of 

screwless  terminals  for fi e l d  wi ri ng .  
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Table  1  (4 of 4)  

e
 I f,  for i ndependentl y moun ted  control s ,  i t  i s  necessary to  take  special  precau ti ons  when  i nstal l i n g  or us i ng  

the  con trol ,  these  detai l s  shal l  be  g i ven  i n  an  i nstruction  sheet accompanyi ng  the  control .  

 Specia l  precau tions  may be  necessary,  for example,  for fl ush  mounti ng  i ndependentl y mounted  controls .  
I n  order to  ensu re  that,  after bu i l d i ng -i n ,  the  cond i ti ons  necessary to  meet the  requ i rements  of th i s  standard  
are  ach ieved ,  the  i nstruction  sheet  for such  controls  shal l  i n cl ude  cl ear i n formation  concern ing :  

 – the  d imensions  of the  space  to  be  provided  for the  control ;  

 –  the  d imensions  and  pos i ti on  of the  means  for supporti ng  and  fi xi ng  the  control  wi th i n  th i s  space;  

 – a  m in imum  clearance  between  the  vari ous  parts  of the  control  and  the  su rround i ng  parts  of the  fi tment;  

 – the  m in imum  d imensions  of venti l ati ng  open i ngs  and  thei r correct  arrangements ;  

 – the  connection  of the  control  to  the  suppl y and  the  i n terconnection  of separate  components,  i f any.  

 I f the  suppl y conductors  of a  control  can  come  i n to  con tact  wi th  parts  of a  term inal  b l ock or a  compartment 
for fixed  wi ring ,  and  these  parts  have,  u nder cond i ti ons  of normal  use ,  a  temperatu re  exceed ing  that 
speci fi ed  i n  Tab le  1 3 ,  the  i nstruction  sheet  shal l  a l so  s tate  that  the  con trol  shal l  be  connected  by means  of 
conductors  having  the  appropri ate  T  rati ng  (see  Footnote  a  of Table  1 3).  

 For con trols  wi th  wi ri ng  between  a  sensor,  sens i ng  or actuati ng  e l ement and  the  rest  of the  control  where  
part  of th i s  wi ri ng  i s ,  or i s  i n tended  to  be,  a l so  part  of the  fi xed  i nstal l ati on  the  manufactu rer shal l  g i ve  i n  the  
documentation  the  re levant  i n formation  for proper i nsta l l ati on  and  the  appropriate  type  of cable  or cord  
requ i red  for that  part  of the  fi xed  i nstal l ati on .

 

f
 I n -l i ne  cord ,  free-stand ing  and  i ndependentl y mounted  control s ,  i f fi tted  wi th  non-detachable  cords  

u s i ng  type  Y attachments  or type  Z attachments ,  shal l  h ave  documentati on  (D)  con tai n i ng  the  substance 
of one  of the  fol l owi ng  statements ,  wh ichever i s  appropriate:  

 – "The  supply cord  of th i s  con trol  cannot be  replaced ;  i f the  cord  i s  damaged ,  the  con trol  shou l d  be  
d i scarded"  (Z)  

 or 

 – "The  suppl y cord  of th i s  con trol  can  be  repl aced  on l y by the  manufacturer or h i s  accred i ted  service  agen t"  
(Y).  

g
 The  method  of packag i ng  does  not  have  to  be  declared .  

h
 For i n -l ine  cord ,  free-standing  and  i ndependentl y mounted  controls ,  th i s  i n formation  shal l  be  provi ded  by 

method  C.  

i  α
1
 =  m in imum  ri s i ng  rate  

 β
1  =  m in imum  fa l l i ng  rate  

 The  rate  of change  (α
1
 and  β

1 )  of the  activating  quanti ty  a re  those  appl i cab le  to  normal  u se .  

 α
2
 =  maximum  ri s i ng  rate  (for type  2  actions  on ly)  

 β
2
 =  maximum  fal l i ng  rate  (for type  2  actions  on l y)  

For test  purposes,  α
1
 and  β

1
 shal l  be  as  d eclared  bu t  not  l ower than  the  l im i t(s)  i n d icated  i n  the  appropri ate  

Part  2  s tandards  for type  1  actions  and /or type  2  actions .  The  values  α
2
 and  β

2  are  for test  purposes  on ly,  
and  may a l ternati vely  be  decl ared  as  a  maximum  cycl i ng  rate.  The  rates  of change  for the  purpose  of th i s  
standard  sha l l  be  expressed  i n  the  un i ts  as  shown  i n  the  fol l owing  tabl e*:  

Acti vating  
quanti ty 

Un i t for rate  of 
change  

Pressure  Pa/s  

Temperatu re  K/h  

Posi ti on  mm/s  

I l l um ination  l u x/s  

Veloci ty  mm/s2  

L i qu id  l eve l  mm/s  

Current  A/s  

Hum id i ty  %/s  

Ai r fl ow m 3/s2  
 

 *  When  us ing  other acti vati ng  quan ti ti es ,  the  u n i ts  shal l  be  expressed  i n  S I -un i ts .  

 

j
 The  manufactu rer may declare  a  t ime  before  wh ich ,  or a  speci fi c  val ue  of activating  quan ti ty  above  wh ich ,  

manual  reset  shal l  n ot  occur.  
k
 Void  
l
 Void  
m
  to  

t  
See Annex H .  
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 C lass  I I  symbol  7.3

7.3. 1  The symbol  for cl ass  I I  construction  shal l  be  used  on l y for controls  cl ass i fied  

accord ing  to  6 . 8. 3. 4.  

7.3.2  The d imension  of the  symbol  for cl ass  I I  construction  shal l  be  such  that the  length  of 

the  s i des  of the  ou ter square  i s  about  twice  the  l ength  of the  s ides  of the  i nner square.  

7.3.2 .1  The  l eng th  of the  s i des  of the  ou ter square  of the  symbol  shal l  be  not l ess  than  
5  mm ,  un less  the  largest  d imension  of the  control  i s  1 5  mm  in  l eng th  or l ess,  i n  wh ich  case  
the  d imension  of the  symbol  may be  reduced  but the  length  of the  s ides  of i ts  ou ter square  
shal l  be  not less  than  3  mm .  

7.3.2 .2  Controls  provid ing  protection  against e lectric shock as  requ i red  for cl ass  I I  bu t that 
i nclude  term inals  for earth ing  con tinu i ty for functional  pu rposes  shal l  not be  marked  wi th  the  
symbol  for cl ass  I I  construction ,  I EC 6041 7-51 72  (2003-02) ,  bu t sha l l  be  regarded  as  class  I  
controls .   

 Addi tional  requ irements  for marking  7.4

7.4. 1  Requ i red  marking  on  a  control  shal l  preferabl y be  on  the  main  body of the  control  bu t  
may be  p laced  on  non-detachable  parts .  

Requ i red  markings  shal l  be  leg ible  and  durable.  

Compliance is checked by inspection and by the tests of Annex A.  

7.4.2  Term inals  of controls  i n tended  for the  connection  of suppl y conductors  shal l  be  
i nd icated  by an  arrow poin ti ng  towards  the  term inal ,  un less  the  method  of connection  to  the  
supply mains  is  of no  importance  or i s  se l f-eviden t.  

Compliance is checked by inspection.  

7.4.3  Term inals  i n tended  exclus ivel y for a  neutra l  external  conductor  shal l  be  i nd icated  by 

the  l etter "N " .  

NOTE I n  the  Un i ted  Kingdom,  term inal s  i n tended  exclus ivel y for a  l i ve  external  conductor  shal l  be  i n d icated  by 
the  l etter “L” .  

7.4.3. 1  Earth ing  term inals  for external  earth ing  conductors  or earth ing  conti nu i ty,  and  
term inals  for earth ing  for functional  purposes  (as  opposed  to  purposes  of protection  against 
e lectric shock)  shal l  be  i nd icated  

– for protecti ve  earth ,  by the  earth  symbol  for protective  earth ,  I EC  6041 7-501 9  (2006-08) ;  

– for functional  earth ,  by the  earth  symbol  for functional  earth ,  I EC  6041 7-501 8  (201 1 -07).  

7.4.3.2  Al l  other term inals  sha l l  be  su i tabl y i den ti fied ,  thei r purpose  sel f-eviden t or the  
control  ci rcu i try visual l y apparent.  The  arrow,  the  l etter "N "  or the  earth  symbol  sha l l  not be  

used  except  as  i nd icated  above.  

Compliance is checked by inspection.  

NOTE  1  I n  Canada  and  the  USA,  a  term inal  i n tended  for connection  of a  g rounded  supply conductor shal l  be  
fi n i shed  to  show a  wh i te  or natu ra l  g rey col ou r and  shal l  be  d i s ti ngu ishabl e  from  the  other parts.  

NOTE  2  I n  Canada  and  the  USA,  a  wi re-bind ing  screw i n tended  for the  connecti on  of an  equ ipment earth ing  
conductor sha l l  h ave  a  s l otted  or hexagonal  g reen -colou red  head .  A pressure  wi re  connector i n tended  for 
connection  of such  a  conductor shal l  be  i denti fi ed  by being  marked  GROUND,  GROUNDING,  EARTH  or by a  
marking  on  a  wi ri ng  d iagram  provided  on  the  con trol .  The  wi re-bind ing  screw or pressure  wi re  connector shal l  be  
so  l ocated  that  i t  i s  un l i kel y to  be  removed  du ri ng  servicing  o f the  control .  
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NOTE  3  Wi th  respect to  7 . 4 . 2  to  7 . 4. 3. 2  i ncl us ive,  i n  Canada  and  the  USA,  add i ti onal  or a l ternati ve  markings  are  
requ i red  i n  the  wi ri ng  ru l es.  

NOTE  4  I n  the  Un i ted  Kingdom,  the  l etter “L”  shal l  not  be  used  except  as  i nd icated  i n  7 . 4. 3 ,  above.  

7.4.4  Controls  i n tended  to  be  set by the  user  or by the  equ ipment manufacturer  d u ri ng  
i nstal lation  shal l  be  provided  wi th  an  i nd ication  of the  d i rection  to  i ncrease  or decrease  the  
response  value .  

NOTE  An  i n d ication  of "+"  or "–"  i s  su ffi cien t.  

Controls  i n tended  to  be  set by the  equ ipment manufacturer  or the  instal ler  shal l  be  
accompan ied  by documentation  (D)  i nd icati ng  the  proper method  for securing  the  setting .  

7.4.5 Parts  destroyed  during  the  normal  operation  of the  control  and  wh ich  have  to  be  
replaced  shal l  be  marked  so  as  to  enable  them  to  be  i denti fi ed  from  a  catalogue  or the  l ike,  
even  after they have  operated ,  un less  they are  i n tended  to  be  replaced  on l y during  
manufacturer servicing .  

7.4.6  Controls  i n tended  to  be  connected  on l y to  SELV systems  shal l  be  marked  wi th  the  
graph ic symbol  I EC 6041 7-51 80  (2003-02).  Th is  requ i rement does  not  appl y where  the  means 
of connection  to  the  supply i s  so  shaped  that  i t  can  on l y mate  wi th  a  particu larl y des igned  
SELV  or PELV arrangement.  

Controls  provid ing  protection  against e lectric shock as  requ ired  for class  I I I  controls  bu t that  
carry term inals  for earth ing  con tinu i ty for functional  purposes  shal l  not be  marked  wi th  the  
symbol  for cl ass  I I I  construction ,  I EC  6041 7-51 80  (2003-02) .  

7.4.7  I f an  equ ipment i s  provided  wi th  a  replaceable  battery,  and  i f replacement by an  
i ncorrect type  cou ld  resu l t i n  an  explos ion  (for example,  wi th  some l i th i um  batteries),  the  
fol l owing  appl ies :  

– i f the  battery i s  i n tended  to  be  replaced  by the  user,  there  shal l  be  a  marking  close  to  the  
battery or a  s tatement i n  both  the  i nstructions  for use  and  the  service  i nstructions;  

– i f the  battery is  not i n tended  to  be  replaced  by the  user,  there  shal l  be  a  marking  close  to  
the  battery or a  s tatement i n  the  service  i nstructions.  

Th is  marking  or statement shal l  i ncl ude  the  fo l lowing  or s im i lar text:   

CAUTION  
RISK OF  EXPLOSION  IF  BATTERY IS  REPLACED BY AN  INCORRECT TYPE  

DISPOSE OF  USED  BATTERIES ACCORDING  TO THE  INSTRUCTIONS  

7.4.8  The battery compartmen t of controls  i ncorporating  batteries  that are  i n tended  to  be  
replaced  by the  user  sha l l  be  marked  wi th  the  battery vol tage  and  the  polari ty of the  

term inals .  

I f colours  are  used ,  the  pos i ti ve  term inal  i s  to  be  i den ti fied  i n  red  and  the  negative  term inal  i n  
b lack.  

Colour i s  not  to  be  used  as  the  on l y i nd ication  of polari ty.  

7.4.9  The i nstructions  for controls  i ncorporati ng  batteries  that are  i n tended  to  be  replaced  
by the  user  shal l  i ncl ude  the  fol l owing :  

– the  type  reference of the  battery;  

– the  orien tation  of the  battery wi th  regard  to  polari ty;  

– the  method  of replacing  batteries;  

– warn ing  against us ing  i ncorrect type  batteries;  
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– how to  deal  wi th  l eaking  batteries.  

The  i nstructions  for controls  i ncorporating  a  battery that contains  materia ls  wh ich  are  
hazardous  to  the  envi ronment shal l  g i ve  detai ls  on  how to  remove the  battery and  shal l  s tate  
that:  

– the  battery must be  removed  from  the  control  before  i t  i s  scrapped ;  

– the  control  must be  d isconnected  from  the  suppl y mains  when  removing  the  battery;  

– the  battery i s  to  be  d isposed  of safe l y.  

7.4. 1 0  See  Annex V.  

8 Protection  against electric shock 

 General  requ irements  8.1

8. 1 . 1  Controls  shal l  be  so  constructed  that there  is  adequate  protection  against accidental  
contact wi th  l ive  parts ,  i n  any unfavourable  pos i ti on  wh ich  may occur i n  normal  use ,  and  
after any access ib le  detachable  parts ,  other than  l amps  l ocated  beh ind  a  detachable  cover  
have  been  removed .  However,  du ring  the  insertion  and  removal  of lamps,  protection  against 
accidental  con tact  wi th  l i ve  parts  of the  lamp cap  shal l  be  ensured .  

Un less  otherwise  speci fied ,  SELV-ci rcu i ts  or PELV-circu i ts  suppl ied  at a  vol tage  not 
exceed ing  24  V are  not  cons idered  to  be  hazardous  l ive  parts .  

I f SELV-  or PELV-circu i ts  suppl ied  at h igher than  24  V,  or h i gher than  declared  accord ing  to  
requ i rement 87  of Table  1 ,  are  accessib le,  the  curren t between  the  accessible  part(s)  and  
e i ther pole  of the  supply source  of the  SELV/PELV ci rcu i ts  sha l l  comply wi th  H .8. 1 . 1 0 . 1 .  

8. 1 . 1 . 1  The  value  of the  vol tage  of SELV/PELV ci rcu i ts  cons idered  to  be  not hazardous  may 
be  speci fied  at  a  d i fferent  value  

– i f the  control  i s  i n tended  on l y to  be  used  i n  an  appl ication  governed  by another product  
standard  where  the  l im i t value  of the  vol tage  for accessib le  bare  conductors  of 
SELV/PELV is  d i fferen t  

and  

– i f the  manufacturer declares  the  appl ication ,  product s tandard  govern ing  the  appl ication  
and  level  of vol tage  for access ib le  SELV/PELV ci rcu i ts  cons idered  to  be  non-hazardous  by 

the  appl ication  standard  (Table  1 ,  requ i rement 86).   

NOTE  I n  Canada  and  the  USA,  parts  connected  to  ELV  suppl i ed  from  a  safety i sol ating  transformer  a t  a  vol tage  
not  exceed ing  42, 4  V peak or 30  V r.m . s.  when  d ry,  or 21 , 2  V peak or 1 5  V r.m . s.  when  wet contact  i s  l i kely to  
occur are  not  considered  to  be  hazardous  l ive  parts .  

8. 1 .2  For class  I I  controls  and  controls  for cl ass  I I  equ ipment,  th is  requ irement appl i es  
a lso  wi th  regard  to  acciden tal  con tact wi th  meta l  parts  separated  from  hazardous  l ive  parts  
by basic insu lation  on l y.  

8. 1 .3  The i nsu lati ng  properties  of l acquer,  enamel ,  paper,  cotton ,  oxide  fi lm  on  metal  parts,  
beads  and  seal i ng  compounds  shal l  not be  re l ied  upon  to  g i ve  the  requ ired  protection  against 
accidental  con tact wi th  hazardous  l ive  parts .  

NOTE  Seal i ng  compounds  of the  sel f-harden ing  types  can  be  touched .  

8. 1 .4  For those  class  I I  controls  and  controls  for cl ass  I I  equ ipment wh ich  are  connected  in  
normal  use  to  the  gas  suppl y mains  or to  the  water suppl y mains,  any metal  parts  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 59  – 
© I EC  201 5  

conductivel y connected  to  the  gas  p ipes  or i n  e l ectrica l  contact  wi th  the  water system  shal l  be  
separated  from  hazardous  l ive  parts  by double  i nsu lation  or reinforced  insu lation .  

8. 1 .5  Those  class  I I  controls  and  controls  for class  I I  equ ipment wh ich  are  i n tended  to  be  
permanentl y connected  to  fixed  wiring  shal l  be  so  designed  that the  requ ired  degree  of 
protection  against e lectri c shock i s  not impaired  by the  i nstal l ation  of the  control .  

NOTE  The  protection  against  e l ectri c  shock of class  I I  i ndependen tl y moun ted  controls  can  be  affected ,  for 
example,  by the  i nstal l ati on  of metal  condu i ts  or of cables  provided  wi th  a  metal  sheath .  

8. 1 .6  For integrated and incorporated controls ,  the tests of 8. 1 . 9 to 8. 1 . 9. 5 inclusive is 
only applied to  those parts of the control which  are accessible when it is mounted in any 
position in  accordance with the  manufacturer's declarations and after removal of detachable 
parts .  

8. 1 .7  For in-line cord and free-standing controls,  the tests of 8. 1 . 9 to 8. 1 . 9. 5 inclusive,  
are made when the control is fitted with flexible cords either of the smallest,  or of the largest 
nominal cross-sectional area used in  10. 1 . 4,  whichever is more unfavourable.  Detachable 
parts  are removed,  and hinged covers which can be opened without the use of a  tool are 
opened.  

8. 1 .8  For independently mounted controls,  the test is made when the control is mounted 
as in normal use,  fitted with cable of the smallest or of the largest nominal cross-sectional 
area used in 10. 1 . 4,  whichever is more unfavourable,  or with a  rigid,  pliable or flexible 
conduit.  Detachable parts  are removed,  and hinged covers  which can be opened without the  
use of a  tool are opened.  

8. 1 .9  Compliance with  8. 1 . 1  to 8. 1 . 8 inclusive is checked by inspection and by the following 
tests:  

The standard test finger shown in Figure 2 is applied without force in  every possible position.  
Apertures preventing the entry of the finger are further tested by means of a  straight unjointed 
test finger of the same dimensions which is applied with a  force of 20 N; if this finger enters,  
the test with the finger shown in  Figure 2 is repeated,  the finger being pushed through the 
aperture if necessary.  If the unjointed test finger does not enter,  the force applied is increased 
to 30 N.  If then the guard is so displaced or the aperture so distorted that the test finger 
shown in  Figure 2 can be inserted without force,  the test with the latter finger is repeated.  An 
electrical contact indicator is used to show contact.  

NOTE  A l amp can  be  used  for the  i nd icati on  of contact,  wi th  the  vo l tage  not  l ess  than  40  V.  

8. 1 .9. 1  The standard test finger shall be so designed that each of the jointed sections can be 
turned through an angle of 90° with respect to  the axis of the finger in the  same direction only.  

8. 1 .9.2  In  addition,  openings in insulating material and in unearthed metal shall be  tested by 
applying the  test pin  shown in  Figure 1  without force in every possible position.  

8. 1 .9.3  It shall not be possible,  with either the standard test finger or the test pin,  to touch  
hazardous live parts.  

8. 1 .9.4  For controls  which have any parts of double insulation  construction,  it shall not be 
possible to touch metal parts with the standard test finger which are only separated from 
hazardous live parts  by basic insulation .  

8. 1 .9.5  If there is an instruction to remove a  part during normal use  or user maintenance  
and if there is no warning on the part which  indicates: "Disconnect from supply before 
removing",  that part is regarded as a  detachable part even if a  tool has to be used for its 
removal.  If there is such a  warning on the part,  it is permissible,  after removal,  to touch parts 
separated from hazardous live parts  by basic insulation .  
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8. 1 . 1 0  See  Annex H .  

8. 1 . 1 1  Between  class  I I I  ci rcu i ts  and  ci rcu i ts  connected  to  the  mains  or earth ,  i nsu lation  
external  to  the  safety i solating  transformer  sha l l  comply wi th  a l l  requ irements  for cl ass  I I  
i nsu lation .  

NOTE  Where  a  ci rcu i t  i s  not  speci fi cal l y requ i red  to  be  cl ass  I I I ,  cl ass  I I  requ i rements  are  not  app l i cabl e  between  
the  cl ass  I I I  ci rcu i t  and  earth .  

8. 1 . 1 2  A l ive  part  sha l l  be  cons idered  to  be  hazardous  i f i t  exceeds  the  values  speci fi ed  i n  
8. 1 . 1  and  i t  i s  not separated  from  the  sou rce  by protective  impedance  complying  wi th  
H . 8. 1 . 1 0  and  is  not a  PEN  conductor or a  part of the  equ ipotential  bond ing  system .  

8. 1 . 1 3  Controls  having  battery compartments  that can  be  opened  wi thou t the  a i d  of a  tool ,  
or that accord ing  to  the  i nstructions  for use  may be  replaced  by the  user  need  on l y have 
basic i nsu lation  between  l ive  parts  and  the  i nner surface  of the  battery compartment.  I f the  
control  can  be  energ ized  wi thou t the  batteries,  double  insu lation  or reinforced  insu lation  

i s  requ ired .  

NOTE  I f a  part  has  to  be  removed  i n  order to  d i scard  the  battery before  scrapping  the  control ,  th i s  part  i s  not  
considered  to  be  detachabl e  even  i f the  i nstructions  state  that  i t  i s  to  be  removed .  

 Actuating  members  and  actuating  means  8.2

8.2. 1  An  actuating  member  shal l  not  be  l i ve.  

8.2.2  An  actuating  means  shal l  not be  l i ve,  un less  e i ther i t  i s  provided  wi th  an  i nsu lated  
actuating  member  wh ich  i s  adequatel y fixed  or the  actuating  means  i s  not  access ib le  when  
the  actuating  member  i s  removed .  

Compliance with  8. 2. 1  and 8. 2. 2 is checked by inspection and by the  tests of 8. 1 .  

NOTE  An  i nsu lated  actuating  member  i s  considered  to  be  adequatel y fi xed  i f i t  can  be  removed  on ly by breaking ,  
cu tti ng ,  or after bei ng  seriousl y damaged .  

8.2.3  For controls  other than  class  I I I  or controls  for equ ipment other than  those  of cl ass  
I I I ,  actuating  members  and  hand les  held  in  normal  use  sha l l  be  ei ther of insu lating  materia l ,  
or adequatel y covered  by i nsu lati ng  materia l ;  or,  i f of metal ,  thei r accessible  parts  shal l  be  
separated  from  their actuating  means ,  or fixings  by supplementary insu lation ,  i f such  wou ld  
be  l i kel y to  become l i ve  i n  the  event  of an  i nsu lation  fau l t .  

For controls  for connection  to  fixed  wiring ,  or for controls  for s tationary equ ipment,  th is  
requ i rement does  not appl y provided  that such  parts  are  e i ther:  

– re l i ab l y connected  to  an  earth ing  term inal  or earth ing  con tact;  or  

– sh ie lded  from  hazardous  l ive  parts  by earthed  meta l .  

Compliance is checked by inspection.  

NOTE  Parts  separated  from  hazardous  l i ve  parts  by double  i nsu lation  or reinforced  i nsu lation  are  not  
regarded  as  l i kel y to  become l i ve  i n  the  even t of an  i nsu l ation  fau l t.  

 Capacitors  8.3

8.3. 1  For class  I I  in -l ine  cord  controls  and  independently mounted  controls ,  capaci tors  
shal l  not  be  connected  to  access ib le  metal  parts .  For controls  for cl ass  I I  equ ipment,  
capaci tors  shal l  not be  connected  to  metal  l i kel y to  be  connected  to  accessible  metal  when  
the  control  i s  mounted  i n  accordance wi th  the  manufacturer's  declarations.  Metal  cas ings  of 
capaci tors  shal l  be  separated  by supplementary insu lation  from  access ible  meta l  parts ,  and  
from  other metal  parts  l i kel y to  be  connected  to  access ib le  metal ,  when  the  control  i s  
mounted  i n  accordance  wi th  the  manufacturer's  declarations.   
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Compliance is checked by inspection and by the requirements for supplementary insulation  
in  Clauses 13 and 20.  

8.3.2  Controls  i n tended  to  be  connected  to  the  suppl y by means  of a  p l ug  shal l  be  so  
des igned  that  i n  normal  use ,  there  i s  no  risk  of e l ectric shock from  charged  capaci tors  when  

touch ing  the  p ins  of the  p lug .  

Compliance is checked by the test of 8. 3. 2. 1  to  8. 3. 2. 4 inclusive,  which is made 10 times.  

8.3.2 .1  The control is supplied at rated voltage or at the upper limit of the rated voltage 
range.  

8.3.2 .2  The actuating member,  if any,  is then moved to the "OFF" position if one exists and 
the control  is  disconnected from the  supply by removing the plug from the  socket-outlet.  

8.3.2 .3  One second after disconnection,  the voltage between the pins of the plug is 
measured.  

8.3.2 .4  The voltage shall not exceed 34 V peak.  The test is only performed if the capacitor 

exceeds 0, 1µF.  

 Covers  and  un insu lated  l ive  or hazardous  parts  8.4

Controls  provided  wi th  a  cover  or cover plate  of non-meta l l ic materia l  sha l l  be  so  designed  
that the  cover  fi xing  screws are  not accessib le,  un less  they are  e i ther earthed  or separated  
from  hazardous  l ive  parts  by double  insu lation  or reinforced  insu lation  or not access ib le  
after mounting  i n  the  equ ipment.  

Compliance is checked by inspection.  

NOTE  1  I n  Canada  and  the  USA,  hazardous  l ive  parts  a re  requ i red  to  be  so  arranged ,  and  the  cover  so  l ocated ,  
that  persons  are  not  l i kel y to  be  exposed  to  shock hazard  whi le  removi ng  and  replacing  the  cover.  

NOTE  2  I n  Canada  and  the  USA,  hazardous  l i ve  parts  or h azardous  moving  parts  are  requ i red  to  be  so  l ocated ,  
guarded  or enclosed  so  as  to  reduce  the  l i kel i hood  of contact  of such  parts  by persons  wh i l e  chang ing  l amps,  
e l ectron  tubes  or fuses;  l u bri cati ng  parts ,  or d uri ng  other operations  carri ed  ou t  du ri ng  user maintenance  o r 
servicing .  

 See  Annex V.  8.5

9  Provision  for protective earthing  

 General  requ irements  9.1

9. 1 . 1  Accessible  metal  parts,  other than  actuating  members ,  of in -l ine  cord ,  free-standing  
and  independently mounted  controls  of cl ass  0 I  and  class  I  wh ich  may become l i ve  i n  the  
even t of an  i nsu lation  fau l t ,  sha l l  be  permanentl y and  re l iabl y connected  to  an  earth ing  
term inal  or termination  wi th in  the  control ,  or to  the  earth ing  contact  of an  equ ipment i n let.  

NOTE  1  The  ph rase  "permanentl y  and  re l i abl y connected  to  an  earth i ng  term inal "  i s  synonymous  wi th  the  term  
"bonded" .  

NOTE  2  Parts  separated  from  l i ve  parts  by double  i nsu lation  or reinforced  insu lation  and  parts  screened  from  
l i ve  parts  by metal  parts  connected  to  an  earth i ng  term inal ,  earth ing  termination  or earth ing  contact,  are  not  
regarded  as  l i kel y to  become l i ve  i n  the  event  of an  i nsu l ation  fau l t.   

NOTE  3  Requ i rements  for actuating  members  are  speci fi ed  i n  8 . 2 . 3 .  

9. 1 .2  Accessible  metal  parts ,  other than  actuating  members ,  of in tegrated  and  
incorporated  controls  for class  0 I  and  class  I  equ ipment wh ich  may become l i ve  in  the  even t 
of an  i nsu lation  fau l t  sha l l  have  provis ion  for earth ing .  
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NOTE  1  In tegrated  con trols  and  i ncorporated  con trols  may be  connected  to  earth  th rough  thei r fi xi ng  means,  
provi ded  that  provis i on  i s  made  for cl ean  metal l i c  surfaces.  Th i s  a l so  app l i es,  for example,  to  con trols  wi th  metal l i c  
sensing  el ements  wh ich  are  connected  re l i abl y to  the  metal  parts  of the  equ i pment i f the  manufacturer has  
declared  th i s  to  be  a  method  of earth ing .  

NOTE  2  Parts  separated  from  l i ve  parts  by double  i nsu lati on  or reinforced  insu lation ,  and  parts  screened  from  
l i ve  parts  by metal  parts  connected  to  an  earth i ng  term inal ,  earth ing  termination  or earth ing  con tact,  are  not  
regarded  as  l i kel y to  become l i ve  i n  the  even t of an  i nsu l ation  fau l t.  

NOTE  3  Requ i rements  for actuating  members  are  speci fi ed  i n  8 . 2 . 3.  

9. 1 .3  Earth ing  term inals,  earth ing  terminations  and  earth ing  contacts  shal l  not be  
e lectrical l y connected  to  any neu tra l  term inal .  

Compliance with  9. 1 . 1  to 9. 1 . 3 inclusive is checked by inspection.  

 C lass  I I  and  class  I I I  controls   9.2

Class  I I  and  class  I I I  controls  shal l  have  no  provis ion  for protecti ve  earth ing .  

Compliance is checked by inspection.  

 Adequacy of earth  connections  9.3

 General  requ irements  9.3.1

The  connection  between  an  earth ing  term inal ,  earth ing  termination  or earth ing  contact,  and  

parts  requ i red  to  be  connected  thereto,  sha l l  be  of l ow res istance.  

Compliance is checked by the following test:  

– A  current of 1 , 5 times the rated current,  but not less than 25 A,  and derived from an a. c.  
source with a  no-load voltage not exceeding 12 V,  is passed between the earthing 
terminal,  earthing termination  or earthing contact,  and each  of the parts,  in  turn.  

– The voltage drop between the earthing terminal,  earthing termination  or earthing contact 
and the part is measured,  and the resistance calculated from the current and this voltage 

drop.  In no case shall the resistance exceed 0, 1  Ω .  The test is continued until steady 
conditions have been established.  

NOTE  1  Care  i s  taken  that  the  con tact  res i stance  between  the  ti p  of the  measuri ng  probe  and  the  metal  part 
under test  d oes  not  i n fl uence  the  test  resu l ts .  

NOTE  2  The  res i stance  of any external  conductor  o r i n ternal  conductor  i s  n ot  i ncl uded  i n  the  res i stance 
measurement,  bu t  the  res i stance  of any i n tegrated  conductor  i s  i ncl uded .  

 F ixed  wiring  and  methods  X and  M  9.3.2

Earth ing  term inals  for the  connection  of fixed  wiring  or for non-detachable  cords  us ing  

methods  X and  M  shal l  comply wi th  the  requ i rements  of 1 0. 1 .  

NOTE  1  I n  Canada  and  the  USA,  a  q u ick connect  term ina l  havi ng  the  d imensions  i n d icated  i n  Table  2  may be  
employed  as  a  non-access ible  earth ing  term inal  provided  i t  has  add i ti onal  means  for preventi ng  d i spl acement i n  
use  and  i t  i s  used  on  a  ci rcu i t  having  a  protecti ve  device  as  speci fi ed  i n  the  tabl e.  

NOTE  2  I n  Canada,  Ch i na  and  the  USA,  an  earth ing  conductor i n  fixed  wi ring  or i n  a  suppl y cord  shal l  not  be  
term inated  by means  of a  qu ick-connect term inal .  
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Table  2  (9.3.2  of ed i tion  3)  – Qu ick connect terminal  d imensions  (Canada and  USA)   

 
Nominal  s i zes  

mm  

Rating  of ci rcu i t  
protecti ve  device  

A  

Width  Th ickness  Length   

4 , 8  0 , 5  6 , 4  20  or l ess  

4 , 8  0 , 8  6 , 4  20  or l ess  

5 , 2  0 , 8  6 , 4  20  or l ess  

6 , 3  0 , 8  8 , 0  60  or l ess  

 

 External  conductors  9.3.3

Earth ing  connections  for external  conductors  shal l  not be  made  us ing  screwless  terminals ,  
however for type  Y attachment  and  type Z attachment ,  screwless-type  clamping  un i ts  
complying  wi th  I EC  60998-2-2  or 60998-2-3  or screwless-type  clamping  un i ts  accord ing  to  
I EC 60999-1  are  a l l owed .  

 S ize  of accessible  earth ing  terminals  9.3.4

Earth ing  term inals  wh ich  are  accessib le  i n  normal  use  shal l  a l l ow the  connection  of 
conductors  having  nom inal  cross-sectional  areas  of 2 , 5  mm 2  to  6  mm2  i ncl usive  and  i t  shal l  
not be  possib le  to  loosen  them  wi thou t the  a i d  of a  tool .  

NOTE  I n  Canada  and  the  USA,  conductors  of other nom inal  cross-sectional  area  are  perm i tted .  

 S ize  of non-accessible  earth ing  terminals  9.3.5

Earth ing  term inals  wh ich  are  not access ib le  i n  normal  use  for external  conductors  sha l l  
be  of a  s i ze  equal  to  or l arger than  that requ i red  for the  correspond ing  curren t-carrying  
term inal .  

 Locking  of earth ing  terminals  9.3.6

Clamping  means  of earth ing  term inals  for external  conductors  shal l  be  adequatel y l ocked  
against  acciden tal  l oosen ing .  

Compliance with  9. 3. 2 to  9. 3. 6 inclusive is checked by inspection,  by manual test and by the 
appropriate tests of 10. 1 .  

NOTE  I n  general ,  the  desi gns  common ly used  for cu rren t-carrying  term inal s  provi de  su ffi cien t  res i l i ence  to  compl y 
wi th  the  requ i rement for adequate  l ocking  agai nst  accidental  l oosen ing ,  provided  that  there  i s  no  excessi ve  
vibrati on  or temperature  cycl i ng .  I f the  term inal  i s  subj ected  to  excess ive  vibrati on  or temperature  cycl i ng ,  specia l  
provis ion  such  as  the  use  of an  adequate ly res i l i en t  part,  for example,  a  pressu re  pl ate  wh ich  i s  not  l i ke ly to  be  
removed  i nadvertentl y,  can  be  necessary when  pi l lar terminals  are  used .  

 Corrosion  resistance  9.4

Al l  parts  of an  earth ing  term inal  shal l  be  res istan t to  corros ion  resu l ti ng  from  contact between  
those  parts  and  the  copper of the  earth ing  conductor or any other metal  that i s  in  contact wi th  
those  parts.  

 Materials  9.4.1

The body of an  earth ing  term inal  shal l  be  of brass,  or other metal  no  l ess  res istan t to  
corrosion ,  un less  i t  i s  a  part of the  metal  frame or enclosure.  Then  any screws  or nu ts  shal l  
be  of brass,  p lated  steel  or other metal  complyi ng  wi th  C lause  22 ,  or other metal  no  l ess  
resistan t to  corrosion .  
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 Frames  or enclosures  of alumin ium  9.4.2

I f the  body of an  earth ing  term inal  i s  a  part of a  frame or enclosure  of a l um in i um  or al um in ium  
a l l oy,  precautions  shal l  be  taken  to  avoid  the  risk  of corrosion  resu l ting  from  contact  between  

copper and  al um in ium  or i ts  a l l oys.  

Compliance with  9. 4,  9. 4. 1 ,  and 9. 4. 2 is checked by inspection,  and in cases of doubt by an 
analysis of the materials and their coatings.  

NOTE  Corrosion  res i stance  can  be  ach ieved  by pl ati ng  or s im i l ar process.  

 Other requ irements  9.5

 Detachable  parts  9.5.1

I f a  detachable  part  of a  control  h as  an  earth  connection ,  th is  connection  shal l  be  made  
before  any current-carryi ng  connections  are  establ ished  when  p lacing  the  part i n  posi tion ,  and  
any curren t-carrying  connections  shal l  be  separated  before  the  earth  connection  is  broken  
when  removing  the  part.  

Compliance is checked by inspection.  

 I ncorporated  control  9.5.2

I f an  incorporated  control  i s  l i ke l y to  be  separated  from  i ts  normal  earth ing  means  after 
mounting  i n  the  equ ipment for purposes  of testi ng ,  setting  or servicing  wh i l e  the  equ ipment 
i s  energ ized ,  i t  shal l  be  provided  wi th  an  earth ing  connection  or wi th  an  earth ing  conductor 
wh ich  does  not requ i re  removal  from  the  control  for such  testing ,  setting  or servicing .  

Compliance is checked by inspection.  

NOTE  1  Refri gerator temperature  sensing  controls  and  defrost  controls  a re  examples.  

NOTE  2  I n  the  coun tries  members  of CENELEC,  9 . 5. 2  d oes  not  appl y.  

1 0  Terminals  and  terminations   

See  a lso  Clause  20,  th i rd  paragraph .  

 Terminals  and  terminations  for external  copper conductors  1 0.1

1 0. 1 . 1  Term inals  for fixed  wiring  and  for non-detachable  cords  us ing  type X attachment  
and  type  M  attachment ,  except as  speci fi ed  i n  1 0. 1 . 3 ,  shal l  be  such  that  connection  is  made 
by means  of screws,  nu ts  or equal l y effecti ve  devices  or methods,  bu t wi thout requ i ring  a  
special  purpose  tool  for connection  or d isconnection .  

1 0. 1 . 1 . 1  Term inals  or terminations  for non-detachable  cords  us ing  type Y attachment  
and  type  Z attachment  sha l l  satisfy the  appropriate  requ i rements  for term inals  and  
terminations  for in ternal  conductors  and  may requ ire  the  use  of special  purpose  tools  for 

connection  or d isconnection .  

Compliance with  10. 1 . 1  and 10. 1 . 1 . 1  is checked by inspection and test.  

NOTE  1  Screw type  term ina l s  i n  accordance  wi th  I EC 60998-2-1 ,  screwless  terminals  i n  accordance  wi th  
I EC 60998-2-2  or I EC 60998-2-3  and  cl amping  u n i ts  i n  accordance  wi th  I EC 60999-1  are  considered  to  be  effecti ve  
devices.  

NOTE  2  F l at  push-on  term ina l s  are  deemed  to  requ i re  a  special  purpose tool  for effecti ng  the  crimp.  
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1 0. 1 .2   Screws and  nu ts  wh ich  clamp external  conductors  sha l l  have  a  metric I SO  thread  
or a  thread  of equ iva lent effecti veness.  They shal l  not serve  to  fix any other component,  
except that they may also  clamp in ternal  conductors  i f these  are  so  arranged  that  they are  
un l ikel y to  be  d isplaced  when  fi tti ng  the  external  conductors .  

Compliance is checked by inspection.  

NOTE  1  Provis ional l y,  S I ,  BA and  Un i fi ed  th reads  are  deemed  to  be  of equal  effecti veness  to  metri c  I SO  th read .  

NOTE  2  A test  for equ ivalent  effecti veness  i s  under considerati on .  Pend ing  agreement  to  such  a  test,  a l l  torque  
val ues  for th reads  other than  I SO,  S I ,  BA and  Un i fi ed  are  i ncreased  by 20  % .  

1 0. 1 .3  Soldered ,  welded,  crimped  or s imi lar terminations  

Soldered ,  welded ,  crimped  or s im i l ar terminations  shal l  not be  used  for the  connection  of 
non-detachable  cords  us ing  type  X attachment  and  type M  attachment  u n less  such  i s  
perm i tted  by the  appropriate  equ ipment standard .  When  such  terminations  are  used  for 
external  conductors ,  they shal l  a lso  comply wi th  the  requ irements  of 1 0. 2 . 2  and  1 0. 2 . 3.  

Compliance is checked by inspection.  

NOTE  I n  general ,  the  standards  for equ ipment  restri ct  the  use  of such  connections.  

1 0. 1 .4  Term inals  for fixed  wiring  or non-detachable  cords  us i ng  type X attachment  or 
type  M  attachment  sha l l  a l l ow at l east the  connection  of conductors  having  nom inal  

cross-sectional  areas  as  shown  i n  Table  3 .  

Compliance is checked by inspection,  by measurement and by fitting conductors of the  
smallest and largest cross-sectional areas specified or declared.  

Table  3  (1 0. 1 .4  of ed i tion  3)  – M in imum  cross-sectional  area of conductors  

 
Current carri ed  by terminal  

a
 

Nominal  cross-sectional  area  
b
 

mm
2
 

A Flexible  cord  conductor F ixed  wi ring  conductors  

Up to  6  and  i ncl ud ing  c
 

0 , 5  to  1
 

1  to  1 , 5
 

Over 6  u p  to  and  i ncl ud i ng  1 0  0 , 75  to  1 , 5  1  to  2 , 5  

Over 1 0  up  to  and  i ncl ud ing  1 6  1  to  2 , 5  1 , 5  to  4  

Over 1 6  up  to  and  i ncl ud ing  25  1 , 5  to  4  2 , 5  to  6  

Over 25  up  to  and  i ncl ud ing  32  2 , 5  to  6  4  to  1 0  

Over 32  up  to  and  i ncl ud ing  40  4  to  1 0  6  to  1 6  

Over 40  up  to  and  i ncl ud ing  63  6  to  1 6  1 0  to  25  

a  Requ i rements  for appl i cati ons  greater than  63  A are  u nder consideration .  

b  I n  the  USA,  other s i zes  of conductors  apply.  

c  The  nom inal  cross-sectional  areas  speci fi ed  do  not  appl y to  term inal s  i n  SELV-ci rcu i ts  or PELV-ci rcu i ts  
carrying  a  cu rren t  not  exceed i ng  3  A.  

 

1 0. 1 .4. 1  I f a  term inal  i s  designed  to  accommodate  a  wider range  of fixed  wiring  or flexib le  
cord  conductor s i zes  than  those  i nd icated  i n  columns  2  and  3  of Table  3 ,  then  th is  sha l l  be  
declared .  

NOTE  1  I n  Canada  and  the  USA,  creepage  distances  and  clearances  between  term inal s  declared  for external  
conductors  for fixed  wi ring  and  between  such  term inal s ,  other than  earth ing  term inal s ,  and  ad jacent metal  parts  
shal l  meet the  requ i rements  of Clause  20,  and  i n  add i ti on ,  when  measured  i n  accordance  wi th  Note  2  of 1 0. 1 . 4. 1 ,  
shal l  be  at  l east:  
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– 6 , 4  mm  for rated  vo l tages  not  exceed i ng  250  V;  

– 8 , 0  mm  for rated  vo l tages  exceed ing  250  V and  up  to  400  V;  

– 9 , 6  mm  for rated  vo l tages  exceed ing  400  V.  

NOTE  2  I n  Canada  and  the  USA,  the  measurements  of creepage d istance  and  cl earances  a t  term inal s  are  made  
twice,  once  wi th  conductors  of the  l argest  cross-sectional  area  to  be  used  and  once  wi thout  conductors  fi tted .  

1 0. 1 .5  Term inals  for fixed  wiring  or non-detachable  cords  us ing  type X attachment  or 
type  M  attachment  sha l l  be  so  fixed  that,  when  the  clamping  means  i s  t i gh tened  or l oosened ,  
the  term inal  does  not work l oose,  in ternal  conductors  are  not subj ected  to  stress,  and  
creepage d istances  and  clearances  are  not  reduced  below the  values  speci fi ed  i n   

Clause  20.  

Compliance is checked by inspection and by measurement after fastening and loosening a  
conductor of the largest cross-sectional area used in 10. 1 . 4 10 times,  the conductor being 
moved each time it is loosened.  For threaded parts,  the full torque applied is either that shown 
in Table 20,  or the torque specified in the relevant figure (see Figures 10 to  13) ,  whichever is 
greater.  

During the test,  terminals shall not work loose and there shall be no damage,  such as 
breakage of screws or damage to the head slots,  threads,  washers,  stirrups or other parts,  
that will impair the further use of the terminal.  

NOTE  1  Th i s  requ i rement does  not  imply that  the  term inal  must  be  so  des igned  that  rotation  or d i spl acement i s  
prevented ,  provi ded  that  i ts  movement does  not  bri ng  abou t non -compl iance  wi th  the  other requ i rements  of th i s  
standard .  

NOTE  2  Term inal s  can  be  prevented  from  worki ng  l oose  by fi xi ng  wi th  two  screws,  by fi xi ng  wi th  one  screw i n  a  
recess  or by other su i tab le  means.  

NOTE  3  Coveri ng  wi th  seal i ng  compound ,  or wi th  res ins ,  i s  on l y considered  to  be  a  su ffi cien t  means  for 
preventi ng  a  term inal  from  working  l oose  i f:  

– the  seal  i s  not  subject  to  mechan ical  s trai n  as  a  resu l t  of connection  or d i sconnection  of the  conductor or use  of 
the  equ ipment;  and  

– the  effecti veness  of the  seal i ng  compound  i s  not  impai red  by the  temperatu re  wh ich  i s  attai ned  by the  term inal  
under the  most  unfavourabl e  cond i ti ons  requ i red  by th i s  standard .  

1 0. 1 .6  Term inals  for fixed  wiring  or non-detachable  cords  us ing  type X attachment  or 
type  M  attachment  shal l  be  so  designed  that they clamp the  conductor between  meta l  
surfaces  wi th  sufficien t con tact pressure  and  wi thou t undue  damage to  the  conductor,  except 
that for screwless  terminals  i n tended  for ci rcu i ts  carrying  a  curren t not exceed ing  2  A,  one  of 

the  surfaces  may be  of non-meta l l ic materia l .  

Compliance is checked by inspection of the terminal and of the conductors after the test of 
10. 1 . 5.  

NOTE  Conductors  are  consi dered  to  be  undu l y d amaged  i f they show sharp  or deep  i n dentations.  

1 0. 1 .7  Term inals  for fixed  wiring  and  non-detachable  cords  u s i ng  type X attachment  
sha l l  not  requ i re  specia l  preparation  of the  conductor in  order to  effect correct connection .  

1 0. 1 .7. 1  Term inals  for type X  attachment  may a lso  have  a l ternative  means  of connection  i f 
at least one  of the  means  conforms to  th is  requ i rement,  even  i f the  ori g inal  factory-made 
connection  uses  another means.  I n  th is  case ,  the  orig inal  factory-made connection  shal l  
comply wi th  the  requ i rements  for term inals  and  terminations  for in ternal  conductors .  

Compliance is checked by inspection.  
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NOTE  The  term  "special  preparati on  of the  conductor"  covers  sol dering  of the  s trands,  use  of cable  l ugs,  
formation  of eyel ets ,  etc. ,  bu t  not  the  reshaping  of the  conductor before  i ts  i n troducti on  i n to  the  term inal  or the  
twisti ng  of a  s tranded  conductor to  consol i date  i ts  end .  

1 0. 1 .8  Term inals  for fixed  wiring  and  non-detachable  cords  u s i ng  type X  attachment  or 
type  M  attachment  shal l  be  so  des igned  or p laced  that nei ther the  conductor nor a  wire  of a  
stranded  conductor can  s l ip  ou t wh i le  any clamping  screws  or nu ts  are  be ing  tigh tened ,  or 
wh i l e  any equal l y effecti ve  device  i s  be ing  operated .  

1 0. 1 .8. 1  Compliance is checked by the following test.  

1 0. 1 .8.2  Terminals are fitted with conductors according to the use of the terminal,  in  
accordance with Table 4.  The wires of fixed wiring  conductors are  straightened before 
inserting into the terminal.  

1 0. 1 .8.3  The wires of flexible cables and cords are twisted so that there is an even twist of 
one complete turn in 20 mm.  The conductor is inserted into the terminal for the minimum 
distance prescribed,  or where no distance is prescribed,  until it just projects from the far side 
of the terminal.  The conductor is inserted into the terminal in the position most likely to assist 
a  wire to escape and then the screw is tightened with  a  torque equal to two-thirds of the 
torque specified in Table  20.  

1 0. 1 .8.4  For flexible cords,  the test is repeated using a  new conductor which is twisted as 
before,  but in the opposite direction.  After the  test,  no wire of the conductor shall have 
escaped into the gap between the clamping means and the retaining device.  

Table  4  (1 0. 1 .8  of ed i tion  3)  – Terminal  conductors   

Current carri ed  by terminal  
a
 

A  
Conductor to  be  fi tted  (number of wi res  and  
nominal  d iameter of each  wi re  i n  m i l l imetres)  

F lexible  cord   
conductors  

F ixed  wi ring  
conductors  

For fl exibl e  cord  
conductors  

For fi xed  wi ring  
conductors  

0  to  6  – 32  ×  0 , 20  – 

6  to  1 0  0  to  6  40  ×  0 , 25  7  ×  0 , 52  

1 0  to  1 6  6  to  1 0  50  ×  0 , 25  7  ×  0 , 67  

1 6  to  25  1 0  to  1 6  56  ×  0 , 30  7  ×  0 , 85  

25  to  32  1 6  to  25  84  ×  0 , 30  7  ×  1 , 04  

– 25  to  32  94  ×  0 , 30  7  ×  1 , 35  

32  to  40  32  to  40  80  ×  0 , 40  7  ×  1 , 70  

40  to  63  40  to  63  1 26  ×  0 , 40  7  ×  2 , 1 4  

a
 Requ i rements  for appl i cations  greater than  63  A are  under consideration .  

 

1 0. 1 .9  Term inals  shal l  be  so  des igned  that  they clamp the  conductor re l iabl y.  

Compliance is checked by the  following test.  

1 0. 1 .9. 1  The terminals are fitted with conductors of the smallest and largest nominal 
cross-sectional areas used in 10. 1 . 4,  fixed or flexible,  whichever is appropriate,  or the more 
unfavourable and the terminal screws are tightened,  the torque applied being equal to 
two-thirds of the torque specified in  Table 20.  Each conductor is subjected to a  pull of the  
value shown in  Table 5.  The pull is applied without jerks for 1  min,  in  the  direction of the axis 
of the conductor space.  
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1 0. 1 .9.2  This pull test is normally applied directly to the conductor adjacent to where it 
enters the terminal.  If,  however,  an additional crimping or clamping device holding the  
conductor or the insulation around the conductor exists not more than 30 mm from the entry 
point for the conductor into the terminal and measured along the length of the conductor,  this 
test should apply to the crimping or clamping device,  and not to the actual terminal.  

1 0. 1 .9.3  During  the  test  the  conductor shal l  not move  appreciabl y i n  the  term inal .  

Table  5  (1 0. 1 .9  of ed i tion  3)  – Conductor pu l l  test values   

 
Current carri ed  by terminal  

a
 

Pu l l  
N  

A Terminals  for fl exible  cord  
conductors  

Terminals  for fixed  wi ring  
conductors  

Up to  and  i ncl ud i ng  3   20  
b  

 20  
b
 

Over 3  u p  to  and  i ncl ud i ng  6   30   30  

Over 6  up  to  and  i ncl ud i ng  1 0   30   50  

Over 1 0  up  to  and  i ncl ud ing  1 6   50   50  

Over 1 6  up  to  and  i ncl ud ing  25   50   60  

Over 25  up  to  and  i ncl ud ing  32   60   80  

Over 32  up  to  and  i ncl ud ing  40   90   90  

Over 40  up  to  and  i ncl ud ing  63    1 00   1 00  

a   Requ i rements  for appl i cati ons  greater than  63  A are  u nder consideration .  

b  Appl i cab le  on l y to  SELV-ci rcu i ts  or PELV-ci rcu i ts ,  and  other appl i cati ons  where  parti cu lar conductors  are   
not  speci fi ed .   

 

1 0. 1 . 1 0  Term inals  sha l l  be  so  designed  that they do  not atta in  excessive  temperature  i n  
normal  use ,  so  as  to  damage the  material  of the  supporti ng  i nsu lation ,  or the  i nsu lating  

covering  of the  clamped  conductors.  

Compliance is checked during the heating tests of Clause 14.  

1 0. 1 . 1 1  Term inals  shal l  be  so  l ocated  that each  core  con tained  wi th in  any fixed  wiring  
sheath  or fl exib le  cord  sheath  can  be  term inated  i n  reasonable  proxim i ty to  the  other cores  
wi th in  the  same sheath ,  un less  there  i s  a  good  techn ica l  reason  for the  contrary.  

Compliance is checked by inspection.  

1 0. 1 . 1 2  Term inals  for non-detachable  cords  u s i ng  type  X attachment  or type  M  
attachment  sha l l  be  so  l ocated  or sh ie lded ,  that shou ld  a  wi re  escape  when  the  conductors  
are  fi tted ,  there  is  no  risk  of accidenta l  contact  between  l ive  parts  and  access ib le  metal  
parts,  and  for class  I I  controls  and  controls  for class  I I  equ ipment,  between  l ive  parts  and  
metal  parts  separated  from  accessib le  metal  parts  by supplementary insu lation  on l y.  
Furthermore,  there  shal l  be  no  risk  of short-ci rcu i ti ng  a  declared  action  provid ing  a  fu l l  
d isconnection  or a  micro-disconnection .  

Compliance is checked by inspection and by the following test:  

– An 8 mm length of insulation is removed from the end of a  stranded conductor having a 
nominal cross-sectional area equal to the minimum size used during the test of 10. 1 . 4.  
One wire of the stranded conductor is left free,  and the other wires are fully inserted into 
and clamped in the terminal.  The free wire is bent,  without tearing the insulation back,  in 
every direction,  but without making sharp bends around barriers.  
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– The free wire of a  conductor connected to a  live terminal shall not touch any metal part 
which is accessible or is connected to an accessible metal part,  or for class II controls  
and controls  of class II equipment,  any metal part which is separated from accessible 
metal parts by supplementary insulation  only.  

– The free wire of a  conductor connected to an earthing terminal shall not touch any live 
part.  

– The free wire of a  conductor connected to  a  live terminal shall not become accessible,  
nor shall it short-circuit a  declared action providing a  full disconnection  or a  micro-
disconnection .  

1 0. 1 . 1 3  Term inals  shal l  be  so  des igned  that ci rcu i t continu i ty i s  not main tained  by pressure  
transm itted  through  i nsu lati ng  materia l  other than  ceram ic,  or other i nsu lati ng  materia l  wi th  
characteristics  no  less  su i table,  un less  there  is  sufficient res i l ience  i n  the  appropriate  metal  
parts  to  compensate  for any shrinkage  or d is tortion .  

Compliance is checked by initial inspection and by further examination of the terminals when 
the samples have completed the  test of Clause 17.  

NOTE  The  su i tabi l i ty of the  material  i s  considered  i n  respect to  the  stabi l i ty of the  d imensions  wi th i n  the  
temperatu re  range  appl i cabl e  to  the  con trol .  

1 0. 1 . 1 4  Screws  and  threaded  parts  of term inals  sha l l  be  of meta l .   

Compliance is checked by inspection.  

NOTE  I n  Canada  and  the  USA,  national  s tandards  requ i re  that  when  screws  are  used  for conductors  of 2 , 5  mm  or 
smal l er d i ameter,  the  connecti on  shal l  consist  of cl amps  or b i nd ing  screws  wi th  term inal  p l ates  having  uptu rned  
l ugs,  or equ ivalent,  to  hol d  the  wi res  i n  posi ti on .  Term inal  p l a te  th i cknesses  are  1 , 27  mm  (0, 050  i n )  for wi re  s i ze  of 
more  than  1 , 6  mm  d iameter (#  1 4  AWG);  and  0 , 76  mm  th i ckness  m in imum  (0, 030  i n )  for wi re  s i zes  of 1 , 6  mm  or 
smal l er d i ameter.  The  term inal  screws  shal l  n ot  be  smal l er than  # 8  Un i fi ed ,  except  that  #  6  Un i fi ed  screw may be  
used  for connection  of a  1 , 29  mm  (# 1 6)  wi re  or a  1 , 02  mm  (# 1 8)  wi re  or a  s i ng le  1 , 6  mm  (# 1 4 )  wi re.  

1 0. 1 . 1 5  Terminals  of the  pi l l ar type  and  the  mantle  type  shal l  be  so  des igned  as  to  al l ow 
an  adequate  length  of conductor to  be  in troduced  i n to,  and  pass  beyond  the  edge  of the  
screw,  to  ensure  that the  conductor does  not fa l l  ou t.  

Compliance is checked for pillar terminals  by measurement of dimension "g" in  Figure 11  
and for mantle terminals  by the  minimum distance specified in  Figure 12.  

NOTE  I n  the  U . S .A.  and  Canada,  Subclauses  1 0 . 1 . 1 6  and  1 0. 1 . 1 6. 1  appl y:  

1 0. 1 . 1 6  Flying  l eads  (pig  tai l s)  

I n  Canada  and  the  U . S .A. ,  where  fl ying  l eads  (pig  tai l s )  may be  used  for wi ri ng  connecti ons  of i ndependen tl y 
mounted  controls ,  the  l ead  wi res  shal l  not  be  smal l er than  0 , 82  mm 2 .  The  i nsu lation  shal l  be  at  l east  0 , 8  mm  
th i ck,  i f thermoplasti c,  or at  l east  0 , 8  mm  th i ck rubber,  wi th  a  bra id  of 0 , 8  mm  th i ck thermopl asti c.  

The  l eads  shal l  have  a  m in imum  l ength  of 1 50  mm  and  shal l  be  arranged  so  that  they are  i naccess ible  when  
i nstal l ed  i n  accordance  wi th  national  wi ri ng  practi ces.  Add i ti onal l y,  the  con trol  end  connection  of such  a  l ead ,  i f 
l ocated  i n  the  same  wi ri ng  compartment,  shal l  not  be  to  a  th readed  term inal  construction  un l ess  the  means  of 
connection  i s  rendered  u nusab le  for connection  of an  external  conductor.  

The  th readed  term inal  construction  need  not  be  rendered  unusable  i f the  l ead  i s  i nsu l ated  at  the  connection  end ,  
and  a  marking  on  the  device  cl earl y i nd icates  the  i n tended  use  of the  l ead .  

Compl iance  i s  checked  by i nspection .  

1 0. 1 . 1 6. 1    I n  Canada  and  the  U .S .A. ,  fl ying  l eads  shal l  be  provi ded  wi th  strai n  re l i ef to  prevent mechan ical  
s tress  from  being  transm i tted  to  term inal ,  spl i ces  (for example,  twist-on  connections)  or i n terna l  wi ri ng .  

Compl iance  i s  checked  by i nspection  and  by appl ying  a  pu l l  of 44  N  on  the  l eads  for 1  m in .  

Duri ng  th i s  test,  the  l ead  shal l  not  be  damaged  and  shal l  not  be  d i spl aced  l ong i tud ina l l y by more  than  2  mm .  
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 Terminals  and  terminations  for in ternal  conductors  1 0.2

1 0.2. 1  Connection  of conductors  

Term inals  and  terminations  shal l  a l l ow the  connection  of conductors  having  nom inal  

cross-sectional  areas  as  shown  i n  Table  6 .  

Table  6  (1 0.2. 1  of ed i tion  3)  – Nominal  cross-sectional  areas  of conductors   

Current carri ed  by terminal  or terminations  
a
 

A 
Min imum  nominal  

b
 cross-sectional  area  of conductor  

mm 2  

Up  to  and  i ncl ud i ng  3  

Over 3  u p  to  and  i ncl ud i ng  6  

Over 6  up  to  and  i ncl ud i ng  1 0  

Over 1 0  up  to  and  i ncl ud ing  1 6   

Over 1 6  up  to  and  i ncl ud ing  25  

Over 25  up  to  and  i ncl ud ing  32   

Over 32  up  to  and  i ncl ud ing  40  

Over 40  up  to  and  i ncl ud ing  63   

–  c
 

0, 75  

1  

1 , 5  

2 , 5  

4  

6  

1 0  

a  Requ i rements  for appl i cati ons  greater than  63  A are  u nder consideration .  

b  I n  the  USA,  other s i zes  of conductors  apply.  

c  No  m in imum  speci fi ed ,  bu t  the  manufacturer shal l  declare  the  conductor s i ze  for test  pu rposes.
 

 
NOTE  The  requ i rements  of 1 0. 2 . 1  do  not  appl y to  term inal s  wh ich  are  not  i n tended  to  accept  standard  conductors  
wi thout  special  preparation ,  or wh ich ,  by thei r design  and  app l i cation ,  cannot accept standard  conductors;  or wh ich  
are  de l i beratel y d esigned  to  accept conductors  of a  d i fferent  s i ze  and  wh ich  are  for use  on ly i n  parti cu l ar types  of 
equ i pment.  An  example  i s  a  thermostat  i n tended  for use  wi th i n  the  fabric  of an  e l ectri c  b l anket.  

1 0.2.2  Su itabi l i ty for purpose  

Term inals  and  terminations  shal l  be  su i table  for thei r purpose.  Terminations  for making  
soldered ,  crimped  and  welded  connections  shal l  be  capable  of wi thstand ing  the  stresses  
wh ich  occur i n  normal  service.  

Compliance is checked by inspection.  

1 0.2.3  Soldered  terminals  

When  soldered  term inals  are  used ,  the  conductor shal l  be  so  pos i ti oned  or fixed  that rel i ance  
is  not p laced  upon  the  soldering  a lone  to  main tain  the  conductor i n  pos i tion ,  un less  barriers  
are  provided  such  that creepage d istances  and  clearances  between  l ive  parts  and  other 
metal  parts  cannot be  reduced  to  l ess  than  50  %  of the  values  speci fi ed  i n  C lause  20  shou ld  
the  conductor break away at  the  soldered  j o in t.  

Compliance is checked by inspection.  

NOTE  I n  general ,  "hooking -i n "  before  sol dering  i s  considered  to  be  a  su i tabl e  means  for main tai n i ng  a  conductor 
i n  posi ti on ,  provided  the  hole  th rough  wh ich  the  conductor i s  passed  i s  not  undu l y l arge,  and  provided  that  the  
conductor i s  not  part  of a  fl at-twin  t i nse l  cord .  

Other methods  of main tai n i ng  a  conductor i n  posi ti on ,  such  as  waisti ng  the  s i des  of a  sol der tag ,  are  a l so  
considered  acceptable.  

1 0.2.4 F lat push-on  connectors  

1 0 .2.4. 1  Tabs  form ing  part of a  control  shal l  comply wi th  the  d imensional  requ i rements  of 
F igure  1 4  or 1 5 .  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 71  – 
© I EC  201 5  

Compliance is checked by measurement.  

Tabs  wi th  d imensions  other than  those  shown  i n  F igure  1 4  or 1 5  can  be  used ,  i f the 
d imensions  and  shapes  are  so  d i fferen t as  to  prevent any poss ible  m ismating  wi th  a  s tandard  
receptacle  (see  F igure  1 6).  

For the  d imensions  of F igures  1 4 ,  1 5  and  1 6,  the  phys ica l  d imensions  of I EC  61 21 0  may 
a l ternative l y be  used .  The  performance requ i rements  of I EC  61 21 0  do  not  appl y.  

Tabs  a l lowing  the  polari zed  acceptance  of receptacles  can  be  used  (see  F igure  1 6) .  

1 0.2.4.2  Tabs  form ing  part of a  control  sha l l  cons ist of materia l  and  plating  appropriate  to  
the  maximum  temperature  of the  tabs  as  i nd icated  i n  Table  7.  Materia ls  or coatings  other than  
those  speci fied  i n  the  table  can  be  used  provided  thei r e lectrical  and  mechan ical  
characteristics  are  no  less  rel iable,  particu larl y wi th  regard  to  res istance  to  corros ion  and  
mechan ical  s trength .  

Table  7  (1 0.2.4.2  of ed i tion  3)  – Material  and  plating  for tabs  

 
Material  and  plating  of tabs  

Maximum  temperature  
of the  tab  

°C  

Bare  copper 1 55  

Bare  brass  21 0  

Tin  p l ated  copper and  copper a l l oys  1 60  

N ickel  p l ated  copper and  copper a l l oys  1 85  

S i l ver p l ated  copper and  copper a l l oys  205  

N ickel  p l ated  steel  400  

S tain less  steel  400  

 

Compliance is checked by measuring the temperatures attained during the tests of Clause 14.  

NOTE   The  temperatures  speci fi ed  are  those  for conti nuous  use.  H igher transien t  temperatures  are  poss ible,  for 
example,  d uri ng  temperatu re  overshoot  of a  temperature  sensing  control .  

1 0.2.4.3  Tabs  form ing  part of a  control  shal l  have  adequate  s trength  to  a l l ow the  i nsertion  
and  wi thdrawal  of receptacles  wi thout damage to  the  control  such  as  to  impair compl iance  
wi th  th is  standard .  

Compliance is checked by applying,  without jerks,  axial forces equal to those shown in  
Table 8.  No significant displacement or damage shall occur.  

Table  8  (1 0 .2.4.3  of ed i tion  3)  – Axial  force  values  for tab  i nsertion  and  withdrawal   

Tab si ze  
(see  F i gure  1 6)  

Push  
a
 

N  
Pul l  

a
 

N  

2 , 8  50  40  

4 , 8  60  50  

6 , 3  80  70  

9 , 5  1 00  1 00  

a  The  val ues  i n  the  table  are  the  maximum  a l l owed  for the  i n sertion  and  the  wi thdrawal  of a  receptacl e  from  a  
tab .  
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1 0.2.4.4  Tabs  form ing  part of a  control  sha l l  be  adequatel y spaced  to  a l l ow the  connection  
of the  appropriate  receptacles .  

For the  d imensions  of F igures  1 4 ,  1 5  and  1 6,  the  phys ical  d imensions  of I EC  61 21 0  may 
a l ternativel y be  used .  The  performance  requ i rements  of I EC  61 21 0  do  not apply.  

Compliance is checked by applying an appropriate  receptacle  on each  tab  unless otherwise 
declared in 7. 2.  During this application,  no strain  nor distortion shall occur to any of the tabs  
nor to their adjacent parts,  nor shall the creepage distance  or clearance  values be reduced 
below those specified in Clause 20.  

NOTE  For tabs  complying  wi th  F i gu re  1 4  or 1 5,  the  appropri ate  receptacl e  i s  shown  i n  F i gure  1 6.  

 Terminals  and  terminations  for in tegrated  conductors  1 0.3

There  are  no  speci fic requ irements  or tests  for term inals  or term inations  for in tegrated  
conductors  u nder C lause  1 0,  bu t  the  re levant requ i rements  of the  other clauses  may appl y.  

1 1  Constructional  requirements  

 Materials  1 1 .1

 Insu lating  materials  – Impregnated  1 1 .1 .1

Wood,  cotton ,  s i lk,  ord inary paper and  s im i l ar fi brous  or h ygroscopic  materia l  sha l l  not  be  
used  as  i nsu lation  un less  impregnated .  

Compliance is checked by inspection.  

NOTE  I nsu lati ng  materia l  i s  cons idered  to  be  impregnated  i f the  i n tersti ces  between  the  fi bres  of the  materia l s  are  
substan tia l l y fi l l ed  wi th  a  su i table  i nsu lant.  

 Current-carrying  parts  1 1 .1 .2

I f brass  is  used  for curren t carrying  parts  other than  threaded  parts  of term inals,  i t  shal l  
con tain  at l east 50  %  copper i f the  part i s  cast or made from  bar,  or at l east 58  %  i f the  part i s  
made  from  rol l ed  sheet.  

Compliance is checked by inspection and by analysis of the material.  

 Non-detachable  cords  1 1 .1 .3

1 1 . 1 .3. 1  Non-detachable  cords  of class  I  controls  sha l l  have  a  green/yel l ow conductor 
i nsu lation  wh ich  is  connected  to  the  earth ing  term inal  or termination  of the  control ,  or to  the  

earth ing  contact of any equ ipment i n l et or socket-ou tlet,  i f provided .  

1 1 . 1 . 3.2  Conductor i nsu lation  i den ti fied  by the  colour combination  green/yel low shal l  not  be 
connected  to  term inals  or terminations  other than  earth ing  term inals  or terminations .  

Compliance with  11 . 1 . 3. 1  and 11 . 1 . 3. 2 is checked by inspection.  

 Protection  against  e lectric shock 1 1 .2

 Double  insu lation  1 1 .2.1

When  double  insu lation  i s  employed ,  the  des ign  shal l  be  such  that the  basic insu lation  and  
the  supplementary insu lation  can  be  tested  separatel y un less  satisfaction  wi th  regard  to  the  
properties  of both  i nsu lations  i s  provided  i n  another way.  
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1 1 .2. 1 . 1  I f the  basic i nsu lation  and  the  supplementary insu lation  cannot  be  tested  
separate l y,  or i f satisfaction  wi th  regard  to  the  properties  of both  i nsu lations  cannot be  
obtained  in  another way,  the  i nsu lation  is  regarded  as  reinforced  insu lation .  

Compliance is checked by inspection and by test.  

NOTE  Specia l l y prepared  samples,  or samples  of the  i nsu lati ng  parts ,  are  regarded  as  ways  of provid i ng  
sati sfaction .  

 I n fringement of double  insu lation  or reinforced  insu lation  1 1 .2.2

Class  I I  controls  and  controls  for use  i n  class  I I  equ ipment shal l  be  so  des igned  that  
creepage d istances  and  clearances  over supplementary insu lation  or reinforced  
insu lation  cannot,  as  a  resu l t of wear,  be  reduced  be low the  values  speci fied  i n  C lause  20.  
They shal l  be  so  constructed  that i f any wi re,  screw,  nu t,  washer,  spring ,  fl at  push-on  
receptacle  or s im i lar part becomes l oose  and  fal ls  ou t of pos i ti on ,  i t  cannot i n  normal  use  
become so  d isposed  that  creepage d istances  or clearances  over supplementary insu lation  
or reinforced  insu lation  are  reduced  to  l ess  than  50  %  of the  value  speci fied  i n  C lause  20 .  

Compliance is checked by inspection,  by measurement and/or by manual test.  

For the  purpose of this requirement:  

– it is not to be expected that two independent fixings will become loose at the same time;  

– parts fixed by screws or nuts provided with a  locking washer are regarded as not liable to 
become loose,  provided these screws or nuts are not required to be removed during user 
maintenance  or servicing;  

– springs and spring parts that do not become loose or fall out of position during the tests of 
Clauses 17 and 18 are deemed to comply;  

– wires connected by soldering are considered to be  not adequately fixed unless they are 
held in  place near to the termination ,  independently of the solder;  

– wires connected to terminals are considered to be  not adequately secured unless an 
additional fixing is provided near to the terminal.  This additional fixing,  in the case of 
stranded conductors,  shall clamp the  insulation and not the  conductor;  

– short rigid wires are regarded as not liable to come away from a  terminal if they remain in  
position when any one terminal screw or nut is loosened.  

 I n tegrated  conductors  1 1 .2.3

1 1 .2.3. 1  In tegrated  conductors  shal l  be  so  ri g id ,  so  fixed  or so  i nsu lated  that i n  normal  
use  creepage d istances  and  clearances  cannot be  reduced  below the  va lues  speci fi ed  i n   
Clause  20.  

1 1 .2.3.2  I nsu lation ,  i f any,  shal l  be  such  that i t  cannot be  damaged  during  mounting  or in  
normal  use .  

Compliance with 11 . 2. 3. 1  and 11 . 2. 3. 2 is checked by inspection,  by measurement and by 
manual test.  

NOTE  I f the  i nsu lati on  on  a  conductor i s  not  at  l east  e l ectri cal l y equ ivalen t  to  that  of cables  and  fl exi b le  cords  
complying  wi th  the  appropriate  I EC standard ,  or a l ternati ve ly  does  not  compl y wi th  the  e l ectri c  strength  test  made  
between  the  conductor and  metal  foi l  wrapped  around  the  i nsu lation  under the  cond i ti ons  speci fi ed  i n  Clause  1 3,  
the  conductor i s  cons i dered  to  be  a  bare  conductor.  

 F lexible  cord  sheaths  1 1 .2.4

I ns ide  a  control ,  the  sheath  ( j acket)  of a  fl exib le  cable  or cord  shal l  be  used  as  
supplementary insu lation  on l y where  i t  i s  not  subj ect to  undue  mechan ical  or thermal  
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stresses,  and  i f i ts  i nsu lati ng  properties  are  not l ess  than  those  speci fied  i n  I EC  60227-1  or 
I EC 60245-1 .   

Compliance is checked by inspection,  and,  if necessary,  by testing the sheaths of the flexible 
cords according to IEC 60227-1  or IEC 60245-1 .  

 Protective  impedance   1 1 .2.5

See  Annex H .  

1 1 .2.6  Protection  against electric  shock by use  of SELV or PELV 

See  Annex T.  

1 1 .2.7  Connections  between  in ternal  and  external  SELV/PELV ci rcu i ts  

Adequate  measures  shal l  be  provided  to  prevent the  i n terconnection  of an  i n tegrated  SELV  
ci rcu i t to  an  external  PELV ci rcu i t  and  vice  versa.   

The  suppl y of a  class  I I I  control  from  an  external  SELV  source  by means  of a  separable  
connection  shal l  on l y be  possib le  by means  of a  ded icated  p lug  and  socket system  wh ich  
cannot be  fi tted  or i n terconnected  wi th  other connecting  systems.  

Compliance is checked by inspection.  

1 1 .2.8  Overcurrent protection   

Controls  shal l  be  capable  of carrying  the  curren ts  l ikel y to  fl ow i n  abnormal  cond i ti ons  for 
such  periods  of t ime as  are  determ ined  by the  characteristics  of the  protective  device  i f 
declared  in  requ irement 96  of Table  1 .   

Compliance is checked by the test of 27. 5.   

 Actuation  and  operation  1 1 .3

 Fu l l  d isconnection  1 1 .3.1

Controls  wi th  posi tions  declared  as  fu l l  d isconnection  shal l  be  so  des igned  that i n  the  
declared  posi ti ons  there  i s  con tact separation  i n  a l l  supply poles  other than  earth ,  at  least 
equal  to  the  re levant values  speci fied  i n  C lause  20.  The  contact separation  may be  obta ined  
by automatic action  or by manual  action ,  bu t  any subsequent automatic action  sha l l  not 
cause  any contact separation  to  be  reduced  below the  speci fi ed  m in imum.  

I f the  d isconnection  i s  a lso  declared  to  provide  al l -pole  d isconnection ,  the  con tact operation  
i n  each  suppl y pole  shal l  be  substan tia l l y together.  

Compliance is checked by inspection and by the tests of Clauses 13 and 20,  where 
necessary.  

 M icro-d isconnection  1 1 .3.2

Controls  wi th  posi tions  declared  as  micro-d isconnection  sha l l  be  so  designed  that i n  
the  declared  pos i ti ons  there  i s  contact separation  i n  at l east one  supply pole  to  meet the  
e lectric strength  requ irements  of C lause  1 3  bu t no  clearance  d imension  i s  speci fied .  
The  con tact separation  may be  obtained  by automatic action  or by manual  action ,  bu t any 
subsequent change of activating  quanti ty  between  the  l im i ts  declared  in  Table  1 ,  
requ irement 36,  or at any swi tch  head  temperature  between  the  l im i ts  declared  in  Table  1 ,  
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requ irement 22 ,  shal l  not  cause  an  operation  wh ich  wou ld  reduce the  con tact separation  such  

that  the  requ irements  of Clause  1 3  are  no  l onger met.  

Compliance is checked by inspection and,  where necessary,  by the tests of Clause 13 carried 
out at the temperature limits declared.  

 Reset buttons  1 1 .3.3

Reset bu ttons  of controls  sha l l  be  so  located  or protected  that they are  not l i kel y to  be  
accidental l y reset.  

Compliance is checked by inspection.  

NOTE  1  Th i s  requ i rement  precludes,  for example,  reset  bu ttons  mounted  i n  such  a  pos i ti on  that  they can  be  reset  
by push ing  the  control  against  a  wal l ,  or by push ing  a  p i ece  of fu rn i tu re  aga inst  the  con trol .   

NOTE  2  Th i s  requ i rement  d oes  not  appl y to  manual  reset  controls  wi th  trip-free  acti ons.  

 Setting  by the  manufacturer 1 1 .3.4

Parts  used  for the  setting  of controls  by the  manufacturer shal l  be  secured  to  preven t 
accidental  sh i fti ng  after setting .  

Compliance is checked by inspection.  

 Contacts  – General  1 1 .3.5

1 1 .3.5. 1  Contacts  wi th  a  d . c.  rating  greater than  0, 1  A,  wh ich  can  be  operated  by actuation ,  
shal l  be  so  designed  that the  speeds  of approach  and  separation  of the  con tact surfaces  are  
i ndependent  of the  speed  of actuation .  

Compliance is checked by inspection.  

NOTE  Th is  requ i rement  does  not  apply to  con tacts  excl uded  by 1 1 . 3. 7.  

1 1 .3.5.2  Systems  of class  C  control  functions  sha l l  i ncl ude  at l east two swi tch ing  
e lements  to  d i rectl y de-energ ize  the  safety re levant  term inals.   

NOTE  A s i ng le  re lay operati ng  two i n dependent contacts  i s  considered  to  be  on l y one  swi tch ing  e l ement.   

1 1 .3.5.2. 1  Measures  to  prevent common  cause errors    

Measures  shal l  be  taken  to  protect against fai lu re  of two (or more)  swi tch ing  e lements ,  due  to  
a  common  cause,  by an  external  short  ci rcu i t that  wou ld  prevent the  control  from  perform ing  
a  safety shut-down .  

Acceptable  methods  are,  for example,  

– overcurrent protection  device,   

– curren t l im i tation  or  

– i n ternal  fau l t  d etecti ng  means.  

The  su i tabi l i ty of measures  to  main tain  the  capabi l i ty to  i n terrupt the  energ ization  of the  safety 
re lated  ou tpu t term inals  by means  of at l east one  swi tch ing  e lement or the  i n terruption  of an  
overcurrent  protection  device  shal l  be  veri fi ed  by the  fol lowing  test.  

The safety related output terminals of the control are connected to a  switch that is intended 
to  switch the short-circuit current.  With  this switch opened,  the control is connected as 
described in H.27. 1 . 1 . 2 with the outputs energized to simulate normal operation  (contacts of 
the internal switching elements closed) .  
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The test equipment shall have the following characteristics:  

a)  when overcurrent protection devices are used as the protective measure,  the power supply 
to the control shall have the capability of supplying a  short-circuit current of at least 
500 A .  

b)  when current limitation techniques are used as the protective measure (for example,  
transformer)  the power supply to the control  shall not limit the declared (Table 1 ,  
requirement 95)  short-circuit current.  

1 1 .3.5.2. 1 . 1  A  short-circuit is applied between the safety related output terminals of the  
control by closing the switch.  

The test is operated for 1  h  or if there is no current flow through the switch.  

If an overcurrent protection device is replaceable and has operated during the test,  it shall be  
replaced and the test is repeated a  further two times by attempting to restart the control 
keeping the switch closed.  

The test is repeated using either the same or a  separate sample with the switch maintained in 
the closed position prior to the first start-up sequence.  

1 1 .3.5.2. 1 .2  If an  internal fault detecting function of the control either opens the switching 
elements or initiates a  safety shut-down ,  the  test is repeated two times by attempting to 
restart the control while maintaining the  external short circuit.  

Compliance is checked in accordance with  H. 27. 1 . 1 . 3 and Clause 15.  

After the test,  at least one switching element of the control shall be able to de-energize the 
safety related output terminals,  or a  non-replaceable overcurrent protection device has 
permanently interrupted the supply to the safety related output terminals.  

 Contacts  for fu l l  d isconnection  and  m icro-disconnection  1 1 .3.6

Contacts  for fu l l  d isconnection  and  contacts  for micro-disconnection ,  having  e i ther a  d . c.  
rati ng  not greater than  0 , 1  A,  or an  a . c.  rati ng ,  and  wh ich  can  be  operated  by actuation ,  shal l  

be  so  des igned  that they can  come to  rest  on l y i n  a  cl osed  pos i ti on  or i n  an  open  pos i ti on .  

Compliance is checked by inspection,  and for a  closed position by the temperature 
requirements of Clause 14,  and for open position by the requirements of Clause 13,  as 
specified for micro-disconnection .  However,  where an intermediate position  of the 
actuating member occurs adjacent to a  located position  declared as full disconnection ,  
then the tests of Clauses 13 and 20,  as specified for full disconnection ,  are made for this 
intermediate position .  

 Exclusions  for 1 1 .3.5  and  1 1 .3.6   1 1 .3.7

The requ i rements  of 1 1 . 3. 5  and  1 1 . 3. 6  shal l  not  appl y to  contacts  where  i nspection  shows  
they cannot be  operated  on - load  or are  not in tended  to  be  operated  on -load ,  nor to  con tacts  
wh ich  do  not arc  under cond i ti ons  of normal  use .  

1 1 .3.7. 1  Compliance is checked by inspection,  and if necessary by the test of 11 . 3.7. 2.  

1 1 .3.7.2  A  d. c.  voltage equal to the maximum working voltage  is applied to the contacts in  
series with a  resistor such that the current occurring in normal use  is obtained.  It shall not be 
possible  to  maintain an arc by slowly opening the contacts.  
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1 1 .3.8  Contacts  rest posi tion  

Contacts  shal l ,  i n  any rest posi tion  of the  actuating  member,  be  e i ther open  or closed  as  
i n tended ,  or such  that no  hazard  can  occur wi th in  the  control  or equ ipment.  

Compliance is checked by inspection.  

NOTE  1  The  term  " rest  posi ti on  of the  actuating  member"  i ncl udes  l ocated ,  i n termed i ate  and  posi ti on  of setting  
by the  user.  

NOTE  2  For the  pu rposes  of tryi ng  to  obtai n  an  i n termediate  posi tion  of an  actuating  member,  between  any 
i ndexed ,  marked ,  or i n tended  rest  posi ti ons,  the  actuating  member  can  be  actuated  as  i n  normal  use .  H old i ng  the  
actuating  member  i n  posi ti on  i s  not  actuation .  

1 1 .3.9  Pu l l -cord  actuated  control  

A pu l l -cord  actuated  control  shal l  be  so  designed  that when  the  pul l -cord  i s  re leased  after 
actuati ng  the  control ,  the  re levant parts  of the  mechan ism  normal l y cannot fa i l  to  return  to  a  
pos i tion  from  wh ich  they a l l ow the  immed iate  performance of the  next movement i n  the  cycle  
of actuation  of the  control .  

Compliance is checked by inspection and by the following test.  

NOTE  1  Pul l -cord  actuated  controls  can  be  actuated  from  any located  posi tion  to  the  next  located  posi tion  by  
the  appl i cati on  and  removal  of a  s teady pu l l  not  exceed ing  45  N  verti cal l y downwards,  or 70  N  at  45°  to  the  verti cal ,  
wi th  the  control  mounted  i n  any decl ared  manner.  

NOTE  2  The  actuati ng  forces  for controls  actuated  by other than  pu l l -cords ,  are  not  speci fi ed .  Atten ti on  i s  d rawn  
to  the  relevant  equ ipment  standard  where  such  requ i rements  may be  g i ven .  

 Actions  1 1 .4

 Combined  actions  1 1 .4.1

A control  h aving  more  than  one  action ,  wi th  one  of the  actions  designed  to  operate  after the  
fai lure  of the  other action(s),  shal l  be  so  constructed  that  th is  action  remains  operative  after 
fai lure  of any portion  un ique  to  the  other action (s) .  

Compliance is checked by inspection and,  if necessary,  by tests after making all of the other 
action(s)  inoperative.  

 Setting  by the  manufacturer 1 1 .4.2

Type 2  action  wh ich  has  provis ion  for setting  by the  manufacturer of i ts  operating  value ,  
operating  time  or operating  sequence ,  sha l l  be  designed  such  that i t  i s  cl earl y d iscern ib le  i f 
any subsequent i n terference  wi th  the  setting  has  been  made.  

Compliance is checked by inspection.  

 Type 2  action  1 1 .4.3

Any type  2  action  shal l  be  so  des igned  that  the  manufacturing  deviation  and  dri ft  of i ts  
operating  value ,  operating  time  or operating  sequence  i s  wi th in  the  l im i t declared  in  
requ i rements  41  and  42  of Table  1 .  

Compliance is checked by the tests of Clauses 15 to 17 inclusive.  

 Type 1 .A or 2 .A action  1 1 .4.4

A Type 1 .A or 2 .A action  shal l  operate  to  provide  the  clearances  and  e lectric streng th  
requ i rements  speci fi ed  for fu l l  d isconnection .  
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Compliance is checked by the  tests of Clause 13 and the relevant requirements of Clause 20.  

 Type 1 .B  or 2.B  action  1 1 .4.5

A Type  1 . B  or 2 . B  action  shal l  operate  to  provide  the  e lectric s trength  requ irements  speci fied  
for micro-d isconnection .  

Compliance is checked by the  test of Clause 13 and the relevant requirements of Clause 20.  

 Type 1 .C  or 2.C  action  1 1 .4.6

A Type  1 .C  or 2 .C  action  shal l  operate  to  provide  ci rcu i t i n terruption  by micro-interruption .  

Compliance is checked by the  relevant requirements of Clause 20.  

 Type  1 .D  or 2.D  action  1 1 .4.7

A Type 1 .D  or 2 .D  action  shal l  be  so  designed  that d isconnection  can  nei ther be  prevented  
nor i nh ib i ted ,  by any reset mechan ism  and  so  that after d isconnection ,  i t  i s  not possib le  to  
reclose  the  ci rcu i t even  momentari l y wh i l e  the  excess  or fau l t  cond i tion  pers ists .  

Compliance is checked by inspection and by test.  

 Type 1 .E  or 2 .E  action  1 1 .4.8

A Type  1 . E  or 2 . E  action  shal l  be  des igned  so  that d isconnection  can  nei ther be  prevented ,  
nor i nh ib i ted  by any reset mechan ism  and  so  that  the  contacts  can  nei ther be  preven ted  from  
open ing  nor be  main ta ined  closed  against a  continuation  of the  excess  or fau l t  cond i tion .  

Compliance is checked by inspection and by test.  

 Type  1 .F  or 2 .F  action  1 1 .4.9

A Type  1 . F  or 2 .F  action  shal l  be  des igned  so  that after the  control  has  been  mounted  i n  
accordance  wi th  the  manufacturer's  i nstructions,  i t  can  on l y be  reset wi th  the  a id  of a  tool .  

Compliance is checked by inspection and by test.  

NOTE  Mounti ng  wi th i n  an  equ ipment such  that  a  tool  i s  requ i red  to  gain  access  to  the  control  i s  deemed  to  
sati sfy th i s  requ i rement.  

 Type 1 .G  or 2 .G  action  1 1 .4.1 0

A Type 1 .G  or 2 .G  action  shal l  be  designed  so  that after the  control  has  operated ,  i t  i s  
poss ib le  to  reset the  control  (a l though  not i n tended)  under e lectrical l y l oaded  cond i tions.  

Compliance is checked by inspection and by resetting once at rated voltage and rated current.  

 Type 1 .H  or 2.H  action  1 1 .4.1 1

A Type  1 .H  or 2 .H  action  shal l  be  so  des igned  that the  contacts  cannot be  prevented  from  
open ing  and  wh ich  may au tomatical l y reset to  the  closed  posi tion  i f the  reset means  i s  held  i n  
the  reset pos i ti on .  The  control  shal l  not reset au tomatical l y at  any temperature  above –35  °C  

wi th  the  reset  mechan ism  in  the  normal  pos i tion .  

Compliance is checked by inspection and by test.  
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 Type 1 .J  or 2. J  action  1 1 .4.1 2

A Type 1 . J  or 2 . J  action  shal l  be  so  des igned  that the  contacts  cannot  be  prevented  from  
open ing ,  and  the  control  i s  not  perm i tted  to  function  as  an  au tomatic reset  device  i f the  reset  
means  i s  held  i n  the  reset posi tion .  The  control  shal l  not  reset au tomatical l y at  any 

temperature  above  –35 °C.  

Compliance is checked by inspection and by test.  

 Type 1 .K or 2.K action  1 1 .4.1 3

A Type 1 .K or 2 .K action  shal l  be  so  des igned  that i n  the  event of a  break in  the  sensing  
element ,  or i n  any other part between  the  sensing  element  and  the  switch  head ,  the  
declared  d isconnection  i s  provided  before  the  declared  operating  value ,  operating  time  or 
operating  sequence  i s  exceeded .  

NOTE  The  test  i s  g i ven  i n  the  relevant part  2 .  

 Type 1 .L  or 2 .L  action  1 1 .4.1 4

A Type 1 . L  or 2 . L  action  shal l  be  so  designed  that i n  the  case  of fai lure  of the  e lectrical  
suppl y,  i t  performs  i ts  i n tended  function  i ndependentl y of any external  auxi l iary energy source  
or e lectrical  suppl y.  

Compliance is checked by inspection.  

NOTE  A s imple  d i rect  acti ng  spri ng  or wei gh t  i s  not  regarded  as  an  auxi l i ary energy sou rce  or e l ectri cal  suppl y.  

 Type 1 .M  or 2 .M  action  1 1 .4.1 5

A Type 1 .M  or 2 .M  action  shal l  be  so  des igned  that i t  operates  in  i ts  i n tended  manner after the  
declared  ageing  procedure.  

Compliance is checked by the test of 17. 6.  

1 1 .4. 1 6  See  Annex H .  

1 1 .4. 1 7  See Annex J .  

 Open ings  in  enclosures  1 1 .5

Drain  holes,  i f any,  shal l  have  a  m in imum  area  of 20  mm 2 ,  a  maximum  area  of 40  mm 2  and  
m in imum  d imension  of 3  mm.  

Compliance is checked by inspection.  

NOTE  1  Add i ti ona l  requ i rements  for moi stu re  res i stance  are  contained  i n  Clause  1 2 .  

NOTE  2  Controls  c l assi fi ed  as  I PX7  can  have  a  faci l i ty for open i ng  a  d rain  hole.  

NOTE  3  I n  the  USA,  there  are  add i ti onal  requ i rements  for open ings  i n  enclosu res  provi ded  for venti l ati on ,  
d ra inage,  mounti ng  of components,  or cl earance  around  a  d i a l ,  knob,  l ever,  hand l e,  capi l l ary tube  or the  l i ke.  

 Mounting  of controls  1 1 .6

1 1 .6. 1  Controls  shal l  be  so  des igned  that the  methods  of moun ting  i n  accordance  wi th  the  

manufacturer's  declaration  do  not adversel y affect compl iance  wi th  th is  standard .  

1 1 .6.2  Declared  methods  of mounting  shal l  be  such  that the  control  cannot rotate  or be  
otherwise  d isplaced ,  and  cannot be  removed  from  an  equ ipment wi thou t the  ai d  of a  tool ,  i f 
such  movement or removal  cou ld  adversel y affect compl iance  wi th  th is  standard .  I f removal  or 
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partia l  removal  i s  necessary for correct use  of the  control ,  then  the  requ i rements  of 

Clauses  8,  1 3  and  20  shal l  be  satisfied  before  and  after removal .  

Compliance with  11 . 6. 1  and 11 . 6. 2 is checked by inspection and by manual test.  

NOTE  Controls ,  other than  those  wi th  rotary actuation ,  fi xed  by a  n u t  and  s i ng l e  bush i ng  concentri c  wi th  the  
actuating  means ,  a re  deemed  to  comply  wi th  th i s  requ i rement,  provided  that  the  ti gh ten i ng  of the  nu t  requ i res  the  
use  of a  tool ,  and  that  the  parts  have  adequate  mechan i cal  s trength .  An  i ncorporated  control  mounted  by 
screwless  fi xi ng  i s  deemed  to  comply wi th  th i s  requ i rement  i f the  use  of a  tool  i s  requ i red  before  the  control  can  
be  removed  from  the  equ ipmen t.  

1 1 .6.3  Mounting  of i ndependently mounted  controls  

1 1 .6.3. 1  Independently mounted  controls  o ther than  those  declared  for panel  mounting  

shal l  e i ther:  

– fi t  a  s tandard  box as  declared ;  

– be  suppl ied  wi th  a  condu i t box i f a  specia l  condu i t  box i s  requ i red ;  or  

– be  su i table  for surface  moun ting  on  a  p lane  surface.  

1 1 .6.3.2  I f a  specia l  condu i t box i s  requ ired ,  i t  shal l  be  de l i vered  together wi th  the  control  

and  the  box shal l  be  provided  wi th  the  en tries  for condu i t  speci fied  i n  I EC  60423.  

1 1 .6.3.3  Independently mounted  controls  for surface  mounting  used  wi th  buried  
i nsta l l ation  (concealed  wi ri ng)  not  us ing  an  ou tlet box shal l  be  provided  wi th  su i table  holes  on  
the  back of the  control  a l lowing  easy i nstal l ation  and  connection  to  the  term inals.  

1 1 .6.3.4  Independently mounted  controls  for surface  mounting  used  wi th  exposed  wiring  
shal l  be  provided  wi th  cable  or condu i t en tries ,  knock-ou ts,  or g lands,  wh ich  al l ow connection  
of the  appropriate  type  of cable  or condu i t  complyi ng  wi th  the  re levant I EC standard .  

1 1 .6.3.5  Independently mounted  controls  for surface  mounting  or the  sub-bases  for such  
controls  sha l l  be  constructed  i n  such  a  manner that the  term inals  for external  conductors  
are  accessib le  and  can  be  used  when  the  control  or the  sub-base  is  correctl y fixed  to  i ts  
support  and  i ts  cover  (or the  control )  i s  removed .  

1 1 .6.3.6  Controls  i n tended  for mounting  on  an  ou tlet  box or s im i l ar enclosure  shal l  have  
wi ri ng  term inals,  other l i ve  parts  and  sharp-edged  metal  parts,  earthed  or not,  l ocated  or 
protected  so  that they wi l l  not be  forced  against wi ri ng  i n  the  box or enclosure  during  
i nstal lation  of the  control .  

1 1 .6.3.7  Where  back wi ring  term inals  are  used ,  they shal l  be  recessed  or be  protected  by 
close-fi tti ng  barriers  or i nsu lati ng  materia ls  or the  equ ivalent  that  wi l l  prevent con tact wi th  
wi ri ng  i nstal led  i n  the  box.  

Compliance with  11 . 6. 3. 1  to 1 1 . 6. 3. 7,  inclusive,  is checked by inspection.  

Term inals  that do  not project i n to  the  box beyond  the  p lane  of the  fron t edge  of the  box are  
acceptable.  

Guards  provided  alongs ide  term inals  and  extend ing  at l east 6, 5  mm  beyond  the  term inals  
before  wiring ,  wi th  a  correspond ing  guard  between  double  pole  mechan ism ,  are  acceptable .  
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 Attachment of cords  1 1 .7

 Flexing  1 1 .7.1

1 1 .7. 1 . 1  The  fl exib le  cords  of in -l ine  cord  and  free-stand ing  controls  shal l  be  capable  of 
wi thstand ing  the  fl exing  l ikel y to  occur i n  normal  use .  I f a  cord-guard  is  provided  to  meet  th is  
requ irement i t  shal l  not  be  i n tegral  wi th  the  fl exible  cord  i f type X  attachment i s  used .  

1 1 .7. 1 . 2  Compliance is checked by subjecting the control,  fitted with  the  flexible cord or 
range of flexible  cords for which  it is  designed,  to  the following test.  

1 1 .7. 1 .2. 1  The control is mounted in the flexing apparatus shown in Figure 9.  The axis of 
oscillation is so chosen that the weight attached to the cord and the cord itself make the 
minimum lateral movement during the test.   

Samples with flat cords are  mounted so that the major axis of the cross-section is parallel to  
the axis of oscillation.  Each flexible cord passing through the inlet opening is loaded with a  
weight of 1  kg.  A  current equal to the current passing through that particular core when the 
control is operated at rated voltage is passed through each core,  the voltage between cores 
being maximum rated voltage.  The oscillating member is moved backwards and forwards 
through an angle of 90° (45° on either side of the vertical) .  The number of flexings (that is one 
movement through 90°)  being 5 000,  and the rate  of the flexing being 60 flexings per minute.  

1 1 .7. 1 .2.2  After the test,  the sample shall show no damage within the meaning of this 
standard.  During the test,  no interruption of the current and no short circuit between the 
individual conductors shall occur,  neither shall broken strands pierce the insulation to the 
outer surface of the accessory.  A  short circuit between individual conductors is considered to 
occur if the current reaches twice the value of the  test current.  

1 1 .7. 1 .2.3  Not more than 10 % of the total number of conductors of the flexible cord shall 
have been broken.  

 Cord  anchorages  1 1 .7.2

1 1 .7.2. 1  Controls  other than  those  in tegrated  and  i ncorporated ,  i n tended  to  be  connected  
by means  of a  non-detachable  cord ,  shal l  have  cord  anchorages  such  that the  conductors  
are  rel i eved  from  strain ,  i nclud ing  twisting ,  where  they are  connected  to  the  term inals,  and  
that  the ir covering  i s  protected  from  abrasion .  I t  sha l l  be  clear how the  re l ief from  stra in  and  
the  prevention  of twisti ng  is  i n tended  to  be  effected .  

1 1 .7.2.2  Cord  anchorages  of class  I I  controls  shal l  be  of i nsu lating  materia l  or,  i f of meta l ,  
be  i nsu lated  from  access ible  meta l  parts  or metal  foi l  over access ible  non -metal l ic  surfaces  by 
i nsu lation  complying  wi th  the  requ i rements  for supplementary insu lation .  

1 1 .7.2.3  Cord  anchorages  of controls  o ther than  those  of cl ass  I I  shal l  be  of i nsu lati ng  
materia l  or be  provided  wi th  an  i nsu lati ng  l i n ing ,  i f otherwise  an  i nsu lation  fau l t  on  the  cord  
cou ld  make  access ib le  metal  parts  l i ve.  Th is  l i n i ng ,  i f any,  sha l l  be  fixed  to  the  cord  
anchorage,  un less  i t  i s  a  bush ing  wh ich  forms  part of a  cord  guard  provided  to  meet the  
requ i rements  of 1 1 . 7 . 1 .  

1 1 .7.2.4 Cord  anchorages  shal l  be  so  des igned  that:  

– the  cord  cannot touch  clamping  screws  of the  cord  anchorage,  i f these  screws  are  
access ib le  metal  parts;  

– the  cord  is  not  clamped  by a  metal  screw wh ich  bears  d i rectl y on  the  cord ;  

– for type X  attachment  or type M  attachment ,  a t  l east one  part i s  securel y fixed  to  the  
control ;  
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– for type  X  attachment  or type  M  attachment ,  replacement of the  fl exib le  cord  does  not 
requ ire  the  use  of a  special  purpose  tool ;  

– for type X  attachment ,  they are  su i table  for the  d i fferent types  of fl exib le  cord  wh ich  may 
be  connected ;  

– for type  X  attachment,  the  design  and  l ocation  make  replacement of the  fl exib le  cord  
easi l y possib le.  

1 1 .7.2.5  For other than  type Z  attachment ,  makesh i ft  methods  such  as  tyi ng  the  cord  in to  a  

knot,  or tyi ng  the  ends  wi th  stri ng ,  sha l l  not be  used .  

1 1 .7.2.6  G lands  shal l  not  be  used  as  cord  anchorages  i n  in -l ine  cord  controls  us ing  type  X  
attachment  un less  they make provis ion  for cl amping  a l l  types  and  s i zes  of cords  used  i n  

1 0 . 1 . 4.  

1 1 .7.2.7  Screws,  i f any,  wh ich  have  to  be  operated  when  replacing  the  cord ,  shal l  not  serve  
to  fix any other componen t,  u n less  e i ther the  control  i s  rendered  i noperable  or man i festl y 
i ncomplete  i f they are  om i tted  or incorrectl y replaced ,  or the  component i n tended  to  be  fixed  
cannot be  removed  wi thout  the  a id  of a  tool  when  replacing  the  fl exible  cord .  

1 1 .7.2.8  Compliance with 11 .7. 2. 1  to 11 . 7. 2. 7,  inclusive,  is checked by inspection and by the 
tests of 1 1 . 7. 2. 9 to 11 . 7. 2. 15 inclusive.  Integrated and incorporated controls,  intended for 
the connection of flexible cords,  are tested according to the relevant standard for the 
equipment in  which  they are  integrated or incorporated.  

1 1 .7.2.9  The control is  fitted with a  flexible cord and the conductors are introduced into the 
terminals,  the terminal screws,  if any,  being tightened just sufficiently to prevent the 
conductors from easily changing their position.  The cord anchorage is used in the intended 
manner,  the screws being tightened with a  torque equal to two-thirds of the torque specified in 
19. 1 .  

1 1 .7.2. 1 0  After this preparation,  it shall not be possible  to push the cord into the control  to  
such an extent that the cord or internal parts of the control could be damaged,  or that internal 
parts are interfered with in a  way which might impair compliance with this standard.  

1 1 .7.2. 1 1  The cord is then subjected to pulls of the value and number shown in Table 9.  The 
pulls are applied in  the most unfavourable direction,  without jerks,  each  time for 1  s.  

1 1 .7.2. 1 2  Immediately afterwards,  the cord is subjected for 1  min to a  torque of the value 
shown in Table 9.  

Table  9  (1 1 .7.2  of ed i tion  3)  – Pu l l  and  torque values   

Control  Pul l  
a
 

N  
Torque  

a
 

Nm  
Number of pu l ls  

a
 

Free-standing  control s  and  
i ndependentl y mounted  con trols :  

   

Up  to  and  i ncl ud i ng  1  kg   30  0 , 1  25  

Over 1  kg  up  to  and  i ncl ud i ng  4  kg   60  0 , 25  25  

Over 4  kg  1 00  0 , 35  25  

I n -l ine  cord  controls  (other than  
free-standing  con trols )  

90  0 , 25  1 00  

a  Some  equ ipment standards  may requ i re  a  d i fferen t  val ue.  

 
1 1 . 7.2. 1 3  For type X attachment,  the tests are made first with  the lightest permissible type 
of flexible cord of the smallest cross-sectional area  used in  10. 1 . 4,  and then with  the next 
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heavier type of flexible cord of the largest cross-sectional area used.  For type M attachment,  
type Y attachment  or type Z attachment,  only declared or fitted cord is used.  

1 1 .7.2. 1 4  During the tests,  the cord shall not be damaged.  After the tests,  the cord shall not 
have been displaced longitudinally by more than 2 mm,  the conductors shall not have been 
moved over a  distance of more than 1  mm in the terminals,  and there shall be no appreciable 
strain at the connection.  Creepage distances  and clearances  shall not have been reduced 
below the value specified in  Clause 20.  

1 1 .7.2. 1 5  For the  measurement of the  long i tud ina l  d isp lacement,  a  mark is  made on  the  cord  
wh i l e  i t  i s  subjected  to  the  pu l l ,  at  a  d istance  of approximatel y 20  mm  from  the  cord  
anchorage,  before  s tarting  the  tests.  After the  tests,  the  d isp lacement of the  mark on  the  cord  
i n  re lation  to  the  cord  anchorage  i s  measured  wh i le  the  cord  i s  subj ected  to  the  pu l l .  

 S ize  of cords  – non-detachable  1 1 .8

1 1 .8. 1  Non-detachable  cords  shal l  not  be  l i ghter than  ord inary tough  rubber sheathed  
flexible  cord ,  designated  60245 I EC 53,  or ord inary pol yvinyl  ch lori de  sheathed  flexib le  cord ,  
des ignated  60227  I EC 53.  The  use  of a  l i gh ter flexible  cord  i s  perm issib le  i f a l lowed  i n  a  
particu lar equ ipment s tandard  or for connection  to  external  SELV  devices  (sensors/un i ts) .  

Compliance is checked by inspection.  

1 1 .8.2  Controls  fi tted  wi th  non-detachable  cords  sha l l  have  a  cord  wi th  conductors  of a  
s i ze  not l ess  than  that shown  i n  Table  1 0 .  

Table  1 0  (1 1 .8.2  of ed i tion  3)  – M in imum  cord  conductor sizes   

Current i n  rel evant ci rcu i t 
a
 

A 
Nominal  cross-sectional  area  

b
 

mm 2  

Up  to  and  i ncl ud i ng  6  
c
 0 , 75  

over 6  up  to  and  i ncl ud i ng  1 0  1  

over 1 0  up  to  and  i ncl ud ing  1 6  1 , 5  

over 1 6  up  to  and  i ncl ud ing  25  2 , 5  

over 25  up  to  and  i ncl ud ing  32  4  

over 32  up  to  and  i ncl ud i ng  40  6  

over 40  up  to  and  i ncl ud ing  63  1 0  

a  Requ i rements  for appl i cati ons  greater than  63  A are  u nder considerati on .  

b  I n  the  USA,  other s i zes  of conductors  apply.  

c Lower values  than  0 , 75  mm 2  are  perm i tted  for class  I I I  controls  o r i f perm i tted  i n  a  parti cu lar equ ipment or 
i nstal l ati on  s tandard .  

Compliance is checked by inspection.  

1 1 .8.3  The  space for the  fl exib le  cord  i ns ide  the  control  shal l  be  adequate  to  a l l ow the  
conductors  to  be  easi l y i n troduced  and  connected ,  and  the  cover,  i f any,  fi tted  wi thou t risk  of 
damage to  the  conductors  or the ir i nsu lation .  I t  shal l  be  poss ib le  to  check that the  conductors  
are  correctl y connected  and  posi ti oned  before  the  cover  i s  fi tted .  

Compliance is checked by inspection and by connecting cords of the largest cross-sectional 
area  used in 10. 1 . 4.  

 I n let openings  1 1 .9

1 1 .9. 1  I n let open ings  for flexible  external  cords  shal l  be  so  des igned  and  shaped ,  or sha l l  be  
provided  wi th  an  i n l et bush ing ,  so  that the  covering  of the  cord  can  be  i n troduced  wi thou t risk  

of damage.  
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1 1 .9. 1 . 1  Condu i t  entries  and  knock-ou ts  of independently mounted  controls  shal l  be  so  
des igned  or l ocated  that i n troduction  of the  condu i t or condu i t  fi tti ng  does  not affect the  
protection  against e lectri c shock or reduce  creepage d istances  and  clearances  be low the  
values  speci fi ed  i n  C lause  20.  

Compliance is checked by inspection.  

1 1 .9.2  I f an  i n l et bush ing  is  not provided ,  then  the  i n l et open ing  shal l  be  of i nsu lati ng  

materia l .  

1 1 .9.3  I f an  i n let bush ing  i s  provided ,  then  i t  sha l l  be  of i nsu lating  materia l ,  and   

– shal l  be  so  shaped  as  to  prevent damage  to  the  cord ,  

– shal l  be  re l i abl y fixed ,  

– sha l l  not  be  removable  wi thou t the  a i d  of a  tool ,  

– shal l ,  i f type X attachment  i s  used ,  not  be  i n tegra l  wi th  the  cord .  

1 1 .9.4  An  i n l et bush ing  shal l  not  be  of rubber,  wi th  the  exception  that for type  M  
attachment ,  type Y attachment  and  type  Z attachment  for class  0  control ,  class  0 I  control  
or class  I  control ,  rubber i s  a l l owed  i f the  bush ing  is  i n tegral  wi th  the  sheath  of a  cord  of 

rubber.  

Compliance with  11 . 9. 1  to 1 1 . 9. 4,  inclusive,  is checked by inspection and manual test.   

1 1 .9.5  Enclosures  of independently mounted  controls  i n tended  to  be  permanen tl y 
connected  to  fixed  wiring  shal l  have  cable  en tries,  condu i t en tries ,  knockou ts  or g lands  wh ich  

perm i t the  connection  of the  appropriate  condu i t,  cable  or cord ,  as  appl icable.  

 Equ ipment in lets  and  socket-outlets  1 1 .1 0

1 1 . 1 0 .1  The  des ign  of equ ipment i n lets  and  socket-outlets  i n tended  for use  by the  user  for 
the  i n terconnection  of controls  and  equ ipment shal l  be  such  as  to  render un l ikel y their 
engagement wi th  each  other or wi th  equ ipment i n l ets  or socket-outlets  in tended  for other 
systems  i f such  engagement cou ld  resu l t i n  fi re ,  or i n ju ry or e lectric shock to  persons  or 

damage  to  equ ipment or surround ings.  

Compliance is checked by inspection.  

1 1 . 1 0.2  In -l ine  cord  controls  provided  wi th  an  equ ipment i n let or socket-outlet shal l  be  so  
rated ,  or so  protected ,  that un in ten tional  overload ing  of ei ther the  control ,  equ ipment i n let or 
socket-ou tlet cannot occur i n  normal  use .  

Compliance is checked by inspection.  

1 1 . 1 0 .3  Controls  provided  wi th  pi ns ,  b lades,  or other connecting /adapting  means,  i n  order 
to  be  i n troduced  i n to  fixed  socket ou tlets  shal l  comply wi th  the  requ i rements  of the  appropriate  
socket-ou tlet system.  

I f in -l ine  cord  controls  provided  wi th  a  p l ug  and  a  socket ou tl et,  where  the  p lug  can  be  
connected  to  a  socket ou tlet rated  for a  h i gher load  curren t than  the  control ,  the  control  sha l l  
be  provided  wi th  an  i ncorporated  fuse  or a  protecti ve  device  to  l im i t  the  curren t to  the  
control ’ s  rating .  The  testi ng  of the  protecti ve  function  is  done  in  the  sequence  of tests  

accord ing  to  27. 5.  

The  p lug  and  socket ou tlet  part of the  control  shal l  comply wi th  the  appropriate  standard  for 
the  p lug  and  socket system .  The  control  part shal l  comply wi th  th is  s tandard .  
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NOTE  Th is  cl ause  i s  not  app l i cable  i n  Canada  and  the  USA.  

Compliance is checked by inspection and by carrying out tests based on those prescribed for 
the socket-outlet system.  

 Requ i rements  during  mounting,  maintenance and  servicing  1 1 .1 1

 Covers  and  thei r fixing  1 1 .1 1 .1

1 1 . 1 1 .1 . 1  For other than  in tegrated  controls ,  the  removal  of a  cover  or cover plate ,  
i nclud ing  battery compartment cover,  wh ich  i s  in tended  to  be  removed  during  mounting ,  user 
maintenance  or servicing  of the  control  or equ ipment,  sha l l  not  affect the  setting  of the  
control  i f th is  m ight impai r compl iance  wi th  th is  s tandard .  

1 1 . 1 1 .1 .2  The  fixi ng  of covers  sha l l  be  such  that they cannot be  d isplaced ,  nor replaced  
i ncorrectl y i f th is  cou ld  m islead  the  user  or wou ld  impair compl iance  wi th  th is  standard .  The  
fixi ng  of covers  wh ich  need  to  be  removed  for mounting  shal l  not serve  to  fix any parts,  other 
than  actuating  members  or gaskets.  

Compliance with  11 . 11 . 1 . 1  and 11 . 11 . 1 . 2 is checked by inspection.  

NOTE  1  I n  Canada  and  the  USA,  a  screwless  fi xed  cover  wh ich  g i ves  access  to  bare  l i ve  parts  and  wh ich  does  
not  requ i re  a  tool  for i ts  removal  shal l  wi thstand  the  fo l l owing  tests:  

A cover  shal l  n ot  become d i sengaged  from  the  case  when  a  d i rect  pu l l  of 60  N  i s  appl i ed .  For th i s  test,  the  cover  i s  
to  be  g ri pped  at  any two  conven ien t  po in ts .  The  test  shal l  be  performed  before  and  after 1 0  removal  and  
rep lacement  operations .  

A cover  sha l l  be  capable  of wi thstand i ng  an  impact of 1 , 35  Nm  appl i ed  to  the  access ible  faces  of the  cover  (one  
b low per face)  wi thout  being  d i splaced ,  and  there  shal l  be  no  damage  to  i n ternal  parts  nor mal function  of the  
control  as  a  resu l t  of th i s  test.  The  rad i us  of the  bal l  u sed  for th i s  test  shal l  be  not  l ess  than  25, 4  mm.  

NOTE  2  I n  Canada  and  the  USA,  the  con ti nu i ty of the  earth ing  means  for a  screwless  fi xed  cover  shal l  comply 
wi th  the  requ i rements  of 9 . 3  and  9. 5.  

1 1 . 1 1 . 1 . 3  Covers  of enclosures  

NOTE  I n  Canada  and  the  U .S .A. ,  there  are  add i ti onal  requ i rements  for doors  or covers  of enclosures  g i vi ng  
access  to  fuses  or any overl oad  protecti ve  device,  the  normal  function ing  of wh ich  requ i res  renewal ,  or i f i t  i s  
necessary to  open  the  cover  i n  connection  wi th  the  normal  operation  of the  overl oad  protecti ve  device.  

1 1 . 1 1 . 1 .4 G lass  covering  an  opening  

NOTE  I n  Canada  and  the  U . S .A. ,  there  are  add i ti onal  requ i rements  for g l ass  or g l ass-l i ke  materi al  covering  an  
observation  open ing .  

1 1 . 1 1 . 1 .5  Non-detachable  parts  

Non-detachable  parts  wh ich  provide  the  necessary degree  of protection  against e lectric  
shock,  moistu re  or contact wi th  moving  parts  shal l  be  fixed  i n  a  re l iab le  manner and  shal l  
wi thstand  the  mechan ical  stress  occurring  i n  normal  use .  

Snap-in  devices  used  for fixing  non -detachable  parts  shal l  have  an  obvious  locked  pos i tion .  
The  fixing  properties  of snap- in  devices  used  i n  parts  wh ich  are  l i kel y to  be  removed  for 
i nsta l l ation  or during  servicing  shal l  not deteriorate.  

Compliance is checked by the tests of 1 1 . 11 . 1 . 5. 1  to 11 . 11 . 1 . 5. 3.  

1 1 . 1 1 .1 .5. 1  Parts which are likely to be removed for installation or during servicing  are 
disassembled and assembled 10 times before the test is carried out.  

NOTE  Servicing  i ncl udes  rep lacement  of the  supply cord .  
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1 1 . 1 1 .1 .5.2  For the tests of 1 1 . 11 . 1 . 5. 3,  the control shall be at room temperature.  However,  
in cases where compliance may be affected by temperature,  the test is also carried out 
immediately after the control has been operated under the conditions specified in Clause 14.  

1 1 . 1 1 .1 .5.3  A force is applied for 10 s,  without jerks,  in the most unfavourable direction,  to  
those areas of the cover or part which are likely to be weak.  The force to be used shall be as 
follows: 

– Push force 50 N 

– Pull force,  as follows: 

a)  If the shape of the part is such that the fingertips   
cannot easily slip off 50 N 

b)  If the projection of the part which is gripped   
is less than 10 mm in the direction of removal 30 N 

The push force is applied by means of a  rigid test finger similar in dimensions to the standard 
test finger shown in Figure 2.  

The pull force is applied by any suitable means (for example,  a  suction cup)  so that the test 
results are not affected.  

While the pull test of a)  or b)  is being applied,  the test fingernail shown in Figure 3 is inserted 
in any aperture or joint with a  force of 10 N.  The fingernail is then slid sideways with a  force of 
10 N; it is  not twisted or used as a  lever.  

If the shape of the part is such that an axial pull is unlikely,  no pull force is applied but the test 
fingernail shown in Figure 3 is inserted in any aperture or joint with a  force of 10 N and is then 
pulled for 10 s by means of the loop with a  force of 30 N in  the direction or removal.  

If the cover or part is likely to be subjected to a  twisting force,  a  torque as detailed below 
shall be applied at the same time as the  pull or push force:  

– for major dimensions up to and including 50 mm 2 Nm 

– for major dimensions over 50 mm 4 Nm 

This torque is also applied when the test fingernail is pulled by means of the loop.  

If the projection of the part which  is gripped is less than 10 mm,  the above torque is reduced 
to 50 % of the value.  

1 1 . 1 1 .1 .5.4  During and after the tests of 11 . 11 . 1 . 5. 3,  parts shall not become detached and 
they shall remain in the locked position,  otherwise they are deemed to be  detachable parts .  

1 1 . 1 1 . 1 .6  A cover,  wh ich  can  be  removed  wi th  one  hand ,  shal l  not  be  re leased  when  a  
squeezing  force  of up  to  45  N  combined  wi th  up  to  1 5  N  for the  pu l l  test i s  appl ied  at any two 
poin ts ,  the  d istance  between  wh ich  does  not exceed  1 25  mm,  as  measured  by a  tape  
stretched  tightl y over that portion  of the  surface  of the  cover  wh ich  wou ld  be  encompassed  by 
the  palm  of the  hand .  The  test i s  performed  before  and  after 1 0  removal  and  replacement 
operations .  

 Cover fixing  means  1 1 .1 1 .2

Fixing  screws of covers  or cover plates  wh ich  need  to  be  removed  during  mounting ,  user 
maintenance  or servicing  sha l l  be  captive.  

Compliance is checked by inspection.  
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NOTE  The  use  of ti gh t-fi tti ng  washers  of cardboard  or s im i l ar materi a l  i s  deemed  to  meet  th i s  requ i rement.  See  
1 9. 1 . 5.  

 Actuating  member 1 1 .1 1 .3

1 1 . 1 1 .3. 1  A control  shal l  not be  damaged  when  i ts  actuating  member  i s  mounted  or 

removed  i n  the  i n tended  manner.  

1 1 . 1 1 .3.2  I f the  maximum  or m in imum  setting  by the  manufacturer or setting  by the  user  of 
a  type  2  action  i s  l im i ted  by mechan ical  means  associated  wi th  an  actuating  member,  such  
actuating  member  sha l l  not be  removable  wi thout  the  use  of a  tool .  

1 1 . 1 1 .3.3  I f an  actuating  member  of a  control  wi th  a  type 1  action  provid ing  an  "OFF"  
pos i tion ,  or the  actuating  member  of any control  wi th  a  type  2  action  i s  used  to  ind icate  the  
cond i ti on  of the  control ,  i t  sha l l  not  be  poss ib le  to  fix  the  actuating  member  i n  an  i ncorrect 
pos i tion .  

Compliance with 11 . 11 . 3. 1  to 11 . 11 . 3. 3 inclusive is checked by inspection and,  for actuating 
members  which  do not require a  tool  for their removal,  by the test of 18. 9.  

NOTE  Standards  for equ i pment  may requ i re  that  an  actuating  member  u sed  to  i n d i cate  the  cond i ti on  of a  
control  not  be  capable  of bei ng  fi xed  i n  an  i ncorrect  posi ti on .  

 Parts  forming  supplementary insu lation  or reinforced  insu lation  1 1 .1 1 .4

Parts  of controls  wh ich  serve  as  supplementary insu lation  or reinforced  insu lation  and  
wh ich  m igh t be  om i tted  during  reassembly after user maintenance  or servicing ,  shal l  e i ther 
be  fixed  i n  such  a  way that they cannot be  removed  wi thou t being  seriousl y damaged ,  or be 
so  designed  that they cannot be  replaced  i n  an  i ncorrect pos i ti on ,  and  that,  i f they are  om i tted ,  
the  control  i s  rendered  i noperable  or man i festl y i ncomplete.  

Compliance is checked by inspection.  

NOTE  Li n i ng  metal  enclosu res  wi th  a  coati ng  of l acquer,  or wi th  other material  i n  the  form  of a  coati ng  wh ich  can  
be  easi l y removed  by scrapi ng ,  i s  not  deemed  to  meet  th i s  requ i rement.  

 S leeving  as  supplementary insu lation   1 1 .1 1 .5

Sleeving  used  as  supplementary insu lation  on  in tegrated  conductors  sha l l  be  retained  in  
posi tion  by a  posi ti ve  means.  

Compliance is checked by inspection and by manual test.  

NOTE  A s l eeve  i s  considered  to  be  fi xed  by a  pos i ti ve  means  i f i t  can  on l y be  removed  by breaking  or cu tti ng ,  or i f 
i t  i s  cl amped .  

 Pu l l -cords  1 1 .1 1 .6

Pu l l -cords  shal l  be  i nsu lated  from  l ive  parts  and  the  control  sha l l  be  so  des igned  that i t  i s  
poss ib le  to  fi t  or to  replace  the  pul l -cord  wi thou t l ive  parts  becom ing  accessible .  

Compliance is checked by inspection.  

 I nsu lating  l i n ings  1 1 .1 1 .7

I nsu lating  l i n i ngs,  barriers  and  the  l i ke  shal l  have  adequate  mechan ical  s treng th  and  shal l  be  
secured  i n  a  re l iable  manner.  

Compliance is checked by inspection.   
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 Controls  using  software  1 1 .1 2

See  Annex H .  

 Protective  controls  and  components  of protective  control  systems  1 1 .1 3

 Protective  controls  1 1 .1 3.1

Protective  controls  sha l l  

– be  so  designed  and  constructed  as  to  be  re l i able  and  su i table  for thei r i n tended  du ty and  
take  in to  account the  maintenance and  testi ng  requ irements  of the  devices,  where  
appl icable,  

– be  i ndependent of other functions,  un less  thei r safety function  cannot be  affected  by such  
other functions,  

– comply wi th  appropriate  des ign  principles  i n  order to  obtain  su i table  and  re l iable  
protection .  

These  principles  i nclude,  i n  particu lar,  fa i l -safe  modes,  redundancy,  d ivers i ty,  and  sel f-
d iagnosis .  

Operating  controls  sha l l  not  be  used  as  protective  controls .  

Compliance is checked by carrying out the relevant tests specified in  this standard and the 
appropriate  part 2.  

 Pressure  l im iting  devices  1 1 .1 3.2

These devices  shal l  be  so  des igned  that the  pressure  wi l l  not permanen tl y exceed  the  
maximum  al lowable  pressure  of the  control l ed  appl ication ;  however,  a  short duration  pressure  
surge  of no  more  than  1 0  %  of the  maximum  al lowable  pressure  i s  acceptable,  where  
appropriate,  or where  not speci fi ed  i n  the  re levant  standard  for the  control l ed  appl ication .  

 Temperature  moni toring  devices  1 1 .1 3.3

These devices  shal l  have  an  adequate  response time on  safety grounds,  cons istent wi th  
measurement function .  

1 1 . 1 3.4  Batteries  

1 1 . 1 3.4. 1  Controls  conta in ing  batteries  shal l  be  designed  to  reduce  the  risk  of fi re,  
explosion  and  chem ical  l eaks  under normal  cond i ti ons  and  after a  s ing le  fau l t  i n  the  control .  
For user-replaceable  batteries,  the  design  shal l  reduce  the  l ike l ihood  of reverse  polari ty 
i nsta l l ation  i f th is  wou ld  create  a  hazard .  

1 1 . 1 3.4.2  Battery ci rcu i ts  des igned  for a  tota l  battery capaci ty >  1  000  mAh  shal l  be  
designed  so  that:  

– the  ou tput characteristics  of a  battery charg ing  ci rcu i t are  compatib le  wi th  i ts  rechargeable 
battery (see  Annex V);  and  

– for non-rechargeable  batteries,  d ischarg ing  at a  rate  exceed ing  the  battery manufacturer's  
recommendations,  and  un in ten tional  charg ing ,  are  preven ted ;  and  

– for rechargeable  batteries  (see  Annex V),  charg ing  and  d ischarg ing  at a  rate  exceed ing  
the  battery manufacturer's  recommendations,  and  reversed  charg ing ,  are  prevented ;  and  

– replaceable  batteries  shal l  e i ther:   

•  have  contacts  that cannot be  shorted  wi th  the  test finger (F igu re  2) ;  or 

•  be  i nheren tl y protected  to  avoid  creating  a  hazard  wi th in  the  mean ing  of the  standard .  
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NOTE  Reversed  charg i ng  of a  rechargeabl e  battery occurs  when  the  polari ty of the  charg ing  ci rcu i t  i s  reversed ,  
a i d i ng  the  d i scharge  of the  battery.  

1 1 . 1 3.4.3  I f a  battery wi th  a  capaci ty >  1  000  mAh  con tains  l i qu id  or ge l  e l ectrol yte,  a  battery 
tray shal l  be  provided  that i s  capable  of reta in ing  any l i qu id  that  cou ld  l eak as  a  resu l t  of 
i n ternal  pressure  bu i ld -up  i n  the  battery.  The  requ i rement to  provide  a  battery tray does  not  
appl y i f the  construction  of the  battery is  such  that l eakage of the  e lectrol yte  from  the  battery 
is  un l ike l y.  

NOTE  An  example  of a  battery construction  where  l eakage  of the  e l ectrolyte  i s  considered  to  be  un l i kel y i s  the  
sealed  cel l  va l ve-regu l ated  type.  

1 1 . 1 3.4.3. 1  I f battery tray is  requ i red ,  i ts  capaci ty shal l  be  at l east equal  to  the  volume of 
e lectrol yte  of a l l  the  cel ls  of the  battery,  or the  volume of a  s ing le  cel l  i f the  des ign  of the  
battery is  such  that s imu l taneous  l eakage from  mu l ti p le  cel ls  i s  u n l ikel y.  

NOTE  I f several  cel l s  ( for example,  the  s i x cel ls  i n  a  1 2  V  l ead -acid  battery)  are  i n  a  s i ng le  cas ing ,  i ts  fracture  
cou ld  l ead  to  a  g reater vol ume of l eakage  than  from  a  s i ng le  cel l .  

1 1 . 1 3.4.4  Compliance with 11 . 13. 4. 1  to  1 1 . 13. 4. 3. 1  is checked by inspection and by 
evaluation of the data  provided by the equipment manufacturer and battery manufacturer.  

When appropriate data is not available,  compliance is checked by the test of 11 . 13. 4. 4. 1  to 
11 . 13. 4. 4. 4 and 11 . 13. 4. 5.  However,  batteries that are inherently safe for the conditions given 
are not tested under those conditions.  Consumer grade,  non-rechargeable carbon-zinc or 
alkaline batteries are considered safe under short-circuiting conditions and therefore are not 
tested for discharge; nor are such batteries tested for leakage under storage conditions.  The 
battery used for the following tests is a  new non-rechargeable battery or as provided with,  or 
recommended by the manufacturer for use with,  the control.  

1 1 . 1 3.4.4. 1  Unintentional charging of a  non-rechargeable battery.  The battery is charged 
while briefly subjected to the simulation of any single  component failure  that is likely to occur 
in the charging circuit and that would result in unintentional charging of the battery.  To 
minimize testing time,  the failure  is chosen that causes the highest charging current.  The 
battery is then charged for a  single  period of 7 h  with that simulated failure  in  place.  

1 1 . 1 3.4.4.2  Excessive discharging rate.  The battery is subjected to rapid discharge by open-
circuiting or short-circuiting any current-limiting or voltage-limiting components in  the load 
circuit of the battery under test.  

NOTE  Some of the  tests  speci fi ed  can  be  hazardous  to  the  persons  carrying  them  ou t;  i t  i s  suggested  that  a l l  
appropri ate  measures  to  protect  personnel  agai nst  possibl e  chem ical  or expl os ion  hazards  be  taken .  

1 1 . 1 3.4.4.3  See Annex V.  

1 1 . 1 3.4.4.4  These tests shall not result in  any of the following:  

– chemical leaks caused by cracking,  rupturing or bursting of the battery jacket,  if such 
leakage could adversely affect required insulation;  or 

– spillage of liquid from any pressure relief device in  the battery,  unless such spillage is 
contained by the control without risk of damage to the insulation or harm  to  the user;  or 

– explosion of the  battery,  if such  explosion could result in  injury to a  user;  or 

– emission of flame or expulsion of molten metal to the outside of the  control enclosure.  

1 1 . 1 3.4.5 After completion of the tests,  the equipment is subjected to the electric strength 
tests of 13. 2.  

1 1 . 1 3.5  Smart enabled  controls  
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1 1 . 1 3.5. 1  A smart enabled  control  shal l  be  so  des igned  that the  external  commun ication  
s i gnals  (data  or power demand )  do  not un in tentional l y override  the  operati ng  parameters  of a  
type  2  action  control  n or i n terfere  wi th  any protective  function  of the  control .  

A smart enabled  control  i s  perm i tted  to  a l ter the  operati ng  parameters  of a  type  2  control  
wi th in  defi ned  l im i ts  so  l ong  as  the  protective  functions  remain  in tact.  

1 1 . 1 3.5.2  A smart enabled  control  that  in tegrates  operati ng  and  protecti ve  functions  shal l  
be  evaluated  as  a  protective  control .   

1 1 . 1 3.5.3  Any transm i tter or communication  modu le  that i s  external  to  the  control  and  acts  
as  the  i n terface  between  the  control  and  the  te lecommun ication  network shal l  comply wi th  
I EC 621 51  or I EC 62368-1 .  Nevertheless  the  measures  to  ensure  protection  against e lectric  
shock in  th is  s tandard  (e. g .  Annex T)  shal l  be  met.  

1 1 . 1 3.5.4  Any transm itter or commun ication  modu le  that i s  part of the  smart enabled  
control  shal l  comply wi th  the  requ i rements  of th is  standard .   

1 1 . 1 3.5.5 Compliance of 11 . 13.5 is checked by evaluating the control  in  accordance with  
the requirements of H. 27. 1  and other relevant requirements of this standard.  

1 2  Moisture  and  dust resistance  

 Protection  against  ingress  of water and  dust  1 2.1

1 2. 1 . 1  Controls  shal l  provide  the  degree  of protection  against i ngress  of water and  dust 
appropriate  to  the ir I P  cl assi fication  when  mounted  and  used  i n  the  declared  manner.  

1 2. 1 .2  Compliance is checked by first preparing the control as described in  12. 1 . 3 to 12. 1 . 6 
inclusive and then by carrying out the appropriate test specified in  IEC 60529.  Immediately 
after the appropriate test the control shall withstand the electric strength test specified in 
13. 2,  and inspection shall show that any water which may have entered the  control  has not 
impaired compliance with this standard: in particular,  there shall be no trace of water on 
insulation which could result in reduction of creepage distances  and clearances  below the 
values specified in  Clause 20.  

1 2. 1 .3  Controls  are allowed to stand in normal test room atmosphere for 24 h  before being 
subjected to the appropriate test.  

1 2. 1 .4  Controls  provided with a  detachable cord are fitted with an appropriate equipment 
inlet and flexible cord; controls  with  a  non-detachable cord using type X attachment  are  
fitted with  the appropriate conductors with the  smallest cross-sectional area specified in 
10. 1 . 4;  controls  provided with a  non-detachable cord using type M attachment,  type Y 
attachment or type Z attachment are tested with the cord declared or delivered with  the 
samples.  

1 2 . 1 .5  Detachable parts  are removed and subjected,  if necessary,  to the tests with the main 
part.  

1 2 . 1 .6  Sealing rings of glands and other sealing means,  if any,  are aged in an atmosphere 
having the composition and pressure of the ambient air,  by suspending them freely in  a  
heating cabinet,  ventilated by natural circulation.  They are kept in  the cabinet at a  

temperature of (70 ±  2)  °C,  for 10 days (240 h) .  

NOTE  I n  the  USA,  there  are  add i ti ona l  requ i rements  for gaskets,  g l ands  and  seal i ng  compounds  employed  to  
prevent  harmfu l  i n gress  of water and  to  adhesives  used  for securement of such  gaskets  to  an  enclosu re  or cover  i n  
control s  to  be  i nstal l ed  where  exposed  to  ra i n  and  operati ng  at  or below 60  °C.  
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1 2. 1 .6. 1  Void  

1 2. 1 .6.2  Immediately after ageing,  the parts are taken out of the cabinet and left at room 
temperature,  avoiding direct daylight,  for at least 16 h,  before being reassembled.  The glands 
and other sealing means are then tightened with a  torque equal to two-thirds of that given in 
Table 20.  

 Protection  against  humid  condi tions   1 2.2

1 2.2. 1  Al l  controls  sha l l  wi thstand  hum id  cond i tions  wh ich  may occur in  normal  use .  

See  a lso  Annex J .  

1 2.2.2  Compliance is checked by the  test sequence described in 12. 2. 3,  after the humidity 
treatment of 12. 2. 5 to 12. 2. 9,  inclusive.  

1 2.2.3  For in-line cord,  free-standing,  independently mounted controls ,  the test of 13. 2 
is conducted immediately after the humidity treatment.  For integrated and incorporated 
controls,  the test of 13. 2 is conducted immediately after the  humidity treatment.  These tests 
shall be conducted in such a  manner that condensation does not occur on  any surface of the 
test samples.   

1 2.2.4  The control shall show no damage so as to impair compliance with  this standard.  

1 2.2.5 Cable inlet openings,  if any,  and drain holes are left open.  If a  drain hole is provided 
for an  IPX7 control,  it is  opened.  

1 2.2.6  Detachable parts  are removed and subjected,  if necessary,  to the humidity treatment 
with  the main part.  

1 2.2.7  Before being placed in  the humidity cabinet,  the sample is brought to a  temperature 

between t and (t +  4)  °C.  The sample is then kept in  the humidity cabinet for:  

– 2 days (48 h)  for IPX0 controls;  

– 7 days (168 h)  for all other controls.  

1 2 .2.8  The humidity treatment is carried out in a  humidity cabinet containing air with a  
relative humidity between 91  % and 95 %.  The temperature of the air,  at all places where 
samples can be located,  is maintained within 1  K of any convenient value (t)  between 20 °C 
and 30 °C.  

1 2 .2.9  After this treatment,  the tests of Clause 13 are made either in  the humidity cabinet,  or 
in the room in which  the  samples were brought to the prescribed temperature after the 
reassembly of any detached parts.  

NOTE  1  I n  most cases,  the  sample  can  be  brough t to  the  speci fi ed  temperatu re  by keeping  i t  at  th i s  temperature  
for at  l east  4  h  before  the  hum id i ty treatment.  

NOTE  2  A re lati ve  hum id i ty between  91  %  and  95  %  can  be  obtai ned  by pl acing  i n  the  hum id i ty cabinet  a  
saturated  sol u ti on  of sod i um  su lphate  (Na

2
SO

4
)  or potassi um  n i trate  (KNO

3
)  i n  water havi ng  a  su ffi cien tl y l arge  

con tact  su rface  wi th  the  a i r.  I t  i s  importan t  that  care  be  taken  such  that  the  test  sample  i s  not  subjected  to  
condensate  or other contam inan ts  from  the  sal t  sol u ti on  or from  any part  of the  test  equ ipment.  

NOTE  3  I n  order to  ach ieve  the  speci fi ed  cond i ti ons  wi th i n  the  cabi net,  i t  i s  necessary to  provide  constan t 
ci rcu lation  of the  a i r wi th i n  and ,  i n  general ,  to  use  a  cabinet  wh ich  i s  thermal l y i nsu l ated .  

1 2.3  For in -l ine  cord  and  free-standing  controls ,  one  sample  i s  subj ected  to  the  test of 

1 2 . 3. 1  to  1 2 .3 . 7  i nclus ive  prior to  the  other tests  of C lause  1 2.   

Class  I I I  controls  are  not tested  under these  subclauses.  
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NOTE  I n  the  countri es  members  of CENELEC,  1 2 . 3  does  not  appl y.  

1 2.3. 1  The control is connected to a  supply voltage equal to 1 , 06 times the rated voltage.  
The test is conducted at the maximum rated current and the maximum declared ambient 
temperature.  

1 2.3.2  The leakage current is  measured between parts as indicated in  13. 3. 1 .   

1 2.3.3  Measuring circuits for controls  using different supplies are shown in the figures 
mentioned below:  

– for a  single-phase control having a  rated voltage not exceeding 250 V,  or three-phase 
control used as a  single-phase control,  if a  class II control,  see Figure 25; if other than a  
class II control,  see  Figure 26;  

– for a  single-phase control  having a  rated voltage exceeding 250 V,  or a  three-phase 
control not suitable for use as a  single-phase control,  if a  class II control,  see 
Figure 27; if other than a  class II control,  see  Figure 28;  

– for a  two-phase control having a  rating not exceeding 250 V,  other than class II control,  
see Figure 29 or 30,  depending upon usage.  

Controls  for single-phase equipment having a  rated voltage exceeding 250 V shall be 
connected to two of the phase conductors,  the remaining phase conductor not being used.  

A  suitable measuring circuit is shown in  Annex E.   

1 2.3.4 During measurement,  all control circuits shall be closed.  However,  controls  tested 
according to Figures 26,  29 and 30 shall have leakage currents  checked with switch  S1  in 
the open and the closed position.  

It is  permissible to short circuit contact points to simulate closed circuits.  

1 2.3.5  The measuring circuit shall have a  total impedance of (1  750 ±  250)  Ω  and be 

shunted by a  capacitor such that the time constant of the circuit is (225 ±  15)  µs.  

1 2.3.6  The measurement circuit shall not have an error of more than 5 % at an  indicated 
0, 75 mA of leakage and shall have an accuracy of within 5 % for all frequencies in the range 
of 20 Hz to 5 kHz.  

1 2.3.7  The maximum leakage current,  after the temperature of the control has stabilized,  
shall not exceed the values given in  13. 3. 4.  

1 3  Electric strength  and  insulation  resistance  

 I nsu lation  resistance  1 3.1

The i nsu lation  res istance  of in -l ine  cord ,  free  stand ing  and  independently mounted  
controls  sha l l  be  adequate.  

1 3. 1 . 1  Compliance is checked by the test of 13. 1 . 2 to 13. 1 . 4 inclusive.  This test is made 
when specified in  Clause 12.  

1 3. 1 . 2  When measuring reinforced insulation  or supplementary insulation  to other than 
metal parts,  each appropriate surface of the insulation is covered with a  metal foil to provide 
an electrode for the test.  
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1 3. 1 .3  The insulation resistance is measured with a  d. c.  voltage of approximately 500 V 
applied,  the measurement being made 1  min after application of the voltage.  

1 3. 1 .4  The insulation resistance shall not be  less than that shown in Table 11 .  

Table  1 1  (1 3.1  of ed i tion  3)  – M in imum  insu lation  resistance  

Insu lation  to  be  tested  I nsu lation  resistance  

MΩ  

Functional  i nsu lation  – 

Basic i nsu lation  2  

Supplementary insu lation  5  

Reinforced  insu lation  7  

 

 El ectric strength  1 3.2

The e lectric s trength  of a l l  controls  shal l  be  adequate.  

1 3.2. 1  Compliance is checked by the following test of 13. 2. 2 to 13. 2. 4 inclusive,  using 
insulation or disconnection test voltages as shown in Table  12.  This test is made when 
specified in Clause 12 and Clause 17.  

Table  1 2  (1 3.2  of ed i tion  3)  – Insu lation  or d isconnection  test  vol tages  
a  
(1  of 2)  

Insu lation  or d i sconnection  to  be  
tested   c  d   

Test vol tage  for working  vol tage  (U )  b  q  

SELV e  
Working  vol tage   

≤  50  V   f  

Working  vol tage  f  

50  V  <  U ≤  690  V  

Functional  i nsu lation   g  1 00  1 00  2  ×  U 

Basic i nsu lation  h   i  500    1  250  1  200  +  U 

Supplementary insu lation   h   i   j   k  
l  

– 1  250  1  200  +  (U)    

Reinforced  insu lation   h   i   j   k  l  – 2  500  2  400  +  (2  ×  U)    

Fu l l  d i sconnection   o  N/A 1  250  1  200  +  U 

Micro-d isconnection   o  1 00  1 00  2  ×  U 

Electron ic d isconnection   m   n  1 00  1 00  – 

Micro-in terruption   p  – – – 

NOTE  1  A DC potenti a l  equ i valen t  to  1 , 41 4  t imes  the  test  vo l tage  speci fi ed  i n  Tab le  1 2  may be  appl i ed .  

NOTE  2  For controls  i n tended  for i ncorporati ng  i n to  an  appl i ance  or i n  con junction  wi th  other equ i pment the  
h i gher e l ectri c  strength  test  val ues  of the  equ i pment  standard  can  be  considered .  
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a
 Voi d .  

b
 The  h i gh-vol tage  transformer used  for the  test  shal l  be  so  designed  that  when  the  ou tpu t  term inal s  are  

short-ci rcu i ted  after the  ou tpu t  vo l tage  has  been  ad justed  to  the  test  vol tage,  the  ou tpu t  cu rrent  i s  at  l east  
200  mA.  The  overcu rrent  relay shal l  not  tri p  when  the  ou tpu t  curren t  i s  l ess  than  1 00  mA.  Care  shal l  be  taken  

that  the  r.m . s.  val ue  of the  test  vol tage  i s  measured  wi th i n  ±3  % .  See  a l so  Annex H .
 

c
 Specia l  components  wh ich  m ight  render the  test  impracti cal ,  such  as  e l ectron ic parts ,  neon  l amps,  coi l s  or 

wind ings  shal l  be  d i sconnected  at  one  pol e  or bri d ged  as  appropri ate  to  the  i nsu lat ion  being  tested .  
Capaci tors  shal l  be  bri d ged  except  for the  tests  for functional  i nsu lation  when  one  pole  i s  d i sconnected .  
Where  such  a  proceed ing  i s  not  practi cal ,  the  tests  of Cl auses  1 5  to  1 7  i ncl us i ve  are  cons idered  to  be  
su ffi cien t.

 

d
 For class  I  control s  and  class  0I  con trol s  and  controls  for cl ass  I  s i tuations,  care  shal l  be  taken  that  

adequate  cl earance  i s  main tained  between  metal  foi l  and  accessib le  metal  to  avoid  over-stressing  of 
i nsu lati on  between  l i ve  parts  and  earthed  metal  parts .

 

e
 No  requ i rement  up  to  24  V a . c.  r.m . s .  i f the  ci rcu i t  i s  i nsu lated  from  the  mains  by double  i nsu lation  or 

reinforced  i nsu lation  (may be  earthed ).
 

f
 Appl i es  to  control s  ga l van ical l y connected  to  mains .

 

g  
Functional  i nsu lation  on  pri n ted  wi ri ng  boards  subm i tted  i n  normal  use  to  a  vol tage  up  to  50  V i s  not  
subjected  to  the  tests  of 1 3. 2 .

 

h
 See  1 3. 3. 1 .

 

i  
Any metal  i n  contact  wi th  accessib le  metal  i s  a l so  regarded  as  accessibl e.

 

j
 For the  tests  of supplementary insu lation  and  reinforced  i nsu lation ,  the  metal  foi l  i s  app l i ed  i n  such  a  way 

that  seal i ng  compound ,  i f any,  i s  effecti vel y tested  to  accessib le  i nsu lati ng  surfaces.
 

k  For accessible  parts  wh ich  are  protected  by means  of protective  impedance ,  the  tests  are  carried  ou t  wi th  
the  components  d i sconnected ,  the  m id -poi n t  of the  two  impedances  bei ng  regarded  as  an  i n termed iate  metal  
part.

 

l
 For con trols  i ncorporati ng  rei nforced  i nsu lation  as  wel l  as  double  i nsu lation ,  care  shou ld  be  taken  that  

the  vol tage  appl i ed  to  the  reinforced  insu lation  d oes  not  over-stress  the  basic i nsu lation  or the  
supplementary parts  of the  double  i nsu lation .

 

m  
The  device  wh ich  actual l y performs  the  d i sconnection  i s  fi rst  removed  from  the  ci rcu i t.  I f necessary,  any 
control  i npu t  i s  connected  such  that  the  device  i s  provid i ng  the  d i sconnection .  The  test  vol tage  i s  then  
appl i ed  to  the  term inal s  and  terminations  of the  device  wh ich  carry the  l oad  cu rren t.  

n
 See  Cl ause  H . 28.  

 

o
 For the  test  of fu l l  d isconnection  and  micro-d isconnection ,  con tacts  are  opened  au tomatical l y or manual l y  

and  tested  as  soon  after open ing  as  poss ible  to  ensure  that  the  contact  separati on  and  the  supporti ng  
i nsu lati on  are  sati sfactory.   

 I n  the  case  of temperature  sensing  controls ,  i t  may be  necessary to  provi de  special  samples  specia l l y  
cal i brated  to  open  between  1 5  °C  and  25  °C  to  enable  th i s  test  to  be  carri ed  ou t  at  room  temperatu re  
immed iately after removal  from  the  hum id i ty cabinet.  

 

p  
There  are  no  e l ectri c  strength  requ i rements  for micro-in terruption ,  s i nce  the  sati sfactory completi on  of the  
tests  of Clauses  1 5  to  1 7  i ncl u s ive  are  considered  to  be  su ffi cien t.  Fu rthermore,  for a  control  wh ich  has  no  
micro-d isconnection  i n  one  pos i ti on  of i ts  actuating  means  and  micro-in terruption  i n  other posi ti ons,  
there  are  no  requ i rements  for e l ectri c  strength  for those  posi ti ons  correspond i ng  to  micro-in terruption .  

q
 Al l  a . c.  vol tages  are  r.m . s.  at  50  Hz to  60  Hz.

 

 

1 3.2.2  When measuring reinforced insulation  or supplementary insulation  to  other than 
metal parts,  each appropriate surface of the insulation is covered with  a  metal foil to provide 
an electrode for the test.  

1 3.2.3  The insulation is subjected to a  voltage of substantially sine-wave form,  having 
frequency of 50 Hz or 60 Hz.  Voltage is applied for 1  min across the insulation or 
disconnection indicated in Table 12 and has the value shown in the  table.  

1 3.2.4  Initially not more than half the prescribed voltage is applied,  then it is raised rapidly to 
the full value.  No flashover or breakdown shall occur.  Glow discharges without drop in voltage 
are neglected.  
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 Addi tional  tests  for in -l ine  cord  and  free-standing  controls   1 3.3

For in -l ine  cord  and  free-standing  controls ,  after the  tests  of 1 3 . 1  or 1 3. 2,  as  appropriate,  
the  sample  that was  subjected  to  the  tests  of 1 2. 3  shal l  be  subj ected  to  the  tests  of 1 3 .3 . 1  to  
1 3 . 3. 4  i nclus ive.  

Class  I I I  controls  are  not tested  under these  subclauses.  

1 3.3. 1  A  test voltage,  d. c.  for controls  for d. c.  only and a. c.  for all other controls,  is applied 
between any live part and 

– accessible  metal parts;  

– metal foil with an area not exceeding 20 cm ×  10 cm in contact with accessible surfaces  
of insulating material,  connected together.  

Measurements shall be  done individually as well as collectively where surfaces are 
simultaneously accessible from one surface to another.  

Where a  surface is less than 20 cm ×  10 cm,  the metal foil is to be the same size as the 
surface.  The metal foil is  not to remain in place long enough to affect the temperature of the 
control.  

If the control is provided with  a  grounding pin or conductor,  the grounding conductor is to  be 
disconnected at the  supply source.  

1 3.3.2  The test voltage is  

– 1 , 06 times rated voltage,  or 1 , 06 times the upper limit of the rated voltage range,  for 
controls  for d. c.  only,  for single-phase controls  and for three-phase controls  which are 
also suitable  for single-phase supply,  if the rated voltage or the upper limit of the rated 
voltage range does not exceed 250 V;  

– 1 , 06 times rated voltage,  or 1 , 06 times the upper limit of the rated voltage range,  divided 

by 3 ,  for other controls.  

1 3.3.3  The leakage current is  measured within  5 s after the  application of the test voltage.  

1 3.3.4  The maximum leakage current to accessible metal parts and metal foil shall not 
exceed the following values:  

– for class 0 controls,  class 01  controls   0, 5 mA,  

– for class l controls    0, 75 mA,  and 

– for class ll controls     0, 25 mA.  

NOTE  I n  Canada  and  the  USA,  the  val ues  for controls  u s i ng  250  V or l ess  supply are  as  fol l ows:   

– for class  0  control ,  class  0 I  control  and  class  I  con trol   0 , 5  mA;  

– for class  I I  con trols      0 , 25  mA.  

1 4 Heating  

1 4. 1  Controls  and  the ir supporting  surfaces  shal l  not a tta in  excess ive  temperatures  i n  
normal  use .  

1 4. 1 . 1  Compliance is checked by the test of 14. 2 to 14.7 inclusive.  
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1 4. 1 .2  During this test,  the temperatures shall not exceed the values specified in Table 13,  
and the controls  shall not undergo any change so as to impair compliance with this standard 
and in  particular with Clauses 8,  13 and 20.  

1 4.2  Terminals and terminations  which  are intended for the  connection of external 
conductors,  other than those for non-detachable cords  using type M attachment,  type Y 
attachment or type Z attachment,  shall be fitted with  conductors of the intermediate 
cross-sectional area appropriate  to the type of conductor and rating used in  10. 1 . 4.  

1 4.2. 1  If type M attachment,  type Y attachment or type Z attachment  are used then the 
cord declared or supplied shall be  used for the  test.  

1 4.2.2  If a  terminal is suitable for both flexible cords and for fixed conductors,  then the 
appropriate flexible cord is used.  

1 4.2.3  Terminals not intended for the connection of external conductors  shall be  fitted with 
conductors of the minimum cross-sectional area,  as specified in 10. 2. 1 ,  or with  a  special 
conductor if declared in 7. 2.  

1 4.3  In-line cord controls  are  stood or rested on a  dull black painted plywood surface.  

1 4.3. 1  Independently mounted controls  are mounted as in  normal use.  

1 4.4  Controls  shall be connected to a  supply having the most unfavourable voltage between 
0, 94 VR  and 1 , 06 VR.  Circuits which are not voltage sensitive may be connected to a  lower 
voltage (but not less than 10 % of VR  and loaded such that the most unfavourable current 
between 0, 94 and 1 , 06 times the rated current flows in the circuit) .  

NOTE  I n  the  USA,  the  test  i s  conducted  at  the  vol tages  speci fi ed  i n  1 7 . 2 . 3. 1  and  1 7. 2 . 3 . 2 .  

1 4.4. 1  Circuits and contacts not intended for external loads shall be specified by the 
manufacturer.  

1 4.4.2  Actuating members  are  placed in  the most unfavourable position.  

1 4.4.3  Contacts required to be closed initially for the purpose of this test are closed at the 
rated current and the rated voltage of the circuit.  

1 4.4.3. 1  For temperature sensing controls,  the  temperature sensing element is raised or 
lowered to a  temperature which differs from the measured operating temperature under the 

conditions of this clause (5 ±  1 )  K such that the contacts are then in  the closed position.  

1 4.4.3.2  For all other sensing controls,  the sensing element shall be maintained such that 
the contacts are in  the closed position,  but are  as near the point of opening as is practical.  

1 4.4.3.3  It may be necessary to raise or lower,  as appropriate,  the value of the activating 
quantity beyond the operating value  so as to cause operation  and then to return the value 
of activating quantity to  the required level.  

1 4.4.3.4  For other automatic  controls,  the most arduous operating sequence  or segment 
of the operating sequence  shall be selected.  

1 4.4.4  If the control starts to operate during this test,  the control is  reset so that the 
contacts will remain closed.  

1 4.4.4. 1  If resetting to reclose the contacts is not practical,  then the test is discontinued.  A  
new operating value  is determined and the  test repeated using this  new operating value.  
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1 4.5 Controls  are tested in  an appropriate heating and/or refrigerating apparatus such that 
the conditions in  14. 5. 1  and 14.5. 2 are obtained.  

Except for controls  submitted in or with appliances,  the test shall be conducted in  an 
environment protected from drafts.  Natural convection is permitted.  

1 4.5. 1  The temperature of the switch head is maintained between Tmax  and either 

(Tmax  +  5)  °C or 1 , 05 times Tmax,  whichever is greater.  The temperature of any mounting 

surface is maintained between Ts  max  and either (Ts  max  +  5)  °C or 1 , 05 times Ts  max  
whichever is the greater if Ts  max  is different from Tmax.  

1 4.5.2  In-line cord controls,  independently mounted controls  and those parts of 
integrated and incorporated controls  which are accessible when the control is mounted as 
in normal use  shall be  in a  room temperature in  the range of 15 °C to 30 °C,  the resulting 
measured temperature being corrected to  a  25 °C reference value.  

1 4.6  The temperatures specified for the switch head,  the mounting surfaces and sensing 
element shall be attained in approximately 1  h.   

1 4.6. 1  The electrical and thermal conditions are maintained for 4 h ,  or for 1  h  after steady 
state,  whichever occurs first.   

1 4.6.2  For controls  designed for short-time or intermittent operation ,  the resting time(s)  
declared in  Table 1 ,  requirement 34,  shall be included in  the 4 h.  

1 4.7  The temperature of the medium in which the switch head is  located,  and the value of 
the activating quantity to which the sensing element is exposed,  shall be measured as near 
as possible to the centre of the space occupied by the samples and at a  distance of 
approximately 50 mm from the control.  

1 4.7. 1  The temperature of the parts and surfaces indicated in Table 13 shall be determined 
by means of fine wire thermocouples or other equivalent means,  so chosen and positioned 
that they have the minimum effect on the temperature of the part under test.  

1 4.7.2  Thermocouples used for determining the temperature of supporting surfaces are 
attached to the back of small blackened discs of copper or brass,  15 mm in diameter and 
1  mm thick,  which are flush with the surface.  So far as is possible,  the control  is positioned 
such that parts likely to attain  the highest temperatures touch the discs.  

1 4.7.3  In  determining the temperature of actuating members  and other handles,  knobs,  
grips and the like,  consideration is given to other parts which are gripped in  normal use,  and 
if of non-metallic material to parts in  contact with hot metal.  

1 4.7.4  The temperature of electrical insulation,  other than that of windings,  is determined on 
the surface of the insulation at places where failure  could cause:  

– a  short circuit;  

– a  fire  hazard;  

– an  adverse effect on the  protection against electric shock;  

– contact between live parts  and accessible  metal parts;  

– bridging of insulation;  

– reduction of creepage distances  or clearances  below the  values specified in  Clause 20.  
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Table  1 3  (1 4.1  of ed i tion  3)  – Maximum heating  temperatures  (1  of 3)  

Parts  
Maximum  temperature  

permi tted  
°C  

Pins  of appl i ance  i n l ets  and  p l ug- i n  devices  a :   

–   for very hot  cond i ti ons   1 55  

–  for hot  cond i ti ons   1 20  

–  for col d  cond i ti ons     65  

Wind ings  b  c  d  e  and  core  l am inations  i n  con tact  therewi th ,  i f wind i ng  i nsu lation  i s :   

–  of cl ass  A material   1 00  [90]  

–  of cl ass  E  material   1 1 5  [1 05]  

–  of cl ass  B  material   1 20  [1 1 0]  

–  of cl ass  F  materia l   1 40  

–  of cl ass  H  materia l   1 65  

Term inal s  and  terminations  for external  conductors  a  f  g     85  

Other term inal s  and  terminati ons  a  h     85  

Rubber or pol yvinyl  ch l ori de  i n su lation  of conductors :  a   

–   i f fl exing  occurs  or i s  l i kel y to  occur    60  

–  i f no  fl exing  occurs  or i s  l i kely to  occur    75  

–  wi th  temperature  marking  or temperature  rati ng  val ue  marked  

Cord  sheath  used  as  supplementary insu l ation  i     60  

Rubber other than  syn theti c  when  used  for gaskets  or other parts ,  the  deteri oration  
of wh ich  cou ld  impai r compl i ance  wi th  th i s  s tandard :  

 

–  when  used  as  supplementary i nsu lation  o r as  rein forced  insu lation     65  

–  i n  other cases     75  

Materi al s  used  as  i nsu lati on  other than  for wi res  i  j  k:   

–   impregnated  or varn i shed  texti l e ,  paper or press  board     95  

–  l am inates  bonded  wi th :   

 melam ine  formaldehyde,  phenol -formaldehyde  or phenol -furfu ra l  res i ns   1 1 0  [200]  

 u rea-formaldehyde  resins     90  [1 75]  

– mou ld ings  of j   

 phenol -formaldehyde,  wi th  cel l u l ose  fi l l ers   1 1 0  [200]  

 phenol -formaldehyde,  wi th  m inera l  fi l l ers   1 25  [225]  

 melam ine-formaldehyde   1 00  [1 75]  

 u rea-formaldehyde     90  [1 75]  

 pol yester wi th  g l ass  fi bre  re in forcement   1 35  

 pure  m ica  and  ti gh tl y s i n tered  ceram ic  materia l  when  such  products  are  used  as  
supplementary i nsu lation  or reinforced  insu lation  

 425  

 other thermosetti ng  materia l s  and  a l l  thermo-plasti c  materia l  l  –  

Al l  accessibl e  surfaces  except  those  of actuating  members ,  hand les ,  knobs,  g ri ps   
and  the  l i ke  

   85  

 

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 99  – 
© I EC  201 5  

Table  1 3  (2 of 3)  

Parts  
Maximum  temperature  

permi tted  
°C  

Accessible  surfaces  of hand l es,  knobs,  g ri ps  and  the  l i ke  used  for carryi ng  and  
transporti ng  the  con trol :  

 

–   of metal  55  

–  of porcela i n  or vi treous  material  65  

–  of mou lded  materi a l ,  rubber or wood  75  

Accessible  surface  of actuati ng  members ,  or of other hand l es,  g ri ps  or the  l i ke  wh ich  
are  hel d  for short  peri ods  on ly:  

 

–  of metal  60  

–  of porcela i n  or vi treous  material  70  

–  of mou lded  materi a l ,  rubber or wood  85  

Wood  i n  genera l  90  

Supported  pai n ted  pl ywood  su rface  85  

Curren t-carryi ng  parts  made  of copper or brass  a  m  n  230  

Curren t-carryi ng  parts  made  of s teel  a  400  

Other cu rren t-carrying  parts  a  m  –  

a  For these  parts ,  the  tests  of 1 4 . 7  are  repeated  after C lause  1 7.   

b  The  classi fi cation  i s  i n  accordance  wi th  I EC 60085.  

 Examples  of cl ass  A materia l  are:  impregnated  cotton ,  s i l k,  arti fi cia l  s i l k  and  paper;  enamels  based  on  
ol eo-  or polyam ide  res i ns .   

 Examples  of cl ass  B  material  are:  g l ass  fi bre,  melam ine  and  phenol  formaldehyde  resi ns .  

 Examples  of cl ass  E  material  are:   

   – mou ld ings  wi th  cel l u l ose  fi l l ers ,  cotton  fabric  l am inates  and  paper l am inates,  bonded  wi th  
melam ine-  formaldehyde,  phenol -fu rfu ral  res ins;   

   – cross-l i nked  po lyester res ins,  cel l u l ose  tri acetate  fi lms,  polyethyl ene  terephthal ate  fi lms;  

   – varn i shed  pol yethylene  terephthalate  texti l e  bonded  wi th  o i l  mod i fi ed  a l kyd  res in  varn i sh ;  

   – enamels  based  on  pol yvinyl formal ,  polyu rethane  or epoxy res ins.  

 More  extensi ve  accelerated  temperature  tests  and ,  i n  add i ti on ,  compatib i l i ty testi ng  i s  requ i red  for i nsu l ation  
systems  of cl ass  B  and  h i gher temperatu re  cl asses.  

 For tota l l y enclosed  motors  u s ing  cl ass  A,  E  and  B  materia l ,  the  temperatu res  may be  i ncreased  by 5  K.  
A total l y enclosed  motor i s  a  motor so  constructed  that  the  ci rcu lation  of the  a i r between  the  i ns i de  and  the  
ou ts i de  of the  case  i s  prevented  bu t  not  necessari l y su ffi ci en tl y encl osed  to  be  cal l ed  a i rti gh t.  

c  To  a l l ow for the  fact  that  the  temperatu re  of wi nd i ngs  of u n i versal  motors,  re lays,  solenoids,  etc. ,  i s  usual l y 
below the  average  at  the  poi n ts  accessible  to  thermo-couples,  the  fi gu res  wi thout  square  brackets  appl y 
when  the  res i stance  method  i s  used  and  those  wi th  square  brackets  appl y when  thermocouples  are  used .  For 
the  wi nd i ngs  of vi brator coi l s  and  a. c.  motors ,  the  fi gu res  wi thout  square  brackets  appl y i n  both  cases.  
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Table  1 3  (3 of 3)  

d  The  value  of the  temperatu re  ri se  of a  copper wind ing  i s  cal cu lated  from  the  formu la:  

( ) ( )121
1

12 234,5 ttt
R

RR
t −−+

−
=Δ�  

 where     

 Δt  i s  the  temperatu re  ri se;  

 R
1  i s  the  res i stance  at  the  beg i nn ing  of the  test;  

 R
2  i s  the  res i stance  at  the  end  of the  test;  

 t
1
 i s  the  worki ng  ambien t  temperature  at  the  beg i nn i ng  of the  test,  to  be  set  at  T

max
;  

 t
2
 i s  the  worki ng  ambien t  temperature  at  the  end  of the  test;  

 At  the  beg i nn i ng  of the  test,  the  wind ings  are  to  be  at  T
max

.  

 I t  i s  recommended  that  the  res i stance  of wi nd i ngs  at  the  end  of the  test  be  determ ined  by taking  res i stance  
measurements  as  soon  as  possible  after swi tch ing  off,  and  then  at  short  i n terval s  so  that  a  cu rve  of 
res i stance  agai nst  t ime  can  be  p lotted  for ascertai n i ng  the  res i stance  at  the  i nstan t  of swi tch i ng  off.   

 The  maximum  temperatu re  atta ined  for the  purposes  of Clause  1 4  i s  deri ved  by add ing  the  temperature  ri se  
to  T

max
.  

e  For smal l  wi nd i ngs  wi th  a  cross  section ,  the  m inor d imension  of wh ich  i s  no  g reater than  5  mm ,  the  maximum  
temperatu re  perm i tted  when  measured  by the  res i stance  method  i s :  

 

 Class °C  

 A 1 05  

 E 1 20  

 B 1 30  

 F 1 55  

 H  1 80  

 

f  For controls  subm i tted  i n  or on  equ i pment,  on l y the  temperatu res  of term inal s  for fi xed  conductors  are  
veri fi ed ,  as  such  equ i pment  are  not  usual l y del i vered  wi th  external  conductors .  For equ i pment  wi th  other 
than  term inal s  for fi xed  conductors ,  the  temperatu re  of the  i nsu lation  of the  external  conductor  i s  
determ ined  i nstead  of the  temperature  of the  term inal s .  

 I n  the  USA,  the  maximum  temperature  perm i tted  i s  75  °C.  H igher temperatures  are  perm i tted  i f the  con trol  i s  
marked  wi th  the  requ i red  T  rati ng  for the  external  conductors .  

g
  For i ncorporated  and  in tegrated  control s ,  no  temperature  l im i t  i s  appl i cabl e,  bu t  atten ti on  i s  d rawn  to  the  

fact  that  most  equ ipment standards  l im i t  the  temperatu re  of term inal s  of fi xed  appl i ances  to  85  °C,  wh ich  i s  
the  maximum  al l owable  temperatu re  for ord i nary PVC cabl e  i nsu lati on .  The  maximum  temperature  recorded  
shou ld  not  exceed  the  val ue  declared  i n  Table  1 ,  requ i rement 21 .  

 When  a  control  i s  i ncorporated/i n tegrated  i n to  an  appl i ance,  the  term inal s  for external  conductors  wi l l ,  as  
part  of the  app l i ance,  be  subject  to  the  speci fi ed  tests  of the  appl i ance  standard  and  assessed  for 
compl iance  wi th  the  temperatu re  l im i ts  of that  s tandard .  

h  The  temperatu re  measu red  shal l  not  exceed  85  °C  un l ess  a  h i gher val ue  has  been  declared  by the  
manufacturer.  

i
 The  temperatu re  val ues  g i ven ,  wh ich  are  related  to  heat  res i stant  properties  of the  materia l ,  may be  

exceeded  where  parti cu lar materi al s  have  been  i n vesti gated  and  recogn i zed  as  having  specia l  heat  res i stant  
properties.  

j  The  values  i n  square  brackets  appl y to  those  parts  of a  materi a l  used  for actuating  members ,  hand l es,  
knobs,  g ri ps  and  the  l i ke  and  wh ich  are  i n  con tact  wi th  hot  metal ,  bu t  are  not  accessib le.  

k  Where  a  metal  part  i s  i n  con tact  wi th  a  part  made  of i nsu lati ng  material  i t  i s  assumed  that  the  temperatu re  of 
the  i nsu l ati ng  material  at  the  poin t  of con tact  i s  the  same as  the  temperature  of the  metal  part.  

l  The  maximum  perm iss ible  temperatures  shal l  n ot  exceed  those  wh ich  can  be  shown  to  be  acceptab le  i n  
service  for these  material s .  The  temperatu res  sha l l  be  recorded  for the  purposes  of Cl ause  21 .  

m  The  maximum  perm issib le  temperatu re  shal l  n ot  exceed  those  wh ich  have  been  shown  to  be  acceptable  i n  
service  for these  material s .  

n
 H i gher temperatures  are  acceptabl e  for speci fi c  copper a l l oys  i f substanti ated  by test  data  from  the  a l l oy 

manufacturer to  a  recogn i zed  metal l u rg ica l  s tandard .  See  a l so  footnote  m .  
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1 5  Manufacturing  deviation  and  dri ft  

1 5. 1  Those  parts  of controls  provid ing  a  type  2  action  sha l l  have  adequate  consistency of 
manufacture  wi th  regard  to  their declared  operating  value ,  operating  time ,  or operating  
sequence .  

NOTE  I n  Canada  and  the  USA,  manufactu ring  deviation  and  dri ft  are  expressed  as  separate  to lerances  to  the  
declared  operating  value .  For some  controls  wi th  type  2  action ,  a l l owable  values  of manufacturing  deviation  
and  dri ft  a re  speci fi ed .  The  consistency i s  then  determ ined ,  us i ng  prescribed  apparatus,  by measurement  of the  
operating  value  of the  sample  and  compari son  to  the  declared  operating  value .  

1 5.2  Compliance is checked by the appropriate tests of this clause .  

1 5.3  For those controls  which are completely or partially destroyed during their normal 
operation ,  the  tests of the appropriate subclauses of Clause 17 are  deemed to be sufficient.  

1 5.4  For those controls  which  are dependent on the method of mounting on,  or 
incorporation in  an equipment for their operation  the manufacturing deviation  and the drift 
shall be declared separately and be comparative values.  The declared manufacturing 
deviation  should be expressed as a  bandwidth or spread (for example,  10 K)  and the drift by 

an alteration of value (for example,  ±10 K or +5 K,  –10 K) .  

1 5.5  The consistency shall be determined as follows:  

1 5.5. 1  Test apparatus used shall be such that the control is mounted in the manner 
declared by the manufacturer.  

1 5.5.2  For sensing controls,  the apparatus shall preferably be such that the normal 
operation  of the control is used to control  the apparatus.  

1 5.5.3  However,  because this test is made to determine comparative values rather than 
response values,  the form of the apparatus is not critical.  It should,  however,  simulate as 
nearly as is practicable the conditions of service.  

1 5.5.4  The electrical conditions of the test shall normally be VR max  and IR max  unless 
different conditions have been declared in requirement 41  of Table 1 .  

However,  the operation  of the control  shall be  sensed by a  suitable device with  a  sensing 
current not exceeding 0, 05 A.  

1 5.5.5  For sensing controls ,  the rate of change of activating quantity shall be any suitable 
value unless specific values have been declared in requirement 37 of Table 1 .  

1 5.5.6  The appropriate operating value ,  operating time  or operating sequence  shall be 
recorded for each sample.  No two samples shall differ from each other by an  amount 
exceeding the declared manufacturing deviation .  

1 5.5.7  The recorded values are also used as reference values for each sample,  so that the 
repeat tests after the environmental tests of Clause 16 and the endurance test of Clause 17 
will enable drift to be  determined.  

1 5.6  For those controls  which are not dependent for their operation  on the method of 
mounting on,  or incorporation in,  an equipment (for example,  timers,  current sensing 
controls ,  voltage sensing controls,  energy regulators  or the drop-out current of 
electrically operated controls) ,  the  determination of consistency shall be  as follows: 
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1 5.6. 1  The manufacturing deviation ,  and/or the drift may be an absolute value.  In this 
case,  a  single declaration combining both the manufacturing deviation  and the drift may be 
made.  

1 5.6.2  The appropriate  operating value ,  operating time  or operating sequence  shall be 
initially measured for all samples and be within the limits declared by the manufacturer.  

1 5.6.3  Test apparatus shall be such as to simulate the most arduous conditions of normal 
use  declared.  

1 5.6.4  If a  drift value has been declared separately in requirement 42 of Table 1 ,  the 
measured values for each sample  shall be recorded as a  reference value,  so that the repeat 
tests after the environmental tests of Clause 16 and the endurance tests of Clause 17 will 
enable the drift to  be  determined.   

1 5.7  See  Annex J .  

1 5.8  See  Annex J .  

1 6  Environmental  stress  

 Transportation  and  storage  1 6.1

Controls  wh ich  are  sens i ti ve  to  the  envi ronmental  stresses  of temperature  shal l  wi thstand  the  
l evel  of the  appropriate  s tress  l i ke l y to  occur i n  transportation  and  storage.  

1 6. 1 . 1  Compliance is checked by the appropriate tests of 16. 2,  carried out with the control 
being left in the same condition declared as a  transportation condition.  If no transportation 
condition is declared,  the  control is  tested with  an actuating member or actuating means  in  
the most unfavourable position.  

 Environmental  stress  of temperature  1 6.2

1 6.2. 1  The effect of temperature is tested as follows:  

– The entire control shall be maintained at a  temperature of (–10 ±  2)  °C for a  period of 
24 h.  

– The entire control shall then be maintained at a  temperature of (60 ±  5)  °C for a  period 
of 4 h.  

NOTE  I n  F i n l and ,  Norway,  and  Sweden ,  d i fferent  val ues  of temperatu re  and  time  may app l y.   

1 6.2.2  The control is  not energized during either test.  

1 6.2.3  After each test,  a  control with  an actuating member or actuating means  shall be 
capable of being actuated to provide correctly the class of circuit disconnection declared,  in 
so far as this can be determined without dismantling the control.  This test is carried out at 
normal room temperature.  

The control is  held at room temperature for 8 h  prior to actuation .  

1 6.2.4  In  addition,  for controls  with  type 2 actions ,  the appropriate test of Clause 15 shall 
be  repeated after each of the above tests.  The value measured in  these tests shall not differ 
from the value recorded in Clause 15 for the same sample,  by an amount greater than the 
drift declared in requirement 42 of Table 1 .  
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1 7  Endurance  

 General  requ irements  1 7.1

1 7. 1 . 1  Controls ,  i ncl ud ing  those  subm i tted  i n  or wi th  an  equ ipment,  sha l l  wi thstand  the  
mechan ical ,  e lectrical  and  thermal  stresses  that occur i n  normal  use .  

1 7. 1 . 2  Controls  wi th  type  2  actions  sha l l  operate  such  that any operating  value ,  
operating  time  or operating  sequence  d oes  not change by an  amount g reater than  the  
declared  dri ft .  

1 7. 1 . 2. 1  Compliance with  17. 1 . 1  and 17. 1 . 2 is checked by the tests of 17. 1 . 3 as indicated 
in 17. 16.  

1 7. 1 .3  Test sequence  and  cond itions   

1 7. 1 . 3. 1  In  general,  the  sequence of tests is:  

– an  ageing test specified in 17. 6 (this test applies only to those actions classified as 
type 1 .M or 2.M) ;  

– an overvoltage test of automatic action  at accelerated rate specified in 17.7.  (In the USA 
and Canada and all countries using an overload test,  this test is replaced by an overload 
test) ;  

– a  test of automatic action  at accelerated rate specified in 17. 8;  

– a  test of automatic action  at slow rate specified in 17. 9 (this test applies only to 
slow-make slow-break automatic actions) ;  

– an overvoltage test of manual action  at accelerated speed specified in 17. 10.  (In the USA 
and Canada and all countries using an overload test,  this test is replaced by an overload 
test) ;  

– a  test of manual action  at slow speed specified in 17. 11 ;  

– a  test of manual action  at high speed specified in 17. 12 (this test applies only to actions 
with  more than one pole,  and where polarity reversal occurs during the operation) ;  

– a  test of manual action  at accelerated speed specified in  17. 13.  

1 7. 1 .3.2  The electrical,  thermal and mechanical conditions of test shall in general be  those 
specified in 17.2,  17. 3 and 17. 4.  The general test requirements are given in  17. 6 to  17. 14 
inclusive.  The particular test requirements are given in  the appropriate part 2.  

1 7. 1 .3.3  Tests for a  manual action  forming part of an automatic action  are normally 
specified in  the subclause appropriate to the automatic action .  If,  however,  tests are not 
specified,  then 17. 10 to 17. 13 inclusive apply to such manual actions.  

1 7. 1 .3.4  After a l l  the  tests  speci fi ed  the  samples  shal l  meet the  requ irements  of 1 7 . 1 4 ,  

un less  otherwise  speci fi ed  i n  the  appropriate  part  2 .  

1 7. 1 .4  See  Annex H .  

 E l ectrical  condi tions  for the  tests  1 7.2

1 7.2. 1  Each  circuit of the  control  shall be loaded according to the ratings declared by the  
manufacturer.  Circuits and contacts which are not intended for external loads are operated 
with the designed load.  Some changeover circuits may require  testing separately for each part 
if such a  manner has been declared by the manufacturer,  particularly if the rating of one part 
of the changeover circuit depends upon the current carried by the other part.  
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1 7.2.2  In  all countries which use an overvoltage test,  the electrical loads to be used are 
those specified in  Table 14 at rated voltage VR,  with this voltage then being increased to  
1 , 15 VR  for the overvoltage test of 17.7 and 17. 10.  Canada,  and the USA do not use the 
overvoltage test.  

1 7.2.3  I n  Canada,  the  USA,  and  a l l  countries  wh ich  use  an  overl oad  test,  the  cond i ti ons  speci fi ed  i n  Tabl e  1 5  

and  Tabl e  1 6  app ly.  The  overl oad  tests  are  performed  on  a  s i ng le  pole  or th row at  a  t ime,  wi th  a l l  other poles  or 
th rows  at  normal  l oad .  

1 7.2.3. 1  I n  Canada,  the  USA,  and  a l l  countries  us ing  an  overl oad  test,  test  vol tages  (VT)  are:   

– 1 20  V for controls  rated  at  any vol tage  between  1 1 0  V to  1 20  V;   

– 240  V for controls  rated  at  any vol tage  between  220  V to  240  V;   

– 277  V for controls  rated  at  any vol tage  between  254  V to  277  V;   

– 480  V for controls  rated  at  any vol tage  between  440  V to  480  V;   

– 600  V for controls  rated  at  any vol tage  between  550  V to  600  V.  

1 7.2.3.2  If the rating of the control does not fall within any of the indicated voltage ranges,  it 
is to be tested at its rated voltage.  

1 7.2.4  When there is an earthed neutral system,  the enclosure shall be connected through a  
3 A  cartridge fuse to the  protective conductor of the circuit,  and for other than an earthed 
neutral system,  the enclosure shall be connected through such  a  fuse to the live pole least 
likely to break down to earth.  

1 7.2.5  For type 1 .G or 2.G actions,  or other off-load actions,  auxiliary switches are used to 
simulate the intended operation  during the test.  
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Table  1 4  (1 7.2 . 1  of ed i tion  3)  – E lectrical  cond i tions  for the  overvoltage test  
(th i s  tabl e  appl i es  i n  a l l  coun tri es  except Canada,  and  the  USA)  

Type of ci rcu i t   AC  ci rcu i t  DC  ci rcu i t  

as  classi fied  i n  6. 2  Operation  V A Power factor 

(±0, 05)  a  

V A Time  constant  

(±1  ms)  

Substantia l l y  
res i sti ve  

(classi fi ed  6 . 2 . 1 )  

Maki ng  and  
breaking  

V
R  

 

I
R
 0 , 95  V

R
 I

R
 

 

Non -i nducti ve  

Resisti ve  
or i n ducti ve  

(classi fi ed  6 . 2 . 2)  

Maki ng  b  V
R
 6 , 0  I

X   
or I

R  
i f ari thmetical l y  
the  greater 

0 , 6  
0 , 95  

V
R
 2 , 5  I

X  
or I

R  
i f ari thmetical l y  
the  greater 

7 , 5  

 B reaking  V
R

 I
X   

or I
R  

i f ari thmetical l y  
the  greater 

0 , 95   I
X  

or I
R  

i f ari thmetical l y  
the  greater 

Non -i nducti ve  

Declared  speci fi c  
l oad  

(cl ass i fi ed  6. 2 . 3)  

Maki ng  and  
breaking  

V
R
 As  determ ined  by l oad  V

R
 As  determ ined  by l oad  

20  mA l oad  
(classi fi ed  6 . 2 . 4)  

Maki ng  and  
breaking  

V
R
 20  mA 0, 95  V

R
 20  mA Non -i nducti ve  

Declared  motor 
l oad  

(cl ass i fi ed  6. 2 . 5)  

Maki ng  and  
breaking  

V
R
 As  declared  V

R
 As  declared  

Pi lot duty  l oad  
(classi fi ed  6. 2 . 6)  

Maki ng  b  

B reaking  

V
R  

V
R
 

1 0  VA/ V
R  

VA/ V
R
 

0 , 35  

0 , 95  

 c  

a  Res i stors  and  i nductors  are  not  connected  i n  paral l e l  except  that  i f any a i r-core  i n ductor i s  u sed ,  a  res i stor taki ng  approximately  1  %  of the  cu rren t  th rough  the  i nductor i s  connected  
i n  paral l e l  wi th  i t.  I ron -core  i nductors  may be  used  provided  that  the  cu rrent  has  a  substan ti a l l y s i ne  waveform .  For th ree-phase  tests,  th ree-core  i nductors  are  used .  

b   The  speci fi ed  making  cond i ti ons  are  main tai ned  for a  period  between  50  ms  and  1 00  ms,  and  are  then  reduced  by an  auxi l i ary swi tch  to  the  speci fi ed  breaking  cond i ti ons.  I f du ri n g  
any test  to  th i s  cl ause,  con tact  break occurs  wi th i n  2  s  of contact  make,  the  cond i ti ons  speci fi ed  for making  are  a l so  used  for breaking .   

c  These  values  are  not  app l i cabl e.  
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Table  1 5  (1 7.2 .2  of ed i tion  3)  – E lectrical  cond i tions  for the  overload  tests  of 1 7 .7  and  1 7. 1 0  
(th i s  tabl e  appl i es  i n  Canada,  USA,  and  a l l  coun tries  wh i ch  u se  an  overload  test)  

  AC  ci rcu i t  DC  ci rcu i t  

Type  of ci rcu i t  Operation  V A Power factor V A 

Substan tia l l y res i sti ve  
(classi fi ed  6 . 2 . 1 )  

Maki ng  and  breaking  V
T
 1 , 5I

R
 1 , 0  V

T
 1 , 5I

R
 

I nducti ve  
(non-motor)  

Maki ng  and  breaking  V
T
 1 , 5I

X
 0 , 75-0, 8  V

T
 1 , 5I

X
 

Declared  motor l oad  
(class i fi ed  6. 2 . 5)  

Maki ng  and  breaking  V
T
 6I

m  
or as  d eclared  

0 , 4-0, 5  
or as  d eclared  

V
T
 1 0I

m  
or as  d eclared  

Pi lot duty  l oad  Maki ng  1 , 1  V
T
 1 1  VA/ V

T
 0 , 35  maximum   

(cl assi fi ed  6 . 2 . 6)  Breaking  1 , 1  V
T
 1 , 1  VA/ V

T  
or as  d eclared  

or as  d eclared  As  declared  

The  fol l owi ng  abbreviati ons  are  used :   

V
R  i s  the  rated  vol tage,  VT  i s  the  test  vol tage  (see  1 7. 2 . 3. 1 ).  A ci rcu i t  i n  wh ich  the  cl osed -ci rcu i t  vol tage  i s  1 00  %  to  1 1 0  %  of VT  i s  acceptable  for the  tests.  

I
m  i s  the  rated  cu rren t  or motor l oad ,  IR  i s  the  rated  cu rren t  for res i sti ve  l oad ,  IX  i s  the  rated  cu rren t  for i nduction  l oad .  

For test  pu rposes,  a  pi lot duty  l oad  consists  of an  e l ectromagnet  representati ve  of the  magnet coi l  wh ich  i s  to  be  con tro l l ed .  The  normal  cu rrent  i s  that  d eterm ined  from  the  vol tage  
and  vol t-ampere  rati ngs  of the  e l ectromagnet.  The  test  cu rren t  i s  the  normal  cu rrent  and ,  for an  a l ternati ng  cu rren t,  the  power factor i s  to  be  0 , 35  or l ess  and  the  i nrush  curren t  i s  
to  be  1 0  times  the  normal  cu rren t.  The  test  con tactor i s  to  be  free  to  operate  i . e. ,  not  b l ocked  i n  e i ther the  open  or the  cl osed  posi ti on .  

An  a l ternati ng -current  pi lot du ty  rati ng  may be  determ ined  for a  control  wh ich  has  been  tes ted  for con tro l l i n g  an  a l ternati ng -cu rrent  motor on  the  fol l owi ng  bas is :  

– du ri ng  the  overl oad  test,  the  control  was  caused  to  make  and  break,  for 50  cycl es  at  a  rate  of 6  cycles  per m inu te,  a  cu rrent  havi ng  a  val ue  equ ivalent  to  s i x t imes  the  fu l l - l oad  
motor curren t  at  a  power factor of 0 , 5  or l ess ,  and  

–  the pi lot duty inrush  current  rati ng  ( 1 0  t imes  the  normal  current  rati ng)  i s  to  be  not  more  than  67  %  of the  cu rrent  val ue  for the  overload  test  descri bed  above.  

For control s  that  may make  a  motor ci rcu i t  under l ocked  rotor cond i ti ons  bu t  that  are  never requ i red  to  break the  ci rcu i t  under such  cond i ti ons,  the  fol l owi ng  appl i es  

–  for Table  1 5:  

 a)  1 00  %  V
T
 for a . c.  and  0 , 5  V

T
 for d . c.  for 1 , 5  rated  current  

 b)  1 00  %  V
T
 for l ocked-rotor cu rren t  (make  on l y)  

–  for Table  1 6:  

 1 00  %  V
T
 for a . c.  and  0 , 5  V

T
 for d . c.  

A swi tch  that  i s  not  i n tended  primari l y to  make  and  break motor cu rren t  under l ocked -rotor cond i ti ons,  bu t  which  has  a  manual  ad j usti ng  or regu l ati ng  means  that  may cause  i t  to  be  
so  used ,  shal l  comply wi th  the  requ i rements  of 1 7. 7  for a  l ocked-rotor test.  

For a  swi tch  i n tended  for d . c.  operation ,  the  number of operations  shal l  be  fi ve  (5),  conducted  at  i n terval s  of 30  s  and  the  device  shal l  a l so  comply wi th  the  requ i rements  of a )  
above.  
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Table  1 6  (1 7.2 .3  of ed i tion  3)  – E lectrical  cond itions  for the  overload  tests  of 1 7 .8,  1 7.9,  1 7.1 1 ,  1 7. 1 2  and  1 7. 1 3  
(th i s  tabl e  appl i es  i n  Canada,  USA,  and all countries which use an overload test)  

  AC  ci rcu i t  DC  ci rcu i t  

Type  of ci rcu i t  Operation  V A Power factor V A 

Substantia l l y res i sti ve  

(classi fi ed  6 . 2 . 1 )  

Maki ng  and  breaking  V
T
 I

R
 1  V

T
 I

R
 

I nducti ve  
(non-motor)  

Maki ng  and  breaking  V
T
 I

X
 0 , 75-0, 8  V

T
 I

X
 

Declared  motor l oad  
(classi fi ed  6 . 2 . 5)  

Maki ng  and  breaking  V
T
 I

m  
or as  d eterm ined  by l oad  

0 , 75-0, 8  
or as  d eclared  

V
T
 I

m
 

Pi lot duty  l oad  Maki ng  1 , 1  V
T
 1 0  VA/ V

T
 0 , 35  maximum   

(cl assi fi ed  6 . 2 . 6)  Breaking  1 , 1  V
T
 VA/ V

T 
or as  declared  or as  d eclared  As  declared  

The  fol l owi ng  abbreviati ons  are  used :   

V
R  i s  the  rated  vol tage,  VT  i s  the  test  vol tage  (see  1 7. 2 . 3. 1 ).  

I
m   i s  the  rated  current  for motor l oad ,  IR  i s  the  rated  curren t  for res i sti ve  l oad ,  IX  i s  the  rated  current  for i n duction  l oad .  

NOTE  For test  pu rposes  a  pi lot duty  l oad  consists  of an  e l ectromagnet representati ve  of the  magnet  coi l  wh ich  i s  to  be  con trol l ed .  The  normal  cu rrent  i s  that  determ ined  from  the  
vol tage  and  vol t-ampere  rati ngs  of the  e l ectromagnet.  The  test  cu rrent  i s  the  normal  cu rren t  and  for an  a l ternati ng  cu rren t  the  power factor i s  to  be  0 , 35  or l ess  and  the  i nrush  
curren t  i s  to  be  1 0  t imes  the  normal  cu rrent.  The  test  con tactor i s  to  be  free  to  operate  i . e . ,  not  b l ocked  i n  e i ther the  open  or the  cl osed  pos i ti on .  

An  a l ternati ng -curren t  pi lot du ty  rati ng  may be  determ ined  for a  control  wh ich  has  been  tested  for con tro l l i n g  an  a l ternati ng -cu rren t  motor on  the  fol l owi ng  basis :  

– du ri ng  the  overl oad  test  the  control  was  caused  to  make  and  break,  for 50  cycles  at  a  rate  of 6  cycles  per m inu te,  a  current  having  a  val ue  equ i val ent  to  s i x times  the  fu l l - l oad  
motor cu rren t  at  a  power factor of 0 , 5  or l ess ,  and  

–  the  pi lot duty  i nrush  current  rati ng  (1 0  t imes  the  normal  cu rrent  rati ng )  i s  to  be  not  more  than  67  %  of the  cu rren t  val ue  for the  overl oad  test  d escribed  above.  
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 Thermal  cond i tions  for the  tests   1 7.3

1 7.3. 1  For parts of the control other than any temperature sensing element,  the following 
shall apply:  

– those parts which are accessible when the  control is mounted in a  declared manner shall 
be  exposed to normal room temperature (see 4. 1 ) ;  

– the mounting surface of the control shall be maintained between Ts  max,  and either 

(Ts  max  +  5)  °C,  or 1 , 05 times Ts  max,  whichever is greater;  

– the remainder of the switch head shall be  maintained between Tmax  and either 

(Tmax  +  5)  °C or 1 , 05 times Tmax,  whichever is greater.  If Tmin  is less than 0 °C,  additional 
tests shall be  carried out with the switch head maintained between Tmin  and (Tmin  – 5)  °C.  

1 7.3.2  During the tests of 17. 8 and 17. 13,  the temperatures of 17. 3. 1  are applied for the last 
50 %  of each test.  For the  first 50 % of each test the switch head is  maintained at normal 
room temperature.  

Additional samples will be required if tests have to be performed at both temperatures (Tmax  
and Tmin ) .  

 Manual  and  mechan ical  conditions  for the  tests   1 7.4

1 7.4. 1  For all manual actions ,  each cycle of actuation  shall consist of a  movement of the 
actuating member such  that the control is successively moved into all positions appropriate 
to that action and then returned to its starting point; except that if a  control  has more than 
one intended OFF position ,  then each manual action  shall be a  movement from one OFF 
position  to  the next OFF position .  

1 7.4.2  The speed of movement of the  actuating member shall be:  

– for slow speed: 

 (9 ±  1 )° per s for rotary actions;  

 (5 ±  0, 5)  mm/s for linear actions;  

– for high speed:  

 the actuating member shall be actuated by hand as fast as possible.  If an actuating 
member is  not supplied with  a  control then a  suitable  actuating member shall be fitted 
by the  testing authority for the  purpose of this test;  

– for accelerated speed:  

 (45 ±  5) ° per s for rotary actions;  

 (25 ±  2, 5)  mm/s for linear actions.  

1 7.4.3  During the slow speed test of 17. 4. 2:  

care is taken that the test apparatus drives the actuating member positively,  without 
significant backlash  between the  apparatus and the actuating member.  

1 7.4.4  During the accelerated speed test of 17. 4. 2:  

– care is taken to determine that the test apparatus allows the actuating member to operate 
freely,  so that it does not interfere with  the normal action  of the mechanism; 

– for controls  where the movement of the actuating member is  limited:  

•  there shall be  a  dwell period of not less than 2 s at each reversal of direction;  

•  a torque (for rotary controls) ,  or a  force (for non-rotary controls)  shall be applied at 
the extreme of each movement to verify the strength of the limiting end stops.  The 
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torque shall be either five times the normal actuating torque,  or 1 , 0 Nm,  whichever is 
the smaller,  but with a  minimum of 0, 2 Nm.  The force shall be either five times the 
normal actuating force,  or 45 N,  whichever is the smaller,  but with a  minimum of 9 N.  If 
the normal actuating torque exceeds 1 , 0 Nm,  or the normal actuating force exceeds  
45 N,  then the torque or force applied shall be the same as the normal actuating torque 
or force;  

– for controls  designed for a  rotary actuation  where the movement is not limited in either 
direction,  three quarters of the number of cycles of actuation  in  each test shall be made in 
a  clockwise direction,  and one quarter in  an anti-clockwise direction.  

– for controls  which are designed for actuation  in  one direction only,  the test shall be in the 
designed direction,  provided that it is not possible to rotate the actuating member in  the 
reverse direction using the torques specified above.  

1 7.4.5  Additional lubrication shall not be applied during these tests.  

 D ielectric  strength  requ irements  1 7.5

1 7.5. 1  After all the tests of this clause,  the requirements of 13. 2 shall apply,  with the  
exception that the samples are not subjected to the humidity treatment before the application 
of the test voltage.  The test voltages shall be 75 % of the corresponding test voltages shown 
in 13. 2.  

NOTE  I n  Canada  and  the  USA,  the  test  vol tage  sha l l  be  that  g i ven  i n  1 3. 2 .  

 Ageing  test  1 7.6

1 7.6. 1  During this test,  the sensing element shall be maintained at that value of the 
activating quantity determined and used in Clause 14.  Other parts shall be maintained as 
specified in  17. 3.  Controls  are electrically loaded as specified in 17. 2 for the appropriate 

breaking condition.  The duration of the test is (100 +  0, 02 y)  h  where "y" is the  value declared 
in  7. 2.  The test applies to  controls  with  actions classified as type 1 .M or 2.M.  

1 7.6.2  If during this test,  the action being tested operates,  the value of the activating 
quantity is increased or decreased to cause reverse operation  and then returned to a  value 
differing by a  quantity "x" from the original to enable the test to be resumed.  This procedure 
may be repeated as many times as is necessary to complete the test,  or until,  when repeating 
the appropriate procedure of Clause 15,  the drift limits declared in 7. 2 are exceeded.  The 
value of "x" is given in the appropriate part 2.   

 Overvol tage  test  (or overload  test  in  Canada,  the  USA,  and  al l  countries  using  an  1 7.7
overload  test)  of automatic action  at  accelerated  rate  

1 7.7. 1  The electrical conditions shall be those specified for overvoltage (or overload 
conditions)  in 17. 2.  

1 7.7.2  The thermal conditions shall be those specified in  17. 3.  

1 7.7.3  The method and rate of operation  is:  

– for type 1  actions,  the rate of operation  and the method of operation  shall be agreed 
between the testing authority and the manufacturer;  

– for type 2 actions,  the method of operation  shall be that intended by design.  For type 2 
sensing actions  the rate of operation  can be increased,  either to the maximum cycling 
rate declared in Table 1 ,  or so that the rates of change of activating quantity do not 

exceed α2  and β2  declared in  the same subclause.  

NOTE  1  Examples  of such  methods  are  the  repl acement of the  cap i l l ary of a  h yd rau l i c  system  wi th  an  a i r pressu re  
device  or the  fi tt i ng  of a  prime  mover  of a  d i fferen t  speed .  
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– Type 2 controls  are tested at the most unfavourable  operating value  declared in  
Table 1 ,  requirement 48.  

NOTE  2  For temperature  and  pressu re  operated  con trols ,  th i s  i s  normal l y the  maximum  val ue.  

1 7.7.4  For type 2 sensing actions,  overshoot at each operation  shall be  between the values 
declared in  7. 2.  

1 7.7.5  It is  permissible in the case of sensing actions to increase the rates of change of 
activating quantity,  or for other type 1  actions  to override the prime mover between 
operations,  provided that this does not significantly affect the results.  

1 7.7.6  The number of automatic cycles for the test is either one tenth of the number declared 
in  7. 2,  or 200,  whichever is the  smaller.  

1 7.7.7  During the test,  actuating members  are placed in their most unfavourable position.  

NOTE  I n  Canada  and  the  USA where  the  overl oad  test  app l i es,  the  number of cycles  i s  50.  

 Test of automatic action  at  accelerated  rate  1 7.8

1 7.8. 1  The electrical conditions shall be  those specified in  17.2.   

1 7.8.2  The thermal conditions shall be those specified in  17. 3.   

1 7.8.3  The method and rate of operation  shall be as used during the test of 17.7.3.  

1 7.8.4  The number of automatic cycles (except as shown below for slow-make slow-break 
automatic actions)  shall be that declared in 7. 2 less the number of cycles actually made 
during the test of 17. 7.  During the test,  actuating members  shall be placed in their most 
unfavourable position.  During the test,  the failure  of any component part of a  type 1  action  
which is not significant according to the requirements of the test,  and which is considered to 
have failed as a  result of the acceleration of the test,  shall not be a  cause of rejection,  
provided that it can be repaired or replaced,  or that the test can be continued in an agreed 
alternative manner,  such  that the total number of automatic cycles referred to in 7. 2 can be 
completed.   

1 7.8.4. 1  For slow-make slow-break automatic actions,  only 75 % of the number of 
automatic cycles referred to in 17. 8. 4 shall be  carried out during this test.  The remaining 25 %  
are carried out as specified in  17. 9.  

NOTE  I n  Canada  and  the  USA,  the  number of cycl es  i s  speci fi ed  for type  2  actions  and  some  type  1  actions .  

 Test of automatic action  at  slow rate  1 7.9

1 7.9. 1  Slow-make slow-break automatic actions  shall be tested for the 25 % remainder of 
the number of automatic cycles specified in  17. 8.  

1 7.9.2  The electrical and thermal conditions shall be as specified in  17.2 and 17. 3.  

1 7.9.3  The method of operation  is either by imposing a  change of value of activating 
quantity on  the sensing element,  or by the prime mover.  For sensing controls,  the rates of 

change of activating quantity shall be α1  and β1  as declared in 7. 2.  It is  permissible,  in  the 
case of a  sensing control to increase the rates of change of activating quantity,  or for other 
automatic  controls  to override the prime mover,  between operations,  provided that this 
does not significantly affect the results.  For sensing controls,  overshoot at each operation  
shall be between the values declared in 7. 2.  During this test for a  type 2 action ,  continuous 
monitoring is essential to provide a  record of operating value,  overshoots or operating 
sequences.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 1 1 1  –  
© I EC  201 5  

1 7.9.3. 1  Such monitoring is also recommended for other controls  to determine consistency 
of testing.  

1 7.9.4  If only the make or the break is a  slow automatic action ,  then it may,  by agreement 
between the  testing authority and the manufacturer,  be possible  to accelerate the rest of the 
action,  to which the details of 17. 8 apply.  

 Overvoltage  test  (or overload  test  in  Canada USA and  al l  countries  that use  the  1 7.1 0
overload  test)  of manual  action  at accelerated  speed  

1 7. 1 0.1  The electrical conditions shall be those specified for overvoltage (or overload)  in  
17. 2.  

1 7. 1 0.2  The thermal conditions shall be  those specified in  17. 3.   

1 7. 1 0.3  The method of operation  shall be that specified in 17. 4 for accelerated speed.  The 
number of cycles of actuation  shall be either one tenth of the number declared in  7. 2 or 100,  
whichever is smaller.  During the test,  sensing elements  are  maintained at suitable values of 
activating quantity,  and prime movers  are so positioned as to ensure that actuation  causes 
the appropriate operation .  

1 7. 1 0.4  I n  Canada  and  the  USA where  the  overload  test  appl i es,  the  number of cycles  i s  50.   

 Test of manual  action  at s low speed  1 7.1 1

1 7. 1 1 . 1  The electrical conditions shall be those specified in  17. 2.  

1 7. 1 1 .2  The thermal conditions shall be  those specified in  17.3.  

1 7. 1 1 .3  The method of operation  shall be  that specified in 17. 4 for slow speed.  

1 7. 1 1 .4  The number of cycles of actuations  shall be either one tenth of the number declared 
in 7. 2 or 100,  whichever is smaller.  During the test,  sensing elements  are maintained at 
suitable values of activating quantity,  and prime movers  are so positioned,  to ensure that 
actuation  causes the appropriate operation .  

 Test of manual  action  at h igh  speed  1 7.1 2

NOTE  Th is  test  appl i es  on l y to  actions  wh ich  have  more  than  one  po le,  and  where  pol ari ty  reversal  occurs  d u ri ng  
the  action .  

1 7. 1 2. 1  The electrical conditions are those specified in 17. 2.  

1 7. 1 2.2  The thermal conditions are those specified in  17.3.  

1 7. 1 2 .3  The method of operation  is that specified in 17. 4 for high speed.   

1 7. 1 2 .4  The number of cycles of actuation  is  100.  During the tests,  sensing elements  are 
maintained at suitable values of activating quantity,  and prime movers  are so positioned as 
to ensure that actuation  causes the  appropriate operation .  

1 7. 1 2 .5  I n  Canada  and  the  USA where  the  overload  test  appl i es,  the  number of cycles  i s  50.   

 Test of manual  action  at accelerated  speed  1 7.1 3

1 7. 1 3.1  The electrical conditions are those specified in  17. 2.  
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1 7. 1 3.2  The thermal conditions are those specified in  17. 3.  

1 7. 1 3.3  The method of operation  is that specified in 17. 4 for accelerated speed.  

1 7. 1 3.4  The number of cycles of actuation  is that number declared in 7. 2 less the number 
actually made during the tests of 17. 10,  17. 11  and 17. 12.  During the test,  sensing elements  
are maintained at a  suitable value of activating quantity,  and prime movers  are so 
positioned as to ensure that actuation  causes the  appropriate operation .  

1 7. 1 3.5  During the test,  the failure  of any component part of a  type 1  action  other than a  
protective control which is not significant according to the  requirements of the test,  shall not 
be a  cause of rejection providing that it can be repaired or replaced,  or that the test can be 
continued in  an agreed alternative manner such that the total required number of cycles of 
actuation  can be completed.  

 Evaluation  of compl iance  1 7.1 4

After all the appropriate tests of 17. 6 to 17. 13 inclusive,  modified as specified in the 
appropriate part 2,  the control  shall be  deemed to comply if:  

– all actions function automatically and manually in  the intended and declared manner within 
the meaning of this standard;  

–  the requirements of Clause 14 with  regard to those items designated by Footnote a  of 
Table 13,  that is,  terminals,  current-carrying parts and supporting surfaces,  are  still met;  

– the requirements of Clause 8,  17. 5 and Clause 20 are still met.  For the tests of 17. 5 and 
Clause 20,  controls  for which special samples were submitted for Clause 13,  are tested at 
an  appropriate  condition to  ensure that the contacts are open;  

– for type 2 actions,  the appropriate test of Clause 15 is repeated and the operating value,  
operating time  or operating sequence  shall still be within the value of drift,  or within the 
values of combined drift and manufacturing deviation ,  whichever was declared;  

– the circuit disconnection declared for each manual action  can  still be obtained;  

– there is no evidence that any transient fault between live parts  and earthed metal,  
accessible metal parts or actuating members  has occurred.  

See  a lso  Annex H .  

 Void  1 7.1 5

 Test for particu lar purpose controls  1 7.1 6

The tests for particular purpose controls  are specified in  the appropriate Part 2s.  

1 7. 1 7  to  1 7. 1 8  See  Annex J .  

1 8  Mechanical  strength  

 General  requ irements  1 8.1

1 8. 1 . 1  Controls  shal l  be  so  constructed  as  to  wi thstand  the  mechan ical  s tress  that occurs  i n  
normal  use .  

1 8. 1 .2  Actuating  members  of class  I  controls  and  class  I I  control ,  and  actuating  
members  of controls  for cl ass  I  and  class  I I  equ ipment,  sha l l  e i ther have  adequate  
mechan ical  strength  or be  such  that adequate  protection  against e lectric shock is  main tained  
i f the  actuating  member  i s  broken.  
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1 8. 1 .3  In tegrated  controls  and  incorporated  controls  are  not tested  as  i n  1 8. 2  as  their 

impact  res istance  wi l l  be  tested  by the  equ ipment standard .  

1 8. 1 .4 Compliance is checked by the tests of the appropriate Subclauses 18. 2 to 18. 8 
inclusive,  carried out sequentially on one sample.  

1 8. 1 .5  After the appropriate tests,  the control shall show no damage to  impair compliance 
with this standard and in  particular with Clauses 8,  13,  and 20.  Insulating linings,  barriers and 
the like shall not have worked loose.  

It shall still be possible to remove and to replace detachable and other external parts such as 
covers  without such  parts or their insulating linings breaking.  

It shall still be possible to actuate a  control to any position which is intended to provide full 
disconnection  and micro-disconnection .  

In  case of doubt,  supplementary insulation  or reinforced insulation  is subject to an electric 
strength test as specified in  Clause 13.  

Damage to the finish,  small dents which do not reduce creepage distances  or clearances  
below the values specified in Clause 20,  and small chips which do not adversely affect the 
protection against electric shock or moisture are neglected.  Cracks not visible to the naked 
eye,  and surface cracks in fibre reinforced mouldings and the like are ignored.  If a  decorative 
cover is backed by an inner cover,  fracture of the decorative cover is  neglected,  if the inner 
cover withstands the test after removal of the decorative cover.  

1 8. 1 .6  I n  Canada  and  the  USA,  i f th reads  for the  connecti on  of metal  condu i t  are  tapped  a l l  the  way th rough  a  
hole  i n  an  enclosu re  wal l  or i f an  equ i va lent  construction  i s  employed ,  there  shal l  n ot  be  any sharp  edges,  not  l ess  
than  th ree  nor more  than  fi ve  fu l l  th reads  i n  the  metal  and  the  construction  of the  device  shal l  be  such  that  a  
su i table  condu i t  bush ing  can  be  properl y attached .  

1 8. 1 .6. 1  I n  Canada  and  the  USA,  i f th reads  for the  connection  of metal  condu i t  are  not  tapped  a l l  the  way 
th rough  a  hole  i n  an  enclosure  wal l ,  condu i t  hub  or the  l i ke,  there  shal l  n ot  be  l ess  than  3 , 5  fu l l  th reads  i n  the  metal  
wi th  a  condu i t  s top,  and  a  smooth  wel l -rounded  i n l et  hole  havi ng  an  i n terna l  d i ameter approximately the  same  as  
that  of the  correspond ing  s i ze  of ri g i d  metal  condu i t,  wh ich  shal l  afford  protecti on  to  the  conductors  equ i val ent  to  
that  provided  by a  s tandard  condu i t  bush i ng .  

1 8. 1 .6.2  I n  the  USA,  an  enclosure  threaded  for support  by ri g i d  metal  condu i t  shal l  provide  at  l east  fi ve  fu l l  
th reads  for engag i ng  the  condu i t.  

Compliance with  18. 1 . 6,  18. 1 . 6. 1  and 18. 1 . 6. 2 is checked by inspection.  

1 8. 1 .6.3  I n  Canada  and  the  USA,  a  condu i t  h ub  or n i pp le  attached  to  the  encl osure  by swag ing ,  s taking  or 
s im i l ar means  shal l  wi thstand  wi thout  pu l l i ng  apart  the  fol l owi ng  tests:  

– a  d i rect  pu l l  of 890  N  for 5  m in .  For th i s  test,  the  device  i s  to  be  supported  by a  ri g i d  condu i t  i n  the  i n tended  
manner and  i s  to  support  a  suspended  wei gh t  of 90, 8  kg ;  

– the  device  i s  to  be  ri g i d l y supported  by means  other than  the  condu i t  fi tti ngs.  A bend i ng  force  of 67, 8  Nm  i s  to  
be  appl i ed  for 5  m in  to  the  condu i t  at  ri gh t  ang les  to  i ts  axi s  and  the  l ever arm  i s  measured  from  the  wal l  of the  
enclosu re  i n  wh ich  the  hub  i s  l ocated  to  the  poin t  of appl i cati on  of the  bend i ng  force;  

– a  torque  of 67, 8  Nm  i s  to  be  appl i ed  to  the  condu i t  for 5  m in  i n  a  d i rection  tend i ng  to  ti gh ten  the  connection  and  
the  l ever arm  i s  to  be  measured  from  the  cen tre  of the  condu i t.  

Some d i storti on  of the  enclosure  under test  may resu l t.  Such  d i storti on  does  not  consti tu te  a  fai lure .  

 Impact resistance  1 8.2

1 8.2. 1  In-line cord,  free-standing  and independently mounted controls,  except as 
provided in 18. 4,  are checked by applying blows to the sample  by means of the apparatus in 
IEC 60068-2-75.  

1 8.2.2  A ll surfaces which are accessible when the control is mounted as in normal use  are 
tested with  the  apparatus.  
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1 8.2.3  The control is held in  contact with a  vertical sheet of plywood 8 mm thick and 
175 mm square without any metallic back plate,  the plywood being mounted on a  rigid frame 
which is fixed to a  solid wall of brick,  concrete or the like.  

1 8.2.4  Blows are applied to  all accessible surfaces,  including actuating members,  at any 

angle,  the test apparatus being calibrated to deliver an energy of (0, 5 ±  0, 04)  Nm.  

1 8.2.4. 1  Foot actuated controls  shall be subject to the same test,  but using a  test apparatus 

calibrated to deliver an energy of (1 , 0 ±  0, 05)  Nm.  

1 8.2.5  For all such surfaces,  three blows are  applied to every point that is likely to be weak.  

1 8.2.5. 1  Care must be taken that the results from one series of three blows does not 
influence subsequent series.  

1 8.2.5.2  If there is a  doubt whether a  defect has been caused by the application of 
preceding blows,  this defect is neglected and the group of three blows which led to the defect 
is applied to the same place of a  new sample,  which shall then withstand the test.  

1 8.2.6  Signal lamps and their covers  are  only tested if they protrude from the enclosure by 
more than 10 mm or if their area exceeds 4 cm²,  unless they form part of an actuating 
member,  in  which case they shall be tested in  the  same manner as an actuating member.  

 Void  1 8.3

 Al ternate  compl iance – Impact resistance  1 8.4

NOTE  I n  Canada  and  the  USA,  the  m in imum  th i cknesses  of sheet  metal  or case  metal  shown  i n  Tabl es  1 7  and  1 8  
are  considered  to  meet the  requ i rements  of 1 8. 2  and  the  tests  speci fi ed  are  not  requ i red .  
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Table  1 7  (1 8.4. 1  of ed i tion  3)  – M in imum  th ickness  of sheet metal  for enclosures  made  
of carbon  steel  or stain less  steel  

Without supporting  frame a  Wi th  supporting  frame or 
equ ivalent reinforcing  a  

M in imum  th ickness  
i n  i nches  (mm)  

Maximum 
width  b  

i n  i nches  (cm)  

Maximum  
length  c  

i n  i nches  (cm)  

Maximum 
width  b  

i n  i nches  (cm)  

Maximum 
length  c  

i n  i nches  (cm)  

Uncoated  Metal  coated  

 4 , 0  (1 0 , 2)  Not  l im i ted   6 , 25  (1 5, 9)  Not  l im i ted  0 , 020  d  (0 , 51 )  0 , 023  d   (0 , 58)  

 4 , 75  (1 2 , 1 )   5 , 75  (1 4, 6)   6 , 75  (1 7, 1 )   8 , 25   (21 , 0)    

 6 , 0  (1 5, 2)  Not  l im i ted   9 , 5  (24, 1 )  Not  l im i ted  0 , 026d  (0 , 66)  0 , 029  d   (0 , 74)  

 7 , 0  (1 7, 8)   8 , 75  (22, 2)   1 0 , 0  (25, 4)   1 2 , 5  (31 , 8)    

 8 , 0  (20, 3)  Not  l im i ted   1 2 , 0  (30, 5)  Not  l im i ted  0 , 032   (0 , 81 )  0 , 034   (0 , 86)  

 9 , 0  (22 , 9)   1 1 , 5   (29, 2)   1 3, 0  (33, 0)   1 6 , 0  (40, 6)    

 1 2 , 5  (31 , 8)  Not  l im i ted   1 9, 5  (49, 5)  Not  l im i ted  0 , 042   (1 , 07)  0 , 045   (1 , 1 4)  

 1 4 , 0  (35, 6)   1 8, 0   (45, 7)   21 , 0  (53, 3)   25, 0  (63, 5)    

 1 8 , 0  (45, 7)  Not  l im i ted   27, 0  (68, 6)  Not  l im i ted  0 , 053   (1 , 35)  0 , 056   (1 , 42)  

 20 , 0  (50, 8)   25, 0   (63, 5)   29, 0  (73, 7)   36 , 0  (91 , 4)    

 22 , 0  (55, 9)  Not  l im i ted   33, 0  (83, 8)  Not  l im i ted  0 , 060   (1 , 52)  0 , 063   (1 , 60)  

 25, 0  (63, 5)   31 , 0   (78, 7)   35, 0  (88, 9)   43 , 0  (1 09, 2 )    

 25, 0  (63, 5)  Not  l im i ted   39, 0  (99, 1 )  Not  l im i ted  0 , 067   (1 , 70)  0 , 070   (1 , 78)  

 29, 0  (73, 7)   36, 0   (91 , 4)   41 , 0  (1 04, 1 )   51 , 0  (1 29, 5)    

 33 , 0  (83, 8)  Not  l im i ted   51 , 0  (1 29, 5)  Not  l im i ted  0 , 080   (2 , 03)  0 , 084   (2 , 1 3)  

 38, 0  (96, 5)   47, 0   (1 1 9, 4)   54 , 0  (1 37, 2 )   66, 0  (1 67, 6)    

 42 , 0  (1 06, 7)  Not  l im i ted   64 , 0  (1 62, 6)  Not  l im i ted  0 , 093   (2 , 36)  0 , 097   (2 , 46)  

 47 , 0  (1 1 9, 4)   59, 0   (1 49, 9)   68, 0  (1 72, 7)   84, 0  (21 3, 4)    

 52 , 0  (1 32, 1 )  Not  l im i ted   80 , 0  (203, 2 )  Not  l im i ted  0 , 1 08   (2 , 74)  0 , 1 1 1   (2 , 82)  

 60 , 0  (1 52, 4)   74 , 0   (1 88, 0)   84 , 0  (21 3, 4)   1 03, 0  (261 , 6)    

 63 , 0  (1 60, 0)  Not  l im i ted   97, 0  (246, 4)  Not  l im i ted  0 , 1 23   (3 , 1 2)  0 , 1 26   (3 , 20)  

 73, 0  (1 85, 4)   90 , 0   (228, 6)   1 03, 0  (261 , 6)   1 27, 0   (322, 6)    

a  With  reference  to  Tabl es  1 7  and  1 8,  a  supporti ng  frame  i s  a  s tructu re  of ang l e  or channe l  or a  fo l ded  ri g i d  
section  of sheet  metal  that  i s  ri g i d l y attached  to  and  has  essential l y the  same  ou ts ide  d imensions  as  the  
enclosu re  su rface,  and  that  has  su ffi cien t  tors ional  ri g i d i ty to  res i st  the  bend ing  moments  that  may be  appl i ed  
via  the  encl osure  su rface  when  i t  i s  defl ected .  Construction  that  i s  cons i dered  to  have  equ ival en t  rei n forci ng  
may be  accompl i shed  by desi gns  that  wi l l  produce  a  structu re  that  i s  as  ri g i d  as  one  bu i l t  wi th  a  frame of 
ang l es  or channels .  Construction  cons idered  to  be  wi thout  supporti ng  frame i ncl udes:  a)  s i ng le  sheet wi th  
s i ng le  formed  fl anges  or formed  edges,  b)  a  s i ng le  sheet  that  i s  corrugated  or ri bbed ,  c)  an  enclosu re  su rface  
l oosel y attached  to  a  frame,  for example,  wi th  spri ng  cl i ps.  

b   The  wid th  i s  the  smal l er d imension  of a  rectangu lar p iece  of sheet  metal  that  i s  part  of an  enclosure.  Ad jacent 
surfaces  of an  enclosu re  may have  supports  i n  common  and  be  made  of a  s i ng le  sheet.  

c   "Not  l im i ted"  appl i es  on l y i f the  edge  of the  su rface  i s  fl anged  at  l east  0 , 5  i n  (1 2 , 7  mm)  or fastened  to  
ad jacent surfaces  not  normal l y  removed  i n  use.  

d   Sheet  metal  for an  enclosu re  i n tended  for ou tdoor use  shal l  be  not  l ess  than  0 , 034  i n  (0 , 86  mm)  th i ck i f zi nc 
coated  and  not  l ess  than  0 , 032  i n  (0 , 81  mm)  th i ck i f uncoated .  
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Table  1 8  (1 8.4.2  of ed i tion  3)  – M in imum  th ickness  of sheet metal  for enclosures  
of alumin ium,  copper or brass  

Without supporting  frame a  Wi th  supporting  frame or equ ivalen t rein forcing  a  

Maximum 
width  b  

i n  i nches  (cm)  

Maximum 
length  c  

i n  i nches  (cm)  

Maximum 
width  b  

i n  i nches  (cm)  

Maximum  
l ength  c  

i n  i nches  (cm)  

Maximum 
th ickness  

i n  i nches  (mm)  

 3 , 0  (7, 6)  Not  l im i ted   7 , 0  (1 7, 8)  Not  l im i ted  0 , 023  d    (0 , 58)  

 3 , 5  (8, 9)  4 , 0   (1 0 , 2 )   8 , 5  (21 , 6)  9 , 5    (24 , 1 )   

 4 , 0  (1 0, 2)  Not  l im i ted   1 0 , 0  (25, 4)  Not  l im i ted  0 , 029    (0 , 74)  

 5 , 0  (1 2 , 7)  6 , 0   (1 5, 2 )   1 0 , 5  (26, 7)  1 3 , 5    (34, 3)   

 6 , 0  (1 5, 2)  Not  l im i ted   1 4 , 0  (35, 6)  Not  l im i ted  0 , 036    (0 , 91 )  

 6 , 5  (1 6, 5)  8 , 0   (20, 3)   1 5, 0  (38, 1 )  1 8 , 0    (45, 7)   

 8 , 0  (20, 3)  Not  l im i ted   1 9, 0  (48, 3)  Not  l im i ted  0 , 045    (1 , 1 4)  

 9 , 5  (24, 1 )  1 1 , 5   (29, 2 )   21 , 0  (53, 3)  25, 0    (63, 5)   

 1 2 , 0  (30, 5)  Not  l im i ted   28, 0  (71 , 1 )  Not  l im i ted  0 , 058    (1 , 47)  

 1 4 , 0  (35, 6)  1 6, 0   (40, 6)   30, 0  (76, 2)  37, 0    (94, 0)   

 1 8 , 0  (45, 7)  Not  l im i ted   42 , 0  (1 06, 7)  Not  l im i ted  0 , 075    (1 , 91 )  

 20 , 0  (50, 8)  25, 0  (63, 4)   45, 0  (1 1 4 , 3)    55, 0    (1 39, 7)   

 25, 0  (63, 5)  Not  l im i ted   60, 0  (1 52, 4)  Not  l im i ted  0 , 095    (2 , 41 )  

 29, 0  (73, 7)  36, 0  (91 , 4)   64, 0  (1 62, 6)   70 , 0    (1 98, 1 )   

 37 , 0  (94, 0)  Not  l im i ted   87, 0  (221 , 0)  Not  l im i ted  0 , 1 22    (3 , 1 0)  

 42 , 0  (1 06, 7)  53, 0   (1 34, 6)   93, 0  (236, 2 )    1 1 4 , 0    (289, 6)   

 52 , 0  (1 32, 1 )  Not  l im i ted   1 23, 0  (31 2 , 4)  Not  l im i ted  0 , 1 53    (3 , 89)  

 60 , 0  (1 52, 4)  74, 0   (1 88, 0)   1 30, 0  (330, 2 )  1 60, 0    (406, 4)   

a  Wi th  reference  to  Tables  1 7  and  1 8,  a  supporti ng  frame i s  a  s tructure  of ang l e  or channel  or a  fo l ded  ri g i d  
section  of sheet metal  that  i s  ri g i d l y attached  to  and  has  essential l y the  same  ou ts ide  d imensions  as  the  
enclosu re  su rface,  and  that  has  su ffi cien t  tors iona l  ri g i d i ty to  res i st  the  bend ing  moments  that  may be  appl i ed  
via  the  enclosu re  su rface  when  i t  i s  defl ected .  Construction  that  i s  considered  to  have  equ ivalent  rei n forci ng  
may be  accompl i shed  by designs  that  wi l l  produce  a  s tructure  that  i s  as  ri g i d  as  one  bu i l t  wi th  a  frame of 
ang l es  or channe ls .  Construction  considered  to  be  wi thout  supporti ng  frame  i ncl udes:  a)  s i ng le  sheet  wi th  
s i ng le  formed  fl anges  or formed  edges,  b)  a  s i ng le  sheet  that  i s  corrugated  or ri bbed ,  c)  an  enclosu re  su rface  
l oosel y attached  to  a  frame,  for example,  wi th  spri ng  cl i ps.  

b  The  wid th  i s  the  smal l er d imension  of a  rectangu lar p iece  of sheet metal  that  i s  part  of an  enclosure.  Ad j acent 
su rfaces  of an  enclosu re  may have  supports  i n  common  and  be  made  of a  s i ng le  sheet.  

c   "Not  l im i ted "  appl i es  on l y i f the  edge  of the  surface  i s  fl anged  at  l east  0 , 5  i n  (1 2 , 7  mm)  or fastened  to  ad j acent 
surfaces  not  normal l y removed  i n  use.  

d  Sheet copper,  brass,  or a l um in ium  for an  enclosu re  i n tended  for ou tdoor use  (ra in ti gh t  or rai nproof)  shal l  be  
not  l ess  than  0 , 029  i n  (0 , 74  mm)  th i ck.  

 

1 8.4. 1  Cast meta l  sha l l  be  not l ess  than  3  mm  th ick bu t  not more  than  6  mm  th ick at 
threaded  holes  for condu i t;  except that,  other than  at p la in  or threaded  holes  for condu i t,  
d ie-cast meta l  may be  not l ess  than  1 , 6  mm  th ick for an  area  not greater than  1 50  cm²,  and  
having  no  d imension  greater than  1 50  mm,  and  may be  not l ess  than  2 , 4  mm  th ick for larger 
areas.  

 Free-stand ing  controls  1 8.5

1 8.5. 1  Free-standing controls  shall be  additionally checked by the test of 18. 5. 2 and 18. 5. 3 
using the apparatus shown in  Figure 4.  

1 8.5.2  Two metres of flexible cord of the lightest type used in 10. 1 . 4 shall be connected to 
the input terminals and secured as intended.  Controls  intended for use with  a  flexible cored 
connected to the output terminals shall have 2 m of the lightest intended type similarly 
connected and arranged as shown in Figure 4.  
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The sample shall be stood or rested on the glass surface as shown and the cord shall be 
subjected to a  steady pull gradually increasing up to,  but not exceeding,  that shown in  
Table 9.  If the sample moves,  it is pulled off the glass surface as slowly as possible and 
allowed to fall onto the concrete  backed hard wood base.  

The height of the surface above the base is 0, 5 m.  The size of the hard wood and concrete 
base shall be  sufficient for the control  to remain  on  the base  after falling.  

The test is repeated three times.  

1 8.5.3  After the test,  the sample shall be  evaluated as in  18. 1 . 5.  

 I n -l ine  cord  controls  1 8.6

1 8.6. 1  In-line cord controls  other than free-standing controls  shall be additionally tested 
in a  tumbling barrel as shown in Figure 5.  The width of the barrel shall not be less than 
200 mm,  and shall be as wide as is necessary to  ensure the uninterrupted fall of the control  
when fitted with the  cords as required in  18. 6. 2.  

1 8.6.2  Controls  with  non-detachable cords  using type X attachment  shall be fitted with 
the flexible cord or cords having the smallest cross-sectional area specified in 10. 1 . 4 and a  
free length of approximately 50 mm.  Terminal screws are tightened with two-thirds of the 
torque specified in 19. 1 .  Controls  with  non-detachable cords  using type M attachment,  
type Y attachment or type Z attachment  shall be tested with cord or cords declared or 
supplied,  the cord or cords being cut so that a  free length of about 50 mm projects from the 
control.  

1 8.6.3  The sample falls from a  height of 50 cm onto a  steel plate,  3 mm thick,  the number of 
falls being:  

– 1  000 if the mass of the sample without cord does not exceed 100 g;  

– 500 if the mass of the sample without cord exceeds 100 g,  but does not exceed 200 g.  

1 8.6.4  In-line cord controls  with  a  mass exceeding 200 g are not tested in the tumbling 
barrel,  but shall be  subjected to the test of 18. 5.  

1 8.6.5  The barrel is turned at a  rate of five revolutions per min,  10 falls per min thus taking 
place.  

1 8.6.6  After this test,  the control shall be evaluated as in 18. 1 . 5.  Special attention is paid to 
the connection of flexible  cord or cords.  

 Pu l l -cord  actuated  controls  1 8.7

1 8.7. 1  Pull-cord actuated controls  shall be  additionally tested as in  18. 7. 2 and 18. 7. 3.  

1 8.7.2  The control shall be mounted as declared by the manufacturer,  and the pull-cord 
shall be subjected to a  force,  applied without jerks,  first for 1  min in  the  normal direction,  and 
then for 1  min in the  most unfavourable direction,  but not exceeding 45° from the normal 
direction.  

1 8.7.3  The values of the force are shown in  Table 19.  

International  Electrotechnical  Commission

 



 – 1 1 8  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

Table  1 9  (1 8.7  of ed i tion  3)  – Pu l l -cord  force  test values   

 
Rated  cu rren t  

Force  
N  

A  Normal  
d i rection  

Most unfavourable  
d i rection  

Up to  and  i ncl ud i ng  4  50  25  

Over 4  1 00  50  

 

1 8.7.4 After this test,  the control shall be  evaluated as in  18. 1 . 5.  

 Foot actuated  controls  1 8.8

1 8.8. 1  Controls  actuated by foot shall be additionally tested as follows:  

1 8.8.2  The control is subjected to a  force applied by means of a  circular steel pressure 
plate with a  diameter of 50 mm.  The force is increased continuously from an initial value of 
about 250 N,  up to 750 N,  within  1  min,  after which it is maintained at this value for 1  min.  

1 8.8.3  The control is placed on a  flat horizontal steel support with  the appropriate flexible 
cord fitted.  The force is applied three times with the sample placed in different positions,  the 
most unfavourable positions being chosen.  

1 8.8.4  After the test,  the control shall be  evaluated as in  18. 1 . 5.  

 Actuating  member and  actuating  means  1 8.9

1 8.9. 1  Controls  supplied with,  or intended to be fitted with actuating members  shall be 
tested as follows.  

– First an axial pull shall be applied for 1  min to try to pull off the  actuating member.  

– If the shape is such that it is  not possible to apply an axial pull in normal use,  this first 
test does not apply.  

–  If the shape of the actuating member is  such that an axial pull is unlikely to be applied in 
normal use,  the force is 15 N.  

– If the shape is such that an axial pull is likely to be applied,  the force is 30 N.  

– Secondly,  an axial push of 30 N for 1  min is then applied to all actuating members.  

1 8.9.2  If a  control is intended to have an actuating member but is submitted for approval 
without,  or is intended to have an easily removable actuating member then a  pull and push of 
30 N are  applied to the actuating means.  

NOTE  Seal i ng  compound  and  the  l i ke,  other than  sel f-harden ing  res i ns,  i s  not  deemed  to  be  adequate  to  prevent 
l oosen ing .  

1 8.9.3  During and after each of these tests,  the control shall show no damage,  nor shall an 
actuating member have moved so as to impair compliance with  this standard.  
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1 9  Threaded  parts  and  connections  

 Threaded  parts  moved  during  mounting  or servicing  1 9.1

1 9. 1 . 1  Threaded  parts,  e l ectrica l  or otherwise  wh ich  are  l i kel y to  be  operated  wh i l e  the  
control  i s  being  mounted  or during  servicing  shal l  wi thstand  the  mechan ical  s tresses  
occurring  i n  normal  use .   

NOTE  Th readed  parts  wh ich  are  operated  wh i l e  the  control  i s  being  mounted ,  or d uri ng  servicing ,  i ncl ude  i tems 
such  as  term inal  screws,  cord  anchorage  screws,  fi xi ng  and  mounti ng  screws,  n u ts,  th readed  ri ngs  and  cover plate  
screws.  

1 9. 1 .2  Such  parts  shal l  be  easi l y replaceable  i f complete l y removed .  

NOTE  Constructions  wh ich  restri ct  the  complete  removal  of a  th readed  part  are  deemed  to  meet  th i s  requ i rement.  

1 9. 1 .3  Such  threaded  parts  shal l  have  a  metric I SO thread  or a  th read  of equ ivalent 
effecti veness.  

NOTE  Provis ional l y S I ,  BA and  Un i fi ed  threads  are  deemed  to  be  of equ i val ent  effecti veness  to  a  metri c  I SO 
th read .  A test  for equ i va len t  effecti veness  i s  under considerati on .  Pend ing  agreement to  a  test,  a l l  torque  values  for 
th reads  other than  I SO,  BA,  S I  or Un i fi ed  are  i ncreased  by 20  % .  

1 9. 1 .4  I f such  a  th readed  part i s  a  screw and  i f i t  generates  a  thread  i n  another part,  i t  shal l  
not be  of the  thread  cu tti ng  type.  I t  may be  of the  thread  form ing  (swag ing )  type.  There  i s  no  
requ irement for the  type  of th read  so  produced .  

1 9. 1 .5  Such  screws may be  of the  space threaded  type,  (sheet metal )  i f they are  provided  

wi th  a  su i table  means  to  prevent loosen ing .  

NOTE  Su i table  means  to  prevent  l oosen ing  of space  th readed  screws  i ncl ude  a  spri ng  nu t,  or other component of 
s im i l ar res i l i ence,  or a  th read  of res i l i en t  material .  

1 9. 1 .6  Such  threaded  parts  shal l  not be  of non-metal l ic  materia l  i f thei r replacement by a  
d imensional l y s im i l ar metal  screw cou ld  impair compl iance  wi th  C lause  1 3  or 20.  

1 9. 1 .7  Such  screws  shal l  not be  of metal  wh ich  i s  soft or l i able  to  creep such  as  zi nc or 

a lum in ium .  

Th is  requ i rement i s  not appl icable  to  parts  used  e i ther as  a  cover  to  l im i t  access  to  setting  
means,  or as  setting  means  such  as  fl ow or pressure  ad j usters  i n  gas  controls .  

1 9. 1 .8  Such  screws operating  i n  a  thread  of non-metal l ic  material  shal l  be  such  that the  

correct  i n troduction  of the  screw in to  i ts  counterpart  shal l  be  ensured .  

NOTE  The  requ i rement for the  correct  i n troduction  of a  metal  screw i n to  a  th read  of non -metal l i c  material  can  be  
met  i f the  i n troduction  of the  screw i n  a  s l an ti ng  manner i s  prevented ,  for example,  by gu i d i ng  the  screw or part  to  
be  fi xed  by a  recess  i n  the  female  th read ,  or by the  use  of a  screw wi th  the  l ead ing  th read  removed .  

1 9. 1 .9  Such  threaded  parts,  when  used  for i n -l ine  cord  controls ,  i f they are  transm itti ng  
con tact pressure  and  i f they have  a  nom inal  d iameter l ess  than  3  mm ,  shal l  screw i n to  metal .  
I f they are  of non-metal l i c  materia l ,  they shal l  have  a  nom inal  d iameter of at  l east 3  mm,  and  
shal l  not  be  used  for any e lectrical  connection .  

1 9. 1 . 1 0  Compliance with 19. 1 . 1  to 19. 1 . 9 inclusive is checked by inspection and by the test 
of 19. 1 . 11  to 19. 1 . 15,  inclusive.  

  

International  Electrotechnical  Commission

 



 – 1 20  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

 

1 9. 1 . 1 1  Threaded parts are  tightened and loosened:  

– 10 times if one of the threaded parts is of non-metallic material,  or 

– five times if both  parts are of metallic material.  

1 9. 1 . 1 2  Screws in engagement with a  thread of non-metallic material are completely 
removed and reinserted each time.  When testing terminal screws and nuts,  a  conductor of the 
largest cross-sectional area used in 10. 1 . 4 or of the minimum cross-sectional area specified in 
10. 2. 1  is placed in  the terminal.  

1 9. 1 . 1 3  The shape of the screwdriver should suit the  head of the screw to be tested.   

1 9. 1 . 1 4  The conductor is moved each time the threaded part is loosened.  During the test,  no 
damage impairing the further use of the threaded parts shall occur,  such as breakage of 
screws or damage to the  slot head or washers.  

1 9. 1 . 1 5  The test is made by means of a  suitable test screwdriver,  spanner or key,  applying a  
torque,  without jerks,  as shown in Table  20.  

Table  20  (1 9 .1  of ed i tion  3)  – Threaded  parts  torque  test  values   

Nominal  d iameter of thread  
mm  

Torque  
Nm  

 I  I I  I I I  

Up to  and  i ncl ud i ng  1 , 7  0 , 1  0 , 2  0 , 2  

Over 1 , 7  up  to  and  i ncl ud i ng  2 , 2   0 , 1 5  0 , 3  0 , 3  

Over 2 , 2  up  to  and  i ncl ud i ng  2 , 8   0 , 2  0 , 4  0 , 4  

Over 2 , 8  up  to  and  i ncl ud i ng  3 , 0   0 , 25  0 , 5  0 , 5  

Over 3 , 0  up  to  and  i ncl ud i ng  3 , 2   0 , 3  0 , 6  0 , 6  

Over 3 , 2  up  to  and  i ncl ud i ng  3 , 6   0 , 4  0 , 8  0 , 6  

Over 3 , 6  up  to  and  i ncl ud i ng  4 , 1   0 , 7  1 , 2  0 , 6  

Over 4 , 1  up  to  and  i ncl ud i ng  4 , 7   0 , 8  1 , 8  0 , 9  

Over 4 , 7  up  to  and  i ncl ud i ng  5, 3  a  0 , 8  2 , 0  1 , 0  

Over 5 , 3  a  – 2 , 5  1 , 25  

Use  column  I  – for metal  screws  wi thout  heads  i f the  screw when  ti gh tened  does  not  
protrude  from  the  hole,  or i f the  screwdri ver access  i s  l im i ted  to  the  
major d i ameter of the  screw.  

Use  col umn  I I   – for other metal  screws  and  for nu ts:  

•  wi th  a  cyl i nd ri cal  h ead  and  a  socket for a  special  purpose  tool ,  the  
socket  having  a  cross-corner d imension  exceed i ng  the  overal l  th read  
d iameter;   

•  wi th  a  head  having  a  s l ot  or s l ots ,  the  l ength  of wh ich  exceeds  
1 , 5  t imes  the  overal l  th read  d iameter.  

  – for screws  of non -metal l i c  materia l  having  a  hexagonal  head  wi th  the  
d imension  across  fl ats  exceed i ng  the  overal l  th read  d i ameter.  

    U se  column  I I I  – for other screws  of non-metal l i c  material .  

a  N u ts  and  th readed  ri ngs  of g reater than  4 , 7  mm  i n  d i ameter wh ich  are  used  for s i ng l e-bush  
mounti ng  are  tested  wi th  a  torque  of 1 , 8  Nm ,  except that,  for controls  for s i ng le-bush  
mounti ng  us i ng  thermopl asti c  material s  and  where  there  i s  no  torque  effected  on  the  
mounti ng  for setting  or resetti ng  ( i . e.  for thermal  cut-outs) ,  the  thread  for mounti ng  i s  
tested  wi th  the  maximum  torque  as  decl ared  by the  manufacturer wh ich  i n  no  case  shal l  be  
l ess  than  0 , 5  Nm .  
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 Current-carrying  connections  1 9.2

1 9.2. 1  Current-carrying  connections  wh ich  are  not d isturbed  during  moun ting  or servicing  
and  the  efficiency or securi ty of wh ich  is  main ta ined  by the  pressure  of a  screw,  th readed  part,  
ri vet or the  l i ke  shal l  wi thstand  the  mechan ical ,  thermal  and  e lectrica l  s tresses  occurring  i n  
normal  use .  

1 9.2.2  Such  curren t-carrying  connections  wh ich  are  a lso  subject to  tors ion  i n  normal  use ,  
(that  i s ,  having  parts  in tegral  wi th  or connected  ri g i d l y to  screw terminals ,  e tc. )  sha l l  be  

l ocked  against  any movement wh ich  cou ld  impair compl iance  wi th  C lauses  1 3  or 20.  

NOTE  1  The  requ i rement  regard ing  being  l ocked  against  movement  does  not  imply that  the  cu rrent-carrying  
connection  shal l  be  so  designed  that  rotation  or d i splacement  i s  prevented ,  provided  that  any movement  i s  
appropri atel y l im i ted  and  does  not  bri ng  abou t non-compl iance  wi th  th i s  standard .  

NOTE  2  Connections  made  wi th  one  screw,  ri vet  or the  l i ke  are  su ffi cien t  i f the  parts  are  themselves  prevented  
from  making  such  movement by mechan ical  i n teraction  between  parts  or by the  provis ion  of spri ng  washers  or the  
l i ke.  

NOTE  3  Connections  made  wi th  one  ri vet  wi th  a  non -ci rcu lar or notched  shank correspond ing  to  appropri atel y 
shaped  holes  i n  the  cu rren t-carrying  parts  are  cons i dered  to  meet th i s  requ i rement.  Connections  made  wi th  two  or 
more  screws  or ri vets  a l so  meet  th i s  requ i rement.  

NOTE  4  Seal i ng  compound  can  be  used  i f the  parts  so  seal ed  are  not  subjected  to  stress  du ri ng  normal  use .  

1 9.2.3  Such  curren t-carrying  connections  shal l  be  so  des igned  that con tact pressure  i s  not 
transm i tted  through  non-metal l ic material  other than  ceram ic or other non-meta l l ic materia l  
having  characteristics  no  l ess  su i table,  un less  there  i s  sufficient res i l i ence  i n  the  
correspond ing  metal  parts  to  compensate  for any shrinkage or d is tortion  of the  non-metal l ic 
materia l .  

NOTE  The  su i tabi l i ty of non-metal l i c  material  i s  cons idered  wi th  respect to  the  stabi l i ty of the  d imensions  wi th i n  
the  temperature  range  appl i cable  to  the  control .  

1 9.2.4  Such  curren t-carrying  connections  shal l  not make  use  of space threaded  screws,  
un less  the  screws  clamp the  curren t-carrying  parts  d i rectl y i n  contact wi th  each  other,  and  are  
provided  wi th  a  su i table  means  of locking .  

1 9.2.4. 1  Space  th readed  screws  may be  used  to  provide  earth ing  conti nu i ty i f at  l east two  

such  screws  are  used  for each  connection .  

NOTE  I n  Canada  and  the  USA,  to  provide  earth ing  con ti nu i ty (bond ing),  the  use  of one  screw i s  perm i tted  i f at  
l east  two  fu l l  th reads  are  engaged .  I f two  screws  are  used ,  each  screw sha l l  engage  at  l east  one  fu l l  th read .  

1 9.2.5  Such  current-carrying  connections  may make  use  of thread  cu tting  screws i f these  

produce a  fu l l -form  standard  mach ine  screw thread .  

1 9.2.5. 1  Thread  cu tti ng  screws may be  used  to  provide  earth ing  con ti nu i ty i f at  l east two  
such  screws  are  used  for each  connection .  

NOTE  I n  Canada  and  the  USA,  to  provide  earth ing  con ti nu i ty (bond ing),  the  use  of one  screw i s  perm i tted  i f at  
l east  two  fu l l  th reads  are  engaged .  I f two  screws  are  used ,  each  screw sha l l  engage  at  l east  one  fu l l  th read .  

1 9.2.6  Such  current-carrying  connections,  whose parts  rel y on  pressure  for their correct 
function ,  shal l  have  res istance  to  corrosion  over the  area  of contact not  i n ferior to  that of 
brass.  Th is  requ i rement does  not appl y to  parts  whose essentia l  characteristics  may be  
adversel y affected  by p lating  such  as  b imetal l ic  b lades,  wh ich  i f not p l ated  shal l  be  clamped  
i n to  con tact wi th  parts  wh ich  have  adequate  res istance  to  corrosion .  Su i table  corrosion  
res istance  may be  ach ieved  by p lating  or a  s im i l ar process.   

1 9.2.7  Compliance with  19. 2. 1  to 19. 2.6 inclusive is checked by inspection.  In addition,  
compliance with 19. 2. 3 and 19. 2. 6 is checked by an inspection of the metallic resilient parts 
after the tests of Clause 17 have been completed.  
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20  Creepage d istances,  clearances  and  d istances  through  sol id  insulation  

Controls  shal l  be  constructed  so  that the  clearances ,  creepage d istances  and  d istances  
through  sol id  i nsu lation  are  adequate  to  wi thstand  the  e lectrica l  s tresses  that can  be  
expected .  

Pri n ted  wi ri ng  boards  conform ing  wi th  a l l  of the  requ i rements  for type  2  coating  as  speci fi ed  i n  
I EC 60664-3  shal l  comply wi th  the  m in imum  requ i rements  of 20. 3  for sol id  i nsu lation .  The  
spacing  between  the  conductors  before  the  protection  is  appl i ed  shal l  not be  l ess  than  the  
va lues  as  speci fi ed  i n  Table  1  of I EC  60664-3:2003.  See  a lso  Annex Q.  

Creepage  d istances  and  clearances  between  term inals  for the  connection  of external  
conductors  shal l  be  not l ess  than  2  mm,  or the  speci fied  l im i t,  wh ichever i s  the  h ighest.  Th is  
requ i rement does  not appl y to  such  term inals  i f they are  on l y used  for factory attachment of 
conductors  or i f they are  used  for connection  i n  ELV  ci rcu i ts.  

Creepage d istances ,  clearances  and  d istances  through  sol i d  i nsu lation  i n  swi tch  mode  
power suppl ies  and  other h i gh  frequency swi tch ing  ci rcu i ts  where  the  fundamental  frequency 
is  above  30  kHz and  less  than  1 0  MHz shal l  be  d imensioned  i n  accordance wi th  I EC  60664-4.  

The  tabu lated  values  of Clause  20  are  absolu te  m in imum  va lues  that must be  maintained  for 
a l l  manufacturing  cond i ti ons  and  th rough  the  l i fetime of the  equ ipment.  

Compliance is checked by inspection,  by measurement and by the tests of this clause.  

NOTE  1  The  requ i rements  and  tests  are  based  on  I EC 60664-1  from  wh ich  fu rther i n formation  can  be  obtai ned .  

NOTE  2  A creepage  d istance  cannot be  l ess  than  the  associated  cl earance .  The  shortest  creepage  d istance  
possib le  i s  equa l  to  the  requ i red  clearance .   

NOTE  3  See  Annex S  for g u i dance.  

 C learances  20.1

Clearances  sha l l  not be  l ess  than  the  values  shown  i n  Table  22  for case  A,  taking  in to  
account the  pol lu tion  degree  and  the  rated  impu lse  vol tage  requ i red  to  serve  the  
overvol tage  categories  of Table  21 ,  except that,  for basic insu lation  and  functional  
insulation ,  smal l er d is tances  may be  used  i f the  control  meets  the  impu lse  wi thstand  test of 
20. 1 . 1 2  and  the  parts  are  ri g i d  or held  by mou ld ings,  or i f the  construction  i s  such  that there  i s  
no  l ikel i hood  of the  d istances  be ing  reduced  by d istortion  or by movement of the  parts  ( for 
example,  du ring  operation  or d uring  assembly) ,  bu t i n  no  case  shal l  the  clearances  be  l ess  

than  the  va lues  for case  B.  

Compliance is checked by inspection,  by measurement and,  if necessary,  by the test of 
20. 1 . 12.  

NOTE  1  Controls  normal l y are  expected  to  comply wi th  the  requ i rements  for the  overvol tage  category  of 
equ i pment  i n  wh ich  they are  used  un l ess  specia l  ci rcumstances  determ ine  other categories  to  be  appropriate.  
Annex L  provides  gu i dance.  

NOTE  2  Controls  wh ich  are  constructed  i n  accordance  wi th  the  m in imum  d imensions  of Tab le  22,  for case  A,  
need  not  be  subjected  to  the  impu lse  test  of 20. 1 . 1 2 .  For fu rther i n formation  on  case  A and  case  B ,  see  5. 1 . 3. 2  and   
5 . 1 . 3. 3  of I EC 60664-1 : 2007.  

Detachable parts  are removed.  Clearances are measured with movable parts and parts such 
as hexagon nuts which  can be assembled in  different orientations placed in the most 
unfavourable position.  

A  force is applied to bare conductors and accessible surfaces  in  order to attempt to reduce 
clearances  when making the measurement.  
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The force is:  2 N for bare conductors;    
 30 N for accessible surfaces.  

The force is applied by means of the test finger of Figure 2.  Apertures are  assumed to be 
covered by a  piece of flat metal.  

NOTE  Clearances  are  measured  as  speci fi ed  i n  Annex B .  

Table  21  (20 .1  of ed i tion  3)  – Rated  impu lse  vol tage  for equ ipment energized  d irectly  
from  the  supply mains  (from  IEC  60664-1 : 2007,  Table  F . 1 )  

Nominal  vol tage  of the  supply 
based  on  IEC  60038  a  b  

V  

Vol tage  l i ne-to-
neutral  derived  
from  nominal  

vol tages  a. c.  or  

Rated  impu lse  vol tage  requ i red  
accord ing  to  overvol tage  category c  

V  

Three-phase 
four-wi re  
systems a  

S ing le-phase d  
systems  

d .c.  up  to  and  
i nclud ing   

V 

I  I I  I I I  IV 

  50  330  500  800  1  500  

  1 00  500  800  1  500  2  500  

 1 20/240  1 50  800  1  500  2  500  4  000  

230/400  

277/480  

 300  1  500  2  500  4  000  6  000  

400/690   600  2  500  4  000  6  000  8  000  

a   The  fi rst  va l ue  l i s ted  i s  the  l i ne-to-neu tral  or the  l i ne-to-earth  vol tage  and  the  second  va l ue  l i s ted  i s  the  
l i ne-to- l i ne  vol tage.  

b  For controls  capabl e  of generati ng  an  overvol tage  at  the  control  term inal s ,  for example,  swi tch i ng  
devices,  the  rated  impu lse  vol tage  impl i es  that  the  control  shal l  n ot  generate  overvol tage  i n  excess  of 
th i s  val ue  when  used  i n  accordance  wi th  the  re l evant  s tandard  and  i nstructions  of the  manufacturer.  

c   See  Annex L  for an  expl anation  of overvol tage  categories  and  Annex M  for appl i cation  gu idance.  
Overvol tage  category  may be  speci fi ed  i n  a  part  2  or i n  the  fi nal  equ i pment standard .  

d   See Annex K for other suppl y systems  (for example,  note  that  some three-phase,  th ree-wi re  systems 
requ i re  h i gher rated  impu lse  vol tage  th an  th ree-phase  fou r-wi re  systems  of s im i l ar vol tage).  
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Table  22  (20.2  of ed i tion  3)  – Clearances  for insu lation  co-ordination  
(from  IEC  60664-1 : 2007,  Table  F.2)  

Rated  
impu lse  
vol tage  
from  

Table  21  a  

C learances  in  ai r up  to  2  000  m  above  sea-l evel  b  
mm 

Case A 
Case  B  

( impu lse  test requ i red  – see  20. 1 . 1 2)  

Pol lu tion  degree  c   Pol lu tion  degree  c   

kV 1  2  3  4  1  2  3  4  

0, 33  0 , 01  

0 , 20  
0 , 8  

1 , 6  

0 , 01  

0 , 2  

0 , 8  
1 , 6  

0 , 50  0 , 04  0 , 04  

0 , 80  0 , 1 0  0 , 1  

1 , 5  0 , 5  0 , 5  0 , 3  0 , 3  

2 , 5  1 , 5  1 , 5  1 , 5  0 , 6  0 , 6  

4 , 0  3  3  3  3  1 , 2  1 , 2  1 , 2  

6 , 0  5 , 5  5, 5  5 , 5  5, 5  2  2  2  2  

8 , 0  8  8  8  8  3  3  3  3  

  NOTE  For smal l  va l ues  of cl earances ,  the  u n i form i ty of the  e l ectri c  fi e l d  can  deteriorate  i n  the  presence  of 
pol lu tion ,  making  i t  necessary to  i ncrease  the  cl earance  va l ues  above  the  val ues  of case  B .  

a  For functional  i nsu lation ,  the  rated  impu lse  vol tage  i s  d eri ved  from  the  value  i n  col umn  3  of Table  21   
wh ich  covers  the  measured  vol tage  across  the  clearance ,  un less  otherwise  declared  and  j usti fi ed  by the  
manufacturer.  I f the  secondary wind ing  of the  s tepdown  transformer i s  earthed ,  or i f there  i s  an  earthed  
screen  between  the  primary and  secondary wi nd i ngs,  the  reference  for the  rated  impu lse  vol tage  for the  
clearances  of basic  i nsu lation  on  the  secondary s i de  shal l  be  one  step  l ower than  that  wh ich  covers  the  
rated  i npu t  vol tage  of the  primary s i de  of the  transformer.  

 The  use  of an  i sol ati ng  transformer wi thout  an  earthed  protecti ve  screen  does  not  a l l ow a  reduction  i n  the  
rated  impu lse  vol tage .  

b  For a l ti tu des  of more  than  2  000  m  above  sea- level ,  the  val ues  for clearances  shal l  be  mu l ti pl i ed  wi th  the  
correction  factor speci fi ed  i n  I EC 60664-1 : 2007,  Table  A. 2.  

c  An  explanation  of pol lu tion  degree  i s  g i ven  i n  Annex N .  

 

20. 1 . 1  The  clearances  of basic insu lation  shal l  be  sufficien t to  wi thstand  the  overvol tages  
that can  be  expected  i n  use,  taking  i n to  account  the  rated  impulse  vol tage .  The  va lues  of 

Table  22,  case  A appl y except as  perm i tted  by 20. 1 . 7.  

Compliance is checked by measurement.  

20. 1 . 1 . 1  I f the  control  i s  suppl ied  from  a  ded icated  battery wh ich  has  no  provis ion  for 
charg ing  from  an  external  mains  suppl y,  the  rated  impu lse  vol tage  shal l  be  assumed  to  be  

71  V peak.  

20. 1 .2  For functional  i nsu lation ,  Table  22 ,  case  A appl ies  

−  except as  perm i tted  by 20. 1 . 7 ;  

or 

−  except that clearances  for electron ic  controls  are  not speci fi ed  i f the  requ irements  of 
H . 27. 1 . 1 . 3  are  met  wi th  the  clearances  short-ci rcu i ted .  

20. 1 .3  Compliance with  20. 1  is checked by measurement using the methods of measurement 
as given in  Annex B and Figure 17.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 1 25  –  
© I EC  201 5  

20. 1 .3. 1  For controls  provided with an equipment inlet or socket-outlet,  the measurements 
are made twice,  once with an appropriate connector or plug inserted,  and once without a  
connector or plug inserted.  

20. 1 .3.2  For terminals intended for the connection of external conductors,  the  
measurements of such terminals are made twice,  once with  conductors of the largest 
cross-sectional area  used in 10. 1 . 4 fitted,  and once without conductors fitted.  

20. 1 .3.3  For terminals intended for the connection of internal conductors,  the 
measurements of such terminals are made twice,  once with  conductors of the minimum 
cross-sectional area  used in 10. 2. 1  fitted,  and once without conductors fitted.  

20. 1 .4  Distances through slots or openings in surfaces of insulating material are measured 
to metal foil in contact with the surface.  The foil is  pushed into corners and the like by means 
of the standard test finger shown in  Figure 2,  but is not pressed into openings.   

20. 1 .5  The standard test finger is applied to apertures as specified in  8. 1 ,  the distance 
through insulation between live parts  and the metal foil shall then not be  reduced below the 
values specified.  

20. 1 .6  If necessary,  a  force is applied to any point on bare live parts  which are accessible 
before the control is mounted,  and to the outside of surfaces which are accessible after the 
control is mounted,  in  an  endeavour to reduce the creepage distances ,  clearances  and 
distances through insulation while  taking the measurements.  

20. 1 .6. 1  The force is applied by means of the  standard test finger and has a  value of:  

– 2 N for bare live parts;  

– 30 N for accessible surfaces.  

Compliance is checked by measurement and by test if necessary.  

20. 1 .7  For basic insu lation  and  functional  insu lation ,  smal ler d istances  may be  perm i tted  
i f the  control  meets  the  impu lse  wi thstand  test of 20. 1 . 1 2  and  the  parts  are  ri g id  or held  by 
mou ld ings,  or i f the  construction  is  such  that there  is  no  l i kel i hood  of the  d istances  be ing  
reduced  by d istortion ,  by movement of the  parts ,  or d uring  assembly,  bu t i n  no  case  shal l  the  
clearances  be  l ess  than  the  va lues  for case  B .  

Compliance is checked by the test of 20. 1 . 12.  

When  testi ng  functional  insu lation ,  the  impu lse  vol tage  is  appl ied  across  the  clearance .  

NOTE  When  carryi ng  ou t  the  impu lse  test,  parts  or components  of the  con trol  can  be  d i sconnected  i f necessary.  

20. 1 .7. 1  For micro-d isconnection  and  micro-interruption ,  there  is  no  speci fied  m in imum  
d istance  for the  clearance  between  the  contacts  and  between  those  cu rrent-carrying  parts  
where  the  clearance  varies  wi th  the  movement of the  contacts .  

20. 1 .7.2  For fu l l  d isconnection ,  the  va lues  speci fied  i n  Table  22,  case  A appl y to  parts  
separated  by the  swi tch ing  elemen t i nclud ing  the  contacts,  when  the  con tacts  are  in  the  fu l l y 
open  posi tion .  

20. 1 .8  Clearances  of supplementary insu lation  shal l  be  not l ess  than  those  speci fied  for 
basic insu lation  i n  Table  22,  case  A.  

Compliance is checked by measurement.  
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20. 1 .9  Clearances  of reinforced  insu lation  shal l  be  not l ess  than  those  in  Table  22,  case  A 
bu t us ing  the  next h i gher step  for rated  impu lse  vol tage  as  a  reference.  

NOTE  For double  i nsu lation ,  where  there  i s  no  i n termed iate  conducti ve  part  between  the  basic i nsu lation  and  
supplementary i nsu lation ,  clearances  are  measured  between  l i ve  parts  and  the  accessibl e  surface  or  
accessib le  metal  parts .  The  i nsu lation  system  i s  treated  as  rei nforced  i nsu lation .  

Compliance is checked by measurement.  

20. 1 . 1 0  For controls  or portions  of controls  suppl i ed  from  a  transformer wi th  double  
insu lation ,  clearances  of functional  insu lation  and  basic insu lation  on  the  secondary s ide  
are  based  on  the  secondary vol tage  of the  transformer wh ich  is  used  as  the  nom inal  vol tage 
of Table  21 .   

NOTE  1  The  use  of a  transformer wi th  separate  wind ings  a lone  does  not  a l l ow a  change  of overvol tage  
category.  

I n  the  case  of suppl y vol tages  derived  from  transformers  wi thout separate  wind ings,  the  rated  
impu lse  vol tage  sha l l  be  determ ined  from  Table  21  based  on  the  primary vol tage  for s tep-
down  transformers,  and  based  on  the  maximum  measured  r.m .s.  value  of the  secondary 
vol tage  for s tep-up  transformers.  

Part 2s  may speci fy a l ternative  cri teria  for some si tuations,  for example,  h i gh  vol tage  i gn i tion  
sources.  

Annex F ,  Table  F . 2  of I EC 60664-1 : 2007  g ives  clearance  d imensions  for h i gher impu lse  

wi thstand  vol tages.  

NOTE  2  See  a l so  references  i n  Clause  24.  

Compliance is checked by measurement or test if necessary.  

20. 1 . 1 1  For ci rcu i ts  having  ELV  l evels  wh ich  are  derived  from  the  supply by means  of 
protective  impedance ,  clearances  of functional  insu lation  are  determ ined  from  Table  21  
based  on  the  maximum  measured  value  of the  working  vol tage  i n  the  ELV  c i rcu i t.  

20. 1 . 1 2  The  impu lse  vol tage  test,  when  requ ired ,  i s  appl ied  i n  accordance wi th  6. 1 . 2 . 2 . 1  of 

I EC 60664-1 : 2007.  

Part  2s  may speci fy envi ronmental  test cond i ti ons.  

The impulse voltage is applied between live parts  and metal parts separated by basic 
insulation  or functional insulation .  

NOTE  I n  the  case  of functional  i nsu lation ,  parts  or components  of the  con trol  can  be  d i sconnected  i f 
necessary.  

20. 1 . 1 3  I f the  secondary of a  transformer is  earthed ,  or i f there  is  an  earthed  screen  between  
the  primary and  secondary wind ings,  the  clearances  of basic insu lation  on  the  secondary 
s i de  shal l  not be  less  than  those  speci fied  i n  Table  22  bu t us ing  the  next l ower s tep  for rated  
impu lse  vol tage  as  a  reference.  

NOTE  The  use  of an  i sol ati ng  transformer wi thou t  an  earthed  protecti ve  screen  or earthed  secondary does  not  
a l l ow a  reducti on  i n  the  rated  impu lse  vol tage .  

For ci rcu i ts  suppl ied  wi th  a  vol tage  lower than  rated  vol tage,  for example,  on  the  secondary 
s i de  of a  transformer,  clearances  of functional  insu lation  are  based  on  the  working  
vol tage ,  wh ich  i s  used  as  the  rated  vol tage  for Table  21 .  
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20. 1 . 1 4  See Annex J .  

20. 1 . 1 5  See Annex H .  

 Creepage  d istances  20.2

20.2. 1  Controls  shal l  be  constructed  so  that creepage  d istances  for basic i nsu lation  are  
not l ess  than  those  speci fied  in  Table  23  for the  rated  vol tage,  taking  i n to  accoun t the  materia l  
g roup and  the  pol lution  degree .  

Creepage  d istances  a re  not speci fied  for electronic controls  i f the  requ i rements  of 
H . 27. 1 . 1 . 3  are  met  wi th  the  creepage d istance  short-ci rcu i ted .  

Compliance is checked by inspection and measurement.  

Detachable parts  are removed.  Creepage distances  are measured with  movable parts and 
parts which can be assembled in different orientations placed in  the most unfavourable 
position.  

A  force is applied to bare conductors and accessible surfaces  in  order to attempt to reduce 
creepage distances  when making the  measurement.  

The force is:  2 N for bare conductors;    
 30 N for accessible surfaces.  

The force is applied by means of the test finger of Figure 2.  Apertures are assumed to be 
covered by a  piece of flat metal.  

NOTE  Creepage  d istances  a re  measured  as  speci fi ed  i n  Annex B .  

20.2.2  Controls  sha l l  be  constructed  so  that creepage d istances  for functional  insu lation  
are  not l ess  than  those  speci fied  i n  Table  24  for working  vol tage ,  taking  i n to  account the  
materia l  g roup  and  the  pol lu tion  degree .  

Part 2s  may speci fy a l ternative  cri teria  for some si tuations,  for example,  h i gh  vol tage  i gn i tion  
sources.  

Compliance is checked by inspection and measurement.  

Detachable parts  are removed.  Creepage distances  are measured with  movable parts and 
parts which can be assembled in different orientations placed in the most unfavourable 
position.  

A  force is applied to bare conductors and accessible surfaces  in  order to attempt to reduce 
creepage distances  when making the measurement.  

The force is:  2 N for bare conductors;    
 30 N for accessible surfaces.  

The force is applied by means of the test finger of Figure 2.  Apertures are  assumed to be 
covered by a  piece of flat metal.  

NOTE  1  Creepage  d istances  are  measured  as  speci fi ed  i n  Annex B .  

NOTE  2  The  re l ati onsh ip  between  material  g roup  and  proof tracking  i ndex (PTI )  va l ues  i s  found  i n  6 . 1 3.  

The  PTI  va l ues  refer to  val ues  obtai ned  i n  accordance  wi th  I EC 601 1 2 ,  and  tested  wi th  sol u ti on  A.  

Materi a l s ,  the  PTI  va l ues  of wh ich  have  previously been  found  to  comply wi th  these  materia l  g roups,  are  acceptabl e  
wi thou t  fu rther testi ng .  
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NOTE  3  For g l ass,  ceram ics,  or other i norgan ic i nsu lati ng  materi a l s  wh ich  do  not  track,  creepage d istances  n eed  
not  be  g reater than  thei r associated  clearance  for the  purpose  of i nsu l ation  co-ord i nati on .  

Table  23  (20 .3  of ed i tion  3)  – M in imum  creepage d istances  for basic  insu lation  

 
Rated  

Creepage  d istances  a  

mm  

vol tage  Pol lu tion  degree  

up to  and  
includ ing   

Printed  wi ring  
materi al  b  

 
1  

 
2  

 
3  

 
4  

 Pol lu tion  degree   Material  group  Material  group  Material  group  

V 1 c  2  d   I  I I  I I I  e  I  I I  I I I  e  I  I I  I I I  e  

50  0 , 025  0 , 04  0 , 2  0 , 6  0 , 9  1 , 2  1 , 5  1 , 7  1 , 9  2 , 0  2 , 5  3 , 2  

1 25  0 , 1 6  0 , 25  0 , 3  0 , 8  1 , 1  1 , 5  1 , 9  2 , 1  2 , 4  2 , 5  3 , 2  4 , 0  

250  0 , 56  1  0 , 6  1 , 3  1 , 8  2 , 5  3 , 2  3 , 6  4 , 0  5, 0  6 , 3  8, 0  

400  1  2  1 , 0  2 , 0  2 , 8  4 , 0  5, 0  5 , 6  6 , 3  8 , 0  1 0, 0  1 2 , 5  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5, 0  6 , 3  7 , 1  8 , 0  1 0, 0  1 2 , 5  1 6, 0  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8 , 0  9 , 0  1 0, 0  1 2 , 5  1 6, 0  20, 0  

800  2 , 4  4  2 , 4  4 , 0  5, 6  8, 0  1 0 , 0  1 1 , 0  1 2 , 5  1 6, 0  20, 0  25, 0  

a  Lacquered  conductors  of wi nd ings  are  cons idered  to  be  bare  conductors  bu t  creepage  d istances  are  not  
requ i red  to  be  l arger than  the  associated  clearance  speci fi ed  i n  Tabl e  22 .  

b   When  pri n ted  ci rcu i t  boards  are  coated  i n  accordance  wi th  Annex P  or Cl ause  Q. 1  and  the  coati ng  has  a  PTI  of 
at  l east  1 75,  the  val ues  speci fi ed  for pol lu tion  degree  1  are  perm i tted .  The  PTI  shal l  be  measured  i n  
accordance  wi th  I EC 601 1 2.  

c  Materi a l  g roups  I ,  I I ,  I I I a  and  I I I b .  

d  Materi al  g roups  I ,  I I  and  I I I a .  

e  Materi a l  g roup  I I I  i ncl udes  I I I a  and  I I I b.  Materia l  g roup  I I I b  i s  not  perm i tted  for appl i cation  above  630  V or for 
appl i cation  i n  pol lu tion  degree  4 .  

 

Compliance is checked by measurement.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 1 29  –  
© I EC  201 5  

Table  24 (20.4  of ed i tion  3)  – M in imum  creepage d istances  
for functional  insu lation  

 
Working  

Creepage d istances  b  c  

mm  

vol tage  Pol lu tion  degree  

r.m .s.  a  Printed  wi ring  
materi al  d  

 
1  

 
2  

 
3  

 
4  

V Pol lu tion  degree   Material  group  Material  group  Material  group  

 1  e  2  f   I  I I  I I I  I  I I  I I I  g  I  I I  I I I  g  

1 0  0 , 025  0 , 04  0 , 08  0 , 40  0 , 40  0 , 40  1  1  1  1 , 6  1 , 6  1 , 6  

1 2 , 5  0 , 025  0 , 04  0 , 09  0 , 42  0 , 42  0 , 42  1 , 05  1 , 05  1 , 05  1 , 6  1 , 6  1 , 6  

1 6  0 , 025  0 , 04  0 , 1  0 , 45  0 , 45  0 , 45  1 , 1  1 , 1  1 , 1  1 , 6  1 , 6  1 , 6  

20  0 , 025  0 , 04  0 , 1 1  0 , 48  0 , 48  0 , 48  1 , 2  1 , 2  1 , 2  1 , 6  1 , 6  1 , 6  

25  0 , 025  0 , 04  0 , 1 25  0 , 5  0 , 5  0 , 5  1 , 25  1 , 25  1 , 25  1 , 7  1 , 7  1 , 7  

32  0 , 025  0 , 04  0 , 1 4  0 , 53  0 , 53  0 , 53  1 , 3  1 , 3  1 , 3  1 , 8  1 , 8  1 , 8  

40  0 , 025  0 , 04  0 , 1 6  0 , 56  0 , 8  1 , 1  1 , 4  1 , 6  1 , 8  1 , 9  2 , 4  3  

50  0 , 025  0 , 04  0 , 1 8  0 , 6  0 , 85  1 , 2  1 , 5  1 , 7  1 , 9  2  2 , 5  3 , 2  

63  0 , 04  0 , 063  0 , 2  0 , 63  0 , 9  1 , 25  1 , 6  1 , 8  2  2 , 1  2 , 6  3 , 4  

80  0 , 063  0 , 1  0 , 22  0 , 67  0 , 95  1 , 3  1 , 7  1 , 9  2 , 1  2 , 2  2 , 8  3 , 6  

1 00  0 , 1  0 , 1 6  0 , 25  0 , 71  1  1 , 4  1 , 8  2  2 , 2  2 , 4  3  3 , 8  

1 25  0 , 1 6  0 , 25  0 , 28  0 , 75  1 , 05  1 , 5  1 , 9  2 , 1  2 , 4  2 , 5  3 , 2  4  

1 60  0 , 25  0 , 4  0 , 32  0 , 8  1 , 1  1 , 6  2  2 , 2  2 , 5  3 , 2  4  5  

200  0 , 4  0 , 63  0 , 42  1  1 , 4  2  2 , 5  2 , 8  3 , 2  4  5  6 , 3  

250  0 , 56  1  0 , 56  1 , 25  1 , 8  2 , 5  3 , 2  3 , 6  4  5  6 , 3  8  

320  0 , 75  1 , 6  0 , 75  1 , 6  2 , 2  3 , 2  4  4 , 5  5  6 , 3  8  1 0  

400  1  2  1  2  2 , 8  4  5  5 , 6  6 , 3  8  1 0  1 2 , 5  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5  6 , 3  7 , 1  8  1 0  1 2 , 5  1 6  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8  9  1 0  1 2 , 5  1 6  21  

800  2 , 4  4  2 , 4  4  5 , 6  8  1 0  1 1  1 2 , 5  1 6  20  25  

a    For h i gher working  vol tages ,  the  values  of Tabl e  F . 4  of I EC 60664-1 : 2007  appl y.  

b  For g l ass,  ceram ics  and  other i norgan ic materi al s  wh ich  do  not  track,  creepage  d i stances  need  not  be  
g reater than  thei r associated  clearance .  

c  There  are  no  requ i rements  across  micro-in terruption  other than  between  term inal s  and  terminations .  
Between  term inal s  and  terminations ,  the  requ i rements  are  as  speci fi ed  i n  th i s  table.  

d  When  pri n ted  ci rcu i t  boards  are  coated  i n  accordance  wi th  Annex P  or Clause  Q. 1  and  the  coati ng  has  a  PTI  
of at  l east  1 75,  the  val ues  speci fi ed  for pol lu tion  degree  1  are  perm i tted .  The  PTI  shal l  be  measu red  i n  
accordance  wi th  I EC 601 1 2 .  

e    Materi a l  g roups  I ,  I I ,  I I I a  and  I I I b.  

f  Materi a l  g roups  I ,  I I  and  I I I a .  

g  Materi al  g roup  I I I  i ncl udes  I I I a  and  I I I b .  Materia l  g roup  I I I b  i s  not  perm i tted  for appl i cati on  above  630  V or for 
appl i cation  i n  pol lu tion  degree  4 .  

 

Compliance is checked by inspection.  

20.2.3  Creepage d istances  of supplementary insu lation  shal l  be  not l ess  than  those 
appropriate  for basic insu lation  taking  i n to  accoun t the  materia l  g roup  and  the  pol lution  
degree .  

Compliance is checked by inspection and measurement.  
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20.2.4  Creepage d istances  of rein forced  insu lation  shal l  be  not l ess  than  double  those  
appropriate  for basic insu lation ,  taking  in to  accoun t the  materia l  g roup  and  the  pol lution  
degree .  

Compliance is checked by inspection and measurement.  

20.2.5 See  Annex J .  

 Sol id  insu lation  20.3

Sol i d  insu lation  shal l  be  capable  of du rabl y wi thstand i ng  e lectrical  and  mechan ical  s tresses  as  
wel l  as  thermal  and  envi ronmenta l  i n fl uences  wh ich  may occur during  the  an ticipated  l i fe  of 
the  equ ipment.  

20.3. 1  There  is  no  d imensional  requ irement for the  th ickness  of basic i nsu lation  or 
functional  i nsu lation .   

20.3.2  The  d istance  through  i nsu lation  for supplementary insu lation  and  reinforced  
insu lation ,  for working  vol tages  u p  to  and  includ ing  300  V,  between  meta l  parts  shal l  not  be  

l ess  than  0, 7  mm .  

NOTE  Th is  does  not  imply that  the  d i stance  has  to  be  th rough  i nsu lati on  on l y.  The  i nsu l ati on  can  consist  of sol i d  
materia l  p l us  one  or more  a i r l ayers.  

For controls  h aving  parts  wi th  double  insu lation  where  there  i s  no  meta l  between  basic  
insu lation  and  supplementary insu lation ,  the  measurements  are  made as  though  there  i s  a  

metal  fo i l  between  the  two l ayers  of i nsu lation .  

20.3.2. 1  The requ i rement of 20. 3. 2  does  not appl y i f the  i nsu lation  i s  appl ied  i n  th i n  sheet 

form ,  other than  m ica  or s im i l ar sca l y materia l .   

–  For supplementary insu lation ,  i t  cons ists  of at  l east two l ayers,  provided  that each  of the  
l ayers  wi thstands  the  e lectric  strength  test of 1 3 . 2  for supplementary insu lation .  

– For reinforced  insu lation ,  i t  consists  of at  l east three  l ayers,  provided  that any two layers  
together wi thstand  the  e lectric  streng th  test of 1 3 . 2  for reinforced  insu lation .  

Compliance is checked by inspection and by test.  

20.3.2.2  The requ i rement of 20. 3. 2  does  not appl y i f the  supplementary insu lation  or the  
reinforced  insu lation  i s  i naccessib le  and  meets  one  of the  fol lowing  cri teria.  

– The  maximum  temperatu re  determ ined  during  the  tests  of C lauses  27  and  H . 27  does  not  
exceed  the  perm issib le  va lue  speci fi ed  i n  Table  1 3.  

– The  insu lation ,  after having  been  cond i ti oned  for 1 68  h  in  an  oven  main tained  at a  
temperature  equal  to  25  K in  excess  of the  maximum  temperature  determ ined  during  the  
tests  of C lause  1 4,  wi thstands  the  e lectric strength  test of 1 3 . 2 ,  th is  test  be ing  made on  
the  i nsu lation  both  at the  temperature  occurring  i n  the  oven  and  after cool i ng  to  
approximatel y room  temperature.  

For optocouplers ,  the  cond i tion ing  procedure  is  carried  ou t at  a  temperature  of 25  K i n  excess  
of the  maximum  temperature  measured  on  the  optocoupler during  the  tests  of C lauses  1 4,  27  
and  H . 27,  the  optocoupler be ing  operated  under the  most unfavourable  cond i tions  wh ich  
occur during  these  tests.  

Compliance is checked by inspection and by test.  
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21  Resistance to  heat,  fi re  and  tracking  

 General  requ irements  21 .1

Al l  non-metal l ic  parts  of a  control  shal l  be  resistant  to  heat,  fi re  and  tracking .  

Compliance is checked by the tests of 21 . 2,  except that independently mounted controls  
are  checked by the tests of 21 . 3.  

No requirements exist for small parts as defined in  3. 1  of IEC 60695-2-11:2000.  

NOTE  I n  the  USA,  compl iance  i s  checked  by the  procedu re  g i ven  i n  Annex D.   

 I n tegrated ,  incorporated  and  in -l ine  cord  controls  21 .2

The fol lowing  test sequences  shal l  be  conducted  as  appropriate  to  the  posi ti on  or function  of 
the  non-metal l ic part  and  the  declared  bal l  pressure  and  g low-wire  test temperatures.  

NOTE  Controls  can  be  used  i n  widel y d i fferent  end  appl i cati ons.  Sel ecti on  of test  l eve l s  from  the  requ i rements  
below can  be  i n fl uenced  by cons ideration  of the  end -appl i cati on  s tandard ’s  requ i rements.  

21 .2. 1   For parts which are accessible when the control is mounted in its manner of intended 
use,  and the deterioration of which may result in the  control becoming unsafe:  

–  ball pressure test 1  of G. 5. 1 ;  

–  the  glow-wire test of Clause G. 2 carried out at 550 °C.  

21 .2.2   For parts which retain in  position current-carrying parts other than electrical 
connections:  

–  ball pressure test 2 of G. 5. 2;  

–  the glow-wire test of Clause G.2 carried out at 550 °C.  

NOTE  The  tests  are  not  app l i cable  to  parts  retain i ng  i n  pos i ti on  cu rrent-carrying  parts  i n  l ow-power ci rcu i ts  as  
described  i n  H . 27. 1 . 1 . 1  

21 .2.3   For parts which  maintain or retain in position electrical connections,   

–  ball pressure test 2 of G. 5. 2,  

followed by the glow-wire test at the temperature appropriate for the application and as 
declared for the  control:  

NOTE  1  See  Annex F  for fu rther i n formation .  

Glow-wire test at 650 °C  

– the glow-wire test of Clause G.2 carried out at 650 °C.  

Glow-wire test at 750 °C 

– the glow-wire test of Clause G.2 carried out at 750 °C.  

Glow-wire test at 850 °C  

–  the glow-wire test of Clause G.2 carried out at 850 °C.  

The tests  are  not appl icable  to  parts  reta in ing  i n  pos i ti on  cu rrent-carrying  parts  i n  l ow-power 
ci rcu i ts  as  described  i n  H . 27. 1 . 1 . 1 .  

NOTE  2  Controls  can  be  used  i n  wide ly d i fferent  end  appl i cations.  Sel ection  of test  l evel s  from  the  requ i rements  
below can  be  i n fl uenced  by consideration  of the  end-appl i cati on  s tandard ’s  requ i rements.  
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NOTE  3  For controls  i n tended  for i ncorporation  i n to  appl i ances  wi th i n  the  scope  of I EC 60335-1  parts  wi th i n  
3  mm  of e l ectri cal  connections  can  be  evaluated  as  per 30. 2  of that  s tandard .  

21 .2.4   For all other parts,  (except decorative trim,  knobs,  etc. )  

–  the glow-wire test of Clause G.2 carried out at 550 °C.  

shall be carried out.  

NOTE  Un l ess  otherwise  i n d icated  i n  a  part  2 ,  d i aph ragms,  gaskets  and  seal i ng  ri ngs  of g l ands  are  not  subjected  
to  the  tests  of 21 . 2 . 4 .  

21 .2.5  Void  

21 .2.6  Void  

21 .2.7  Resistance  to  tracking  

Al l  non-meta l l ic parts  for wh ich  a  creepage d istance  i s  speci fied  i n  20. 2  shal l  have  a  
res istance  to  tracking  as  declared .  

NOTE  1  Requ i red  values  of res i stance  to  tracking  are  g i ven  e i ther i n  the  Part  2s  of I EC  60730  or i n  the  re l evant 
equ i pment  s tandard .  

Controls  d es igned  for operation  at  ELV  l evels  are  not subjected  to  a  tracking  test.  

NOTE  2  Wi th in  a  control ,  d i fferent  parts  can  have  d i fferent  PTI  va l ues  appropri ate  to  the  micro-environment  of 
the  part.  

Compliance is checked by the tests of Clause G.4 carried out at one of the following PTI 
values as declared in  Table 1 ,  requirement 30:  

– 100 V;  

– 175 V;  

– 250 V;  

– 400 V;  

– 600 V.  

NOTE  3  For the  pu rposes  of 21 . 2 . 7 ,  the  proxim i ty of arcing  contacts  i s  not  considered  to  i ncrease  the  deposi ti on  
of external  conducti ve  materi al  as  the  endurance  tests  of Clause  1 7,  fol l owed  by the  e l ectri c  strength  tests  of 
Clause  1 3,  are  deemed  suffi cien t  to  determ ine  the  effect  of pol lu tion  ari s i ng  from  wi th i n  the  control .  

 I ndependently mounted  controls  21 .3

The test sequence  of 21 . 2. 1  th rough  21 . 2 .7  appl ies,  preceded  by the  precond i tion ing  of 
21 . 3. 1 .  

 Precondition ing  21 .3.1

Preconditioning shall be carried out in  a  heating cabinet as follows:  

–  without T rating: 1  ×  24 h  at (80 ±  2)  °C,  the circuit of the switching part and the driving 
mechanism not being connected,  with  detachable covers  removed;  

–  with T rating for temperatures not exceeding 85 °C: 1  ×  24 h  at (80 ±  2)  °C,  the switching 
part of the control and the driving mechanism not being connected and without covers 

and subsequently 6 ×  24 h  at (Tmax  ±  2)  K with covers,  with the circuit of the switching 
part and driving mechanism being connected;  

–  with T rating for temperatures exceeding 85 °C: 6 ×  24 h  at (Tmax  ±  2)  K with covers,  with 
the circuit of the switching part and driving mechanism being connected.  
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   Controls  with  mercury-tube  switch  21 .4

Controls  employing  a  mercury-tube  swi tch  i n tended  for connection  to  a  working-vol tage  
ci rcu i t  as  defined  in  2 . 1 . 3  shal l  perform  acceptabl y when  tested  in  series  wi th  a  standard  
non-renewable  cartri dge  fuse  on  a  d . c.  ci rcu i t  of the  vol tage  speci fied  for test i n  1 7 . 1 . 1 ,  except 
that  a . c.  wi th  a  non- inductive  l oad  may be  employed  i f the  device  is  i n tended  for use  on  
a. c.  on l y.  The  fuse  rati ng  and  capaci ty of the  test ci rcu i t shal l  be  as  speci fi ed  in  Table  25.  

The enclosure and any other exposed metal are to be grounded and cotton is to be placed 
around all openings in the enclosure.  

There shall be no ignition of the cotton or insulation on circuit conductors nor emission of 
flame or molten metal except mercury from the enclosure housing the switch.  Wiring attached 
to the device,  except tube leads,  shall not be damaged.  Successive operations  are to be 
conducted by alternately closing the mercury-tube switch on the short circuit and closing the 
short circuit on  the mercury tube by means of any suitable switching device.  

NOTE  I n  the  countri es  members  of CENELEC,  21 . 4  does  not  appl y.  

Table  25  (21 .4  of ed i tion  3)  – Mercury switch  short-circu i t conditions  

V  Maximum  rating  a  S .C.  curren t  
A  

M in imum  fuse  rating  b  c  

   0–1 25  1 26–250  251 –660  

0–250  2  000  VA 1  000  20  1 5  – 

0–250  30  A 3  500  30  30  – 

0–250  63  A 3  500  70  70  – 

251 –660  63  A 5  000  – – 30  

a  Requ i rements  for appl i cati ons  greater than  63  A are  u nder considerati on .  

b  Min imum  fuse  rati ng  shal l  be  a t  l east  equal  to  swi tch  ampere  rati ng  or the  nearest  standard  fuse  not  exceed ing  
four times  motor fu l l - l oad  ampere  rati ng  and  i n  any case  not  l ess  than  that  shown .  

c  For the  purpose  of th i s  test,  ampere  rati ngs  for fuses  are  1 5 ,  20,  25,  30,  35,  40,  45,  50,  60,  70,  80,  90,  1 00,  
1 1 0,  1 25,  1 50,  1 75,  200,  225,  250.  I n termed iate  s i ze  fuses  may be  used .  

 
Cotton  used  shal l  be  as  speci fied  i n  Annex C.  

The switch need not be operative after the  tests.  

22  Resistance to  corrosion  

 Resistance  to  rusting  22.1

22. 1 . 1  Ferrous  parts ,  i nclud ing  covers  and  enclosures,  the  corros ion  of wh ich  m igh t impai r 

compl iance  wi th  th is  standard ,  sha l l  be  protected  against  corros ion .  

22. 1 .2  Th is  requ irement does  not appl y to  temperature  sensing  elements  or to  other 
component parts  whose performance  wou ld  be  adversel y affected  by protecti ve  treatment.  

22. 1 .3  Compliance is checked by the following test:  

22. 1 .4  The parts are subjected to a  test of 14 days duration at 93 % to 97 % relative 

humidity at (40 ±  2)  °C.  

22. 1 .5  After the parts have been dried for 10 min in a  heating cabinet at a  temperature of 

(100 ±  5)  °C,  their surfaces shall show no corrosion which might impair compliance with  
Clauses 8,  13,  and 20.  
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22. 1 .6  Traces of rust on sharp edges and a  yellowish  film removable by rubbing are ignored.  

NOTE  1  Parts  protected  by  enamel l i ng ,  ga l van i zi ng ,  sherard i zi ng ,  p l ati ng  or other recogn i zed  equ i val en t  
protecti on  are  deemed  to  meet  th i s  requ i rement.  

NOTE  2  For smal l  he l i cal  spri ngs  and  the  l i ke,  and  for parts  exposed  to  abras ion ,  a  l ayer of g rease  can  provide  
su ffi cien t  protection  against  rusti ng .  Such  parts  are  subjected  to  the  test  on l y i f there  i s  doubt  abou t the  
effecti veness  of the  g rease  fi lm ,  and  the  test  i s  then  made  wi thout  removal  of the  g rease.  

23  Electromagnetic compatibi l i ty (EMC)  requi rements  – Emission  

See also Clause H. 23.  

23. 1  Free-stand ing  and  independently mounted  controls ,  wh ich  cycle  during  normal  
operation ,  shal l  be  so  constructed  that they do  not generate  excess ive  rad io  i n terference.  
In tegrated  and  incorporated  controls  are  not subjected  to  the  tests  of 23 . 1 ,  as  the  resu l t  of 
these  tests  can  be  affected  by the  i ncorporation  of the  control  i n  equ ipment.  They may,  
however,  be  carried  ou t on  such  controls  i f requested  by the  manufacturer.  

Equ ipment that uses  i n tegrated  or incorporated  controls  shou ld  comply wi th  i ts  re levan t 
product EMC standard .  In tegrated  and  incorporated  controls  are  tested  i n  the  end  use  
equ ipment.  

Compliance is checked by one of the following methods:  

a)  Testing in  accordance with CISPR 14-1 ,  with  the following modification and/or CISPR 22,  
class B.  In  4. 2. 3. 3 of CISPR 14-1 :2005,  the  value of 200 ms is replaced by 20 ms.  

b)  Testing as detailed in  23. 1 . 1  and 23. 1 . 2,  resulting in a  maximum duration of radio 
frequency emission of 20 ms.  Where such controls  have a  click rate greater than 5,  
method a)  shall be followed.  

c)  Examination and/or tests to show that the minimum time between contact operations  
during normal operation  cannot be less than 10 min.  

Compliance with  method b)  or c)  shows compliance with method a) .   

23. 1 . 1  Test condi tions  

One previously untested sample is subjected to the test.  

The electrical and thermal conditions are as specified in 17. 2 and 17. 3,  except as follows:  

–  for sensing controls,  the rate of change of activating quantities is α1  and β 1 ;  

–  for non-sensing controls,  the controls  are  caused to operate at the lowest contact 
operating speed possible  during normal operation;  

– for controls  declared for use with  inductive loads,  the power factor is 0, 6,  unless declared 
otherwise in Table 1 ,  requirement 7.  For controls  declared with purely resistive loads,  the 
power factor is 1 , 0.  

23. 1 .2  Test procedure  

The control is  operated for five  cycles of contact operation .  

The duration of radio interference is measured by an oscilloscope connected to the control so 
as to measure the voltage drop across the contacts.  

NOTE  For the  purpose  of th i s  test,  rad i o  i n terference  i s  any observed  fl uctuation  of vol tage  across  the  con tacts  
wh ich  i s  superimposed  on  the  suppl y waveform  as  a  resu l t  of con tact  operation .  
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23.2  Controls  for I SM  ( I ndustria l ,  Scien ti fic and  Med ica l )  equ ipment and  free-stand ing ,  
i ndependentl y mounted  and  in -l ine  cord  controls  for use  wi th  I SM  equ ipments  shal l  comply 

wi th  the  requ irements  of CI SPR 1 1 .  

NOTE  See  al so  Tabl e  1 ,  requ i rement 89.  

24 Components  

24. 1  Transformers  i n tended  to  suppl y power to  a  SELV-ci rcu i t or PELV-ci rcu i t shal l  be  of the  
safety i solati ng  type  and  shal l  comply wi th  the  re levant requ irements  of I EC  61 558-2-6.   

Capaci tors  connected  between  two l i ne  conductors  or between  a  l i ne  conductor and  the  
neu tral  or between  hazardous  l ive  parts  and  protecti ve  earth  shal l  be  i n  accordance wi th  

I EC 60384-1 4  and  shal l  be  used  in  accordance wi th  i ts  rated  values.  

Fuses  shal l  comply wi th  the  requ i rements  of I EC  601 27-1  or I EC  60269-1 ,  as  appropriate.  

24.1 . 1  Controls  that i ncorporate  a  transformer as  the  source  of suppl y to  a  SELV-ci rcu i t  or 
PELV-ci rcu i t are  subj ected  to  an  ou tput test wi th  the  primary energ ized  at the  upper l im i t of 
the  rated  vol tage  as  i nd icated  i n  1 7 . 2. 2,  1 7 . 2 . 3 . 1  and  1 7. 2 . 3. 2.  

Swi tch  mode  power suppl ies  or transformers  used  i n  converters  shal l  comply wi th  the  
requ irements  of I EC  61 558-2-1 6.  

Under any non-capaci tive  cond i tions  of l oad ing  (from  no  l oad  to  the  short-ci rcu i ting  of any or 
a l l  secondary SELV-  or PELV-circu i t term inals)  and  wi thout d isturbing  i n ternal  connections,  

the  secondary output  vol tage  shal l  not be  greater than  that defi ned  i n  2 . 1 . 5.  

I f a  converter or swi tch  mode power suppl y i s  used  as  the  source  of suppl y to  a  SELV-ci rcu i t  

or PELV-circu i t,  C lause  T.3  appl ies.  

The  secondary ou tpu t power at the  term inals  to  an  isolated  l imited  secondary ci rcu i t  shal l  
not exceed  1 00  VA and  the  secondary output curren t sha l l  not exceed  8  A after 1  m in  of 
operation  wi th  overcurrent protection ,  i f provided ,  bypassed .  

24.2  Components  other than  those  detai led  i n  24. 1  are  checked  when  carryin g  ou t the  tests  

of th is  s tandard .  

24.2. 1  However,  for componen ts  wh ich  have  previous l y been  found  to  comply wi th  a  relevant 

I EC safety s tandard ,  to  reduce  the  testing  necessary,  assessment is  l im i ted  to  the  fo l l owing :  

a)  the  appl ication  of the  componen t wi th in  the  control  i s  checked  to  ensure  that i t  i s  covered  
by previous  testi ng  to  the  I EC  safety standard ;  

b)  testing  accord ing  to  th is  standard  of any cond i ti ons  not covered  by the  previous  testing  to  
the  I EC  safety standard .  

See  a lso  Annex J .  

24.3  Annex U  is  not appl icable  to  relays  used  as  components  i n  a  control .  

24.4  Swi tch  mode  power suppl ies  not covered  by 24. 2. 1 ,  i nclud ing  the ir peripheral  ci rcu i try,  
used  i n  electron ic  controls  sha l l  comply wi th  the  tests  of 24 . 4. 1  and  a l l  of the  appl icable  

requ irements  of th is  standard .   

NOTE  Subclause  24. 4. 1 . 1 1  g i ves  the  compl iance  cri teria  for the  tests.  
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24.4. 1  Overload  tests  for switch  mode power suppl ies  

24.4. 1 . 1  Each output winding,  or section of a  tapped winding,  is overloaded in turn,  one at a  
time,  while the other windings are kept loaded or unloaded,  whichever load conditions of 
normal use  is  the least favourable.  

24.4. 1 . 2  The overload is carried out by connecting a  variable resistor (or an electronic load)  
across the winding or the rectified output.  The resistor is adjusted as quickly as possible and 
readjusted,  if necessary,  after 1  min to maintain the applicable overload.  No further 
readjustments are then permitted.  

24.4. 1 .3  For this test,  any protective devices such as a  fuse,  manual reset circuit protector,  
thermal protector,  etc.  are allowed to remain in  the circuit.  

24.4. 1 .4  If overcurrent protection is provided by a  current-breaking device,  the overload test 
current is the maximum current which the overcurrent protection device is just capable of 
passing for 1  h.  If this value cannot be derived from the specification,  it is to be established by 
test.  

24.4. 1 .5  If no overcurrent protection is provided,  the maximum overload is the maximum 
power output obtainable  from the power supply.  

24.4. 1 .6  In case of voltage foldback,  the overload is slowly increased to the point which 
causes the output voltage to drop by 5 %.  The overload is then established at the point where 
the output voltage recovers and held for the duration of the test.  

24.4. 1 .7  The duration of the test is to  be for 1  h  or until ultimate results are reached.  

24.4. 1 .8  The maximum open-circuit voltage of each winding (directly at the winding of the 
transformer)  and the maximum load current are measured and recorded such that the 
maximum output power may be determined.  

24.4. 1 .9  The maximum open circuit voltage measurements shall be made during normal 
operation  and under single  component failure,  see Table H. 24.  

24.4. 1 . 1 0  For SELV applications,  where the maximum open circuit voltage measured directly 
at the secondary of the transformer exceeds the limits specified in 2. 1 . 5,  the measurement of 
the maximum output voltage of each winding may be made after certain protective 
impedances .  In  this case,  the limits shall be  in  accordance with H. 8. 1 . 10. 1 .   

24.4. 1 . 1 1  Following each test (while still in  a  heated condition) ,  the transformer is to  
be subjected to  the electric strength  test of 13. 2.  

24.4. 1 . 1 2  Compliance shall be in accordance with items a) ,  b) ,  c) ,  d) ,  e)  and f)  of H.27. 1 . 1 . 3.  

24.5 Annex J  i s  not appl icable  to  thermistors  used  i n  a  ci rcu i t wh ich  meets  a l l  of the  

fol l owing  requ irements :  

– type  1  control  as  declared  in  Table  1 ,  requ i rement 39;   

– connected  to  a  SELV/PELV ci rcu i t  as  speci fied  i n  Clause  T. 1 ;  

– l ow power ci rcu i t  as  speci fi ed  i n  H . 27. 1 . 1 . 1 ;  

– the  control  or fi nal  equ ipment compl ies  wi th  C lause  H . 27  when  the  thermistor  i s  open  or 
short ci rcu i ted ;  

– control  wi th  class  A control  functions  as  declared  i n  Table  1 ,  requ i rement 92.  
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25 Normal  operation  

 General  25.1

See  Annex H .  

 Overvoltage  and  undervoltage  test  25.2

A control  i ncorporati ng  an  e lectro-magnet shal l  operate  as  i n tended  at any vol tage  wi th in  the  
range  of 85  %  of the  m in imum  rated  vol tage  and  1 1 0  %  of the  maximum  rated  vol tage,  
i nclus ive.  

Compliance is checked by subjecting the  control to the following tests at the maximum and 
minimum operating conditions declared,  except that only a  control having Tmin  less than 0 °C 
is tested at Tmin:   

The control is  subjected to 1 , 1  VR max  until equilibrium temperature is reached and then 
tested immediately for operation  at 1 , 1  VR max  and at rated voltage.  

The control is  also subjected to 0, 85 VR min  until equilibrium temperature is reached and then 
tested immediately for operation  at 0, 85 VR min .  

26 Electromagnetic compatibi l i ty (EMC)  requi rements  – Immunity 

See  Clause  H .26.  

NOTE  I n  general ,  the  tests  of Clause  H . 26  are  not  appl i cabl e  to  non -e lectron i c controls  because  of the i r 
to l erance  to  such  perturbati ons.  The  appropriate  tests  for speci fi c  types  of non -e lectron ic  controls  a re  typical l y 
i ncl uded  i n  other cl auses  of the  appropriate  part  2 .  

27  Abnormal  operation  

27. 1  See  Annex H  and  Annex J .  

27.2  Burnout test  

Controls  i ncorporati ng  e lectro-magnets  shal l  wi thstand  the  effects  of b locking  of the  control  

mechan ism .  

Compliance is checked by the tests of 27. 2. 1  and 27. 2. 2.  

NOTE  For relays  and  con tactors ,  compl iance  wi th  th i s  requ i rement  i s  establ i shed  by successfu l  completion  of the  
tests  of Clause  1 7.  

27.2. 1  The control mechanism is blocked in the position assumed when the control is  
de-energized.  The control is then energized at rated frequency and rated voltage as indicated 
in 17. 2. 2,  17. 2. 3. 1  and 17. 2. 3. 2.  

The duration of the test is either 7 h; or until an internal protective device,  if any,  operates; or 
until burnout,  whichever occurs first.  

27.2.2  After this test,  the control shall be  deemed to  comply if:  

– there has been no emission of flame or molten metal,  and there is no evidence of damage 
to  the control which would impair compliance with  this standard;  

– the requirements of 13. 2 are  still met.  

NOTE  The  control  need  not  be  operati ve  fol l owi ng  the  test.  
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27.2.3  Blocked  mechanical  output test  (abnormal  temperature  test)  

Controls  wi th  motors ,  such  as  e lectric actuators,  shal l  wi thstand  the  effects  of b locked  output 
wi thout exceed ing  the  temperatures  i nd icated  in  Table  26.  Temperatures  are  measured  by the  
method  speci fied  i n  1 4 . 7. 1 .  Th is  test i s  not conducted  on  controls  wi th  motors ,  such  as  
e lectric actuators,  where,  when  tested  under b locked  outpu t cond i tions  for 7  h ,  any protecti ve 
device,  i f provided ,  does  not cycle  under sta l led  cond i ti ons,  and  wh ich  do  not exceed  
temperature  l im i ts  i n  Table  1 3.  

27.2.3. 1  Controls  with  motors,  such as electric actuators,  are tested for 24 h  with the output 
blocked at rated voltage and in a  room temperature in  the range of 15 °C to 30 °C,  the 

resulting measured temperature being corrected to a  25 °C reference value.  

NOTE  I n  Canada  and  the  USA,  the  test  i s  conducted  at  the  vol tages  i n d icated  i n  1 7. 2 . 3. 1  and  1 7. 2 . 3. 2 .  

For controls  wi th  motors  declared  for th ree-phase  operation ,  the  test i s  to  be  carried  ou t  wi th  
any one  phase  d isconnected .  

Table  26  (27.2 .3  of ed i tion  3)  – Maximum  winding  temperature   
(for test  of mechan ical  blocked  output condi tions)  

Condi tion  Temperature  of i nsu lation  by class
 

°C  

 A E  B  F  H  200  220  250  

 

I f impedance  protected :  

 

I f protected  by protecti ve  devices:  

 

Duri ng  fi rst  hou r 

    −  maximum  value
 

 

After fi rst  hou r 

   –  maximum  value   

   –  ari thmetic  average  
 

 

 

1 50  

 

 

 

200  

 

 

 

1 75  

1 50  

 

1 65  

 

 

 

2 1 5  

 

 

 

1 90  

1 65  

 

1 75  

 

 

 

225  

 

 

 

200  

1 75  

 

1 90  

 

 

 

240  

 

 

 

2 1 5  

1 90  

 

 

21 0  

 

 

 

260  

 

 

 

235  

21 0  

 

230  

 

 

 

280  

 

 

 

255  

230  

 

250  

 

 

 

300  

 

 

 

275  

250  

 

280  

 

 

 

330  

 

 

 

305  

280  

 

27.2.3.2  The  average  temperature  shal l  be  wi th in  the  l im i ts  during  both  the  second  and  the  
twenty-fourth  hours  of the  test.  

NOTE  The  average  temperature  of a  wi nd i ng  i s  the  ari thmetic  average  of the  maximum  and  m in imum  val ues  of 
the  wi nd i ng  temperatu re  d uri ng  the  1  h  peri od .  

27.2.3.3  During  the  test,  power shal l  be  conti nual l y suppl ied  to  the  motor.  

27.2.3.4  Immed iatel y upon  completion  of the  test,  the  motor shal l  be  capable  of wi thstand ing  
the  e lectric s trength  test  speci fi ed  i n  Clause  1 3,  wi thout fi rst appl ying  the  hum id i ty treatmen t 
of 1 2 . 2 .  

27.3  Overvol tage  and  undervol tage  test  

Void .  

27.4 See  Annex H .  
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27.5  Overload  tests  

27.5. 1  General   

The tests are conducted as follows.  

– Controls  as specified without protective devices and without incorporated fuses are 
loaded for 1  h  with the conventional tripping current for the fuse which in  the installation 
will protect the control.  

– Controls  protected by protective devices (including fuses)  are loaded in  such a  way that 
the current through the control is 0, 95 times the current with which the protective device 
releases after 1  h .  The temperature rise is measured after a  steady state has been 
reached or after 4 h,  whichever is the shorter time.  

– Controls  protected by incorporated fuses complying with IEC 60127-1  shall have those 
fuses replaced by links of negligible impedance and shall be loaded in such a  manner that 
the current through the links shall be 2, 1  times the rated current of the fuse.  The 
temperature rise is measured after the  control has been loaded for 30 min.  The value 2, 1  
times can be de-rated by 0, 5 %/K,  if the overload test is carried out at a  higher 
temperature compared to normal room temperature.   

– Controls  protected both by incorporated fuses and by protective devices are loaded either 
as described above with  incorporated fuses or with  another protective device,  choosing 
the test requiring the lower load.  

– Controls  protected by protective devices which will short-circuit only in case of overload 
shall be tested both  as controls  with  protective devices and as controls  without 
protective devices.   

27.5.2   Overload  tests  carried  out on  in -l ine  cord  controls  as  ind icated  i n  1 1 . 1 0.2  and  
 provided  wi th  a  plug  and  socket outlet  

The tests according to 27.5. 1  shall be carried out.  

The temperature shall not exceed those indicated in Table 13.  

27.5.3  For controls  not covered  by 27.5.2  

The tests according to 27. 5. 1  shall be carried out at ambient temperature (20 ±  5)  °C.  If 
declared in  requirement 97 of Table 1 ,  the test will not be done for incorporated controls  
and integrated controls.  

The compliance with items a)  to g)  of H. 27. 1 . 1 . 3,  where applicable,  is verified.  

27.6  Battery short-ci rcu i t test  

For controls  having batteries that can be removed without the  aid of a  tool and having 
terminals that can be short-circuited by a  thin straight bar,  the terminals of the battery are  
short-circuited with  the battery being fully charged.  

The duration of the test is either 1  h  or until ultimate condition exists,  whichever occurs first.  

27.6. 1  After this test,  the control shall be  deemed to  comply if:  

– there has been no emission of flame or molten metal,  and there is no evidence of damage 
to  the control which would impair compliance with  this standard;  

– the requirements of 13. 2 are still met.  

NOTE  The  control  need  not  be  operati ve  fol l owi ng  the  test.  
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28  Guidance on  the use of electronic d isconnection  

See  Annex H .  

Dimensions in  millimetres  

 
20  4  1 5    0  –0,1  

 ∅
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  0
 

–
0
,0
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 ∅
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∅
1
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 ∅
4
 0 –
0
,0
5
 

IEC   2475/13 
 

Figure  1  – Test  pin  
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Linear dimensions in  millimetres  

 
Handle 

Guard  

Insulating 
material  

Joints 

Stop face 

Chamfer 
al l  edges 

∅75  

∅50  

(1
0
) 

(2
0
) 3
0
 

6
0
 

8
0
 

1
8
0
 

∅1 2  

2
0
 ±
 0
,2
 

5
 ±
 0
,5
 

1 4°  
37°  

A A 

B B 

R4 ± 0,05 

Cylindrical  

R2 ± 0,05 

Spherical  

Section  A-A 

Section  B-B 

IEC   2476/13 

 
 

Tolerances  on  d imensions  wi thout  speci fi c  tolerance:  

 on  ang les  
0
1 0−

°  

 on  l i near d imensions:  

  up  to  25  mm :  
0

050 ,−
 

  over 25  mm:  ±0, 2  

Materi al  of fi n ger:  for example,  heat-treated  s teel .  

Both  j oi n ts  of th i s  fi n ger may be  ben t  th rough  an  ang le  of 90°  bu t  i n  one  and  the  same d i recti on  on ly.  

Us ing  the  pi n  and  groove  sol u t i on  i s  on l y one  of the  possib l e  approaches  i n  order to  l im i t  the  bend ing  ang le  to  90° .  
For th i s  reason ,  d imensions  and  tolerances  of these  detai l s  are  not  g i ven  i n  the  d rawi ng .  The  actua l  des ign  must 
ensure  a  90°  bend i ng  ang le  wi th  a  0°  to  1 0°  to lerance.  

Figure  2  – Standard  test finger 
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Figure 3  – Test  nai l  
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Pull  equal  to that 
given in  Table 9 

23 mm 

500 mm 

Input flexible 2 m Output flexible 2 m 
Sample 

Glass surface 

Concrete 
(thickness) 250 mm 

Hardwood  
(thickness) 

IEC   2478/13 

 

Figure  4 – Impact test  for free-standing  controls  

Dimensions in  millimetres  

 

B 

B 

200 min.  

Adjustable automatic 

counting device for 
recording the number 
of drops and  stopping  
the barrel  at the required 
number of revolutions 

Method of drive can  be “V” 
belt between barrel  and  
electric motor or any other 
suitable method  Shelf faced with  

non  grip material  

1 9 mm thick blockboard  

or suitable alternative 

Impact base 
3 mm thick 
steel  plate 

Transparent sheets for 
observation  purposes.  
May be removable for 

loading  

Centre 
of axis 

To suit width  
of barrel  

Barrel  to rotate 
clockwise 

1 9 mm thick blockboard  
or suitable alternative.  

Can be removable for 
the replacement of 

the impact plates 

425 

380 

375 

275 

A 

A 

1
0
 

1
7
5
 

5
0
0
 

1
5
0
 

45°  

1
7
5
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Figure 5  – Tumbl ing  barrel  
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R 2,5 mm 
Spherical  

Specimen 

IEC   2480/13 
 

Figure 6  – Bal l -pressure apparatus  

Figure  7  – Void  

       Dimensions in  millimetres  

 

1 0 

48 r/min 

6
0
 

450 centres 

Guide for strip 

Mi ld  steel  strip 

1 5 ×  5 

Sl iding weight 

Sample 

Hook for spring balance 
Brass washers 

60 ×  2,5 

Hard  white buffing felt 

65 ×  7,5 

Wing nut 
IEC   2481/13 

 

Figure  8  – Apparatus  for testing  durabi l i ty of markings  on  rating  labels  
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Dimensions in  millimetres  

 

45°  45°  

Sample 

Device for fixing  
the sample 

X 

Axis of osci l lation 

Edges wel l  rounded 

Guide 

40 

1
5
 

R7,5 

Shape of hole in  guide 

Weight 

2
5
0
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Figure 9  – Apparatus  for fl exing  test  
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Screws  not  requ i ri ng  washer,  cl amping  p l ate  or an ti -
spread  device   

Screws  requ i ri ng  washer,  cl amping  pl ate  or an ti -spread  
device  

 
Optional  

D A 

Optional  
Optional  

Optional  

Optional  Optional  

A 

C D 

D 

B 

A E 

C 

A E D 

D 

C 

A 

A 

B 

D 

Screw terminals 

Stud terminals 

e e 

e 

e 

e 

e 
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A   fi xed  part  

B    washer or cl amping  pl ate  

C    an ti -spread  device  

D    conductor space  

E    s tud  

Figure  1 0  – Screw terminals  and  stud  terminals  (1  of 2)  
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Dimensions in  millimetres 

Current carri ed   
by terminal  

a
 

M in imum  
d iameter 

Maximum  gap 
between  

M in imum  torque  
Nm  

For fl exibl e  For fi xed  conductor conductor S lotted  screws  Other screws  

conductor conductor space  restrain ing  
parts  

One  
screw 

Two 
screws  

One   
screw 

Two 
screws  

A A  D e  g g   

0 -6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

– 

32-40  

40-63  

0-6  

0-6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

32-40  

40-63  

1 , 4  

1 , 7  

2 , 0  

2 , 7  

3 , 6  

4 , 3  

5 , 5  

7 , 0  

1 , 0  

1 , 0  

1 , 5  

1 , 5  

1 , 5  

2 , 0  

2 , 0  

2 , 0  

0 , 4  

0 , 5  

0 , 8  

1 , 2  

2 , 0  

2 , 0  

2 , 0  

2 , 0  

– 

– 

– 

0 , 5  

1 , 2  

1 , 2  

1 , 2  

2 , 0  

0 , 4  

0 , 5  

0 , 8  

1 , 2  

2 , 0  

2 , 0  

2 , 0  

3 , 0  

– 

– 

– 

0 , 5  

1 , 2  

1 , 2  

1 , 2  

2 , 0  

The  part  wh ich  reta ins  the  conductor i n  pos i ti on  may be  of i nsu lati ng  materia l ,  provi ded  that  the  pressu re  
necessary to  cl amp the  conductor i s  not  transm i tted  through  the  i nsu l ati ng  materia l .  

The  sketches  are  not  i n tended  to  govern  design  except as  regards  the  d imensions  shown.  

a  Requ i rements  for appl i cati ons  greater than  63  A are  under consideration .  

 

Figure 1 0  – Screw terminals  and  stud  terminals  (2 of 2)  
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e 
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e 

Terminal  without 
pressure plate 

Terminal  with  pressure plate 
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Dimensions in  millimetres 

Current carri ed   
by terminal  

a
 

M in imum  
d iameter  

Maximum  
gap   

M in imum  d istance 
between  cl amping  

M in imum  torque 
Nm  

For 
fl exible  
con-

ductor 

For  
fi xed  
con-

ductor 

con-
ductor 
space  

between  
conductor 
restrain ing  

parts  

screw and  end  of 
conductor when  
fu l l y i nserted  

Screws  wi thout 
heads  

S lotted  screws  
 

Other screws  
 

A A D e  One 
screw 

g 

Two 
screws  

g 

One 
screw 

 

Two 
screws  

 

One 
screw 

 

Two 
screws  

 

One 
screw 

 

Two 
screws  

 

0 -1 0  

1 0-1 6  

1 6-25  

25-32  

-  

32-40  

40-63  

0-6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

32-40  

40-63  

2 , 5  

3 , 0  

3 , 6  

4 , 0  

4 , 5  

5 , 5  

7 , 0  

0 , 5  

0 , 5  

0 , 5  

0 , 6  

1 , 0  

1 , 3  

1 , 5  

1 , 5  

1 , 5  

1 , 8  

1 , 8  

2 , 0  

2 , 5  

3 , 0  

1 , 5  

1 , 5  

1 , 5  

1 , 5  

1 , 5  

2 , 0  

2 , 0  

0 , 2  

0 , 25  

0 , 4  

0 , 4  

0 , 7  

0 , 8  

1 , 2  

0 , 2  

0 , 2  

0 , 2  

0 , 25  

0 , 25  

0 , 7  

0 , 7  

0 , 4  

0 , 5  

0 , 8  

0 , 8  

1 , 2  

2 , 0  

2 , 5  

0 , 4  

0 , 4  

0 , 4  

0 , 5  

0 , 5  

1 , 2  

1 , 2  

0 , 4  

0 , 5  

0 , 8  

0 , 8  

1 , 2  

2 , 0  

3 , 0  

0 , 4  

0 , 4  

0 , 4  

0 , 5  

0 , 5  

1 , 2  

1 , 2  

The  part  of the  term inal  contain i ng  the  th readed  ho le  and  the  part  of the  term inal  agai nst  wh ich  the  conductor i s  
cl amped  by the  screw may be  two separate  parts ;  as  i n  the  case  of term inal s  provided  wi th  a  s ti rrup.  

The  shape  of the  conductor space  may d i ffer from  those  shown  i n  the  fi gu res,  provided  a  ci rcl e  wi th  a  d i ameter equal  to  
the  m in imum  value  speci fi ed  for D  can  be  i nscri bed .  

The  m in imum  d i stance  between  the  cl amping  screw and  the  end  of the  conductor when  fu l l y i nserted  appl i es  on l y  to  the  
term inal s  i n  wh ich  the  conductor cannot  pass  ri gh t  th rough .  

The  sketches  are  not  i n tended  to  govern  design  except  as  regards  the  d imensions  shown .  

a  Requ i rements  for appl i cati ons  greater than  63  A are  under consideration .  

Figure 1 1  – Pi l lar terminals  
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A A 

D D 

IEC   2485/13 
 

A   fi xed  part  

D    conductor space  

 

The  bottom  of the  conductor space  must be  s l i gh tl y rounded ,  
i n  order to  obtain  a  re l i able  connection .  

Terminal  s i ze  M in imum  d iameter of 
conductor space a  

 

 
mm  

M in imum  d istance  
between  fi xed  part and  
end  of conductor when  

fu l l y i nserted  
mm  

0  1 , 4  1 , 5  

1  1 , 7  1 , 5  

2  2 , 0  1 , 5  

3  2 , 7  1 , 8  

4  3 , 6  1 , 8  

5  4 , 3  2 , 0  

6  5, 0  2 , 5  

7  7 , 0  3 , 0  

8  8 , 5  4 , 0  

a  The  value  of the  torque  to  be  appl i ed  i s  that  speci fi ed  i n  Table  20.  

 

Figure  1 2  – Mantle  terminals  
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 A A 

B B 
C 

D D 

IEC   2486/13 
 

A sadd le  

B  fi xed  part  

C  stud  

D  conductor space  

a)  Sadd le  terminals  

 
A 

B 

E E 

B 

A 

g g g g 

F 

IEC   2487/13 
 

A l ocking  means  

B  cable  l ug  or bar 

E  fi xed  part  

F  s tud  

b)  Lug  terminals  

Figure  1 3  – Sadd le  and  lug  terminals  
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1 0°  to 50° 

b3  b1  b2  

I5  

I4  

I3  

I2  

I1  

t 

I6  

End  shaped to faci l itate 
appl ication of receptacle 

IEC   2488/13 
Dimensions in  millimetres 

 

Dimension  for 
F igures  1 4   
and  1 5  

a
 

Connector s ize  

2 ,8  4, 8  6, 3  9 ,5  

I1  (m in . )  
b  7 , 7  6 , 9  8 , 6  1 4 , 0  

I2  (m in ).  
b  7 , 0  6 , 2  7 , 9  1 2 , 0  

I3  (max. )  
c  3 , 0  5 , 2  6 , 7  8, 2  

I4  1 , 0  ±  0 , 2  2 , 5  ±  0 , 25  3 , 2  ±  0 , 3  4 , 2  ±  0 , 3  

I5  (max. )  0 , 7  1 , 2  1 , 3  1 , 7  

I6  (max. )  0 , 7  1 , 2  1 , 3  1 , 7  

b1  (hol e)  
a  

1 , 2
10

0
,+
 1 , 4

20
0

,+
 1 , 6  

02
0

,+ d  2 , 1
02

0
,+
 d  

b1  (s l ot)  
a  

1 , 2
10

0
,+
 1 , 4

20
0

,+
 1 , 6

10
0

,+
 2 , 1

02
0

,+
 

b2  
2 , 8  ±  0 , 1  4 , 75  ±  0 , 2  6 , 3

1 50
10
,
,

+
−  9 , 5

1 50
10
,
,

+
−  

b3  (m in . )  
e  2 , 0  2 , 0  2 , 5  2 , 5  

t  f  0 , 5  ±  0 , 025  0 , 8  ±  0 , 03  0 , 8  ±  0 , 03  1 , 2  ±  0 , 03  

p  (max. )  g  0 , 8  1 , 2  1 , 2  1 , 7  

k  

– 0, 7
0
10 ,−  1 , 0

0
10 ,−  1 , 5

0
10 ,−  

x  – 1 , 0  ±  0 , 2  1 , 0  ±  0 , 2  1 , 4  ±  0 , 2  

NOTE  The  sketches  are  not  i n tended  to  govern  design  except as  regards  the  d imensions  shown .  

a  Tabs  may have  an  opti onal  d etent  for l atch ing .  Round  d imple  detents,  rectangu lar d imple  detents  and  hol d  
detents  shal l  be  l ocated  i n  the  area  bounded  by d imensions  b

1
,  l
3
 and  l

4  
along  the  centre  l i ne  of the  tab .  

 Tabs  may be  manufactu red  from  more  than  one  l ayer of materia l s ,  provided  that  the  resu l ti ng  tab  compl ies  
wi th  th i s  s tandard .  

 Detai l s  for tabs  h aving  corrugations  or depressions  are  under consi deration .  

b  I n  order to  provide  su ffi cien t  clearance  for receptacles  i n tended  to  be  provi ded  wi th  a  s l eeve,  i t  may be  
necessary to  i ncrease  th i s  d imension  by 0 , 5  mm  to  ensure  that  the  means  of l ocati on  operates  correctl y.  

c  The  l eng th  of the  s l ot  (l
3
-l
4
)  must  be  at  l east  equal  to  i ts  wi d th  (b

1
) .  

d  These  tol erances  are  chosen  so  as  to  a l l ow the  tabs  to  be  used  as  a  part  of a  term inal  wi th  screw clamping .  

e  Over the  double-hatched  area,  the  th i ckness  shal l  not  exceed  the  upper l im i t  of the  materia l  th i ckness  
speci fi ed .  

f  Wi th  the  excepti on  of the  d imple  or hol e  and  the  area  i nd icated  by d imension  “b”,  the  th i ckness  “t”  shal l  be  
main tained  over the  whole  connecti ng  area.  Compl iance  shal l  be  determ ined  by measurement  over any 

section  (3, 2  ±  0 , 2 )  mm
2
,  i n  a  ci rcu lar area.  I n  add i ti on ,  the  overa l l  fl atness  shal l  have  a  tolerance  of 0 , 03  mm.  

g  Th i s  d imension  appl i es  on l y to  the  rai sed  s i de  of the  tab ;  on  the  reverse  s i de,  the  fl atness  tolerance  extends  
across  the  fu l l  wid th  of the  tab .  

Figure 1 4 – Tabs   
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For dimensions,  see Figure 14  

 

p  

x  

x  

k p  

k p  k p  

x  

t 

Flatness tolerance 

t 

Flatness tolerance 

IEC   2489/13 
 

Figure 1 5  – Tabs  for non-reversible  connectors  
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y  I 

s  h  

x  b  
e  

l 

s  

z 

IEC   2490/13 
 

Dimensions in  millimetres 

Dimension  
Connector si ze  

2,8 4,8 6,3 9,5 

b  (max. ) 4 6  8  1 2 , 5  

e  (max. )  1 2  1 2  1 5  20  

h  (max. )
a  

1  2  2 , 5  3 , 2  

l  (max.)
 

1 8  1 8  22  27  

s  (m in . )  4 , 5  5  6  1 0  

x  (m in . )
b  

-  0 , 9  1 , 2  1 , 7  

y  (max. )  0 , 5  0 , 5  0 , 5  1 , 0  

z  (max. )  1 , 5  1 , 5  2 , 0  2 , 0  

The  d imensions  shown  apply to  the  crimped  cond i ti on .  

D imensions  for receptacles  provi ded  wi th  a  s l eeve  and  for receptacl es  wi th  a  pre-i nsu l ated  barrel  are  under 
consideration .  

The  sketches  are  not  i n tended  to  govern  design  except  as  regards  the  d imensions  shown .  

a  
Maximum  offset  d imension  from  the  cen tre  l i ne  of the  tab  b l ade.  

b  
Appl i es  on l y to  receptacles  for non -reversib le  connectors .  

 

Figure 1 6  – Receptacles  
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4 

2 3 
a 

Isolated  dead 
metal  part 

Live part  

 a  +  b  = 1  

5 

Integral  mounting 
means (metal) 

Mounting surface 

Metal  enclosure (cover) 

Isolating barrier 

Insulating  material  
IEC   2491/13 

 

1   =   between  l i ve  parts  and  other metal  parts  ( i ncl ud i ng  physical l y exposed  e l ectri cal  i sol ated  metal  parts)  

2   =   between  l i ve  parts  requ i red  to  be  i nsu lated  from  each  other (functional  i nsu lation ),  except between  
con tacts.  

3   =   between  l i ve  parts  separated  by the  action  of the  con trol  (same polari ty)   
a  fu l l  d i sconnection   
b  these  d i stances  do  not  apply between  term inal s  i n tended  for connection  to  fi xed  wi ring  

4   =   between  l i ve  parts  and  metal  enclosu re  of enclosed  con trol s  ( these  d i stances  do  not  appl y to  the  housi ng ,  
frame  or i n teg ral  mounti ng  means  of a  control  i n tended  for i nsta l l ati on  wi th i n  an  enclosu re  of the  equ i pment  
control l ed ).  

5   =   between  l i ve  parts  i n  recesses  of i ndependentl y moun ted  control s  and  the  surface  to  wh ich  the  control  i s  
mounted .  Th i s  d i stance  may be  reduced  wi th  the  add i ti on  of an  appropriate  seal  or barri er.  

 

Figure  1 7  – Measurement of creepage  d istance  and  clearance  
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Figures  1 8  to  24 Void  

 

b  a  

C 

1  

2 

3 

4 
5 

6 
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Key 

C ci rcu i t  of F i gu re  E . 1  

1  accessibl e  part  

2  i naccessib le  metal  part  

3  basic i nsu l ation  

4  supplementary i nsu lation  

5  double  i nsu lation  

6  reinforced  i nsu lation  

 

Figure 25 – Diagram  for l eakage current measurement at  operating  temperature  
for s ing le-phase connection  of class  I I  controls  
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b  a  

C 

IEC   2493/13 
 

Key 

C ci rcu i t  of F i gu re  E . 1  

Figure 26  – Diagram  for l eakage current measurement at  operating  temperature  
for s ing le-phase connection  of controls  other than  class  I I  
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c b a 

1  

2 

3 

4 

5 

N  

L1  

L2  

L3  

IEC   2494/13 

 

Key 

C ci rcu i t  of F i gu re  E . 1  

1  accessibl e  part  

2  i naccessib le  metal  part  

3  basic i nsu l ation  

4  supplementary i nsu lation  

5  double  i nsu lation  

 

Connections  and  suppl ies  

L
1
,  L

2
,  L

3
,  N  suppl y vol tage  wi th  neu tral  

 

Figure 27  – Diagram  for l eakage current measurement at  operating  temperature  
for three-phase connection  of class  I I  controls  
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c a b 

C 

N  

L1  

L2  

L3  
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Key 

C ci rcu i t  of F i gu re  E . 1  

 

Connections  and  suppl ies  

L
1
,  L

2
,  L

3
,  N  suppl y vol tage  wi th  neu tral  

 

Figure 28  – Diagram  for l eakage current measurement at  operating  temperature  
for three-phase connection  of controls  other than  class  I I  

 

mA 

S1  

1 20 V 

240 V 
1 20 V 

IEC   2496/13 
 

Figure 29  – Diagram  for l eakage current measurement at  operating  temperature  
for s ing le-phase connection  of controls  other than  class  I I  
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mA 

S1  

1 20 V 

240 V 
1 20 V 

N-grounded  

IEC   2497/13  

Figure 30  – Diagram  for l eakage current measurement at  operating  temperature  
for two-phase  connection  of controls  to  th ree-wire,  g round  neutral  supply 

other than  class  I I  
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Annex A  
(normative)  

 
Indel ibi l i ty of markings  

 

A.1  Markings  on  controls  shal l  be  adequate l y i ndel i b le  for safety and  are  therefore  

classi fied  accord ing  to  the  requ i rements  for i ndel i b i l i ty:  

A.1 . 1  Markings  wh ich  are  not  mandatory wi th in  the  requ i rements  of th is  standard .  

A.1 .2  Markings  wh ich  are  mandatory wi th in  the  requ i rements  of th is  standard  bu t wh ich  are  
not accessib le  to  the  final  user  when  the  control  i s  moun ted  or i nstal l ed  i n  the  equ ipment.  

These  markings  have  to  be  su fficien tl y res istant  to  removal  to  wi thstand  the  manual  hand l ing  
i n  the  control  manufacturer's  factory after final  i nspection ,  being  packed  and  transported  to  
the  equipment manufacturer's  factory,  and  hand led  du ring  i nsta l l ation .  Add i tional l y,  the  
marking  shal l  remain  leg ible  i n  the  presence of any vapour or other contam inant l ikel y to  be  
present.  

A.1 .3  Markings  wh ich  are  mandatory wi th in  the  requ irements  of th is  standard  and  wh ich  are  
accessib le  to  the  final  user  of the  equ ipment after the  control  i s  mounted  or i nsta l led  as  for 
normal  use .  

These  markings,  i n  add i ti on  to  being  res istan t to  the  hand l ing ,  etc. ,  described  i n  A. 1 . 2,  have  
a lso  to  wi thstand  the  rubbing  and  hand l i ng  expected  during  the  use  of the  equ ipment.  
Markings  on  knobs,  etc. ,  sha l l  survive  the  conti nual  hand l ing  and  rubbing  as  a  resu l t  of 
manual  actuation .  Other markings  shou ld  be  res istant to  cl ean ing ,  pol ish ing  and  the  l i ke.  

A.1 .4  Compliance with the requirements for indelibility of markings classified according to 
A. 1 . 2 and A. 1 . 3 is checked by the  tests of Clause A. 2 or A . 3 using the apparatus shown in 
Figure 8.  

The principal part consists of a  disc of hard white buffing felt,  65 mm in diameter and 7, 5 mm 
thick.  This is locked against rotation and is arranged to move across the surface to be tested 
with a  stroke of 20 mm and to exert a  measurable force on this surface.  The standard test 
shall be 12 strokes (i. e. ,  rotations of the eccentric)  and shall take approximately 15 s.  

During the tests,  the appropriate part of the buffing disc is covered with one layer of white  
absorbent lint with  the  nap surface external.  

The solvents used are:  

– neutral liquid detergent blended from alkyl benzene sulphonate and non-ionic detergents 
or 2 % of a  solvent in  deionized (distilled)  water where the solvent consists of:  

•  70 % (with volume)  Natriumdodecylbenzylsulfonat,  (Isomere) ,  formula: C18H29NaO3S,  
CAS-No.  25155-30-0,  and 

•  30 % (with volume)  Glycerin (other names: Glycerol,  1 , 2, 3-Propantriol,  
Propantriol, E 422) ,  formula: C3H8O3,  CAS-No.  56-81-5;  

– n-hexane (aliphatic solvent hexane with a  content of aromatics of maximum 0, 1  volume %,  
initial boiling point of approximately 69 °C and specific gravity of approximately  
0, 66 g/cm3,  CAS-No.  110-54-3) ,  and 

– deionized (distilled)  water.   
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A.2  Compliance with  the requirements for indelibility of markings classified according to 
A. 1 . 2 is checked by the  following tests:  

A.2. 1  The markings under consideration shall withstand drops of detergent standing on the 
marked surface for a  period of 4 h.  At the end of this period,  the detergent "scab(s)" shall be  

removed by a  very fine spray of warm water (40 ±  5)  °C or by lightly wiping with  a  damp cloth.  

A.2.2  The sample shall then be allowed to dry completely in an ambient room temperature of 

(25 ±  5)  °C.  

A.2.3  The sample shall then be rubbed in  the  apparatus of Figure 8,  using dry lint and a  
weight of 250 g measured as indicated.  

A.2.4  The sample shall then be rubbed using water-soaked lint and a  weight of 250 g.  

A.2.5  If the shape or position of marking is such that it cannot be bleached or rubbed with  
this apparatus (for example,  by recessing the marked surface)  then the tests of A . 2. 3 and 
A. 2. 4 are not applied.  

A.2.6  At the conclusion of these tests,  the  marking shall still be legible.  

A.3  Compliance with the requirements for indelibility of markings classified according to 
A. 1 . 3 is checked by the  following tests:  

A.3. 1  The marking under consideration shall be  rubbed in the  apparatus of Figure 8 using a  
dry lint and a  weight of 750 g.  

A.3.2  The marking shall then be rubbed in the apparatus using a  water-soaked lint and a  
weight of 750 g.  

A.3.3  The marking under consideration shall then withstand drops of detergent standing on  
the marked surface for a  period of 4 h.  At the end of this period,  the detergent "scab(s)" shall 

be removed by a  very fine spray of warm water (40 ±  5)  °C
 
or by lightly wiping with a  damp 

cloth.  

A.3.4  After being allowed to dry it shall be rubbed in  the apparatus using a  detergent soaked 
lint and a  weight of 750 g.  

A.3.5  After surplus detergent has been shaken off it shall be rubbed in  the apparatus,  using 
a  petroleum spirit soaked lint and a  weight of 750 g.  

A.3.6  For the tests of A. 3. 1  to  A . 3. 5 the thickness of the buffing disc may be progressively 
reduced from 7, 5 mm in  order that the marking may be reached and rubbed.  However,  the  
minimum thickness of the buffing disc shall be not less than 2, 5 mm.  If the  thickness of the  
buffing disc is reduced the weight of 750 g shall be reduced in  linear proportion.  

A.3.7  At the conclusion of these tests,  the marking shall still be legible.  
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Annex B   
(normative)  

 
Measurement of creepage distances  and  clearances  in  air 

 

When determining and measuring creepage distances  and clearances ,  the following 
assumptions are made,  where D  is equal to the clearance  in  air prescribed for the distance 
under consideration (see Figures B. 1  to B. 11  for examples of methods of measurement of 
creepage distance  and clearances) :  

– a  groove may have parallel,  converging or diverging side walls;  

– if a  groove has diverging side walls,  it is regarded as an air gap if its minimum width 
exceeds D/12,  its depth exceeds D/2 and its width at the bottom of the groove is at least 
equal to D/3 (see Figure B. 8)  but in no case smaller than the minimum value X as 
permitted in  the tabulation below; 

– any corner having an angle less than 80 ° is assumed to be bridged by an insulating link 
having a  width equal to  D/3 or 1  mm,  whichever is less,  which is placed in  the most 
unfavourable position (see Figure B. 3) ;  

– if the distance across the top of a  groove is a  least equal to D/3,  or 1  mm,  whichever is  
less,  the creepage distance  path follows the contour of the groove unless otherwise 
specified immediately above (see Figure B. 2) ;  

– for creepage distances  and clearances  in  air between parts moving relatively one to 
another,  these parts are considered to be in  their most unfavourable position to each 
other;  

– creepage distances  determined according to these rules are not less than the  
corresponding (measured)  clearances in air;  

– any air gap having a  width  less than D/3 or 1  mm,  whichever is less,  is ignored in  
calculating the total clearance  in  air;  

– for inserted or set-up barriers,  the creepage distances  are measured through the joint 
unless the parts are so cemented or heat-sealed together that ingress of humidity or dirt 
into the joint is not liable to  occur.  

In  the examples shown in  Figures B. 1  to B. 10,  the  following identification is used:  

. . . . . . . . . . .  i s  a  creepage  d istance ;  

_______ i s  a  clearance  i n  a i r.  

 

See Table B. 1  for the value of X.  

Table  B. 1  – Value  of X 

Pollution degree Width X of grooves:  
minimum values 

mm  

1   0, 25 

2  1 , 0 

3  1 , 5 

4  2, 5 
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If the associated clearance  is less than 3 mm,  the minimum groove width may be reduced to  
one-third of this clearance.  

 <X  

IEC   2498/13 
 

 

 The  path  u nder considerati on  i ncl udes  a  g roove  of any depth ,  havi ng  a  wid th  l ess  than  X.  

Ru le:  The  clearance  path  i s  the  " l i ne  of s i gh t"  path .  

Figure B. 1  – Narrow groove  

 
≥X 

IEC   2499/13 
 

 

 The  path  u nder considerati on  i ncl udes  a  g roove  of any depth ,  havi ng  a  wid th  equal  to  or more  than  X.  

Ru le:  The  clearance  path  i s  the  " l i ne  of s i gh t"  path .  

 The  creepage  d istance  path  fol l ows  the  contour of the  g roove.  

Figure B.2  – Wide groove 

 

 ≥X  

IEC   2500/13 

 

 

 The  path  u nder cons ideration  i ncl udes  a  V-shaped  g roove  having  a  wi d th  g reater or equal  to  X.  

Ru le:  The  clearance  path  i s  the  " l i ne  of s i gh t"  path .  

 The  creepage d istance  path  fol l ows  the  contou r of the  g roove  except that  i t  bri d ges  the  g roove  where  i ts  
wid th  i s  equa l  to  X.  

Figure B.3  – V-shaped  groove  

 
Clearance  Creepage distance     
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IEC   2501/13 
 

 

 The  path  u nder cons ideration  i ncl udes  a  ri b .  

Ru le:  The  clearance  path  i s  the  shortest  a i r path  over the  top  of the  ri b.  

 The  creepage  d istance  path  fol l ows  the  contour of the  ri b .  

Figure  B.4 – Rib  

 

 <X <X 

IEC   2502/13 
 

 The  path  under consideration  i ncl udes  an  uncemented  j o i n t  and  g rooves  having  a  wid th  l ess  than  X on  
e i ther s i de.  

Ru le:  The  creepage  d istance  path  and  the  clearance  path  i s  the  " l i ne  of s i gh t"  path  as  shown.  

Figure B.5  – Uncemented  join t  wi th  narrow groove  

 ≥X ≥X 

IEC   2503/13 

 

 

 The  path  under consi deration  i ncl udes  an  uncemented  j o i n t  and  g rooves  having  a  wid th  equal  to  or more  
than  X.  

Ru le:  The  clearance  path  i s  the  " l i ne  of s i gh t"  path  as  shown.  

 The  creepage d istance  path  fol l ows  the  con tour of the  g rooves.  

Figure B.6  – Uncemented  join t  wi th  wide  groove  

 
Clearance  Creepage distance     
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 ≥X <X 

IEC   2504/13 
 

 The  path  under consi deration  i ncl udes  an  uncemented  j oi n t,  a  g roove  on  one  s i de  having  a  wid th  l ess  than  
X,  and  a  g roove  on  the  other havi ng  a  wid th  equal  to  or more  than  X.  

Ru le:  The  clearance  path  and  the  creepage d istance  path  are  as  shown.  

Figure B.7  – Uncemented  join t  wi th  narrow and  wide grooves  

 
>D/1 2 

≥D/2 

≥D/3 
IEC   2505/13 

 

 The  path  under cons iderati on  i ncl udes  a  g roove  havi ng  d i verg i ng  s i de  wal l s ,  a  depth  equal  to  or g reater 
than  D/2  and  a  wid th  exceed i ng  D/1 2  at  the  narrowest  part  and  equal  to  or g reater than  D/3  at  the  bottom .  

Ru le:  The  clearance  path  i s  equal  to  the  " l i ne  of s i gh t"  path .  

 The  creepage d istance  path  fol l ows  the  con tour of the  g roove.  

 The  ru le  for F i gure  B . 3  appl i es  as  wel l  to  the  i n ternal  corners  i f they are  l ess  than  80° .  

Figure B.8  – Diverging  side  wal ls  

 
Clearance  Creepage distance     
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 <X 

<X  
a 

b 

≥X 

≥X  

a 

b IEC   2507/13 IEC   2506/13 
 

Gap  between  head  of screw and  wal l  of recess  too  
narrow to  be  taken  i n to  account  for the  creepage  
d i stance  path .  

Gap  between  head  of screw and  wal l  of recess  wide  
enough  to  be  taken  i n to  account for the  creepage  
d i stance  path .  

  

Figure B.9  – Narrow recess  Figure  B. 1 0  – Wide recess  

 
Clearance  Creepage distance     

 

 

 
d C’  

≥X ≥X 
D  

C’  Floating part  IEC   2508/13 
 

 

Clearance  i s  the  d i stance  d +  D  Creepage d istance  i s  a l so  d +  D  

 

  

 
Clearance  Creepage distance     

 

Figure B. 1 1  – Conductive  floating  part  
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Annex C   
(normative)  

 
Cotton  used  for mercury switch  test 

(not appl icable  in  the  countries  members  of CENELEC)  
 

C.1  Classi fication   

Non-steri l e.  

C.2  General  requirements  

Absorbent cotton  shal l  be  made  from  corded  fi bres,  b leached  wh i te,  free  from  adhering  
impuri ti es  and  fatty material .  

C.3  Fibre length  

Not l ess  than  60  %  of the  fibres  by mass  shal l  be  at l east 1 2  mm  in  l ength ;  not more  than  
1 0  %  by mass  may be  6  mm  or l ess  i n  l eng th .  

C.4 Absorbency 

A specimen  of cotton  shal l  be  completel y submerged  i n  water wi th in  1 0  s .  The  specimen  shal l  
reta in  not l ess  than  24  times  i ts  mass  of water.  

C.5  Acidi ty and  alkal in i ty 

A water extract of the  cotton  shal l  be  neutral .  

C.6  Residue on  igni tion  

There  shal l  be  not  more  than  0 , 2  %  of res idue.  

C.7  Water soluble  material  

There  shal l  be  not  more  than  0 , 25  %  of res idue.  

C.8  Fatty material  

There  shal l  be  no  trace  of b lue,  green  or brown ish  colour i n  the  ether solu tion  and  the  amoun t 
of res idue  shal l  not  exceed  0, 7  % .  

C.9  Dyes  

There  shal l  be  no  evidence of a  b lue  or green  ti n t.  A s l ight  ye l l ow i s  acceptable.  

C.1 0  Other foreign  matter 

The  p inches  of cotton  taken  for determ ination  of fi bre  length  shal l  not contain  o i l  sta ins  or 
metal l ic  particles.  
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Annex D   
(informative)  

 
Heat,  fire  and  tracking  

 

UL 746C  is  appl icable  i n  Canada  and  the  USA.  Revis ion  is  under consideration .  
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Annex E   
(normative)  

 
Ci rcui t for measuring  leakage current 

 

A su i table  ci rcu i t for measuring  leakage  current  i n  accordance wi th  H . 8. 1 . 1 0  i s  shown  in  

F igure  E. 1 .  

 

Test terminals 

A 

B 

C 

S  
R  

S  

R  

B  U 

1  

Weighted touch current 
(perception/reaction) 

U 

2  
500 

=  (peak value) 

U 

2  

R  

1  

C 

1  

IEC   2509/13 
 

 RS  1  500  Ω  

 RB  500  Ω  

 CS  0 , 22  µF  

R1  1 0  000  Ω  

C1  0 , 022  µF  
 

NOTE  Th is  fi gu re  i s  taken  from  IEC 60990: 1 999,  F i gu re  4 .  

 

F igure  E.1  – C i rcu i t  for measuring  l eakage  currents  
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Annex F   
(informative)  

 
F i re  hazard  testing  

 

I n formation  for controls  to  be  i n tegrated  or i ncorporated  in to  appl iances  accord ing  to  the  

I EC 60335  series  i s  g i ven  by a  reference  to  I EC 60335-1 .   
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Annex G   
(normative)  

 
Heat and  fi re  resistance tests  

 

G.1  Void  

G.2  Glow-wire  test 

The glow-wire test is carried out in accordance with IEC 60695-2-10 and IEC 60695-2-11 .  

The glow-wire test shall be carried out on the complete control.  If this is not possible: on  
parts removed from the control.  If this is not possible: on test plaques of similar thickness but 
not thicker than the  part.  

G.3  Void  

G.4 Proof tracking  test 

The proof tracking test is made in  accordance with  IEC 60112.  

For the purpose of this standard,  the following applies:  

– In Clause 5 of IEC 60112:2003,  Test specimen,  Note 3 also applies to the proof tracking 
tests of Clause 10 of IEC 60112:2003.  

– In Clause 7 of IEC 60112:2003,  Test apparatus,  Note 1  in 7. 1  does not apply.  The test 
solution A  described in  7. 3 of IEC 60112:2003,  Amendment 1 :2009 is used.  

– In 7. 3 of IEC 60112:2003,  Amendment 1 :2009,  Test solutions,  Solution A  shall be used 
generally.  

– In 8. 2 of IEC 60112:2003,  "Preparation",  the voltage referred to in  the last sentence is set 
in 21 . 2.7 of this standard.  The proof tracking test of Clause 10 of IEC 60112:2003 is 
carried out,  five times.   

G.5 Bal l  pressure test  

The ball pressure test is carried out in accordance with IEC 60695-10-2 (see Figure 6 for test 
apparatus) .   

G.5.1  Bal l  pressure  test  1  

For the purpose of this standard,  the temperature in the  heating oven is the  highest of:  

– 20 °C  ±  2 K in excess of the maximum temperature measured during the tests of 
Clause 14,  

– 75 °C ±  2 °C,  

– as declared.  

NOTE  1  For controls  i n tended  for i ncorporati on  i n to  appl i ances  wi th i n  the  scope  of I EC 60335-1  the  temperatu re  
m ight  d i ffer as  per 30. 1  of that  s tandard .  

The support and the ball shall be at the prescribed test temperature before the test is started.  

NOTE  2  The  test  i s  not  made  on  parts  of ceram ic material  and  g l ass.  
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G.5.2  Bal l  pressure  test  2  

The ball pressure test is carried out as described in G. 5. 1  except that the temperature in the  

heating oven shall be Tb  ±  2  °C where Tb  is equal to  the higher of:  

– 100 °C when Tmax  is  30 °C and up to,  but excluding,  55 °C;  

–  125 °C when Tmax  is  55 °C and up to,  but excluding,  85 °C;  

– Tmax  +  40 °C if Tmax  is 85 °C or above;  

–  20 K in excess of the maximum temperature recorded during the heating test of Clause 14;  

–  the temperature achieved during the test of H. 27. 1 . 1 . 3,  if this is higher than the 
temperature given in  the preceding four dashed paragraphs.  

NOTE  For control s  i n tended  for i ncorporati on  i n to  appl i ances  wi th i n  the  scope  of I EC 60335-1 ,  the  temperature  
m ight  d i ffer as  per 30. 1  of that  s tandard .  
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Annex H   
(normative)  

 
Requirements  for electronic controls  

 

Annex H  supplements  or mod i fies  the  correspond ing  clauses  of th is  s tandard .  

H.2  Terms and  defin i tions  

H.2.4 Defin i tions  relating  to  d isconnection  and  in terruption  

H .2.4.2  Addition:  

NOTE  An  electron ic  device  d oes  not  provi de  th i s  d i sconnection .  

H.2.4.3  Addition :  

NOTE  An  electron ic  device  d oes  not  provi de  th i s  d i sconnection .  

H.2.4.4 Addition:  

NOTE  An  electron ic  device  d oes  not  provi de  th i s  d i sconnection .  

Add the following definition:  

H.2.4.6  
electronic  d isconnection  
non-cycl ing  i n terruption  by an  electron ic  device  of a  ci rcu i t for functional  d isconnection  and  
wh ich  provides  a  d isconnection  other than  by means  of an  a i r gap  by satisfying  certain  
e lectrical  requ i rements  i n  at  l east one  pole  

Note  1  to  en try:  Electron ic  d isconnection  ensu res  that,  for a l l  n on -sensing  controls ,  the  function  con trol l ed  by  
the  d i sconnection  i s  secure  and  that,  for a l l  sensing  con trol s ,  the  function  control l ed  i s  secure  between  the  l im i ts  
of the  activating  quanti ty  d eclared  i n  Table  1 ,  requ i rement 36.  

The  d i sconnection  may be  obta ined  by an  automati c action  o r a  manual  action .  

Some  controls  may i ncorporate  ci rcu i t  d i sconnections  of more  than  one  form .  

Electron ic d isconnection  may not  be  su i table  for some  appl i cations.  See  C lause  H . 28.  

H.2.5 Defin i tions  of type of control  according  to  construction  

Add the following definitions:  

H.2.5.7  
electron ic  control  
control  wh ich  i ncorporates  at  least one  electron ic device  

H.2.5.8  
electron ic  device  

device  wh ich  produces  a  d ynam ic imbalance  of e lectrons  

Note  1  to  en try:  The  essential  function  and  constructi on  are  based  on  sem i -conductor device,  vacuum  tube  or gas  
d i scharge  tube  technol ogy.  
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H.2.5.9  
electronic  assembly 
group of components,  at  l east one  of wh ich  i s  an  electronic device ,  bu t  i n  wh ich  i nd ividual  

parts  may be  replaced  wi thout  damage to  the  assembly 

Note  1  to  en try:  An  example  of th i s  i s  a  g roup  of components  mounted  on  a  pri n ted  ci rcu i t  board .  

H.2.5. 1 0  
in tegrated  ci rcu i t  
electronic device  con tained  wi th in  the  bu lk of a  sem i -conductor materia l  and  in terconnected  

at  or near the  surface  of that material  

Note  1  to  en try:   The  sem i -conductor materi a l  i s  normal l y enclosed  wi th i n  some  form  of encapsu l ation .  

H.2.5. 1 1  
hybrid  ci rcu i t  
ci rcu i t produced  on  ceram ic substrate  by means  of th ick fi lm ,  th in  fi lm  or surface-mounted  
devices  (SMD)  technology,  wi thout access ib le  e lectrical  connections  except for I /O  poin ts,  
and  wi th  a l l  i n ternal  connections  constructed  as  part  of a  l ead  frame or other i n tegral  
construction  

H.2.7  Defin i tions  relating  to  protection  against electric  shock 

Add the following definition:  

H.2.7. 1 4  
protective  impedance  
impedance connected  between  l ive  parts  and  access ib le  conductive  parts,  of such  value  that  
the  current,  i n  normal  use  and  under l i kel y fau l t  cond i tions  in  the  equ ipment,  i s  l im i ted  to  a  

safe  va lue  

Add the following definitions:  

H.2. 1 6  Defin i tions  relating  to  the  structure  of controls  using  software  

H .2. 1 6. 1  
dual  channel  
structu re  wh ich  contains  two  mutual l y independent  fu nctional  means  to  execu te  speci fi ed  
operations  

Note  1  to  en try:  Speci al  provi s ion  may be  made  for control  of common  mode  fau l t/errors .  I t  i s  not  requ i red  that  
the  two  channels  each  be  a l gori thm ic or l og ical  i n  natu re.  

H.2. 1 6.2  
dual  channel  (d iverse)  wi th  comparison  
dual  channel  s tructure  con tain ing  two d i fferen t and  mutual l y independent  functional  means,  
each  capable  of provid ing  a  declared  response,  i n  wh ich  comparison  of ou tpu t s i gnals  i s  
performed  for fau l t/error recogn i ti on  

H.2. 1 6.3  
dual  channel  (homogeneous)  wi th  comparison  
dual  channel  s tructure  con tain ing  two i den tical  and  mutual l y independent  functional  means,  
each  capable  of provid ing  a  declared  response,  i n  wh ich  comparison  of in ternal  s i gnals  or 
ou tpu t s i gnals  i s  performed  for fau l t/error recogn i ti on  

H.2. 1 6.4  
single  channel  
structu re  in  wh ich  a  s i ng le  functional  means  is  used  to  execute  speci fied  operations  
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H.2. 1 6.5  
single  channel  wi th  functional  test  
single  channel  s tructure  i n  wh ich  test data  is  i n troduced  to  the  functional  u n i t  prior to  i ts  
operation  

H.2. 1 6.6  
single  channel  wi th  periodic  sel f-test  
single  channel  s tructure  in  wh ich  components  of the  control  a re  period ical l y tested  during  
operation  

H.2. 1 6.7  
single  channel  wi th  periodic  sel f-test  and  mon i toring  
single  channel  structure  wi th  periodic self-test  i n  wh ich  independent means,  each  
capable  of provid ing  a  declared  response,  mon i tor such  aspects  as  safety-related  tim ing ,  
sequences  and  software  operations  

H.2. 1 7  Defin i tions  relating  to  error avoidance in  controls  using  software  

H .2. 1 7. 1  
dynamic  analysis  
method  of analys is  i n  wh ich  i npu ts  to  a  control  a re  s imu lated  and  l og ic s i gnals  at the  ci rcu i t  

nodes  are  exam ined  for correct va lue  and  tim ing  

H.2. 1 7.2  
fai lure  rate  calcu lation  
calcu lation  of the  theoretical  number of fai lures  of a  g iven  kind  per un i t   

Note  1  to  en try:  For example,  fai lures  per hou r or fai lures  per cycle  of operation .  

H.2. 1 7.3  
hardware  analysis  
evaluation  process  in  wh ich  the  ci rcu i try and  components  of a  control  are  exam ined  for 

correct  function  wi th in  thei r speci fied  to lerances  and  ratings  

H.2. 1 7.4  
hardware  s imulation  
method  of analysis  i n  wh ich  ci rcu i t function  and  componen t tolerances  are  exam ined  by use  of 
a  computer model  

H.2. 1 7.5  
inspection  
evaluation  process  i n  wh ich  the  hardware  or the  software  speci fication ,  des ign  or code  i s  
exam ined  in  detai l  by a  person  or group other than  the  des igner or programmer in  order to  
i denti fy possib le  errors  

Note  1  to  en try:  I n  contrast  to  the  walk-through ,  the  des igner or prog rammer i s  passive  d u ri ng  th i s  evaluation .  

H.2. 1 7.6  
operational  test  
evaluation  process  in  wh ich  a  control  i s  operated  under the  extremes  of i ts  in tended  
operati ng  cond i tions  (for example,  cycle  rate,  temperature,  vol tage)  to  detect errors  i n  design  
or construction  

H.2. 1 7.7  Static analysis  

H .2. 1 7.7. 1  
static analysis  – hardware  

evaluation  process  i n  wh ich  a  hardware  model  i s  systematical l y assessed  
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Note  1  to  en try:  The  evaluati on  may typical l y be  computer-aided  and  may i ncl ude  exam ination  of parts  l i s ts  and  
ci rcu i t  l ayou ts ,  an  i n terface  analys i s  and  functional  checks.  

H.2. 1 7.7.2  
static analysis  – software  
evaluation  process  i n  wh ich  a  software  programme is  systematical l y assessed  wi thout 
necessari l y execu ting  the  programme 

Note  1  to  en try:  The  evaluati on  may typical l y be  computer-aided  and  usual l y i ncl udes  anal ys i s  of such  featu res  as  
programme l og ic,  data  paths,  i n terfaces  and  variables .  

H.2. 1 7.8  
systematic  test  
method  of anal ys is  i n  wh ich  a  system  or a  software  programme is  assessed  for correct 

execu tion  by the  i n troduction  of selected  test  data  

Note  1  to  en try:  For example  see  black box test  and  whi te  box test.  

H.2. 1 7.8. 1  
black box test  
systematic test  i n  wh ich  test data  derived  from  the  functional  speci fication  i s  i n troduced  to  a  
functional  u n i t  to  assess  i ts  correct operation  

H.2. 1 7.8.2  
white  box test  
systematic test  i n  wh ich  test data  based  on  the  software  speci fication  i s  in troduced  to  a  
programme to  assess  the  correct operation  of subparts  of the  programme 

Note  1  to  en try:  For exampl e,  data  may be  se lected  to  execute  as  many i nstructions  as  possib le,  as  many 
branches  as  possib le,  as  many subrouti nes  as  poss ible,  etc.  

H.2. 1 7.9  
walk-through  
evaluation  process  in  wh ich  a  des igner or programmer leads  members  of an  evaluation  team  
through  the  hardware  des ign ,  software  des ign  and /or software  code  the  designer or 
programmer has  developed  in  order to  i den ti fy possible  errors  

Note  1  to  en try:  I n  contrast  to  the  i nspection ,  the  des igner or programmer i s  acti ve  d uri ng  th i s  review.  

H.2. 1 7. 1 0  
software  fau l t/error detection  time  
the  period  of t ime between  the  occurrence of a  fau l t/error and  the  in i ti ation  by the  software  of 
a  declared  control  response  

H.2. 1 8  Defin i tions  relating  to  fau l t/error control  techn iques  for controls  using  software  

H .2. 1 8. 1  Bus  redundancy 

H .2. 1 8. 1 . 1  
fu l l  bus  redundancy 
fau l t/error control  techn ique  i n  wh ich  fu l l  redundant data  and/or address  are  provided  by 

means  of redundant bus  structu re  

H.2. 1 8. 1 . 2  
mul ti -bi t  bus  pari ty 
fau l t/error control  techn ique  i n  wh ich  the  bus  i s  extended  by two  or more  bi ts  and  these  
add i ti onal  b i ts  are  used  for error detection  
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H.2. 1 8. 1 .3  
single  bi t  bus  pari ty 
fau l t/error control  techn ique  in  wh ich  the  bus  is  extended  by one  b i t  and  th is  add i ti onal  b i t  i s  

used  for error detection  

H.2. 1 8.2  
code  safety 
fau l t/error control  techn iques  in  wh ich  protection  against coincidental  and /or systematic  
errors  i n  i nput and  ou tput i n formation  i s  provided  by the  use  of data  redundancy  and /or 
transfer redundancy  (see  a lso  H . 2. 1 8. 2 . 1  and  H . 2 . 1 8. 2. 2)  

H.2. 1 8.2. 1  
data redundancy 
form  of code safety  i n  wh ich  the  s torage  of redundan t data  occurs  

H.2. 1 8.2.2  
transfer redundancy 
form  of code safety  i n  wh ich  data  is  transferred  at l east twice  i n  success ion  and  then  

compared  

Note  1  to  en try:  Th i s  techn i que  wi l l  recogn i ze  i n term i tten t  errors.  

H.2. 1 8.3  
comparator 
device  used  for fau l t/error control  i n  dual  channel  s tructures  

Note  1  to  en try:  The  device  compares  data  from  the  two  channels  and  i n i ti ates  a  declared  response  i f a  d i fference  
i s  detected .  

H.2. 1 8.4  
d .c.  fau l t  mode  
stuck-at  fau l t  mode  incorporating  short  ci rcu i ts  between  s i gnal  l i nes  

Note  1  to  en try:  Because  of the  number of poss ible  shorts  i n  the  device  under test,  usual l y on l y shorts  between  
re l ated  s i gnal  l i nes  wi l l  be  considered .  A l og ical  s i gnal  l evel  i s  defi ned ,  wh ich  dom inates  i n  cases  where  the  l i nes  
try to  d ri ve  to  the  opposi te  l eve l .  

H.2. 1 8.5  
equ ivalence class  test  
systematic test  i n tended  to  determ ine  whether the  i nstruction  decod ing  and  execution  are  
performed  correctl y 

Note  1  to  en try:  The  test  data  i s  deri ved  from  the  CPU  i nstruction  speci fi cation .  

Note  2  to  en try:  S im i l ar i nstructions  are  g rouped  and  the  i npu t  data  set  i s  subd ivi ded  i n to  speci fi c  d ata  i n terval s  
(equ i val ence  cl asses).  Each  i nstruction  wi th i n  a  g roup  processes  at  l east  one  set  of test  data,  so  that  the  en ti re  
g roup  processes  the  en ti re  test  data  set.  The  test  d ata  can  be  formed  from  the  fol l owing :  

– data  from  val i d  range;  

– data  from  i nval i d  range;  

– data  from  the  bounds;  

– extreme val ues  and  the i r combinati ons.  

The  tests  wi th i n  a  g roup  are  run  wi th  d i fferen t  add ressing  modes,  so  that  the  en ti re  g roup  execu tes  a l l  add ressing  
modes.  

H.2. 1 8.6  
error recognizing  means  
independent  means  provided  for the  purpose  of recogn izing  errors  i n ternal  to  the  system  

Note  1  to  en try:  Examples  are  mon i tori ng  devices,  comparators ,  and  code  generators .  
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H.2. 1 8.7  
Hamming  d istance  

statistical  measure,  representing  the  capabi l i ty of a  code  to  detect and  correct  errors  

Note  1  to  en try:  The  Hamming  distance  of two  code  words  i s  equal  to  the  number of posi ti ons  d i fferent  i n  the  two  
code  words.  

Note  2  to  en try:  See  H .  Hol scher and  J .  Rader;  "M icrocomputers  i n  safety techn i ques. "  Verl ag  TUV Bayern .  TUV 
Rhei n land .  ( I SBN  3-88585-31 5-9).  

H.2. 1 8.8  
input comparison  
fau l t/error control  techn ique  by wh ich  i npu ts  that are  des igned  to  be  wi th in  speci fied  

to lerances  are  compared  

H.2. 1 8.9  
in ternal  error detection  
fau l t/error control  techn ique  in  wh ich  specia l  ci rcu i try i s  i ncorporated  to  detect or correct 

errors  

H.2. 1 8. 1 0  Programme sequence  

H .2. 1 8. 1 0. 1  
frequency monitoring  
fau l t/error control  techn ique  in  wh ich  the  clock frequency i s  compared  wi th  an  independent  
fixed  frequency 

Note  1  to  en try:  An  example  i s  compari son  wi th  the  l i ne  supply frequency.  

H.2. 1 8. 1 0.2  
log ical  monitoring  of the  programme sequence  
fau l t/error control  techn ique  i n  wh ich  the  l og ica l  execu tion  of the  programme sequence  i s  

mon i tored  

Note  1  to  en try:  Examples  are  the  use  of coun ti ng  rou ti nes  or sel ected  data  i n  the  programme i tsel f or by 
i ndependent  mon i tori ng  devices.  

H.2. 1 8. 1 0.3  
time-slot  and  log ical  monitoring  

th is  i s  a  combination  of H . 2 . 1 8. 1 0. 2  and  H . 2. 1 8. 1 0. 4  

H.2. 1 8. 1 0 .4  
time-slot  monitoring  of the  programme sequence  
fau l t/error control  techn ique  i n  wh ich  tim ing  devices  wi th  an  independent time  base  are  

period ica l l y triggered  in  order to  mon i tor the  programme function  and  sequence  

Note  1  to  en try:  An  example  i s  a  watchdog  timer.  

H.2. 1 8. 1 1  
multiple  paral lel  outputs  
fau l t/error control  techn ique  in  wh ich  independent  ou tpu ts  are  provided  for operational  error 
detection  or for independent  comparators  

H.2. 1 8. 1 2  
output verification  
fau l t/error control  techn ique  i n  wh ich  ou tpu ts  are  compared  to  independent  i nputs  

Note  1  to  en try:  Th i s  techn i que  may or may not  re l ate  an  error to  the  ou tpu t  wh ich  i s  defecti ve.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 1 79  –  
© I EC  201 5  

H.2. 1 8. 1 3  
plausibi l i ty check 
fau l t/error control  techn ique  in  wh ich  programme execution ,  i npu ts  or ou tputs  are  checked  

for i nadm issib le  programme sequence,  t im ing  or data  

Note  1  to  en try:  Examples  are  the  i n troduction  of an  add i ti onal  i n terrupt  after completion  of a  certa in  number of 
cycles  or checks  for d i vi s i on  by  zero.  

H.2. 1 8. 1 4  
protocol  test  
fau l t/error control  techn ique  i n  wh ich  data  is  transferred  to  and  from  computer components  to  

detect errors  i n  the  i n ternal  communications  protocol  

H.2. 1 8. 1 5  
reciprocal  comparison  
fau l t/error control  techn ique  used  i n  dual  channel  (homogeneous)  structures  i n  wh ich  a  
comparison  i s  performed  on  data  reciprocal l y exchanged  between  the  two processing  un i ts  

Note  1  to  en try:  Reciprocal  refers  to  an  exchange  of s im i l ar data.  

H.2. 1 8. 1 6  
redundant  data generation  
avai labi l i ty of two or more  independent  means,  such  as  code  generators,  to  perform  the  

same task 

H.2. 1 8. 1 7  
redundant  monitoring  
avai labi l i ty of two or more  independent means  such  as  watchdog  devices  and  comparators  

to  perform  the  same task 

H.2. 1 8. 1 8  
scheduled  transmission  
communication  procedure  i n  wh ich  i n formation  from  a  particu lar transm i tter i s  a l lowed  to  be  
sen t on l y at  a  predefined  poin t  i n  t ime and  sequence,  otherwise  the  receiver wi l l  treat i t  as  a  
communication  error 

H.2. 1 8. 1 9  
software  d iversi ty 
fau l t/error control  techn ique  i n  wh ich  a l l  or parts  of the  software  are  i ncorporated  twice  i n  the  

form  of a l ternate  software  code  

Note  1  to  en try:  For example ,  the  a l ternate  forms  of software  code  may be  produced  by d i fferent  prog rammers,  
d i fferent  l anguages  or d i fferen t  compi l i ng  schemes  and  may reside  i n  d i fferent  hardware  channels  or i n  d i fferen t  
areas  of memory wi th i n  a  sing l e  channel .  

H.2. 1 8.20  
stuck-at  fau l t  mode  
fau l t  mode  representing  an  open  ci rcu i t  or a  non-varying  s ignal  l evel  

Note  1  to  en try:  These  are  usual l y referred  to  as  "stuck open " ,  "s tuck at  1 "  or "stuck at  0" .  

H.2. 1 8.21  
tested  monitoring  
the  provis ion  of independent means  such  as  watchdog  devices  and  comparators  wh ich  are  
tested  at s tart-up  or period ical l y during  operation  
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H.2. 1 8.22  
testing  pattern  
fau l t/error control  techn ique  used  for period ic  testing  of i nput un i ts ,  ou tpu t un i ts  and  
i n terfaces  of the  control  

Note  1  to  en try:  A test  pattern  i s  i n troduced  to  the  un i t  and  the  resu l ts  compared  to  expected  val ues.  Mu tual l y  
i ndependent  means  for i n troducing  the  test  pattern  and  eva luati ng  the  resu l ts  are  used .  The  test  pattern  i s  
constructed  so  as  not  to  i n fl uence  the  correct  operation  of the  control .  

H.2. 1 9  Defin i tions  relating  to  memory tests  for controls  using  software  

H .2. 1 9. 1  
Abraham  test  
speci fic form  of a  variable  memory  pattern  test i n  wh ich  a l l  stuck-at and  coupl ing  fau l ts  

between  memory cel l s  are  i den ti fied  

Note  1  to  en try:  The  number of operations  requ i red  to  perform  the  en ti re  memory test  i s  about  30  n ,  where  n  i s  
the  number of cel l s  i n  the  memory.  The  test  can  be  made  transparent  for use  du ri ng  the  operati ng  cycl e,  by 
parti t i on i ng  the  memory and  testi ng  each  parti t i on  i n  d i fferen t  time  segments.  

Note  2  to  en try:  See  Abraham,  J . A. ;  Thatte,  S .M. ;  "Fau l t  coverage  of test  prog rams  for a  m icroprocessor" ,  
Proceed ings  of the  I EEE  Test  Conference  1 979,  pp  1 8-22.  

H.2. 1 9.2  
GALPAT memory test  
fau l t/error control  techn ique  i n  wh ich  a  s i ng le  cel l  i n  a  fie l d  of un i form ly wri tten  memory cel ls  

i s  i nversel y wri tten ,  after wh ich  the  remain ing  memory under test i s  inspected  

Note  1  to  en try:  After each  read  operation  to  one  of the  remain ing  ce l l s  i n  the  fi e l d ,  the  i nverse ly wri tten  ce l l  i s  
a l so  i nspected  and  read .  Th i s  process  i s  repeated  for a l l  memory cel l s  u nder test.  A second  test  i s  then  performed  
as  above  on  the  same  memory range  wi thout  i n verse  wri ti ng  to  the  test  cel l .  

Note  2  to  en try:  The  test  can  be  made  transparent  for use  duri ng  the  operati ng  cycl e,  by parti t i on i ng  the  memory 
and  testi ng  each  parti t i on  i n  d i fferent  t ime  segments  (see  transparent GALPAT test) .  

H.2. 1 9.2. 1  
transparent GALPAT test  
GALPAT memory test  i n  wh ich  fi rst a  s i gnature  word  i s  formed  representing  the  con ten t of 

the  memory range  to  be  tested  and  th is  word  is  saved  

Note  1  to  en try:  The  ce l l  to  be  tested  i s  i nverse ly wri tten  and  the  test  i s  performed  as  above.  However,  the  
remain ing  cel l s  are  not  i nspected  i n d ivi dual l y,  bu t  by formati on  of and  compari son  to  a  second  s i gnatu re  word .  A 
second  test  i s  then  performed  as  above  by i nversel y wri ti ng  the  previously i nverted  value  to  the  test  cel l .  

Note  2  to  en try:  Th i s  techn ique  recogn i zes  a l l  s tati c  b i t  errors  as  wel l  as  errors  i n  i n terfaces  between  memory 
cel l s .  

H.2. 1 9.3  Checksum  

H .2. 1 9.3. 1  
modified  checksum  
fau l t/error control  techn ique  i n  wh ich  a  s i ng le  word  representing  the  con ten ts  of a l l  words  i n  

memory is  generated  and  saved  

Note  1  to  en try:  Duri ng  se l f-test,  a  checksum  i s  formed  from  the  same  a l gori thm  and  compared  wi th  the  saved  
checksum .  

Note  2  to  en try:  Th i s  techn i que  recogn i zes  a l l  the  odd  errors  and  some of the  even  errors.  
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H.2. 1 9.3.2  
multiple  checksum  
fau l t/error control  techn ique  i n  wh ich  a  separate  words  represen ting  the  contents  of the  

memory areas  to  be  tested  are  generated  and  saved  

Note  1  to  en try:  Duri ng  se l f-test,  a  checksum  i s  formed  from  the  same  a l gori thm  and  compared  wi th  the  saved  
checksum  for that  area.  

Note  2  to  en try:  Th i s  techn i que  recogn i zes  a l l  the  odd  errors  and  some  of the  even  errors.  

H.2. 1 9.4 Cycl ic redundancy check (CRC)  

H .2. 1 9.4. 1  
CRC – single  word  
fau l t/error control  techn ique  i n  wh ich  a  s i ng le  word  is  generated  to  represent the  con ten ts  of 
memory  

Note  1  to  en try:  Duri ng  sel f-test,  the  same  a l gori thm  i s  used  to  generate  another s i gnature  word  wh ich  i s  
compared  wi th  the  saved  word .  

Note  2  to  en try:  Th i s  techn i que  recogn i zes  a l l  one-bi t,  and  a  h i gh  percentage  of mu l ti -b i t,  errors.  

H.2. 1 9.4.2  
CRC – double  word  
fau l t/error control  techn ique  in  wh ich  at l east two  words  are  generated  to  represent the  

con ten ts  of memory 

Note  1  to  en try:  Du ri ng  sel f-test,  the  same  al gori thm  i s  used  to  generate  the  same number of s i gnatu re  words  
wh ich  are  compared  wi th  the  saved  words.  

Note  2  to  en try:  Th i s  techn ique  can  recogn i ze  one-bi t  and  mu l ti -b i t  errors  wi th  a  g reater accuracy than  i n  CRC – 
sing le  word .   

H.2. 1 9.5  
redundant  memory with  comparison  
structu re  i n  wh ich  the  safety-related  conten ts  of memory are  stored  twice  i n  d i fferen t format i n  
separate  areas  so  that they can  be  compared  for error con trol  

H.2. 1 9.6  
static  memory test  
fau l t/error control  techn ique  wh ich  i s  i n tended  to  detect  on l y s tatic errors  

H.2. 1 9.6. 1  
checkerboard  memory test  
static memory test  i n  wh ich  a  checkerboard  pattern  of zeros  and  ones  is  wri tten  to  the  

memory area  under test  and  the  cel l s  are  i nspected  in  pai rs   

Note  1  to  en try:  The  address  of the  fi rst  cel l  i n  each  pai r i s  variable  and  the  add ress  of the  second  ce l l  i s  deri ved  
from  a  b i t  i nvers ion  of the  fi rst  add ress.  I n  the  fi rst  i nspection ,  the  variable  add ress  i s  fi rst  i ncremented  to  the  end  
of the  address  space  of the  memory and  then  decremented  to  i ts  ori g i nal  val ue.  The  test  i s  repeated  wi th  the  
checkerboard  pattern  i n versed .  

H.2. 1 9.6.2  
marching  memory test  
static memory test  i n  wh ich  data  is  wri tten  to  the  memory area  under test as  i n  normal  
operation   

Note  1  to  en try:  Every cel l  i s  then  i nspected  i n  ascend i ng  order and  a  b i t  i n vers ion  performed  on  the  contents.  
The  i nspection  and  b i t  i n vers i on  are  then  repeated  i n  descend ing  order.  Then  th i s  process  i s  repeated  after fi rst  
perform ing  a  b i t  i n vers ion  on  a l l  the  memory cel l s  under test.  
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H.2. 1 9.7  
walkpat  memory test  
fau l t/error con trol  techn ique  i n  wh ich  a  s tandard  data  pattern  i s  wri tten  to  the  memory area  
under test as  i n  normal  operation  

Note  1  to  en try:  A b i t  i n vers i on  i s  performed  on  the  fi rst  ce l l  and  the  remain i ng  memory area  i s  i nspected .  Then  
the  fi rst  cel l  i s  again  i n verted  and  the  memory i nspected .  Th i s  process  i s  repeated  for a l l  memory cel l s  under test.  
A second  test  i s  conducted  by perform ing  a  b i t  i n vers ion  of a l l  ce l l s  i n  memory u nder test  and  proceed ing  as  above.  

Note  2  to  en try:  Th i s  techn ique  recogn i zes  a l l  s tati c  b i t  errors  as  wel l  as  errors  i n  i n terfaces  between  memory 
cel l s .  

H.2. 1 9.8  Word  protection  

H.2. 1 9.8. 1  
word  protection  wi th  multi -bi t  redundancy 
a fau l t/error control  techn ique  i n  wh ich  redundant  b i ts  are  generated  and  saved  for each  word  

i n  the  memory area  under test  

Note  1  to  en try:  As  each  word  i s  read ,  a  pari ty check i s  conducted .  

Note  2  to  en try:  An  example  i s  a  Hamming  code  wh ich  recogn i zes  a l l  one  and  two b i t  errors  as  wel l  as  some th ree  
bi t  and  mu l ti -b i t  errors .  

H.2. 1 9.8.2  
word  protection  wi th  s ingle  bi t  redundancy 
a fau l t/error con trol  techn ique  i n  wh ich  a  s ing le  b i t  i s  added  to  each  word  i n  the  memory area  

under test and  saved ,  creating  e i ther even  pari ty or odd  pari ty  

Note  1  to  en try:  As  each  word  i s  read ,  a  pari ty check i s  conducted .  

Note  2  to  en try:  Th i s  techn i que  recogn i zes  a l l  odd  b i t  errors.  

H.2.20  Defin i tions  of software  terminology – General  

H.2.20. 1  
common  mode  error 
error(s)  i n  a  dual  channel  or other redundant s tructure  such  that  each  channel  or structure  i s  

affected  s imu l taneousl y and  i n  the  same manner 

H.2.20.2  
common  cause  error 
errors  of d i fferen t i tems,  resu l ti ng  from  a  s i ng le  even t,  where  these  errors  are  not 
consequences  of each  other 

Note  1  to  en try:  Common  cause  errors  shou l d  not  be  confused  wi th  common  mode  errors .  

H.2.20.3  
fai lure  modes  and  effects  analysis   
FMEA 
anal ytical  techn ique  i n  wh ich  the  fai lu re  modes  of each  hardware  component are  i denti fi ed  
and  exam ined  for thei r effects  on  the  safety-related  functions  of the  control  

H.2.20.4  
independent  
not being  adversel y i n fl uenced  by the  control  data  flow and  not be ing  impaired  by fai lure  of 
other control  functions,  or by common  mode  effects  
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H.2.20.5  
invariable  memory 
memory ranges  i n  a  processor system  conta in ing  data  wh ich  is  not in tended  to  vary during  
programme execution  

Note  1  to  en try:  Invari able  memory  may i ncl ude  RAM  construction  where  the  data  i s  not  i n tended  to  vary du ri n g  
programme executi on .  

H.2.20.6  
variable  memory 
memory ranges  i n  a  processor system  conta in ing  data  wh ich  i s  i n tended  to  vary during  
programme execution  

H.2.21  Void   

H .2.22  Defin i tions  relating  to  classes  of control  functions  

For the  evaluation  of protecti ve  measures  for fau l t  to lerance  and  avoidance  of hazards ,  i t  i s  
necessary to  classi fy control  functions  wi th  regard  to  the ir fau l t  behaviou r.  

At the  class i fication  of control  functions ,  thei r i n tegration  in to  the  complete  safety concept of 

the  appl iance  shal l  be  taken  in to  account.  

NOTE  A control  function  consists  of the  en ti re  l oop  beg i nn ing  wi th  the  sens ing  means  through  the  processing  
ci rcu i try (hardware  and  software  i f u sed )  and  i ncl ud ing  the  actuator d ri ve.  

For the  purpose  of evaluati ng  the  des ign  of a  control  function ,  present requ i rements  
recogn ise  three  d istinct cl asses:  

H.2.22. 1  
class  A control  function  
control  functions  wh ich  are  not i n tended  to  be  re l i ed  upon  for the  safety of the  appl ication  

Note  1  to  en try:  Examples  are:  room  thermostats ,  temperature  control .  

H.2.22.2  
class  B  control  function  
control  functions  wh ich  are  i n tended  to  preven t an  unsafe  state  of the  appl i ance  

Note  1  to  en try:  Fai lure  of the  control  function  wi l l  not  l ead  d i rectl y to  a  hazardous  s i tuati on .  

Note  2  to  en try:  Examples  are:  thermal  l im i ter,  pressure  l im i ter.  

H.2.22.3  
class  C  control  function  
control  functions  wh ich  are  i n tended  to  prevent specia l  hazards  such  as  explos ion  or whose  
fai lure  cou ld  d i rectl y cause  a  hazard  i n  the  appl iance  

Note  1  to  en try:  Examples  are:  bu rner con trol  systems,  thermal  cu t-ou ts  for cl osed  water systems  (wi thout  ven t  
protection ).  

H.2.23  Definitions  relating to  functional  safety 

H .2.23. 1  
fau l t  tolerating  time  
time between  the  occurrence of a  fau l t  and  the  shu t-down  of the  control led  equ ipment,  wh ich  

i s  tolerated  by the  appl ication  wi thout creating  a  hazardous  s i tuation   

Note  1  to  en try:  Actions  other than  shu t-down  of the  contro l l ed  equ i pment  are  possib l e  i f they can  be  shown  to  
prevent hazardous  s i tuati ons.  
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H.2.23.2   
fau l t  reaction  time    
time between  the  occurrence of a  fau l t  and  the  poin t where  the  control  h as  reached  a  
defined  state  

H.2.23.3  
defined  state  
state  of a  control  wi th  the  fo l lowing  characterisation :  

a)  the  control  pass ivel y assumes  a  state  i n  wh ich  the  ou tput term inals  ensure  a  safe  
s i tuation  under a l l  ci rcumstances.  When  the  cause  of the  trans i tion  to  defined  state  i s  
l i fted ,  the  appl ication  shou ld  start-up  i n  accordance wi th  the  appropriate  requ i rements;  or  

b)  the  control  acti ve l y execu tes  a  protecti ve  action ,  wi th in  the  time as  speci fied  i n  the  
re levant part 2 ,  caus ing  a  shut-down,  or preventing  an  unsafe  cond i ti on ;  or  

c)  the  control  remains  i n  operation ,  con tinu ing  to  satisfy a l l  safety re lated  functional  
requ i rements  

H.2.23.4  
complex electron ics  

denote  assembl ies  wh ich  use  e lectron ic  components  wi th  the  fol lowing  characteristics :  

a)  the  componen t provides  more  than  one  functional  ou tput;  

b)  i t  i s  impractical  or impossible  to  represent the  fai lu re  mode of such  a  component by s tuck-
at and  cross- l inks  at  the  p ins  or by other fai lu re  modes  wh ich  are  described  in  Table  H . 24   

H.2.23.5  
reset  

action  wh ich  provides  reset from  safe-state  to  a l l ow the  system  to  attempt a  restart  

H.2.23.6  Void  

H .2.23.7  
degradation  (of performance)  
undesi red  departure  i n  the  operational  performance of any device,  equ ipment or system  from  
i ts  i n tended  performance   

Note  1  to  en try:  The  term  "degradati on "  can  app ly to  temporary or permanent fai lure .  

[SOURCE:  I EC 60050-1 61 : 1 990,  1 61 -01 -1 9]  

H.2.23.8  Void  

H .2.23.9  
harm  
physical  i n j ury or damage  to  heal th  of people,  or damage  to  property or the  envi ronment  

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 3]  

H.2.23. 1 0  
hazard  
poten tia l  source  of harm   

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 5]  
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H.2.23. 1 1  
risk 
combination  of the  probabi l i ty of occurrence  of harm  and  the  severi ty of that  harm   

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 2]  

H.2.23. 1 2  
reasonably foreseeable  misuse  
use  of a  product,  process  or service  under cond i ti ons  or for purposes  not i n tended  by the  
suppl ier,  bu t  wh ich  may happen ,  i nduced  by the  des ign  of the  product  i n  combination  wi th ,  or 
as  resu l t of,  common  human  behaviour  

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 1 4  mod i fied ,  – " i n  a  way not i n tended  by the  suppl ier,  
bu t wh ich  may resu l t  from  read i l y pred ictable  human  behaviour"  have  been  added . ]  

H.2.23. 1 3   
functional  safety 
safety re lated  to  the  appl ication  wh ich  depends  on  the  correct function in g  of the  safety-re lated  
control   

H.2.24 Defin i tions  related  to  access  to  data  exchange  

H .2.24. 1  
sequence  number 
add i ti onal  data  fie ld  con tain ing  a  number that changes  in  a  predefined  way from  message  to  
message   

H.2.24.2   
time stamp  
i n formation  concern ing  time  of transmission  a ttached  to  a  message by the  sender  

H.2.24.3   
source  and  destination  identi fier 

i denti fier wh ich  is  ass igned  to  each  en ti ty 

Note  1  to  en try:  Th i s  i den ti fi er can  be  a  name,  number or arbi trary b i t  pattern .  Th i s  i d enti fi er wi l l  be  used  for the  
safety-re lated  commun ication .  Usual l y the  i denti fi er i s  added  to  the  user  d ata.  

H.2.24.4  
feed-back message  

response  from  a  receiver to  the  sender,  via  a  return  channel  

H.2.24.5  
identi fication  procedure  

procedure  that  forms a  part  of the  safety-re lated  appl ication  process   

Note  1  to  en try:  Two types  of i den ti fication  procedure  can  be  d i sti ngu ished :  

– b i -d i rectional  i denti fi cation  – Where  a  retu rn  commun ication  channel  i s  avai l abl e,  exchange  of en ti ty i den ti fi ers  
between  senders  and  recei vers  of i n formation  can  provide  add i ti onal  assurance  that  the  commun ication  i s  
actual l y between  the  i n tended  parti es,  

– dynam ic i denti fi cation  procedures  –  Dynam ic exchange  of i n formation  between  senders  and  recei vers ,  
i ncl ud i ng  transformation  and  feedback of received  i n formation  to  the  sender.  Can  provide  assurance  that  the  
commun icati ng  parti es  not  on l y cl aim  to  possess  the  correct  i den ti ty,  bu t  a l so  behave  i n  the  manner expected .  
Th i s  type  of dynam ic i denti fication  procedure  can  be  used  to  preface  the  transm iss ion  of i n formation  between  
commun icati ng  safety-related  processes  and /or i t  can  be  used  du ri ng  the  i n formation  transm ission  i tsel f.  

H.2.24.6   
safety code  
redundant  data  i ncluded  i n  a  safety-re lated  message  to  perm i t  data  corruptions  to  be  detected  
by the  safety-re lated  transm ission  function  
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H.2.24.7 
cryptographic  techn iques  
outpu t data  are  calcu lated  by an  a lgori thm  us ing  i npu t data  and  a  key as  a  parameter  

Note  1  to  en try:  By knowing  the  ou tpu t  data,  i t  i s  impossib le  wi th i n  a  reasonable  t ime  to  calcu late  the  i npu t  d ata  
wi thout  knowledge  of the  key.  I t  i s  a l so  imposs ible  wi th i n  a  reasonable  time  to  d eri ve  the  key from  the  ou tpu t  data,  
even  i f the  i npu t  data  are  known.   

H.2.24.8 
time-out  

delay between  two messages  exceed ing  a  predefined  a l l owed  maximum  time 

NOTE  1  to  en try:  I f th i s  i s  the  case,  an  error can  be  assumed .  

H.2.24.9  
publ ic  network 
data  and  s ignals  not confined  to  the  phys ical  space wi th in  the  household ,  or l ocations  
speci fied  as  being  covered  wi th in  the  scope of th is  standard  

Note  1  to  en try:  Examples  of publ ic  networks  i ncl ude  bu t  are  not  l im i ted  to:  

– I n ternet;  

– Wi -F i  Devices;  

– B l uetooth  >  1 0  m  Devices.   

H.4 General  notes  on  tests   

H.4. 1  Cond i tions  of test  

H .4. 1 .4  Addition:  

For electronic controls ,  the tests of Clauses H. 25,  H.26 and H. 27 are carried out before the 
tests of Clause 21 .  

Additional subclauses:  

H.4. 1 .9  Electronic controls  shall be tested as electrical controls,  unless otherwise 
specified.  

H.4. 1 . 1 0  When conducting the test sequence for electronic controls ,  care shall be taken 
that the results of a  test are not influenced adversely by any preceding testing of the sample  
unless specifically required by the standard.  It may be necessary to replace that sample,  or 
parts thereof,  or to use an additional sample.  

NOTE  The  number of samples  can  be  kept to  the  m in imum  by an  eval uation  of the  re levan t ci rcu i ts .  

H.4. 1 . 1 1  Except for the test specified in Clause H. 26,  care shall be taken that the supply is 
free of such perturbations from external sources as may influence the results of the tests on  
electronic controls.  

H.6 Classi fication  

H.6.4 Accord ing  to  features  of automatic  action  

H.6.4.3  Additional subclause:  

H.6.4.3.1 3  – electron ic d isconnection  on  operation  (Type  1 .Y – 2 .Y)  
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H.6.9  Accord ing  to  ci rcu i t  d isconnection  or in terruption  

Addition: 

H.6.9.5  – electron ic  d isconnection  

H.6. 1 8  According  to  classes  of control  functions  (see  Table  1 ,  requ i rement 92)  

H . 6. 1 8. 1    – Control  of class  A control  functions  

H.6. 1 8.2  – Control  of class  B  control  functions  

H.6. 1 8.3  – Control  of class  C  control  functions  

H.7  Information  

Additional items to Table 1  m  (1  of 2)  

I n formation  Clause  or 
subclause  

Method  

Modification :  

36  Lim i ts  of activating  quan ti ty  for any sensing  elemen t  over wh ich  micro-
d isconnection  or el ectron ic  d isconnection  i s  secure  

1 1 . 3 . 2 ,  
H . 1 1 . 4. 1 6,  
H . 1 7. 1 4 ,  
H . 1 8. 1 . 5,  
H . 27. 1 . 1 ,  H . 28  

X 

Additional items to Table 1 :  

52  The  m in imum  parameters  of any heat  d i ss ipator (for example,  heat  s i nk)  not  
provi ded  wi th  an  electron ic control  bu t  essen tia l  to  i ts  correct  operation  

 

1 4  

D  

53  Type  of ou tpu t  waveform  i f other than  s i nusoida l  H . 25  X 

54  Detai l s  of the  l eakage curren t  waveform  produced  after fai lure  of the  basic 
i nsu lation  

H . 27  X 

55  The  relevant  parameters  of those  electron ic  devices  o r other ci rcu i t  components  
cons idered  as  un l i ke ly to  fa i l  (see  paragraph  1  of H . 27. 1 . 1 . 4)  

H . 27  X 

56  Type  of ou tpu t  waveform(s)  produced  after fai lu re  of an  electron ic  device  or 
other ci rcu i t  component  (see  i tem  g )  of H . 27. 1 . 1 . 3)  

H . 27  X 

57  The  effect  on  control l ed  ou tpu t(s)  after e l ectron ic  ci rcu i t  component fai lure  i f 
re l evant  ( i tem  c)  of H . 27. 1 . 1 . 3)  

H . 27  X 

58a  For i n teg rated  and  i ncorporated  electron ic  controls ,  i f any protection  against  
mains  borne  pertu rbati ons,  magneti c  and  e l ectromagneti c  d i s tu rbances  i s  cl a imed ,  
wh ich  of the  tests  of Clause  H . 26  shal l  be  performed  and  the  effect  on  con trol l ed  
ou tpu t(s)  and  function  after a  fai lure  to  operate  as  a  resu l t  of each  test  

H . 26. 2  
H . 26. 1 5  

X 
 

58b  For other than  i n tegrated  and  i ncorporated  electron ic  controls ,  the  effect  on  
control l ed  ou tpu t(s)  and  function  after a  fai lu re  to  operate  as  a  resu l t  of the  tests  
of Clause  H . 26  

H . 26. 2   
H . 26. 1 5  

X 

59  Any component  on  wh ich  re l i ance i s  p l aced  for electron ic  d isconnection  wh ich  i s  
d i sconnected  as  requ i red  by footnote  n  to  Tab le  1 2   

1 3. 2  
H . 27. 1  

X 

60  I nstal l ati on  cl ass  (su rge  immun i ty)  H . 26. 8. 2  
Annex R 

X 

66  Software  sequence  documentati on  m n  o  p  H . 1 1 . 1 2 . 2 . 9  X 

67  Prog ramme documentation  m q  p  H . 1 1 . 1 2. 2 . 9  

H . 1 1 . 1 2 . 2 . 1 2  

X 

68  Software  fau l t  anal ys i s  m o  p  H . 1 1 . 1 2  
H . 27. 1 . 1 . 4  

X 

69  Software  cl ass(es)  and  s tructu re  r  

Th is  i n formation  i s  not  requ i red  for cl ass  A controls  

H . 1 1 . 1 2 . 2  
H . 1 1 . 1 2 . 3  
H . 27. 1 . 2 . 2 . 1  
H . 27. 1 . 2 . 3 . 1  

D  

70  Analyti cal  measures  and  fau l t/error control  techn i ques  employed  m s  H . 1 1 . 1 2. 1 . 2  X 
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H. 1 1 . 1 2 . 2 . 2  
H . 1 1 . 1 2 . 2 . 4  

71  Software  fau l t/error detection  time(s)  for controls  wi th  software  cl asses  B  or 
C  m t  

H . 2 . 1 7. 1 0  
H . 1 1 . 1 2. 2 . 6  

X 

72  Control  response(s)  i n  case  of detected  fau l t/error m  H . 1 1 . 1 2. 2 . 7  X 

73  Control s  subj ected  to  a  second  fau l t  anal ys i s  and  declared  cond i ti on  as  a  resu l t  
of the  second  fau l t  

H . 27. 1 . 2 . 3  X 

74  External  l oad  and  em iss ion  con trol  measu res  to  be  used  for test  purposes  H . 23. 1 . 1  X 

 

Additional items to Table 1  (2 of 2)  

In formation  Clause  or 
subclause  

Method  

91  Fau l t  reaction  time  H . 2 . 23. 2  
H . 27. 1 . 2 . 2 . 2  
H . 27. 1 . 2 . 2 . 3  
H . 27. 1 . 2 . 3 . 2  
H . 27. 1 . 2 . 3 . 3  
H . 27. 1 . 2 . 4 . 2  
H . 27. 1 . 2 . 4 . 3  

X 

92  Cl ass  or cl asses  of control  function (s)  H . 6. 1 8  
H . 27. 1 . 2 . 2  
H . 27. 1 . 2 . 3  

  X  

93  Maximum  number of reset  acti ons  wi th i n  a  t ime  period   H . 1 1 . 1 2. 4. 3. 6  
H . 1 1 . 1 2. 4. 3. 4  
 

D  

94  Number of remote  reset actions  H . 1 7. 1 . 4 . 3  X 

m  For controls  d eclared  as  en ti rel y Class  A,  the  requ i rements  66,  67,  68,  70,  71  and  72  are  exempted .  For 
control s  wi th  software  cl asses  B  or C,  i n formation  shal l  be  provi ded  on l y for the  safety-rel ated  segments  of 
the  software.  I n formation  on  the  non -safety  related  segments  shal l  be  su ffi cien t  to  establ i sh  that  they do  not  
i n fl uence  the  safety-related  segments.  

n  The  software  sequence  shal l  be  documented  and ,  together wi th  the  operating  sequence  of  
table  requ i rement  46,  shal l  i n cl ude  a  d escripti on  of the  control  system  ph i l osophy,  the  control  fl ow,  data  
fl ow and  the  t im ings.  

o  Safety-re lated  data  and  safety-re lated  segments  of the  software  sequence,  the  mal functi on  of wh ich  cou ld  
resu l t  i n  non -compl iance  wi th  the  requ i rements  of 1 7,  25,  26  and  27,  shal l  be  i d en ti fi ed .  Th i s  i denti fi cati on  
shal l  i ncl ude  the  operating  sequence  and  may,  for example,  take  the  form  of a  fau l t  tree  anal ys i s  wh ich  
shal l  i ncl ude  those  fau l t/errors  of Tabl e  H . 1  wh ich  cou ld  resu l t  i n  non -compl iance.  The  software  fau l t  
anal ys i s  shal l  be  related  to  the  hardware  fau l t  anal ys i s  i n  Clause  H . 27.  

p  Examples  of other i n formation  wh ich  may be  su i tab le  for i ncl us ion  i n  the  documentation  requ i red  by 
footnotes  m ,  n ,  o,  q ,  r and  s  are:  

 Ori g i nal  software  system  speci fi cation ,  for example:  

−  functional  speci fi cation ,  i ncl ud i ng  procedure  for restart  on  l oss  of supply,  

−  modu le  desi gn ,  i ncl ud ing  description  of equ ipment i n terfaces,  and  descripti on  of user  i n terfaces,  

−  deta i l ed  des ign ,  i ncl ud ing  descripti on  of use  of memory,  

−  code  l i s ti ng ,  i ncl ud ing  prog ramm ing  l anguage  i d enti fi cation ,  comments  and  l i s ti ng  of subrouti nes,  

−  test  speci fi cation ,  

−  manuals  for i nstal l ati on ,  use  and /or main tenance.  

q  Programming  documentation  shal l  be  suppl i ed  i n  a  programming  design  l anguage  declared  by the  
manufacturer.  

r  With in  a  control ,  d i fferen t  software  cl asses  may apply to  d i fferen t  control  fu nctions.  Examples  of control  
functions  that  may i ncl ude  software  cl asses  A to  C  are  as  fol l ows:  

 Class  A – Examples  are  room  thermostats ,  hum id i ty control s ,  l i gh ti ng  con trol s ,  t imers  and  t ime  swi tches.  

 Class  B  – An  example  i s  a  thermal  cu t-ou t.   

 C l ass  C  – Examples  are  au tomatic  burner con trol s  and  thermal  cu t-ou ts  for cl osed  water heater systems  
(unvented).  

s  Measures  to  be  declared  are  those  chosen  by the  manufacturer from  the  requ i rements  of H . 1 1 . 1 2 . 1 . 2  to  
H . 1 1 . 1 2 . 2 . 4  i ncl us i ve.  

t     Th i s  can  be  expressed  as  a  time  fol l owing  the  execu tion  of a  speci fi c  software  segment.  
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H.8  Protection  against electric shock 

H.8. 1  General  requ irements  

Additional subclauses:  

H.8. 1 . 1 0  Accessible  parts  sha l l  not be  cons idered  as  hazardous  l ive  parts  i f separated  
from  the  suppl y by protective  impedance .  

H.8. 1 . 1 0. 1  When  protective  impedance  i s  used ,  the  curren t between  the  part or parts  and  

e i ther pole  of the  suppl y source  shal l  not  exceed  0, 7  mA (peak value)  a . c.  or 2  mA d . c;  

– for frequencies  exceed ing  1  kHz,  the  l im i t of 0 , 7  mA (peak va lue)  i s  mu l ti p l ied  by the  value  
of the  frequency i n  kHz but  shal l  not  exceed  70  mA (peak va lue) ;  

– for vol tages  over 42 , 4  V (peak va lue)  and  up  to  and  includ ing  450  V (peak va lue),  the  

capaci tance  shal l  not  exceed  0 , 1  µF;  

– for vol tages  over 450  V (peak va lue)  and  up  to  and  i nclud ing  1 5  kV (peak value),  the  

product  of the  capaci tance  i n  farads  times  the  potentia l  i n  vol ts  sha l l  not exceed  45  µC;  

– for vol tages  over 1 5  kV (peak value),  the  product of the  capaci tance  i n  farads  times  the  
square  of the  potential  i n  vol ts  sha l l  not  exceed  350  mJ .  

Compliance is checked by measurement.  

Voltages and currents are measured between a  single accessible part (or any combination of 
such parts)  and the protective earth conductor.  Measurements shall be  taken in normal supply 
configuration,  and with supply poles interchanged.  

The measuring circuit shall have a  total impedance of (1  750 ±  250)  Ω  and be shunted by a  

capacitor such that the  time constant of the circuit is (225 ±  15)  µs.  

Detai ls  of a  su i table  measuring  ci rcu i t  are  shown  i n  F igure  E. 1 .  

The  measuring  ci rcu i t  shal l  have  an  accuracy of wi th in  5  %  for a l l  frequencies  in  the  range  of 
20  Hz to  5  kHz.  For frequencies  above 5  kHz,  a l ternative  methods  of measurement are  
requ i red .  

H.1 1  Constructional  requirements  

H.1 1 .2  Protection  against e lectric  shock 

Additional subclauses:  

H.1 1 .2.5  Protective  impedance  shal l  cons ist  of two or more  impedance components  of 
equ ivalent res istance  values  i n  series,  wh ich  are  connected  between  l ive  parts  and  
accessible  parts .  I t  shal l  cons ist of components  i n  wh ich  the  probabi l i ty of a  reduction  i n  

impedance during  l i fe  can  be  i gnored  and  the  possibi l i ty of a  short ci rcu i t  i s  neg l i g ib le.  

The use of only one Y1  capacitor is permitted where the relevant safety characteristics of the 
capacitor are  specified and controlled to be likely.  

NOTE This is in  line with  5. 3. 4 of IEC 61140:2001 .  

Such components are  

−  Resistors detailed in  Table H. 24,  footnote  c.  
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Alternatively,  the resistors shall comply with the requirements of 14. 1  of 
IEC 60065:2001/AMD1:2005.  

– Capacitors.  

Capacitors shall comply with IEC 60384-14,  class Y.  

Under these  cond i ti ons,  the  equ ipment shal l  s ti l l  comply wi th  the  requ i rements  of H . 8. 1 . 1 0 .  

H.1 1 .4 Actions  

Additional subclauses:  

H.1 1 .4. 1 6  Type  1 . Y or 2 .Y action  shal l  operate  to  provide  electronic d isconnection .  

Compliance is checked by the tests of H. 11 . 4. 16.  

H.1 1 .4. 1 6. 1  The  test i s  carried  ou t wi th  the  control  connected  to  i ts  declared  maximum  load ,  
suppl ied  wi th  rated  vol tage,  and  at  temperature  Tmax.  

H.1 1 .4. 1 6.2  The  curren t through  the  electronic  d isconnection  shal l  not exceed  5  mA or 
1 0  %  of the  rated  curren t,  wh ichever i s  the  l ower.   

H.1 1 . 1 2  Controls  using  software  

Controls  u s i ng  software  shal l  be  so  constructed  that the  software  does  not impai r control  

compl iance  wi th  the  requ irements  of th is  standard .  

Compliance is checked by the tests for electronic controls  in  this standard,  by inspection  
according to the requirements of H. 11 . 12 and by examination of the documentation required 
in  requirements 66 to 72 inclusive of Table 1 .  

Su bc l a u ses  H . 1 1 . 1 2 . 1  to  H . 1 1 . 1 2 . 4  i nclus ive  are  on l y appl icable  to  control  functions  us ing  

software  class  B  or class  C.  

Subclause  H . 1 1 . 1 2 . 4  con tains  add i tional  requ i rements  for remotely actuated  control  
functions .  

H.1 1 .1 2. 1  Requirements  for the  arch itecture  

H .1 1 . 1 2.1 .1   Control  functi ons  wi th  software  class  B  or C  shal l  use  measures  to  control  and  
avoid  software-re lated  fau l ts /errors  i n  safety-related  data  and  safety-related  segments  of the  

software,  as  deta i l ed  i n  H . 1 1 . 1 2. 1 . 2  to  H . 1 1 . 1 2 . 3  i nclusive.   

H.1 1 . 1 2 .1 . 2  Structure  for control  functions  with  software  class  B  or C  
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H.1 1 . 1 2 .1 .2. 1  Control  functions  wi th  software  class  C  shal l  have  one  of the  fol lowing  

structures:  

– single  channel  wi th  periodic  sel f-test  and  mon i toring  (H . 2 . 1 6.7) ;  

– dual  channel  (homogenous)  wi th  comparison  (H . 2. 1 6. 3);  

– dual  channel  (d iverse)  wi th  comparison  (H . 2 . 1 6. 2).  

NOTE   Compari son  between  dual  channel  s tructures  can  be  performed :  

– by the  use  of a  comparator  (H . 2 . 1 8. 3)  or 

– by reciprocal  comparison  (H . 2 . 1 8. 1 5).  

H.1 1 . 1 2 .1 . 2.2  Control  functions  wi th  software  class  B  shal l  have  one  of the  fo l lowing  

structures:  

– single  channel  wi th  functional  test  (H . 2 . 1 6. 5) ;  

– single  channel  wi th  period ic  sel f-test  (H . 2 . 1 6 .6) ;  

– dual  channel  wi thout  comparison  (H . 2. 1 6. 1 ).  

A software  class  C  structure  is  a lso  acceptable  for a  software  class  B  structure.  

H.1 1 . 1 2 .1 .3   Other structures  are  perm i tted  i f they can  be  shown  to  provide  an  equ iva len t 

l evel  of safety to  those  in  H . 1 1 . 1 2. 1 . 2 .  

H.1 1 . 1 2 .2  Measures  to  control  fau l ts/errors   

H . 1 1 . 1 2 .2 . 1  When  redundant memory with  comparison  i s  provided  on  two areas  of the  
same component,  the  data  i n  one  area  shal l  be  stored  in  a  d i fferent  format from  that i n  the  
other area  (see  software  d iversi ty) .  

H.1 1 . 1 2 .2 .2  Controls  wi th  software  class  C  using  dual  channel  s tructures  wi th  comparison  
shal l  have  add i ti onal  fau l t/error detection  means  (such  as  period ic  functional  tests ,  period ic  
sel f-tests,  or i ndependent  mon i tori ng)  for any fau l t/errors  not detected  by the  comparison .  

H.1 1 . 1 2 .2 .3  For controls  wi th  software  class  B  or C,  means  shal l  be  provided  for the  
recogn i ti on  and  control  of errors  i n  transmissions  to  external  safety-re lated  data  paths.  Such  
means  shal l  take  i n to  accoun t errors  i n  data,  add ress ing ,  transmission  t im ing  and  sequence 

of protocol .  

H.1 1 . 1 2.2 .4 For control  wi th  software  class  B  or C,  the  manufacturer shal l  provide,  wi th in  
the  con trol ,  measures  to  address  the  fau l t/errors  i n  safety-related  segments  and  data  

i nd icated  i n  Table  H . 1  and  i den ti fied  i n  Table  1 ,  requ i rement 68.   
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Table  H . 1  (H . 1 1 . 1 2 .7  of ed i tion  3)  – Acceptable  measures  to  address  fau l t/errors  
a
 (1  of 6)   

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

1 .  CPU       

1 . 1       

Reg isters  S tuck at  rq   Functional  test,  or H . 2 . 1 6. 5  

    period ic  sel f-test  us i ng  e i ther:  H . 2 . 1 6. 6  

    –  static memory test,  or H . 2 . 1 9. 6  

    –  word  protection  wi th  s ing le  b i t  
redundancy  

H . 2 . 1 9. 8. 2  

 DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    i n ternal  error detection ,  or H . 2 . 1 8. 9  

    redundant memory wi th  comparison ,  or H . 2 . 1 9. 5  

    period ic  sel f-tests  us ing  e i ther  

    –  walkpat memory test  H . 2 . 1 9. 7  

    –  Abraham  test  H . 2 . 1 9. 1  

    –  transparent GALPAT test;  or H . 2 . 1 9. 2 . 1  

    word  protection  wi th  mu l ti -bi t  redundancy,  
or 

H . 2 . 1 9. 8. 1  

    static  memory test  and  word  protection  H . 2 . 1 9. 6  

    wi th  s i ng le  b i t  redundancy H . 2. 1 9. 8. 2  

1 . 2       

I nstruction   Wrong   rq  Compari son  of redundant CPUs  by e i ther:   

decod i ng  and  decod i ng    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

execution  and  execu tion    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    i n ternal  error detection ,  or H . 2 . 1 8. 9  

    period ic  sel f-test  us i ng  equ ival ence  class  test  H . 2 . 1 8. 5  

1 . 3     Functional  test,  or H . 2 . 1 6. 5  

Prog ramme Stuck at  rq   period ic  sel f-test,  or H . 2 . 1 6. 6  

coun ter    i ndependent time-slot mon i toring  of the  
program  sequence ,  or 

H . 2 . 1 8. 1 0. 4  

    l og ical  mon i toring  of the  programme 
sequence  

H. 2. 1 8. 1 0. 2  

    Period ic  sel f-test  and  mon i tori ng  us ing  e i ther:  H . 2 . 1 6. 7  

 DC fau l t   rq  – independen t time-slot and  log ical  
mon i toring  

H . 2 . 1 8. 1 0. 3  

    –  i n ternal  error detection ,  or H . 2 . 1 8. 9  

    compari son  of redundant functi onal  channels  
by e i ther:  

 

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  
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Table  H . 1  (2 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

1 . 4       

Address ing  DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator;  or H . 2 . 1 8. 3  

    I n ternal  error detection ;  or H . 2 . 1 8. 9  

    period ic  sel f-test  us i ng  a  testi ng  pattern  of H . 2 . 1 6. 7  

    the  address  l i nes;  or H . 2 . 1 8. 22  

    fu l l  bus  redundancy,  or H . 2 . 1 8. 1 . 1  

    multi -bi t  bus  pari ty H.2. 1 8. 1 . 2  

1 . 5       

Data  paths  DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

i nstruction  and    reciprocal  comparison ,  or H . 2 . 1 8. 1 5  

decod i ng  execution    i ndependent  h ardware  comparator,  or H . 2 . 1 8. 3  

    I n ternal  error detection ,  or H . 2 . 1 8. 9  

    period ic  sel f-test  us i ng  a  testi ng  pattern ,  or H . 2 . 1 6. 7  

    data redundancy,  or H . 2 . 1 8. 2 . 1  

    multi -bi t bus  pari ty H.2. 1 8. 1 . 2  

2 .       

I n terrupt  No  i n terrupt  rq   Functional  test;  or H . 2 . 1 6. 5  

hand l i ng  and  or too    t ime-s lot  mon i tori ng  H . 2 . 1 8. 1 0. 4  

execution   frequent      

 i n terrupt      

 No  i n terrupt   rq  Compari son  of redundant functiona l   

 or too    channel s  by e i ther  

 frequent    reciprocal  comparison ,  H . 2 . 1 8. 1 5  

 i n terrupt    i ndependent  h ardware  comparator,  or H . 2 . 1 8. 3  

 re l ated  to    I ndependent  time-slot and  log ical  
mon i toring  

H . 2 . 1 8. 1 0. 3  

 d i fferent      

 sources      
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Table  H . 1  (3 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

3.       

C l ock  rq   Frequency mon i toring ,  or H . 2 . 1 8. 1 0. 1  

    t ime  s l ot  mon i tori ng  H . 2 . 1 8. 1 0. 4  

 Wrong   rq  Frequency mon i toring ,  or H . 2 . 1 8. 1 0. 1  

 frequency   t ime-s lot  mon i tori ng ,  or H . 2 . 1 8. 1 0. 4  

 ( for quartz    compari son  of redundant functional  channels   

 synchron i zed    by e i ther:   

 cl ock:    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

 harmon ics/   –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  

 subharmon ics      

 on l y)      

4 .  Memory      

4 . 1       

Invariabl e  Al l  s i ng le  b i t  rq   Period ic  modified  checksum ;  or H . 2 . 1 9. 3. 1  

memory fau l ts    multiple  checksum ,  or H . 2 . 1 9. 3. 2  

    word  protection  wi th  s ing le  b i t redundancy H.2. 1 9. 8. 2  

 99, 6  %    rq  Compari son  of redundant CPUs  by e i ther:   

 coverage  of   –  reciprocal  comparison  H . 2 . 1 8. 1 5  

 a l l  
i n formati on   

  –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

 errors    redundan t memory wi th  comparison ,  or H . 2 . 1 9. 5  

    period ic  cycl i c  redundancy check,  e i ther  

    –  s i ng le  word  H . 2 . 1 9. 4 . 1  

    –  double  word ,  or H . 2 . 1 9. 4 . 2  

    word  protection  wi th  mu l ti -bi t  redundancy H.2. 1 9. 8. 1  

4 . 2       

Variable  DC fau l t  rq   Period i c  stati c  memory test,  or H . 2 . 1 9. 6  

memory    word  protection  wi th  s ing le  b i t redundancy H.2. 1 9. 8. 2  

 DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

 and  dynam ic   –  reciprocal  comparison  H . 2 . 1 8. 1 5  

 cross  l i nks    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    redundan t memory wi th  comparison ,  or H . 2 . 1 9. 5  

    period ic  sel f-tests  us ing  e i ther:   

    –  walkpat memory test  H . 2 . 1 9. 7  

    –  Abraham  test  H . 2 . 1 9. 1  

    –  transparent GALPAT test,  or H . 2 . 1 9. 2 . 1  

    word  protection  wi th  mu l ti -bi t redundancy H.2. 1 9. 8. 1  
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Table  H . 1  (4 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

4. 3       

Address ing  S tuck at  rq   Word  protection  wi th  s ing le  bi t  redundancy  H . 2 . 1 9. 1 8. 2  

(re levant  to      i ncl ud i ng  the  address,  or  

variabl e   DC fau l t   rq  compari son  of redundant CPUs  by e i ther:   

memory  and      –  reciprocal  comparison ,  or H . 2 . 1 8. 1 5  

i nvariabl e      –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

memory)     fu l l  bus  redundancy H. 2. 1 8. 1 . 1  

    Testing  pattern ,  or  

    period ic  cycl i c  redundancy check,  e i ther:  H . 2 . 1 8. 22  

    –  s i ng le  word  H . 2. 1 9. 4 . 1  

    –  double  word ,  or H . 2 . 1 9. 4 . 2  

    word  protection  wi th  mu l ti -bi t  redundancy  
i ncl ud i ng  the  address  

H . 2. 1 9. 8. 1  

      

5 .  I n ternal  d ata  
path  

 

5 . 1  Data  

 

 

 

S tuck at  

 

 

 

rq  

  

 

 

Word  protection  wi th  s ing le  bi t  redundancy 

 

 

 

H . 2 . 1 9. 8. 2  

 DC fau l t   rq  Compari son  of redundant CPUs  by e i ther:   

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    word  protection  wi th  mu l ti -bi t redundancy H. 2. 1 9. 8. 1  

    i ncl ud i ng  the  address,  or data  redundancy,  or H . 2 . 1 8. 2 . 1  

    testing  pattern ,  or H . 2 . 1 8. 22  

    protocol  test  H. 2. 1 8. 1 4  

5. 2  Add ress ing  Wrong  
add ress  

rq   Word  protection  wi th  s ing le  bi t  redundancy  
i ncl ud i ng  the  address  

H . 2. 1 9. 8. 2  

 Wrong   rq  Compari son  of redundant CPUs  by:   

 add ress  and    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

 mu l ti p l e     –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

 add ress ing    word  protection  wi th  mu l ti -bi t  redundancy,  
i ncl ud i ng  the  address,  or fu l l  bus  
redundancy;  or testing  pattern  i ncl ud i ng  the  
add ress  

H . 2. 1 9. 8. 1  
H . 2 . 1 8. 1 . 1  
H . 2 . 1 8. 22  

6   
External  
commun ication  

 
Hamming  
d istance  3  

 
rq  

  
Word  protection  wi th  mu l ti -bi t  redundancy,  
or CRC – sing le  word  ,  or  

 
H . 2 . 1 9. 8. 1  
H . 2 . 1 9. 4 . 1  

    transfer redundancy,  or H . 2 . 1 8. 2 . 2  

    protocol  test  H. 2. 1 8. 1 4  
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Table  H . 1  (5 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

6. 1   
Data  

 
Hamming  
d istance  4  

  
rq  

 
CRC – double  word ,  or 

 
H . 2 . 1 9. 4 . 2  

    data redundancy  or compari son  of redundant 
functional  channels  by e i ther:  

H . 2 . 1 8. 2 . 1  

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  

6 . 2  Wrong  rq   Word  protection  wi th  mu l ti -bi t  redundancy,  H . 2 . 1 9. 8. 1  

Address ing  add ress    i ncl ud i ng  the  address,  or CRC – s ing le  word  H . 2 . 1 9. 4 . 1  

    i ncl ud i ng  the  addresses,  or  

    transfer redundancy  o r H . 2 . 1 8. 2 . 2  

    protocol  test  H. 2. 1 8. 1 4  

 Wrong  and   rq  CRC – double  word ,  i ncl ud ing  the  address,  or H . 2 . 1 9. 4 . 2  

 mu l ti p l e    fu l l  bus  redundancy  of d ata  and  address,  or H . 2 . 1 8. 1 . 1  

 add ress ing    compari son  of redundant commun ication  
channels  by e i ther:  

 

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  

6 . 3   
Tim ing  

Wrong  poin t  
i n  t ime  

rq   Time-s lot  mon i tori ng ,  or  
schedu l ed  transmission  

H . 2 . 1 8. 1 0. 4  
H . 2 . 1 8. 1 8  

   rq  Time-slot and  l og ical  mon i toring ,  or H . 2 . 1 8. 1 0. 3  

    compari son  of redundant commun ication  
channels  by e i ther:  

 

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator  H . 2 . 1 8. 3  

 Wrong  rq   Log ica l  mon i tori ng ,  or H . 2 . 1 8. 1 0. 2  

 sequence    t ime-s lot  mon i tori ng ,  or H . 2 . 1 8. 1 0. 4  

    schedu l ed  transmission  H. 2. 1 8. 1 8  

   rq  (same opti ons  as  for wrong  po i n t  i n  t ime)   

7 .       

I npu t/ou tpu t  Fau l t  rq   Plausibi l i ty check H. 2. 1 8. 1 3  

periphery cond i ti ons      

 speci fi ed  i n    rq  Compari son  of redundant CPUs  by e i ther:   

 C l ause  H . 27    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

7 . 1   
D i g i ta l  I /O  

    
i nput compari son ,  or 

 
H . 2 . 1 8. 8  

    multiple  paral lel  ou tputs ;  or H . 2 . 1 8. 1 1  

    output veri fication ,  or H . 2 . 1 8. 1 2  

    testing  pattern ,  or H . 2 . 1 8. 22  

    code  safety H. 2. 1 8. 2  
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Table  H . 1  (6 of 6)  

Component
 b
 Fau l t/error Software  cl ass  Example  of acceptable  measures  

c  d  e
 Defin i tions  

B  C  

7. 2        

Analog  I /O       

7 . 2 . 1     A/D-  and  Fau l t   
cond i ti ons  

rq   Plausibi l i ty check H.2. 1 8. 1 3  

D/A-  convertor speci fi ed  i n   rq  Compari son  of redundant CPUs  by e i ther:   

 C l ause  H . 27    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    i nput compari son ,  or H . 2 . 1 8. 8  

    multiple  paral lel  ou tputs ,  or H . 2 . 1 8. 1 1  

    output veri fication ,  or H . 2 . 1 8. 1 2  

    testing  pattern  H.2. 1 8. 22  

7. 2 . 2    Anal og  
mu l ti p l exer 

Wrong  
add ressing  

rq   Plausibi l i ty check H.2. 1 8. 1 3  

   rq  Compari son  of redundant CPUs  by e i ther:   

    –  reciprocal  comparison  H . 2 . 1 8. 1 5  

    –  i ndependen t  h ardware  comparator,  or H . 2 . 1 8. 3  

    i nput compari son  or H . 2 . 1 8. 8  

    testing  pattern  H.2. 1 8. 22  

8.   
Mon i tori ng  

 
Any ou tpu t  

  
rq  

 
Tested  moni toring ,  or 

 
H . 2 . 1 8. 21  

devices  and  ou ts i de  the    redundan t mon i toring  and  compari son ,  or H . 2 . 1 8. 1 7  

comparators  stati c  and    error recogn izing  means  H.2. 1 8. 6  

 dynam ic      

 functional      

 speci fi cation      

9 .   
Custom  

 
Any ou tpu t  

 
rq  

  
Period ic  sel f-test  

 
H . 2 . 1 6. 6  

ch ips  f  ou ts i de  the      

for example,  
ASIC,  

stati c  and   rq  Period ic  sel f-test  and  mon i tori ng ,  or H . 2 . 1 6. 7  

GAL,  Gate  dynam ic    dual  channel  (d iverse)  wi th  comparison ,  or H . 2 . 1 6. 2  

array functional    error recogn izing  means  H.2. 1 8. 6  

 speci fi cation      

CPU :  Central  programmation  un i t  

rq :  Coverage  of the  fau l t  i s  requ i red  for the  i n d icated  software  cl ass.  

a  Table  H . 1  i s  appl i ed  accord ing  to  the  requ i rements  of H . 1 1 . 1 2  to  H . 1 1 . 1 2 . 2 . 1 2  i ncl us ive.  

b  For fau l t/error assessment,  some  components  are  d i vi ded  i n to  thei r subfunctions.  

c  For each  subfunction  i n  the  tab le,  the  software  cl ass  C  measure  wi l l  cover the  software  cl ass  B  fau l t/error.  

d  I t  i s  recogn ized  that  some of the  acceptable  measures  provi de  a  h i gher l evel  of assurance  than  i s  requ i red  
by th i s  standard .  

e  Where  more  than  one  measure  i s  g i ven  for a  subfunction ,  these  are  a l ternati ves.  

f  To  be  d i vi ded  as  necessary by the  manufacturer i n to  subfuncti ons.  

 

H.1 1 . 1 2 .2 .5  Measures  others  than  those  speci fied  i n  H . 1 1 . 1 2. 2. 4  are  perm i tted  i f they can  be  

shown  to  satisfy the  requ irements  l i s ted  i n  Table  H . 1 .  
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H.1 1 . 1 2 .2 .6  Software  fau l t/error detection  shal l  occur not l ater than  the  time declared  i n  
requ irement 71  of Table  1 .  The  acceptabi l i ty of the  declared  time(s)  i s  evaluated  during  the  
fau l t  ana l ys is  of the  control .  

Part  2  standards  may l im i t  th is  declaration .  

H.1 1 . 1 2 .2 .7  For controls  wi th  functions,  classi fied  as  Class  B  or C,  detection  of a  fau l t/error 
shal l  resu l t  i n  the  response  declared  i n  Table  1 ,  requ i rement 72 .  For controls  wi th  functions  
declared  as  class  C,  i ndependent  means  capable  of perform ing  th is  response shal l  be  

provided .  

H.1 1 . 1 2 .2 .8  The  l oss  of dual  channel  capabi l i ty i s  deemed  to  be  an  error i n  a  control  
function  us ing  a  dual  channel  s tructure  wi th  software  class  C.  

H.1 1 . 1 2 .2 .9  The  software  shal l  be  referenced  to  re levant parts  of the  operating  sequence  

and  the  associated  hardware  functions.  

H.1 1 . 1 2.2 . 1 0  Where  l abels  are  used  for memory l ocations,  these  labels  shal l  be  un i que.   

H.1 1 . 1 2.2 . 1 1  The  software  shal l  be  protected  from  user  a l teration  of safety-related  
segments  and  data.  

H.1 1 . 1 2.2 . 1 2  The  software  and  safety-related  hardware  under i ts  control  sha l l  be  i n i tia l i zed  

to,  and  term inate  at,  a  declared  s tate  as  i nd icated  i n  Table  1 ,  requ i rement 66.   

H.1 1 . 1 2.3  Measures  to  avoid  errors   

Void .  

H.1 1 . 1 2.3. 1  General  

For controls  wi th  software  class  B  or C  the  measures  shown  in  F igure  H . 1  to  avoid  
systematic fau l ts  shal l  be  appl i ed .  

Measures  used  for software  class  C  are  i nheren tly acceptable  for software  class  B .  

The  con ten t of th is  i s  extracted  from  I EC  61 508-3  and  adapted  to  the  needs  of th is  standard .  
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Figure  H . 1  – V-Model  for the  software  l i fe  cycle  

Other methods  are  possib le  i f they i ncorporate  d iscipl i ned  and  s tructured  processes  includ ing  
des ign  and  test  phases.  

H.1 1 .1 2.3.2  Specification  

H .1 1 .1 2.3.2.1  Software safety requ irements   

H . 1 1 . 1 2.3.2. 1 . 1  The speci fication  of the  software  safety requ irements  shal l  i ncl ude:  

– a  description  of each  safety re lated  function  to  be  implemented ,  i nclud ing  i ts  response  
time(s):  

•  functions  re lated  to  the  appl ication  i nclud ing  their re lated  software  classes;  

•  functions  re lated  to  the  detection ,  annunciation  and  management of software  or 
hardware  fau l ts ;  

– a  description  of i n terfaces  between  software  and  hardware;  

– a  description  of i n terfaces  between  any safety and  non-safety re lated  functions.  

Examples  of techn iques/measures  can  be  found  i n  Table  H . 2 .  

Table  H .2  – Semi-formal  methods  

Techn ique/Measure  References  (in formative)  

Standards  i d enti fi cati on   

Sem i -formal  methods  

−  Log ica l /functional  b l ock d iagrams 

−  Sequence  d i ag rams  

−  F i n i te  state  mach ines/state  transi ti on  d i ag rams  

−  Decis ion /tru th  tables  

 

 

 

B . 2 . 3. 2  of I EC 61 508-7: 201 0   

C. 6. 1  of I EC 61 508-7: 201 0   

Other methods  to  comply wi th  the  requ i rements  can  be  appl ied .  

IEC   2510/13 
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H.1 1 . 1 2.3.2.2  Software arch itecture  

H . 1 1 . 1 2 .3.2.2. 1  The description  of software  arch i tecture  shal l  i ncl ude  the  fol l owing  aspects:  

– techn iques  and  measures  to  control  software  fau l ts /errors  (refer to  H . 1 1 . 1 2. 2) ;  

– i n teractions  between  hardware  and  software ;  

– parti tion ing  i n to  modu les  and  thei r a l l ocation  to  the  speci fi ed  safety functions ;  

– h ierarchy and  cal l  structu re  of the  modu les  (control  fl ow);  

– i n terrupt hand l ing ;  

– data  flow and  restrictions  on  data  access;  

– arch i tecture  and  s torage  of data ;  

– time  based  dependencies  of sequences  and  data.  

Examples  of techn iques/measures  can  be  found  i n  Table  H .3 .  

Table  H .3  – Software arch itecture  specification  

Techn ique/Measure  References  (i n formative)  

Fau l t  d etection  and  d i agnosis  C. 3. 1  of I EC 61 508-7: 201 0  

Sem i -formal  methods:  

−  Log ic/function  b l ock d iag rams  

−  Sequence  d i ag rams  

−  F i n i te  state  mach ines/state  transi ti on  d i ag rams  

−  Data  fl ow d i ag rams  

 

 

 

B . 2 . 3 . 2  of I EC 61 508-7: 201 0   

C. 2 . 2  of I EC 61 508-7: 201 0  

 

H.1 1 . 1 2.3.2.2.2  The  arch i tecture  speci fication  shal l  be  veri fied  against the  speci fication  of 
the  software  safety requ i rements  by static  anal ys is .   

NOTE  Acceptabl e  methods  for stati c anal ys is  are:  

– control  fl ow anal ys i s ;  

– data  fl ow anal ys i s ;  

– walk-throughs /design  reviews .  

H.1 1 . 1 2.3.2.3  Module  design  and  coding  

NOTE  1  The  use  of computer a i ded  desi gn  tool s  i s  accepted .  

NOTE  2  For Defensi ve  Prog ramming  (for example,  range  checks,  check for d i vi s ion  by 0 ,  plausibi l i ty checks ) ,  
see  C. 2 . 5  of I EC 61 508-7: 201 0 .  

H.1 1 . 1 2.3.2.3.1  Based  on  the  arch i tecture  design ,  software  shal l  be  su i tabl y refi ned  i n to  
modu les.  Software  modu le  design  and  cod ing  shal l  be  implemented  i n  a  way that i s  traceable  
to  the  software  arch i tectu re  and  requ irements .  

The  modu le  des ign  shal l  speci fy:  

– function(s),  

– i n terfaces  to  other modu les,  

– data.  

Examples  of techn iques/measures  can  be  found  i n  Table  H .4 .  
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Table  H .4 – Module  design  specification  

Techn ique/Measure  References  (i n formative)  

Lim i ted  s i ze  of software  modu l es  C. 2 . 9  of I EC 61 508-7: 201 0  

I n formation  h i d i ng /encapsu l ati on  C. 2 . 8  of I EC 61 508-7: 201 0  

One  en try/one  exi t  po in t  i n  subrou ti nes  and  functi ons  C. 2 . 9  of I EC 61 508-7: 201 0  

Fu l l y defi ned  i n terface  C. 2 . 9  of I EC 61 508-7: 201 0   

Sem i -formal  methods:  

−  Log ic/function  b l ock d iag rams  

−  Sequence  d i ag rams  

−  F i n i te  s tate  mach ines/state  transi ti on  d i ag rams  

−  Data  fl ow d i ag rams  

 

 

 

B . 2 . 3. 2  of I EC 61 508-7: 201 0   

C. 2 . 2  of I EC 61 508-7: 201 0  

 

H.1 1 . 1 2 .3.2.3.2  Software  code  shal l  be  s tructured .   

NOTE  Structu ral  complexi ty can  be  m in im ized  by app lyi ng  the  fol l owing  pri ncipl es:  

– keep  the  number of poss ibl e  paths  th rough  a  software  modu le  smal l ,  and  the  re lati on  between  the  i npu t  and  
ou tpu t  parameters  as  s imple  as  possib le;  

– avoid  compl i cated  branch i ng  and ,  i n  parti cu lar,  avoid  uncond i ti onal  j umps  (GOTO) i n  h i gher l evel  l anguages;  

– where  possibl e,  re l ate  l oop  constrain ts  and  branch ing  to  i npu t  parameters;  

– avoid  us i ng  complex calcu l ati ons  as  the  basis  of branch ing  and  l oop  decis ions.  

Examples  of techn iques/measures  can  be  found  i n  Table  H .5.  

Table  H .5  – Design  and  cod ing  standards  

Techn ique/Measure  References  (in formative)  

Use  of cod i ng  standard  (see  H . 1 1 . 1 2. 3. 2 . 4)  C. 2 . 6. 2  of I EC 61 508-7: 201 0  

No  use  of dynam ic objects  and  variab les  (see  Note)  C. 2 . 6. 3  of I EC 61 508-7: 201 0  

Lim i ted  use  of i n terrupts  C. 2. 6. 5  of I EC 61 508-7: 201 0  

Lim i ted  use  of po in ters  C. 2. 6. 6  of I EC 61 508-7: 201 0  

Lim i ted  use  of recurs ion  C. 2. 6. 7  of I EC 61 508-7: 201 0  

No  u ncond i ti onal  j umps  i n  prog rams  i n  h i gher l evel  l anguages  C. 2. 6. 2  of I EC 61 508-7: 201 0  

Dynam ic obj ects  and /or variab les  are  a l l owed  i f a  compi l er i s  used  wh ich  ensu res  that  su ffi cien t  memory for a l l  
dynam ic objects  and /or vari abl es  wi l l  be  a l l ocated  before  run time,  or wh ich  i nserts  run time  checks  for the  correct  
on l i ne  a l l ocation  of memory.  

 

H.1 1 . 1 2 .3.2.3.3  Coded  software  shal l  be  veri fied  against the  modu le  speci fication ,  and  the  

modu le  speci fication  shal l  be  veri fi ed  against  the  arch i tecture  speci fication  by s tatic anal ys is.   

NOTE  Examples  of methods  for static  anal ysi s  are:  

– control  fl ow anal ys i s ;  

– data  fl ow anal ys i s ;  

– walk-throughs /design  reviews .  

H.1 1 . 1 2.3.2.4  Design  and  coding  standards  

Program  design  and  cod ing  standards  shal l  be  consequentl y used  during  software  design  and  
maintenance.   

Cod ing  standards  shal l  speci fy programming  practice,  proscribe  unsafe  l anguage features,  
and  speci fy procedures  for source  code  documentation  as  wel l  as  for data  nam ing  
conventions.  
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H.1 1 . 1 2.3.3  Testing  

H .1 1 .1 2.3.3. 1  Modu le  design  (software  system  design ,  software module  design  and  
cod ing)  

H.1 1 . 1 2.3.3. 1 . 1  A test concept wi th  su i table  test cases  shal l  be  defined  based  on  the  modu le  

des ign  speci fication .  

H.1 1 . 1 2.3.3. 1 . 2  Each  software  modu le  shal l  be  tested  as  speci fied  wi th in  the  test concept.  

H.1 1 . 1 2.3.3. 1 .3  Test cases,  test  data  and  test  resu l ts  shal l  be  documented .  

H.1 1 . 1 2.3.3. 1 .4  Code  veri fication  of a  software  modu le  by static means  i ncludes  such  
techn iques  as  software  i nspections ,  walk-throughs ,  static  analysis  and  formal  proof.   

Code  veri fication  of a  software  modu le  by d ynam ic means  i ncludes  functional  testing ,  wh i te-
box testi ng  and  statis tical  testing .   

I t  i s  the  combination  of both  types  of evidence that provides  assurance that each  software  
modu le  satisfies  i ts  associated  speci fication .  

Examples  of techn iques/measures  can  be  found  i n  Table  H .6 .  

Table  H .6  – Software modu le  testing   

Techn ique/Measure  References  (i n formative)  

Dynamic anal ys is  and  testi ng :  

−  Test  case  executi on  from  boundary val ue  anal ys i s  

−  S tructu re-based  testi ng  

B . 6. 5  of I EC 61 508-7: 201 0   

C. 5. 4  of I EC 61 508-7: 201 0   

C. 5. 8  of I EC 61 508-7: 201 0  

Data  record i ng  and  anal ys i s  C. 5. 2  of I EC 61 508-7: 201 0   

Functional  and  b l ack-box testi ng :  

−  Boundary val ue  anal ys i s  

−  Process  s imu lation  

B . 5. 1 ,  B . 5. 2  of I EC 61 508-7: 201 0   

C. 5. 4  of I EC 61 508-7: 201 0  

C. 5. 1 8  of I EC 61 508-7: 201 0  

Performance  testi ng :  

−  Avalanche/stress  testi ng  

−  Response  tim ings  and  memory constrain ts  

C. 5. 20  of I EC 61 508-7: 201 0   

C. 5. 21  of I EC 61 508-7: 201 0  

C. 5. 22  of I EC 61 508-7: 201 0   

I n terface  testi ng  C. 5. 3  of I EC 61 508-7: 201 0   

 

NOTE  Software  modu le  testi ng  i s  a  veri fi cation  acti vi ty.  

H.1 1 . 1 2.3.3.2  Software in tegration  testing  

H.1 1 . 1 2 .3.3.2. 1  A test concept wi th  su i table  test cases  shal l  be  defined  based  on  the  

arch i tecture  design  speci fication .  

H.1 1 . 1 2.3.3.2.2  The  software  shal l  be  tested  as  speci fied  wi th in  the  test concept.  

H.1 1 . 1 2.3.3.2.3  Test cases,  test  data  and  test  resu l ts  shal l  be  documented .  

Examples  of techn iques/measures  can  be  found  Table  H . 7 .  
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Table  H .7  – Software  in tegration  testing  

Techn ique/Measure  References  (i n formative)  

Functional  and  b l ack-box testi ng :  

−  Boundary val ue  anal ys i s  

−  Process  s imu lation  

B . 5. 1 ,  B . 5. 2  of I EC 61 508-7: 201 0   

C. 5. 4  of I EC 61 508-7: 201 0  

C. 5. 1 8  of I EC 61 508-7,   

Performance  testi ng :  

−  Avalanche/stress  testi ng  

−  Response  tim ings  and  memory constrain ts  

C. 5. 20  of I EC 61 508-7: 201 0   

C. 5. 21  of I EC 61 508-7: 201 0   

C. 5. 22  of I EC 61 508-7: 201 0   

 

NOTE  Software  i n teg rati on  testi ng  i s  a  veri fi cati on  acti vi ty.  

H.1 1 . 1 2.3.3.3  Software val idation  

H.1 1 . 1 2.3.3.3.1  A va l i dation  concept wi th  su i table  test  cases  shal l  be  defined  based  on  the  
software  safety requ irements  speci fication .  

H.1 1 . 1 2.3.3.3.2  The software  shal l  be  val i dated  wi th  reference to  the  requ i rements  of the  

software  safety requ irements  speci fication  as  speci fied  wi th in  the  val i dation  concept.  

The  software  shal l  be  exercised  by s imu lation  or stimu lation  of  

– i nput  s ignals  present during  normal  operation ,  

– an ticipated  occurrences,  

– undesi red  cond i tions  requ iring  system  action .  

H.1 1 .1 2.3.3.3.3  Test cases,  test  data  and  test  resu l ts  sha l l  be  documen ted .  

Examples  of techn iques/measures  can  be  found  i n  Table  H . 8.  

Table  H .8  – Software safety val idation  

Techn ique/Measure  References  (i n formative)  

Functional  and  b l ack-box testi ng :  

−  Boundary val ue  anal ys i s  

−  Process  s imu lation  

B . 5. 1 ,  B . 5. 2  of I EC 61 508-7: 201 0   

C. 5. 4  of I EC 61 508-7: 201 0  

C. 5. 1 8  of I EC 61 508-7: 201 0   

S imu lation ,  model i ng :  

−  F i n i te  state  mach ines  

−  Performance  model i ng  

 

B . 2 . 3 . 2  of I EC 61 508-7: 201 0   

C. 5. 20  of I EC 61 508-7: 201 0   

 

NOTE  Testi ng  i s  the  main  val i dation  method  for software;  model l i n g  can  be  used  to  supplement  the  val i dati on  
acti vi ti es .  

H.1 1 . 1 2 .3.4 Other I tems  

H . 1 1 . 1 2 .3.4. 1  Tools,  programming  languages  

Equ ipment used  for software  design ,  veri fication  and  maintenance,  such  as  design  tools,  
programming  languages,  trans lators  and  test tool s,  shal l  be  qual i fi ed  appropriate l y,  and  shal l  
be  shown  to  be  su i table  for purpose  i n  man i fold  appl ications.  

They are  assumed  to  be  su i table  i f they comply wi th  " i ncreased  confidence from  use"  
accord ing  to  C. 4 .4  of I EC  61 508-7: 201 0.  

H.1 1 . 1 2.3.4.2  Management of software  versions   

A software  vers ion  management system  at the  modu le  level  shal l  be  pu t in  p lace.  Al l  versions  
shal l  be  un iquel y i denti fied  for traceabi l i ty.  
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H.1 1 . 1 2.3.4.3  Software  mod ification  

H . 1 1 . 1 2.3.4.3. 1  Software  mod i fications  shal l  be  based  on  a  mod i fication  request wh ich  

detai l s  the  fol l owing :  

– the  hazards  wh ich  may be  affected ,  

– the  proposed  change,  

– the  reasons  for change.  

H.1 1 . 1 2 .3.4.3.2  An  anal ys is  shal l  be  carried  ou t to  determ ine  the  impact of the  proposed  
mod ification  on  functional  safety.  

H.1 1 . 1 2 .3.4.3.3  A deta i l ed  speci fication  for the  mod i fication  shal l  be  generated  i nclud ing  the  

necessary acti vi ties  for veri fication  and  val idation ,  such  as  a  defin i tion  of su i table  test  cases.   

H.1 1 . 1 2 .3.4.3.4 The mod ification  shal l  be  carried  ou t  as  p lanned .  

H.1 1 . 1 2 .3.4.3.5  The assessment of the  mod i fi cation  shal l  be  carried  ou t  based  on  the  

speci fied  veri fication  and  val i dation  activi ties .  Th is  may i nclude:  

– a  reveri fication  of changed  software  modu les;  

– a  reveri fication  of affected  software  modu les;  

– a  reval i dation  of the  complete  system .  

H.1 1 . 1 2.3.4.3.6  Al l  deta i ls  of mod i fication  acti vi ti es  shal l  be  documented .  

H.1 1 . 1 2 .3.5  For class  C  control  functions ,  the  manufacturer shal l  have  used  one  of the  
combinations  (a–p)  of anal ytical  measures  g iven  i n  the  columns  of Table  H . 9  during  hardware  
development.  

Table  H .9  (H . 1 1 . 1 2 .6  of ed i tion  3)  – Combinations  of analytical  measures  during  
hardware  development 

Hardware development stage a  b  c  d  e  f g  h  i  j  k  l  m  n  o  p  

H . 2. 1 7. 5  Inspection  x   x   x   x   x   x   x   x   

H . 2 . 1 7 . 9  Wal k- th rou g h     x   x   x   x   x   x   x  

H . 2 . 1 7 . 7 . 1  S ta t i c  an a l ys i s  x  x        x  x        

H . 2 . 1 7 . 1  Dyn am i c  an a l ys i s    x  x        x  x      

H . 2 . 1 7 . 3  H a rdware  a n a l ys i s      x  x        x  x    

H . 2 . 1 7 . 4  H a rdware  
s i m u l a t i on  

      x  x        x  x  

H . 2 . 1 7 . 2  F a i l u re  ra te  
c a l cu l a t i on  

x  x  x  x  x  x  x  x          

H . 2 . 2 0 . 2  FM EA          x  x  x  x  x  x  x  x  

H . 2 . 1 7 . 6  Ope ra t i on a l  te s t  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x  

 

H.1 1 . 1 2 .4  Remotely actuated  control  functions  

H . 1 1 . 1 2 .4. 1  Data exchange  

H . 1 1 . 1 2 .4. 1 . 1  General   

Remotely actuated  control  functions  may be  connected  to  separate,  independent  devices,  
wh ich  may themselves  con tain  control  functions  or provide  other i n formation .  Any data  
exchange between  these  devices  shal l  not comprom ise  the  i n tegri ty of class  B  control  
function  or class  C  control  function .  
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H.1 1 . 1 2.4. 1 .2  Type of data  

Message types  for data  exchange in  a  control  function  or functions  shal l  be  a l located  to  
class  A control  function ,  class  B  control  function  or class  C  control  function .  Regard ing  
the  safety or protecti ve  re levance  or i n fl uence,  message  types  or data  exchange  shal l  be  
a l l ocated  on l y to  class  B  control  function  or class  C  control  functions ,  see  Table  H . 1 0.   

Table  H . 1 0  – Data exchange  

Data  Safety relevant  Non  safety relevant  

Operati ng  data  Messages  such  as  “RESET from  safe  state”  Messages  such  as  on /off i nstructions,  room  
temperatu re  i n formation  

Confi gu ration  parameters  Messages  mod i fying  parameters  that  
determ ine  re l ated  class  B  con trol  function  
or class  C  con trol  function  

Messages  mod i fying  parameters  that  
determ ine  performance  re l ated  functions  

Software  modu les  Modu l es  down loaded  i n to  a  system ,  that  
determ ine  re l ated  class  B  con trol  function  
or class  C  con trol  function  

Modu l es  down loaded  i n to  a  system ,  that  
determ ine  performance  rel ated  functions  

H.1 1 . 1 2 .4. 1 .3  Communication  of safety related  data  

H . 1 1 . 1 2.4. 1 .3. 1  Transmission  

Safety relevan t data  shal l  be  transm i tted  au thentica l l y concern ing :  

– data  corruption ;  

– address  corruption ;  

– wrong  tim ing  or sequence.  

Data  variation  or corrupted  data  shal l  not l ead  to  an  unsafe  state.  Before  the  use  of 
transm i tted  data,  i t  sha l l  be  ensured  that the  above i tems  are  addressed  us ing  the  measures  
as  g iven  i n  Annex H  of the  same or h igher software  class  used  by that function .   

Compliance is checked by assessment according to Annex H.   

NOTE  1  Special  atten ti on  i s  d rawn  to  Table  H . 1 ,  component  6 ,  wi th  regard  to  the  fo l l owing  i tems:  

-  data  d eleti on  from  the  ori g i nal  message;  

-  data  i nserti on  i n to  the  ori g i nal  message;  

-  corruption  of the  data  i n  the  ori g i na l  message;  

-  change  i n  sequence  of d ata  i n  the  ori g i nal  message;  

-  make  a  non-au then ti c  message  l ook l i ke  an  au thenti c  message;  

-  i ncomplete  address;  

-  corruption  of the  address  of the  ori g i nal  message;  

-  wrong  add ress;  

-  more  add resses;  

-  recei ve  message  more  than  once;  

-  de lay i n  transm i tti ng  or receivi ng  the  message;  

-  wrong  sequence  of send ing /receivi ng .  

I n  add i ti on  to  the  i tems  i n  Note  1 ,  the  fol lowing  fai lure  modes  shal l  be  addressed :  

– permanent “au to-send ing ”  or repeti tion ,  

– i n terruption  of data  transfer.   

NOTE  2  Add i ti ona l  examples  of measures  are  g i ven  i n  Table  H . 1 1 .  
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H.1 1 . 1 2.4. 1 .3.2  Access  to  data  exchange  

Al l  types  of access  to  class  B  control  function  or class  C  control  function  re l ated  data  

exchange  systems shal l  be  clearl y restricted .  

For class  B  control  function  or class  C  control  function  re lated  operati ng  data,  
configuration  parameters  and /or software  modu les  are  al l owed  to  be  transm i tted  via  
commun ication ,  i f adequate  hardware/software  measures  are  taken  to  prevent unau thorized  
access  to  the  control  function .  Examples  of wh ich  are  g i ven  in  Table  H . 1 1 .  

For access  to  data  exchange of class  B  control  function  or class  C  control  function  
re lated  operati ng  data  through  publ ic networks ,  appropriate  cryptograph ical  techn iques  

sha l l  be  implemented .   See  H . 1 1 . 1 2 .4 . 5.  

NOTE  Aspects  concern i ng  securi ty are  found  under the  work of I SO/IEC JTC 1 /SC 27  (TC 205).  

Table  H . 1 1  – Examples  of defences  against  unauthorised  access  
and  transmission  fai lure  modes   

 Defences  

Threats  Sequence  
number 

Time  
stamp  

Time-
out  

Feedback 
message  

Sourced  
destination  
identi fi er 

I denti fi cation  
procedure  

Safety  
code  

Cyrpto-  
graph ic  

techn iques  

Repeti ti on  of a  
message  

x  x        

Deleti on  of data  i n  
message  

x         

I nserti on  of d ata  i n  
message  

x    x  x  x    

Changed  sequence  of 
data  i n  message  

x  x        

Corrupted  data  i n  
message  

      X 
a
 x  

Delay i n  send i ng  /  
recei ving  the  message  

 x  x       

Masquerade,  making  
an  i nau then ti c  
message  l ook l i ke  an  
au thenti c  message  

   x   x   x  

Examples  of defences  against  unau thori zed  access  can  a l so  be  found  i n  the  appl i cations  covered  by EN  501 59  
(201 1 ).  

a
  See  Table  H . 1 ,  i tems  6 . 1  and  6. 2 .  

 

H.1 1 . 1 2 .4. 1 .3.3  Revis ion  of C lass  B  and  C lass  C  software  

Requ irements  of H . 1 1 . 1 2 .3  shal l  appl y to  class  B  and  class  C  software  revis ions.  I n  add i tion ,  
hardware  configuration  management shal l  be  requ i red ,  and  measures  shal l  be  taken  to  ensure  
the  control  main ta ins  i ts  protecti ve  functions  i n  accordance  wi th  th is  standard .  

NOTE  Hardware  confi gu rati on  management i s  meant  to  be  i n  add i ti on  to  software  veri fi cation  i n  order to  main tain  
the  i n tegri ty of the  con trol .  System  l eve l  impl i cations  are  taken  i n to  considerati on .  

H.1 1 . 1 2 .4. 1 .4 For remotely actuated  control  function  operation ,  the  duration  or l im i ts  of 
operation  shal l  be  set before  swi tch ing  on ,  un less  an  au tomatic swi tch ing  off i s  real i zed  at  
the  end  of a  cycle  or the  system  i s  designed  for permanent operation .  

Compliance is checked by software inspection .  
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H.1 1 . 1 2.4.2  Care  shal l  be  taken  that priori ty over control  functions  shal l  not  lead  to  a  

hazardous  cond i ti on .  

Compliance is checked by inspection .  

H.1 1 . 1 2 .4.3  Remote reset  action  

H . 1 1 . 1 2 .4.3. 1  The  remote  reset action  shal l  be  manual l y i n i ti ated .  When  the  reset  fu nction  
i s  i n i tiated  by a  hand-held  device  at l east two  manual  actions  are  requ i red  to  activate  a  reset.  

NOTE   The  two  manual  actions  are  cons idered  to  be  d i screte  and  separate.  

H.1 1 . 1 2 .4.3.2  Reset  fu nctions  shal l  be  capable  of resetting  the  system  as  i n tended .   

H.1 1 . 1 2.4.3.3  Un intended  resets  from  safe  state  shal l  not occur.  

H.1 1 . 1 2.4.3.4 Any fau l t  of the  reset  function  shal l  not cause  the  control  or control led  
function  to  resu l t  i n  a  hazardous  cond i tion ,  and  shal l  be  evaluated  for i ts  Class  B  
classi fication .   

H.1 1 . 1 2.4.3.5  For reset  functions  i n i tiated  by manual  action  n ot  i n  vis ib le  s i gh t of the  

appl iance,  the  fol lowing  add i tional  requ irements  appl y:  

– the  actual  s tatus  and  re levan t in formation  of the  process  under con trol  sha l l  be  vis ib le  to  
the  user  before,  d uring  and  after the  reset  action ;  

– the  maximum  number of reset  actions  wi th in  a  t ime period  shal l  be  declared  (for example,  
5  actions  wi th in  a  time  span  of 1 5  m in) .  Fol lowing  th is,  any fu rther reset  shal l  be  den ied  
un less  the  appl iance  i s  phys ical l y checked .  

H.1 1 . 1 2.4.3.6  Consideration  for the  evaluation  of reset  functions  on  the  final  
appl ication  

The reset  function  shal l  be  evaluated  on  the  fi na l  appl ication .  

NOTE  Not  a l l  types  of remote  reset  functi ons  may be  found  su i table  for some app l i cations.  

I f the  reset  i s  acti vated  by manual  swi tch ing  of a  thermostat  or device  wi th  s im i l ar function ,  

th is  sha l l  be  declared  by the  manufactu rer and  be  su i table  i n  the  fi nal  appl i cation .  

H.1 1 . 1 2 .4.4 Software  download  and  instal lation  

H . 1 1 . 1 2 .4.4. 1  Software  updates  provided  by the  manufacturer and  transmitted  to  the  control  
via  remote  communication  shal l  be  checked  prior to  i ts  use:  

– against corruption  th rough  communication  ensuring  Hamming  d istance  3  for software  
class  B ,  or Hamming  d istance  4  for software  class  C.  (Refer to  Table  H . 1  for external  
communication . ) ;  

– i f the  software  vers ion  is  compatib le  wi th  the  hardware  vers ion  of the  control  accord ing  to  
the  vers ion  management documentation .   

Add i ti onal l y,  the  software  wh ich  performs  the  above mentioned  checks  shal l  con ta in  measures  
to  con trol  the  fau l t/error cond i ti ons  speci fied  i n  H . 1 1 . 1 2 . 2 .  

H.1 1 . 1 2.4.4.2  I n  case  of software  down load  via  remote  commun ication ,  the  cryptograph ic 
techniques  i n  H . 1 1 . 1 2. 4 .5  shal l  be  provided .  I n  add i tion  to  the  requ irements  in  H . 1 1 . 1 2 . 4. 5,  
identi fication  procedures  sha l l  a lso  be  provided  for the  software  packages.  
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The  cryptograph ic techn iques  employed  shal l  be  part of the  control ,  and  not re l y upon  part  
of the  rou ter or s im i l ar data  transmission  d evice  i tse l f,  and  shal l  be  performed  prior to  
transmission .  

H . 1 1 . 1 2.4.4.3  For each  update  of software,  the  control  sha l l  have  provis ions  for 
au thorization  by the  user  and  a  vers ion  I D  number wh ich  shal l  be  accessib le.  

H.1 1 . 1 2.4.4.4  The  i nstal lation  of cl ass  B  software  or cl ass  C  software  i s  perm i tted  when  
during  and  after the  software  instal lation  process  the  control  remains  in  compl iance  wi th  the  

requ irements  of th is  s tandard .  

Compliance is checked by software inspection .  

H.1 1 . 1 2 .4.5  Cryptograph ical  techn iques  

I n  cases  where  class  B  control  function  or class  C  control  function  re l ated  operati ng  data,  
configuration  parameters  and/or software  modu les  are  transm i tted  over a  publ ic  network ,  
and /or where  software  updates  are  provided  by the  manufacturer via  remote  communication ,  
cryptographic  techn iques  sha l l  be  employed .  

Compliance is checked by software inspection and review of technical documentation which  
provides adherence to the commonly accepted data  integrity protection methods.  

NOTE  Examples  of common ly accepted  cryptograph ic  techn iques  a re  d efi ned  and  described  i n  I SO/IEC 9796,  
I SO/IEC 9797,  I SO/I EC 9798,  I SO/I EC 1 01 1 8,  I SO/IEC 1 1 770,  I SO/I EC 1 4888,  I SO/IEC 1 5946,  I SO/IEC 1 8033,  
I SO/IEC 291 92,  as  wel l  as  I SO/I EC 1 9772.  

H.1 7  Endurance  

H.1 7. 1  General  requ irements  

H . 1 7. 1 .4  No  endurance test i s  carried  ou t on  electron ic  controls  wi th  type 1  action  u n less  
th is  i s  necessary for the  testi ng  of associated  components  such  as  those  wi th  manual  
actions ,  re lays,  etc.  

H.1 7. 1 .4. 1  Electron ic  controls  wi th  type 2  action  are  not  subj ected  to  an  endurance test  
bu t to  a  thermal  cycl i ng  test under the  cond i tions  described  in  H . 1 7 . 1 . 4 . 2 .  Th is  test may be  
combined  wi th  the  testing  of any associated  components  such  as  those  wi th  manual  actions ,  

re lays,  etc. ,  i f th is  i s  poss ible .  

H.1 7. 1 .4.2  Thermal  cycl ing  test  

The purpose  of the  test i s  to  cycle  components  of an  e lectron ic ci rcu i t  between  the  extremes  
of temperature  l i ke l y to  occur during  normal  use  and  wh ich  may resu l t from  ambient  
temperature  variation ,  mounting  surface  temperature  variation ,  suppl y vol tage  variation ,  or the  
change  from  an  operati ng  cond i ti on  to  a  non -operating  cond i ti on  and  vice  versa.  

The  tests  necessary to  ach ieve  the  above cond i ti ons  wi l l  depend  to  a  l arge  extent on  the  
particu lar type  of control  and  wi l l  be  expanded  upon ,  i f necessary,  i n  the  appropriate  part  2  of 

th is  standard .  

The following conditions shall form the basis of the test:  

a)  Duration 

 14 days,  or any duration specified in the relevant part 2,  whichever is the greater.  For 
controls  providing electronic disconnection  (type 2.Y) ,  14 days,  or the number of cycles 
declared in  requirements 26 and 27 of Table 1 ,  whichever produces the longer duration of 
test.  
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b)  Electrical conditions 

 The control shall be loaded according to the ratings declared by the manufacturer,  the 
voltage then being increased to 1 , 1  VR  except for 30 min of each 24 h  period of the test 
when the voltage is reduced to 0, 9 VR.  The change of voltage shall not be synchronized 
with  the change of temperature.  Each 24 h  period shall also include at least one period in  
the order of 30 s during which the supply voltage is switched off.  

c)  Thermal conditions 

 The ambient temperature and/or the mounting surface temperature are varied between 
Tmax  (Ts  max)  and Tmin  (Ts  m i n )  to cause the temperature of the components of the  
electronic circuit to be cycled between the resulting extremes.  The rate of ambient and/or 
mounting surface temperature change shall be in the order of 1  K/min and the extremes of 
temperature maintained for approximately 1  h.  

d)  Rate of operation  

 During the test,  the control shall be cycled through its operational modes at the fastest 
rate possible up to a  maximum of six cycles per minute,  subject to the need to cycle 
components between their temperature extremes.  

 If an operational mode,  such as speed control,  can be set by the user,  the test period 
shall be divided into three periods,  one period being at the maximum,  one at the minimum 
and one at an  intermediate  setting .  

 For controls  providing electronic disconnection  (type 2.Y) ,  the test also includes the 
declared number of operations  from the conducting to the non-conducting state and vice 
versa.  

H.1 7. 1 .4.3  Controls  with  remote reset actions  

Independently mounted devices performing remote reset functions shall be tested for a  
minimum 1  000 reset actions.  For integrated and incorporated devices,  unless otherwise 
specified,  the minimum reset cycles shall be declared by the manufacturer.  After the test,  the  
reset device shall be capable to  reset the system  as intended.  Unintended resets  shall not 
occur.  

H.1 7. 1 4  Evaluation  of compl iance  

Replacement of first paragraph:  

After all the appropriate tests of 17. 6 to 17. 13 inclusive and H. 17. 1 . 4,  modified as specified in  
the appropriate part 2,  the control shall be  deemed to comply if:  

Additional dashed paragraph:  

– for controls  provid ing  electron ic d isconnection  ( type  1 . Y or 2 .Y),  the  requ irements  of 
H . 1 1 . 4. 1 6  are  sti l l  met.  

H.1 8  Mechanical  strength  

H.1 8. 1  General  requ irements  

H . 1 8. 1 .5  Addition:  

For controls  provid ing  electronic d isconnection  ( type  1 . Y or 2 .Y) ,  the  requ i rements  of 
H . 1 1 . 4. 1 6  shal l  be  met.  

H.20  Creepage d istances,  clearances  and  d istances  through  insu lation  

H.20. 1  Additional subclauses:  

H.20. 1 . 1 5  Electronic controls  
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H.20. 1 . 1 5. 1  Creepage d istances ,  clearances  and  d istances  through  i nsu lation  between  
l ive  parts  connected  e lectrical l y to  the  mains  supply and  accessible  surfaces  or parts  shal l  
comply wi th  the  requ i rements  of Clause  20.  

H.20. 1 . 1 5.2  Creepage  d istances ,  clearances  and  d istances  through  insu lation  shal l  
comply:  

– across  protective  impedance  wi th  the  requ i rements  of Clause  20  for double  insu lation  
or rein forced  insu lation ;  

– across  each  separate  component  of protective  impedance  wi th  the  requ irements  of 
Clause  20  for supplementary i nsu lation .  

H.20. 1 . 1 5.3  Creepage  d istances  and  clearances  provid ing  functional  insu lation  sha l l  
comply wi th  the  requ irements  of Clause  20.  

H.23  Electromagnetic  compatibi l i ty (EMC)  requirements  – Emission  

Equ ipment that uses  i n tegrated  or incorporated  controls  shou ld  comply wi th  i ts  relevan t 
product EMC standard .  I n tegrated  and  incorporated  controls  are  tested  i n  the  end  use  

equ ipment.  

H.23. 1  Electronic controls  shal l  be  so  constructed  that they do  not em i t  excess ive  electric  
or e lectromagnetic d isturbances  i n  thei r environment.  

H.23. 1 . 1  Low frequency emission ,  d isturbances  in  supply systems  

I n tegrated  and  incorporated  controls  are  not subj ected  to  the  tests  of th is  clause,  as  the  
resu l ts  of these  tests  are  in fluenced  by the  i ncorporation  of the  control  i n to  the  equ ipment 
and  the  use  of measures  to  con trol  em issions  used  therein .  They may,  however,  be  carried  
ou t under declared  cond i tions  i f so  requested  by the  manufacturer.  

Controls  i n  wh ich  an  electronic device  con trols  d i rectl y an  external  l oad  connected  to  the  
mains  power supply ( the  control  port)  sha l l  comply wi th  the  requ i rements  of I EC  61 000-3-2  
and  I EC 61 000-3-3.  For these  tests,  a  l oad  and  measures  to  control  em issions,  i f any,  shal l  be  
used  as  declared  by the  manufacturer i n  requ i rement 74  of Table  1 .  Th is  requ i rement does  
not appl y to  controls  d eclared  and  des igned  for pi lot duty  l oad  on l y.  

H.23. 1 .2  Rad io  frequency emission  

Free-stand ing ,  independently mounted  and  in -l ine  cord  electronic controls  us ing  
te lecommunication  ports ,  software,  osci l lating  ci rcu i ts,  or swi tch ing  power suppl ies  shal l  
comply wi th  the  requ irements  of CISPR 1 4-1  and/or CISPR 22 ,  class  B,  as  i nd icated  i n  Table  
H . 1 2 .  

NOTE  1  Tel ecommun ication  port  i s  d efi ned  i n  3 . 6  of CISPR 22: 2008.  

Controls  for I SM  equ ipment and  free-standing ,  independently mounted  and  in -l ine  cord  
controls  for use  wi th  I SM  equ ipment shal l  comply wi th  the  requ i rements  of CI SPR 1 1 .  

Add i tional  deta i l s  may be  g i ven  in  the  re levant part 2 .  

NOTE  2  The  relevant part  2  wi l l  i nd icate  whether the  requ i rements  of th i s  cl ause  appl y to  i n teg rated  and  
i ncorporated  electron ic  con trols .  
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Table  H . 1 2  (H .23  of ed i tion  3)  – Emission  

Port  Frequency range  Limi ts  Basic  standard  Appl icabi l i ty note  Remarks  

Enclosure  30  MHz to  230  MHz 

230  MHz to  1  000  MHz 

Above  1  GHz 

30  dB(µV/m)  at  1 0  m  

37  dB(µV/m)  at  1 0  m  

See  Note  3  

CISPR 22  

Class  B  

See  Note  1  

 

See  Note  3  

The  s tati sti cal  evaluation  i n  
the  basic  standard  appl i es  

 

AC mains  0  kHz to  2  kHz  I EC 61 000-3-2  

I EC 61 000-3-3  

See  Note  2   

 0 , 1 5  MHz to  0 , 5  MHz 

Lim i ts  decrease  l i nearl y wi th  
l og .  frequency 

66  dB(µV)  to  56  dB(µV)  q uasi  peak  

56  dB(µV)  to  46  dB(µV)  average  

CISPR 22  

Class  B  

 The  s tati sti cal  evaluation  i n  
the  basic  standard  appl i es  

 0 , 5  MHz to  5  MHz 56  dB(µV)  quasi  peak 

46  dB(µV)  average  

   

  5  MHz to  30  MHz 60  dB(µV)  quas i  peak 

50  dB(µV)  average  

   

Load  term inal s  0 , 1 5  MHz to  30  MHz 

 

See  basic  s tandard  

Clause:  d i scon ti nuous  i n terference  

CISPR 1 4-1    

NOTE  1  Appl i cable  on l y to  controls  con tain i ng  processing  devices,  for example,  m icroprocessors  operati ng  at  frequencies  g reater than  9  kHz.  

NOTE  2  Appl i cable  on l y to  equ ipment  wi th i n  the  scope  of I EC 61 000-3-2  and  I EC 61 000-3-3.  Lim i ts  for controls  n ot  cu rrentl y covered  by I EC  61 000-3-2  and  I EC 61 000-3-3  are  
under considerati on .  

NOTE  3  L im i ts  and  appl i cabi l i ty,  see  6 . 2  of CI SPR 22: 2008.   
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H.25 Normal  operation  

H.25. 1  The  ou tpu t waveform  of electron ic  controls  shal l  be  as  declared .  

The output waveform of the control shall be examined under all normal operating conditions 
and shall be  either sinusoidal or as declared in  Table 1 ,  requirement 53.  

NOTE  Attention  i s  d rawn  to  I EC 61 000-3-2  and  61 000-3-3,  wh ich  impose  restri cti on  on  mains  d i sturbances.  

H.26 Electromagnetic compatibi l i ty (EMC)  requirements  – Immunity 

H.26. 1  Electronic controls  shal l  be  so  constructed  as  to  wi thstand  the  effects  of mains-
borne  perturbations  and  electromagnetic  phenomena  wh ich  may occur i n  normal  use .  For 
type 2  controls  the  tests  of Clause  H . 26  are  a lso  carried  ou t after the  control  has  performed  

i ts  safety function .  

Evaluation criteria for the control appropriate to test level 2 and/or 3 shall be given by the 
appropriate part 2.  Refer to all subclauses in H. 26. 15 for additional details.  These test levels 
correspond with test levels specified by the IEC 61000 series.  The part 2 shall provide 
acceptable  effects,  assessment criteria,  on  the  control as a  result of tests using test levels 2 
and/or 3,  such  as normal operation  after test level 2 test and safe operation  of 
appliance/safe shut-down after test level 3 test.  Parts 2 may specify higher test levels.  

The part 2 shall specify test levels for Clause H. 26 tests.  As a  minimum,  test level 3 is 
applicable to protective controls  intended to prevent unsafe operation  of the  controlled 
equipment,  such as cut-outs and door-locks for laundry equipment,  and burner controls .  As a  
minimum,  test level 2 is applicable to operating controls  relied on for the normal operation  
of the equipment,  such as thermostats ,  timers .   

The tests of Clause H. 26 are not applicable  to non-electronic controls  because of their 
tolerance to such perturbations.  The appropriate tests for specific types of non-electronic 
controls  may be included in  other clauses of the appropriate part 2.  

H.26.2   Compliance is checked at test levels as indicated by the following Table H. 13.  The 
controls  shall comply with H. 26. 15.  

Table  H . 1 3  (H .26.2.1  of ed i tion  3)  – Appl icable  test  l evels  

Control  type  
Type 
action  

Appl icable  
Clause  H .26  

tests  

Appl icable  test 
l evels  

corresponding  to  
H .26. 1 5.3  

a
 

Operating  con trol  Type 1  H. 26. 8,  H . 26. 9  2  

Operating  con trol  Type 2  
H. 26. 4  to  H . 26. 1 4  

2 ,  3 ,  or 4  as  
speci fi ed  

Protective  
control  

Type 2  
H. 26. 4  to  H . 26. 1 4  3  

Protective  
control s  decl ared  
i n  Tabl e  1 ,  
requ i rement 90  
i n tended  for use  i n  
accordance  wi th  
I EC 60335-1  

Type  2  

H.26.4 to H.26.1 4  

Appl i cab le  test  
l evel s  accord ing  to  

1 9. 1 1 . 4  of  
I EC  60335-1 : 201 0  

a
 Lower test  l evel s  shal l  be  consi dered  i n  accordance  wi th  

I EC 61 000-4  seri es .  
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H.26.2. 1  For integrated and incorporated controls  with  type 1  action ,  compliance is 
checked by the tests of H. 26. 8 and H. 26. 9 if declared in  Table 1 ,  requirement 58a.  

H.26.2.2  For integrated and incorporated controls  with  type 2 action ,  compliance is 
checked by H. 26.5 and any other tests of Clause H.26 which are declared in Table 1 ,  
requirement 58a.  

NOTE  The  su i tabi l i ty of each  test  i n  Cl ause  H . 26  to  a  g i ven  con trol  can  be  determ ined  by reference  to  the  
appropri ate  appl i ance  standard (s)  or to  the  manufactu rer's  declarati on  of the  i n tended  use  of the  control .  

Th i s  determ ination  of su i tabi l i ty i ncl udes  an  assessment:  

– whether the  control  wi l l  be  exposed  to  a  parti cu l ar type  of d i stu rbance  i n  i ts  appl i cati on ;  

– whether the  response  of the  control  to  the  parti cu lar type  of d i stu rbance  i s  re levant  to  safety  i n  i ts  appl i cati on .  

H.26.3  A  separate sample,  as submitted,  may be used for each test.  At the option of the 
control manufacturer,  multiple  tests may be performed on a  single sample.  

H.26.4  Harmonics  and  in terharmonics  includ ing  mains  s ignal l ing  at  a.c.  power port,  
low frequency immuni ty tests   

For protective controls  declared according to requirement 90 of Table  1 ,  the following test 
applies:  

The control is subjected to mains signals in accordance with IEC 61000-4-13,  test level 
class 2 being applicable.   

During the test the control is  supplied with  rated voltage.  The test levels for Class 2 
environment according to Tables 1  to 4 of IEC 61000-4-13:2002 shall be  applied at the a. c.  
power port of the EUT.  The control is tested under the test conditions as specified in the 
specific control standard.  

The following tests are performed in accordance with Figure 1a of IEC 61000-4-13:2002,  
Amendement 1 :2009,  for Class 2 environment:   

– "Harmonic combination" (see 8. 2. 1  of IEC 61000-4-13:2002,  Amendement 1 :2009) ;  

– "Meister curve" (see 8. 2. 4 of IEC 61000-4-13:2002,  Amendement 1 :2009) .  

H.26.5  Voltage  d ips,  vol tage  in terruptions  and  vol tage  variations  in  the  power supply 
network 

The control  sha l l  to lerate  vol tage  d ips  vol tage  i n terruptions  and  vol tage  variations  in  the  

power suppl y network.   

Compliance is checked by the  tests of H.26. 5. 1  to H. 26. 5. 2 inclusive.  

H.26.5. 1  Vol tage  d ips  and  in terruptions  

The purpose  of the  test i s  to  veri fy the  immun i ty of the  equ ipment against vol tage  d ips  and  
vol tage  i n terruptions.  Vol tage  d ips  and  in terruptions  are  caused  by fau l ts  i n  the  LV,  MV,  HV 
networks  (short-ci rcu i t  or ground  fau l ts) .  

H.26.5. 1 . 1  Test l evels  for vol tage d ips  and  i n terruptions  

The test values in  Table H. 14 shall be applied to all the test levels.  
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Table  H . 1 4 – Vol tage  d ips,  short in terruptions  and  vol tage variations  

Duration  
∆U 

30  %  60  %  1 00  %  

Hal f-cycle  of suppl y waveform  

One  cycle  of suppl y waveform  

  X 

X 

2 , 5  cycles  

25  cycles  

50  cycles  

X 

X 

X 

X 

X 

X 

X 

X 

X 

NOTE  Where  i n termed iate  du rations  of vol tage  i n terruption  may affect  e i ther the  i n heren t safety of 
the  control  or the  ou tpu t  of a  type  2  con trol ,  parts  2  may i nd icate  vol tage  i n terruptions  a t  other 
poin ts.   

 

H.26.5. 1 .2  Test procedure  for vol tage d ips  and  in terruptions  

The test apparatus  and  procedures  shal l  be  as  described  in  I EC 61 000-4-1 1 .  During  the  test,  
the  control  sha l l  be  i n i tia l l y operated  at i ts  rated  vol tage.  

The  vol tage  d ips  and  in terruptions,  at  random  phase  wi th  respect to  the  mains  frequency,  
sha l l  be  performed  at l east three  times  i n  the  re levan t operating  modes.  

Atten tion  shou ld  be  g i ven  to  the  operating  modes  i n  wh ich  the  control  may be  particu larl y 

sensi ti ve  to  vol tage  d ips  and  i n terruptions.  

Between  the  vol tage  d ips  and  i n terruptions  a  wai ti ng  time of at l east  1 0  s  sha l l  be  observed .  

I n  the  case  of three-phase  equ ipment,  i t  may be  necessary to  appl y vol tage  d ips  and  
i n terruptions  e i ther on  the  three  phases  s imu l taneousl y or on  one  or two  phases  on l y.  

For protecti ve  controls  declared  accord ing  to  requ i rement 90  of Table  1 ,  the  fol lowing  

add i ti onal  test  appl ies :  

Protective controls  shall be subjected to voltage dips and interruptions at random phase 
angles with respect to the  mains frequency as well as at the zero crossing of the  supply 
voltage.  

H.26.5.2  Voltage  variation  test  

The  purpose  of the  test i s  to  veri fy the  immun i ty of the  control  against vol tage  change taking  
p lace  over a  short period  wh ich  may occur due  to  a  change of load  or stored  energy i n  l ocal  
power networks.  

H.26.5.2. 1  Test l evels  for vol tage variations  

The test values in  Table H. 15 shall be applied to all the test levels.  

H.26.5.2.2  Test procedure  

The test apparatus  and  procedures  shal l  be  as  described  i n  I EC  61 000-4-1 1 .The  duration  of 
the  vol tage  changes  and  the  time for wh ich  the  reduced  vol tages  are  to  be  maintained  are  
g i ven  i n  Table  H . 1 5  and  i l l ustrated  i n  F igure  H . 2.  The  rate  of change  of vol tage  shal l  be  
constan t;  however,  the  vol tage  i s  ab le  to  be  stepped .  The  s teps  shal l  be  posi tioned  at 0  
cross ing  and  shal l  be  not l arger than  1 0  %  of VR.  Steps  under 1  %  of VR are  evaluated  as  

constan t rate  of change of vol tage.  
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Table  H . 1 5  (H .26.5.4.2  of ed i tion  3)  – Test values  for vol tage  variations  

Vol tage  test l evel  Time for decreasing  
vol tage  

Time at reduced  vol tage  Time for i ncreasing  
vol tage  

40  %  V
R
 2  s  ±  20  %  1  s  ±  20  %  2  s  ±  20  %  

0  %V
R
 2  s  ±  20  %  1  s  ±  20  %  2  s  ±  20  %  

 x x  x  

NOTE  x  represents  an  open  set  of du rations  and  i s  abl e  to  be  speci fi ed  i n  part  2 .  

 

 

1 00 % 

40 % 

VR  

0  % 
t   (s) 

IEC   2511/13 
 

NOTE  The  vol tage  gradual l y decreases.  

Figure H .2  – Voltage variation  test  

The  control  i s  subj ected  to  each  of the  speci fi ed  vol tage  test  cycles  th ree  times  wi th  1 0  s  
i n tervals  between  each  test cycle  for the  most representative  modes  of operation .  Add i tional  

vo l tage  test  l evels  may be  speci fied  i n  part 2 .  

H.26.6  Test of i nfluence of vol tage  unbalance  

H .26.6. 1  Purpose of the  test – Range of appl ication  

This test applies only to three-phase equipment.  

The purpose of the test is to investigate the influence of unbalance in a  three-phase voltage 
system on equipment sensitive to this kind of interference,  such as:  

– overheating of a. c.  rotating machines;  

– generation of non-characteristic harmonics in  electronic power converters.  

The degree of unbalance is defined by the  unbalance factor 
voltage sequence positive

voltage sequence negative

d

i
i ==
U

U
T  

H.26.6.2  Test vol tage  characteristics  

A power frequency three-phase voltage shall be applied to the control with  the specified 
unbalance factor.   

NOTE  I n  order to  obtai n  accu rate  resu l ts ,  a  vol tage  wi th  very smal l  harmon ics  con tent  can  be  used .  

H.26.6.3  Test equ ipment/test  generator 

The test arrangement shall consist of three single-phase auto-transformers,  whose outputs 
are  regulated individually,  or the like.  
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H.26.6.4 Test level  

The test shall be  carried out with an unbalance factor of 2 %.  

H.26.7  Test of the  influence of d .c.  in  a.c.  networks   

NOTE  Requ i rements  and  tests  are  u nder cons i deration .  

H.26.8  Surge immun ity test  

The  control  sha l l  to lerate  vol tage  surges  on  the  mains  suppl y and  re levant  s ignal  term inals.   

Compliance is checked by the tests of H.26. 8.2 to H. 26. 8. 3 inclusive.  

H.26.8. 1  Purpose of the  test  

This test applies to the power supply terminals and in specific cases to the control terminals 
(see H. 26. 8. 2) .  

Controls  providing electronic disconnection  are loaded as indicated in  17. 2 and subjected 
to the test levels for the installation class specified for the control by the manufacturer,  when 
the control is  providing electronic disconnection .  During and after the test,  the control 
shall continue to provide electronic disconnection ,  as determined by the test of H. 11 . 4. 16. 2.  
If,  during the test,  the  electronic disconnection  is caused to be conductive for one-half cycle 
of the supply frequency after application of one surge,  this is not considered to  be  a  fault.   

The  purpose  of th is  test i s  to  veri fy the  immun i ty of the  control  against un id i rectional  surges  

caused  by d i fferen t phenomena:  

– swi tch ing  phenomena  in  the  power network (for example,  swi tch ing  of capaci tor banks);  

– fau l ts  i n  the  power network;  

– l i gh tn ing  strikes.  

The  i nduced  vol tage  surge  can  have  d i fferen t effects,  depend ing  on  the  relati ve  impedance  of 
the  source  and  of the  control :  

– i f the  system  h as  a  h i gh  impedance  re lati ve  to  the  source,  the  surge  wi l l  produce a  
vol tage  surge;  

– i f the  control  has  a  re lati ve  l ow impedance,  the  su rge  wi l l  produce a  current  pu lse.  

Th is  behaviour can  be  i l l ustrated  by an  i npu t ci rcu i t protected  by an  overvol tage  suppressor:  
as  soon  as  the  l atter breaks  down,  the  input impedance becomes  very l ow.  A real istic  test  
shal l  correspond  to  th is  behaviour and  the  test generator shal l  be  able  to  del i ver a  vol tage  
pu lse  on  a  h igh  impedance  as  wel l  as  a  curren t pu lse  on  a  l ow impedance  (hybrid  generator) .  

H.26.8.2  Test values  

The tests as detailed in  Table H. 16 shall be  applied.  

The tests on the terminals for signal,  data,  control and other input lines shall only be 
performed if these terminals are designed to make an interconnection with  cables longer than 
10 m,  according to the manufacturer's specifications.   

For protective controls  declared according to requirement 90 of Table 1 ,  the following 
additional test applies:  

The power supply terminals of the control are subjected to an open circuit test voltage of 
4 kV (applicable for the  line-to-earth  coupling mode)  with a  generator having a  source 
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impedance of 12 Ω  being used,  and to an open circuit test voltage of 2 kV (applicable for the 

line-to-line  coupling mode)  with a  generator having a  source impedance of 2 Ω  being used.   

Table  H . 1 6  (H .26.8.2  of ed i tion  3)  – Test  vol tages  for test l evel  2   
(depend ing  on  the  instal lation  class  cond itions)  

Test values   
peak kV  

I EC   
61 000-4-5 
i nstal lation  

class  

Power supply 
Unbalanced  operated  ci rcu i ts  

and  l i nes  
Balanced  operated  ci rcu i ts  

and  l i nes  

Coupl ing  mode Coupl ing  mode Coupl ing  mode 

Line  to  l i ne  Line  to  earth  Line  to  l i ne  Line  to  earth  Line  to  l i ne  Line  to  earth  

2  0 , 5  1 , 0  0 , 5  1 , 0  No  Test  1 , 0  

3  1 , 0  2 , 0  1 , 0  2 , 0  No  Test  2 , 0  

4  2 , 0  4 , 0  2 , 0  4 , 0  No  Test  2 , 0  

NOTE  1  For test  l evel  3  requ i rements,  appl y the  next  h i gher i nstal l ati on  cl ass.  For test  l eve l  4  requ i rements ,  appl y 
i nsta l l ati on  cl ass  4  val ues.  

NOTE  2  Tests  are  performed  wi th  any i n tended  surge  suppression  properl y i nsta l l ed .  

NOTE  3  I n  a  control ,  a  l ower category may fol l ow any h i gher category when  appropriate  transien t overvol tage  
con trol  means  are  provi ded .  

NOTE  4  See Annex R for descripti on  of i nsta l l ati on  cl ass  and  fu rther exp lanatory notes.  

At test level 2)  and 3) ,  after the tests of H. 26. 8. 2,  the surge protective components shall not 
be destroyed.  

H.26.8.3  Test procedure  

The test apparatus  and  procedure  shal l  be  as  described  i n  I EC 61 000-4-5.  I n  accordance wi th  
th is  standard ,  the  control  i s  connected  to  an  appropriate  source  of supply operati ng  at the  
rated  vol tage  wi th  the  impu lse  generator connected  across  the  term inals.  

The  tests  are  carried  ou t by subj ecting  the  system  to  fi ve  pu lses  of each  polari ty,  pos i ti ve  and  

negative  (+ ,  –)  and  wi th  phase  re lationsh ips  of at  l east 0° ,  90° ,  1 80°  and  270°  d istribu ted  over 
the  re levan t operati ng  modes  and  wi th  the  vol tage  values  l i s ted  i n  Table  H . 1 6  at i n tervals  not  
greater than  60  s  or as  speci fied  i n  the  relevant part  2 .  

I f varistors  are  used  as  surge  protective  devices,  they shal l  comply wi th  I EC 61 643-1 1 .  
Add i ti onal l y,  they shal l  be  selected  to  wi thstand  the  impu lses  correspond ing  to  the  i nsta l l ation  
class  for wh ich  the  control  i s  i n tended  to  be  used .  

For controls  having  surge  protective  device  arresters  i ncorporating  spark gaps,  the  test i s  
repeated  at  a  test l evel  that i s  95  %  of the  flashover vol tage.  

The  control  i s  tested  and  assessed  i n  each  of the  re levan t operating  modes,  as  speci fied  i n  

the  re levant part  2 .  

 

H . 26.9  Electrical  fast transient/burst  immunity test  

The control shall tolerate fast transient bursts on  the mains supply and on the  signal lines.   

Compliance is checked by the  test of H.26. 9. 2 to H. 26. 9. 3 inclusive.  
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H.26.9. 1  Purpose of the  test  

This test applies to the power supply terminals and in  specific cases to the  control terminals 
(see H. 26.9. 2) .  

The purpose of this test is to  demonstrate the immunity of the control to bursts of fast low 
energy transients which may be produced by relays,  contactors,  etc. ,  switch inductive loads 
and which  may be induced into signal and data circuits.  

H.26.9.2  Test levels  

The tests shall be  applied as specified in  Table H. 17.  

The tests on the terminals for interface cables shall only be performed if these terminals are  
designed to make an interconnection with cables longer than 3 m,  according to the  
manufacturer's specifications.  

Generator drive:  internal 

Duration:  1  min each positive (+)  and also negative (–)  polarity 

Operating conditions:  as in the relevant part 2 

The test voltage on power supply port shall be applied simultaneously between the ground 
reference plane and all of the power supply terminals (common mode) .   

Table  H . 1 7  – Test level  for electrical  fast  transient burst test  

 Open circuit output test voltage and repetition rate of the impulses 

 On power port,  PE  
On I/O (Input/Output) signal,  

data and control  ports  

Applicable test levels 
corresponding to  

H.26.1 5.3 

Test level  in  
accordance 

with 
 IEC 61 000-4-4  

Voltage peak 
 kV   

Repetition 
rate kHz   

Voltage peak 
 kV   

Repetition 
rate kHz   

2  2   1   5  0,5  5  

3  3  2   5  1   5  

Protective  con trols  
d eclared  i n  Table  1 ,  
requ i rement 90  i n tended  
for use  i n  accordance  wi th  
I EC 60335-1  

4  4  5  - - 

 

H.26.9.3  Test procedure  

The test apparatus  and  test  procedures  shal l  be  as  described  i n  I EC  61 000-4-4.  

The  control  i s  tested  i n  each  of the  re levant operating  modes,  as  speci fied  i n  the  re levan t 

part 2 .  

H.26. 1 0  Ring  wave immunity test  

NOTE  I n  Canada  and  the  USA,  the  ri ngwave  test  of H . 26. 1 0  i s  requ i red .  

H.26. 1 0 .1  Purpose of the  test – Range of appl ication  

The  purpose  of the  test i s  to  veri fy the  immun i ty of equ ipment to  osci l latory transients  ( "ring  
waves")  that appear i n  i ndoor (cable)  res identia l  and  i ndustria l  LV-networks.  Th is  test i s  

complementary to  the  1 , 2/50  µs  surge  test that covers  trans ients  appearing  in  ou tdoor 
(overhead  l i nes)  networks.  The  energy involved  wi th  "ri ng  waves"  i s  however smal l er than  the  
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energy associated  wi th  the  surges;  on  the  other hand ,  they may generate  effects  i n  the  
control  d ue  to  the  vol tage  polari ty change.  

H.26. 1 0.2  Test  wave  characteristics  

The test wave form shall consist of a  pulse with a  rise time of 0, 5 µs,  followed by an 
oscillation at 100 kHz with a  decrement so that each peak is 60 % of the preceding peak.  See 
Figure H.3.   

H.26. 1 0 .3  Test  equ ipment/test  generator 

The surge generator for this immunity test is shown in Figure H. 4.  

H.26. 1 0 .4  Test  l evels  

Voltages shall be  applied in  accordance with Table H. 18.  

Table  H . 1 8  (H .26.1 0.4  of ed i tion  3)  – Peak vol tages  

Rated  Category  
a  b
 

vol tage  (max. )  I  I I  I I I  

V kV R 1  kV R 1  kV R 1  

1 00  0 , 5  25  0 , 8  25  1 , 5  25  

300  1 , 0  25  1 , 6  25  2 , 5  25  

600  2 , 0  25  3 , 0  25  5 , 0  25  

NOTE  I n  the  USA,  the  peak vol tage  of the  impu lse  wave  i s  determ ined  by the  rated  vo l tage  and  decl ared  category 
of the  control  as  g i ven  i n  I EC 60664-1 .  

a  kV open -ci rcu i t.  See  F i gu re  H . 4  for R 1 .  

b  See  Annex L  for categories.   

 

H.26. 1 0 .5  Test  procedure  

The control shall be  tested as indicated in H. 26. 8. 3.  
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T =  1 0 µs 

(f =  1 00 kHz) 

Vpeak  
0,9 Vpeak 

0, 1  Vpeak 

0,5 µs  

60 % of Vpeak  
IEC   2512/13 

 

Figure H .3  – Ring  wave characteristics   
(open-ci rcu i t vol tage)  

 

0 kV-1 0 kV 
DC 0,5 µF 

1 0 µF 

0,005 µF 
5 µH 

2,5 Ω  R1  

Test 
piece Fi lter 

AC 
supply 

IEC   2513/13 
 

Figure H .4 – Schematic  of a  ring  wave   

generator 0,5  µs  /1 00  kHz  

NOTE  The  va lue  of R 1  i s  speci fi ed  i n  Tabl e  H . 22:  

– R 1  of 2 , 5  Ω  wi l l  provi de  a  500  A peak short-ci rcu i t  current;  

– R 1  of 25  Ω  wi l l  provide  a  200  A short-ci rcu i t  cu rrent.  

H.26. 1 1  E lectrostatic  d ischarge  test  

This test is carried out in  accordance with  IEC 61000-4-2.  

The test values shall be applied to test level 3.  

Direct application of discharge: Contact discharges at 6 kV to accessible metal parts,  or air 
discharges at 8 kV to  accessible parts  of insulating material shall apply.  

Indirect application of discharge: Contact discharges at 6 kV to horizontal or vertical couple 
plate  shall apply.  

For protective  controls  d eclared  accord ing  to  requ irement 90  of Table  1 ,  the  fol lowing  
add i tional  test appl ies :  Th is  test i s  carried  ou t i n  accordance  wi th  C lause  5,  test l evel  4  of 
I EC 61 000-4-2 : 2008.  Contact d ischarges  at 8  kV to  access ib le  metal  parts,  or a i r d ischarges  
at  1 5  kV to  accessible  parts  of i nsu lating  materia l  sha l l  appl y.  
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H.26. 1 2  Radio-frequency electromagnetic  field  immunity  

H .26. 1 2. 1  Purpose of the  test  

The purpose  of the  test i s  to  veri fy the  immun i ty of controls  against e lectromagnetic fi e lds  
generated  by rad io  transm itters  or any other device  em i tting  continuous  wave  rad iated  
e lectromagnetic  energy.  The  immun i ty of controls  to  the  rad iation  of hand-held  transceivers  
(walkie-ta lkies)  i s  the  main  concern  bu t other sources  of e lectromagnetic rad iation  are  
i nvolved ,  such  as  fixed  station  rad io  and  televis ion  transm i tters,  veh icle  rad io  transm i tters  and  
various  i ndustria l  e l ectro-magnetic sources  of i n term i ttent  sources.  

H.26. 1 2.1 . 1  I f the  cri tical i ty of test l evel  2  testing  is  not affected  after test l evel  3  testing ,  the  

testing  of test l evel  2  need  not  be  carried  ou t.  

H.26. 1 2.2  Immunity to  conducted  d isturbances  

The control shall tolerate high frequency signals on the mains supply and relevant signal 
terminals.   

Compliance is checked with  the tests of H.26. 12. 2. 1  to  H. 26. 12.2. 2,  inclusive.  

H.26. 1 2.2 . 1  Test levels  for conducted  d isturbances  

At minimum,  the test levels in Table  H. 19 shall be applied.  

The tests shall only be applied to interface cables which,  according to the manufacturer’s 
specification,  may be  longer than 1  m.  

Table  H . 1 9  (H .26.1 2.2 .1  of ed i tion  3)  – Test l evels  for conducted  d isturbances  
on  mains  and  I /O  l ines  

Test frequency range:  1 50  kHz to  80  MHz 

Test l evel  

Vol tage  l evel  (r.m .s. )  

U
0
 

dBµV  

U
0
 

V 

2  1 30  3  

3  1 40  1 0  

NOTE  The  test  l evel s  i n  the  I SM-  and  CB-bands  are  chosen  to  be  6  dB  h i gher.  ( I SM:  I n dustria l ,  scien ti fi c  and  

med ical  rad i o-frequency equ i pment:  1 3, 56  MHz ±  0 , 007  MHz and  40, 68  MHz ±  0 , 02  MHz,  CB:  Ci ti zen  band :  27,  

1 25  MHz ±  1 , 5  MHz).  

 

H.26. 1 2 .2 .2  Test procedure  

This test shall be  carried out in accordance with IEC 61000-4-6.  

Test the control by sweeping through the complete test frequency range at least once with  
the system  in  each of its relevant operating modes.  Where the frequency range is swept 
incrementally,  the step size shall not exceed 1  % of the preceding frequency value with  linear 
interpolation between calibration points.  The dwell time of the amplitude modulated carrier at 
each frequency shall not be less than the time necessary for the control to  be exercised and 
be able to respond,  but in no case be less than 0, 5 s.The ISM and CB bands shall be tested 
with those test frequencies that have been used by sweeping through the complete test 
frequency range and cover the ISM and CB bands regarded.  

NOTE  The  sens i ti ve  frequencies  or the  frequencies  of d om inant  i n terest  can  be  anal yzed  separate ly.  
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H.26. 1 2.3  Immunity to  radiated  d isturbances  

The control  sha l l  to lerate  h i gh -frequency s i gnals  on  the  mains  suppl y and  re levant s i gnal  

term inals .   

Compliance is checked by the  tests of H.26. 12. 3. 1  to H. 26. 12. 3. 2 inclusive.  

H.26. 1 2.3. 1  Test level  for rad iated  electromagnetic  fi elds  

Test levels  for immun i ty to  rad iated  e lectromagnetic  fie l ds  shal l  be  appl ied  i n  accordance  wi th  
Table  H . 20.  

I ncreased  test  l evels  for rad iated  immun i ty shal l  be  appl ied  i n  accordance  wi th  Table  H . 21 .  

Table  H .20  (H .26.1 2.3.1  of ed i tion  3)  – Test l evel  for immun ity to  radiated  
electromagnetic  fields  

 Test frequency ranges/Fi eld  strength   
V/m  

Test l evel  80  MHz to  960  MHz 1 ,4  GHz to  2 , 0  GHz  2, 0  GHz to  2 , 7  GHz  

2  3  3  1  

3  1 0  3  1  

Table  H .21  – I ncreased  test level  for radiated  immun ity 
(ISM ,  GSM ,  DECT bands)  

 Test frequency ranges/Fi eld  strength  
V/m  

Test l evel  433  MHz to  
435 MHz 

864 MHz to  
91 5 MHz  

935  MHz to  
960  MHz 

1  71 0  MHz to  
1  784 MHz 

1  805 MHz to  
1  960  MHz 

2  446  MHz to  
2  454 MHz 

2  6  6  6  6  6  2  

3  20  20  1 0  6  6  2  

 

H.26. 1 2 .3.2  Test procedure  

This test shall be  carried out in accordance with IEC 61000-4-3.  

Test the control by sweeping through the complete test frequency ranges in both the 
horizontal and the vertical antenna orientation in each of its relevant operating modes.  Where 
the frequency range is swept incrementally,  the step size shall not exceed 1  % of the 
preceding frequency value with linear interpolation between calibration points.  The dwell time 
at each frequency shall not be less than the time necessary for the control to  be exercised 
and to respond,  but shall in no case be less than 0, 5 s.  The ISM,  GSM and DECT bands shall 
be tested with those test frequencies that have been used when sweeping through the 
complete test frequency ranges and cover completely the ISM,  GSM and DECT bands 
regarded.  

The test shall normally be performed with  the generating antenna facing each side of the 
control.  When equipment can be used in different orientations (i. e.  vertical or horizontal)  all 
sides shall be exposed to the field during the test.  When technically justified,  some controls  
can be tested by exposing fewer faces to the generating antenna.  In other cases,  as 
determined for example,  by the type and size of control or the frequencies of test,  more than 
four azimuths may need to be exposed.  

NOTE  The  sens i ti ve  frequencies  or the  frequencies  of d om inant  i n terest  can  be  anal yzed  separate ly.  
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H.26. 1 3  Test  of in fluence  of supply frequency variations  

Micro-processor based controls  declared as class B control function  and/or class C 
control function  which  rely on the  mains supply frequency for the correct operation  shall 
tolerate frequency variations of the mains supply frequency,  if declared by the manufacturer in  
the additional items to Table 1  of Clause H. 7.  

H.26. 1 3.1  Purpose of the  test  

The purpose  of th is  test i s  to  veri fy the  effect on  the  control  from  frequency deviation  on  the  
mains.  

H.26. 1 3.2  Test l evels  

The test values in  Table H. 22 shall be applied.  

Table  H .22  (H .26.1 3.2  of ed i tion  3)  – Test level  for supply frequency variations  

Test l evel  
Variations  i n  suppl y frequency  

% 
a
 

2  ±1  and  ±2  

3  ±3,  ±4  and  ±5  

a
  Other val ues  may be  speci fi ed  i n  part  2 .  

H.26. 1 3.3  Test procedure  

The  test apparatus  and  procedures  shal l  be  as  described  i n  I EC  61 000-4-28.  

The  control  sha l l  be  i n i ti a l l y operated  at i ts  rated  vol tage  and  shal l  then  be  subj ected  to  the  
frequency variations  as  detai led  i n  H . 26. 1 3. 2.  

H.26. 1 4  Power frequency magnetic  field  immunity test  

The controls  wh ich  are  susceptib le  to  magnetic  fie ld  such  as  controls  wh ich  use  Hal l -effect 

devices  shal l  to lerate  power-frequency magnetic fiel ds .   

Compliance is checked by the tests of H. 26. 14. 2.  

NOTE  Examples  of such  con trols  i ncl ude  pressu re  sensors  wh ich  use  Hal l -effect  d evices,  control s  i ncorporati ng  
reed  rel ays  and  controls  u ti l i zi ng  b i stable  rel ays.  

H.26. 1 4.1  Purpose of the  test  

The  purpose  of the  test i s  to  demonstrate  the  immun i ty of controls  wh ich  may be  affected  by 
power-frequency magnetic fie lds  re lated  to  the  speci fic location  and  instal l ation  cond i tions  of 
the  control  ( for example,  proxim i ty of the  equ ipment to  the  d isturbance  source).   

The  power-frequency magnetic  fie ld  i s  generated  by power-frequency curren ts  i n  conductors  
or from  other devices  (for example,  leakage  of transformers)  i n  the  proxim i ty of equ ipment.  

On l y the  in fluences  of nearby conductors  shou ld  be  considered ,  where  the  curren t under 
normal  operating  cond i ti ons,  produces  a  steady (con tinuous)  magnetic fie ld ,  wi th  a  
comparativel y smal l  magn i tude.  

H.26. 1 4.2  Test  l evels  

The test l evels  shal l  be  appl i ed  in  accordance  wi th  Table  H . 23.  
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Table  H .23  (H .26.1 4.2  of ed i tion  3)  – Test level  for continuous  fields  

Test l evel  Continuous  fi eld  strength  
A/m  

2  3   

3  1 0   

 

H.26. 1 4.3  Test  procedure  

The  control  i s  suppl ied  at rated  vol tage.  Test equ ipment,  test set-up  and  test procedure  shal l  
be  i n  accordance  wi th  I EC  61 000-4-8.  The  control  i s  tested  under the  test cond i ti ons  as  

speci fied  i n  the  relevant part 2 .   

H.26. 1 5  Evaluation  of compl iance  

H .26. 1 5.1  After the  tests  of H26.2  through  H . 26. 1 4  and  H26. 1 6 ,  the  sample(s)  shal l  meet the  

requ irements  of Clause  8 ,  1 7 . 5  and  Clause  20.  

H.26. 1 5.2  I n  add i tion ,  the  control  sha l l  meet  the  fo l l owing :  

– the  requ i rements  of H . 1 7 . 1 4  or 

– the  ou tpu t(s)  and  functions  shal l  be  as  declared  i n  Table  1 ,  requ i rements  58a  and  58b.  

Compliance with the second alternative of H. 26. 15. 2 may make the control  unacceptable for 
some applications.  

Parts  2  may contain  restrictions  on  the  a l l owable  effects  on  con trol l ed  ou tpu t(s)  for particu lar 
types  of controls  or control  fu nctions  for test  levels.  

H .26. 1 5.3  D i fferen t ou tpu ts  and  functions  may be  declared  by the  manufacturer after testi ng  
at test l evel  2 ,  or test level  3,  i f re levan t.  Part 2  may speci fy particu lar cri teria  after each  of 
these  tests.  

H.26. 1 5.4  The  compl iance  cri teria  shal l  be  g i ven  in  part  2  and  shal l  be  based  on  the  
operati ng  ou tpu t cond i ti ons  and  the  functional  speci fications  of the  control  under test:  

a)  normal  performance  wi th  no  loss  of protective  functions  and  control  i s  wi th in  speci fication  
or declared  l im i ts;  

b)  l oss  of protecti ve  function  wi th in  declared  l im i ts ;  

c)  l oss  of protecti ve  function  wi th  safety shut-down ;  

d )  l oss  of protective  function  wi th  unsafe  operation .  

H.27  Abnormal  operation  

H.27. 1  Electronic  controls  – Assessment against in ternal  fau l ts  

H .27. 1 . 1  Electron ic  controls  shal l  be  assessed  for the  effects  of fai lure  or mal function  of 

ci rcu i t components  to  ensure  e lectrical  safety.  

Compliance is checked by the tests of H.27. 1 . 1 . 1  to H. 27. 1 . 1 . 6 inclusive and H. 27. 4.  

Components which  fail as a  result of cumulative stress are replaced if necessary.  

NOTE  Non-electron ic  components  such  as  swi tches,  re lays  and  transformers,  wh ich  are  assessed  accord i ng  to  
Clause  24  or to  the  re levant  requ i rements  of th i s  s tandard ,  are  not  subj ected  to  the  tests  of H . 27. 1 . 1 .  
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During  the  tests  of H . 27. 1 . 1 ,  for a  control  provid ing  electronic d isconnection  ( type  1 .Y or 
2 .Y) ,  any fai lure  of the  device  described  i n  footnote  n  to  Table  1 2  i s  perm i tted .  

H.27. 1 . 1 . 1  Fau lt  cond i ti ons  speci fied  i n  Table  H . 24  are  not appl ied  to  ci rcu i ts  or parts  of 
ci rcu i ts  where  a l l  of the  fol lowing  cond i tions  are  met:  

– the  e lectron ic  ci rcu i t i s  a  l ow-power ci rcu i t  as  described  below;  

– the  protection  against e lectric shock,  fi re  hazard ,  mechan ical  hazard  or dangerous  
mal function  i n  other parts  of the  control  does  not re l y on  the  correct  function ing  of the  
e lectron ic ci rcu i t.  

 

A  low-power circuit is determined as follows and further explained in Figure H. 5.  The control 
is operated at rated voltage or at the upper limit of the rated voltage range and a  variable 
resistor,  adjusted to its maximum resistance,  is connected between the point to be 
investigated and the opposite pole of the supply source.  

The resistance is then decreased until the power consumed by the  resistor reaches a  
maximum.  Any point nearest to the  supply and at which the maximum power delivered to this 
resistor does not exceed 15 W at the end of 5 s  is called a  low-power point.  The part of the 
circuit farther from the supply source than a  low-power point is considered to be a  low-power 
circuit.  

The measurements are made from only one pole of the supply source,  preferably the one that 
gives the fewest low-power points.  

NOTE  When  determ in ing  the  l ow-power po in ts ,  s tart  wi th  po in ts  cl ose  to  the  suppl y sou rce.  The  power consumed  
by the  vari abl e  res i stor i s  measured  by a  conven ien t  method ,  for example,  by a  wattmeter.  

If an electronic circuit operates to ensure compliance with Clause H. 27,  the relevant test is 
repeated with a  single  fault simulated,  as indicated in H. 27. 1 . 1 . 5.  

 

Z1  

A 

B  

C  

D  

Z2  

Z6  

Z7  

Z8  

Z3  Z4  

Z5  Source 
supply  

IEC   2514/13 

 

D  i s  a  poi n t  farthest  from  the  suppl y sou rce  where  the  maximum  power del i vered  to  externa l  l oad  exceeds  1 5  W.  

A and  B  are  poin ts  cl osest  to  the  suppl y sou rce  where  the  maximum  power del i vered  to  external  l oad  does  not  
exceed  1 5  W.  These  are  l ow-power poin ts.  

Poi n ts  A and  B  are  separatel y short-ci rcu i ted  to  C.  

The  fau l t  cond i ti ons  speci fi ed  i n  H . 27. 1 . 1 . 5  are  appl i ed  i nd ivi dual l y to  Z
1
,  Z

2
,  Z

3
,  Z

6
 and  Z

7
,  where  appl i cabl e.  

Figure H .5 – Example  of an  electronic circu i t  
wi th  low power points  
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H.27. 1 . 1 .2  The control shall be operated under the following conditions.  

a)  At the most unfavourable voltage in  the range 0, 9 to  1 , 1  times the rated supply voltage.  

b)  Loaded with the  type of load,  within the declared or measured parameters,  producing the 
most onerous effect.  

c)  In  an  ambient temperature of (20 ±  5)  °C,  unless there are significant reasons (as for 
example during item b)  of H.27. 1 . 1 . 3)  for conducting the test at another temperature within 
the manufacturer's declared range.  

d)  Connected to an electrical supply having a  fuse rating such that the result of the test is not 
influenced by the operation  of the  fuse.  

e)  With any actuating member set to the most unfavourable  position.  

H.27. 1 . 1 . 3  W i th  each  fau l t  described  in  Table  H .24,  s imu lated  or appl ied  to  one  ci rcu i t  
component  at a  t ime,  the  control  sha l l  comply wi th  

– the  fol l owing  i tems a)  to  g )  inclus ive.  For componen ts  complying  wi th  Clause  1 4  of 
I EC 60065: 2001 ,  Amendment 1 :  2005,  Amendment 2 : 201 0 ,  the  controls  need  on l y comply 
wi th  i tems a) ,  c) ,  d ) ,  f)  and  g ).  

NOTE  1  I n  Canada  and  the  USA,  i f a  component  has  received  qual i fi cati on  approval  under the  I ECQ 
programme,  wi th  appropri ate  cond i ti on ing  peri ods  and  stress  factors,  the  fau l ts  of Tab le  H . 25  need  not  be  
appl i ed .  

– any add i ti onal  compl iance  cri teria,  as  speci fied  i n  the  appl icable  subclauses  of part  2 ;  and  

– the  requ irements  of speci fied  software  class,  i f declared .  

a)  The  controls  sha l l  not em i t flames,  hot  metal  or hot p lastics,  and  no  explos ion  shal l  
resu l t.  For in -l ine  cord  controls  and  independently mounted  controls ,  compl iance  
i s  determ ined  by the  fol lowing  test.  

 The  enclosure  wi th  the  control  therein  i s  wrapped  i n  t issue  wrapping  paper.  The  
control  i s  operated  to  steady state  or for 1  h ,  wh ichever occurs  fi rst.  There  shal l  be  no  
burn ing  of the  wrapped  ti ssue  paper.  I ns ide  the  enclosure,  some parts  may temporari l y 
g low,  and  there  may be  a  temporary em ission  of smoke or fl ame.  

NOTE  2  I n  Canada  and  the  USA,  cheesecloth  i s  used  i nstead  of t i ssue  wrapping  paper.  

 I n tegrated  and  incorporated  controls  shal l  e i ther comply wi th  the  test speci fi ed  for in -
l ine  cord  controls  and  independently mounted  controls  or be  classi fied  as  
requ iring ,  for example,  fu rther sh ie ld ing ,  i n  the  appl i ance  or equ ipment.  

b)  The  temperature  for supplementary insu lation  and  reinforced  insu lation  shal l  not  
exceed  1 , 5  times  the  re levant  values  speci fied  i n  C lause  1 4,  except  i n  the  case  of 
thermoplastic material .  

 There  i s  no  speci fic temperature  l im i t for supplementary insu lation  and  reinforced  
insu lation  of thermoplastic materia l ,  the  temperature  of wh ich  shal l ,  however,  be  
recorded  for the  purpose  of C lause  21 .  

c)  Any change i n  the  control led  ou tpu ts  shal l  be  as  declared  i n  Table  1 ,  requ i rement 57.  

d )  The  control  shal l  comply wi th  the  requ i rements  of Clause  8  and  1 3. 2  for basic  
insu lation .  

e)  There  shal l  be  no  deterioration  of the  various  parts  of the  control  that  wou ld  resu l t i n  
non-compl iance  wi th  the  requ i rements  of C lause  20.  

f)  A fuse  i n  the  suppl y,  external  to  the  control  u nder test and  as  described  i n  i tem  d )  of 
H . 27. 1 . 1 . 2  shal l  not b low un less  an  i n ternal  protecti ve  device  a lso  operates  that i s  
accessib le  on l y after the  use  of a  tool .  

 An  i n ternal  protecti ve  device  is  deemed  not to  be  requ i red  i f the  sample  sti l l  compl ies  
wi th  the  fol l owing  requ irements  after replacement of the  fuse  of the  suppl y:  

– i tems a) ,  b)  and  d )  of H .27. 1 . 1 . 3 ;  
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– the  requ i rements  of Clause  20  for the  clearances  and  creepage d istances  from  
l ive  parts  to  the  surfaces  of the  control  that are  access ib le  when  the  control  i s  
mounted  as  for i ts  i n tended  use.  

g )  The  ou tpu t waveform  shal l  be  as  declared  i n  Table  1 ,  requ irement 56.  

H.27. 1 . 1 .4  Gu idel ines  for the  tests  of H .27. 1 . 1 . 3  

To avoid unnecessary testing,  every endeavour should be made to assess all the conditions 
likely to result in  non-compliance with the requirements of H. 27. 1 . 1 . 4.  Such an assessment 
shall involve an appraisal of the circuit diagram and simulation of the relevant fault conditions 
so as to test whether these conditions occur.  For controls  using software,  the fault analysis 
of H.27. 1 . 1 . 4 shall be related to the software fault  analysis of Table 1 ,  requirement 68.  

All conditions which result from the introduction of an electronic circuit fault as specified in 
H. 27. 1 . 1 . 5 are considered to be one fault.  

Printed circuit conductors which  show signs of deterioration during the tests are  considered 
liable to fail.  

H.27. 1 . 1 .5  E lectron ic  circu i t  fau l t  conditions  

For the  purpose  of Clause  H . 27,  the  appl icable  fai lure  modes  are  g iven  i n  Table  H . 24.  
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Table  H .24  (H .27.1  of ed i tion  3)  – E lectrical /electron ic component fau l t  modes  table  
(1  of 3)  

Component type  Short 
a
 Open  

b
 Remarks  

Fixed  resistors  

Th in -fi lm  
c
 

Th i ck-fi lm  
c
  

Wi re-wound  
c
 (s i ng l e  l ayer)  enamel l ed  or 

su i tabl y coated  
 

Al l  other types  

 

 

 

 

 

X  

 

X 

X 

X 

 

X 

 

I ncl udes  SMD type  

I ncl udes  SMD type  

 

Variable  resistors  

(for example,  poten tiometer/trimmer)  

Wi re-wound  (s i ng l e  l ayer)  

Al l  other types  

 

 

 

X 
d
 

 

 

X  

X 

 

Capaci tors  

X1  and  Y types  accord ing  to  I EC 60384-1 4  

Metal l i zed  fi lm  accord i ng  to  I EC 60384-1 6  and  
I EC 60384-1 7  

Al l  other types  

 

 

 
 

X  

 

X 

 
X 

X 

 

I nductors  

Wi re-wound  

Al l  other types  

 

 

X 

 

X  

X 

 

Diodes  

Al l  types  

 

X 

 

X 

 

 

Semiconductor type  devices  l i ke  transistors  

Al l  types  (for example,  b i po lar;  LF;  RF;  
m i crowave;  FET;  thyri stor;  D i ac;  Triac;  Un i  
j unction )  

 
 

X 
d
 

 
 

X  

 

 

e 

Hybrid  ci rcu i t  
f  f

  

In tegrated  ci rcu i ts  

Al l  types  not  covered  by H . 1 1 . 1 2  

 

X 
g
 

 

X  

 

For I C  ou tpu ts,  footnote  e  
appl i es  

Optocouplers  

Accord ing  to  I EC 60335-1  

 

X 
h
 

 

X  
 

Relays  

Coi l s  

Contacts  

 

 

X 
i
 

 

X  

X 

 

Reed-relays  X X Contacts  on ly  

Transformers  

Accord ing  to  I EC 61 558-2-6  or I EC 61 558-2-1 6  

Al l  other types  

 

 

X 
d
 

 

X  

X 

 

Crystals  X  X 
j  

Swi tches  X  X 
k 

Connections  ( j umper wi re)   X  
l  

Cable  and  wi ring   X  
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Table  H .24  (2 of 3)  

Component type  Short 
a
 Open  

b
 Remarks  

Prin ted  ci rcu i t  board  conductors  

Accord ing  to  I EC 62326  seri es  
X 

m
 X 

n
 

 

Sensors  

Polymeric  type  thermistors  

Ceram ic type  thermistors  

X 

 

X 

X 

o  

a
 The  cond i ti ons  wh ich  have  l ed  to  the  des i gn  of the  clearances  and  creepage  d istances  accord i ng  to  

Clause  20  on  the  assembly for wh ich  exclus ion  from  the  fau l t  mode  “short”  i s  cl a imed  shal l  be  main tained  
over the  l i fetime  of the  control .  

 These  cond i ti ons  shal l  be  decl ared  or documented  as  fol l ows.  

 Control  pol lu tion  s i tuation  (Table  1 ,  requ i rement  49).   

 Pol lu tion  s i tuation  i n  the  micro-envi ronment  of the  creepage d istance  or clearance ,  i f cl eaner than  that  
of the  con trol ,  and  how th i s  i s  designed  (documentation )  (Tab le  1 ,  requ i rement  79).  

 Rated  impu lse  vol tage  of the  control  (Table  1 ,  requ i rement 75).  

 Rated  impu lse  vol tage  for the  creepage  d i stance  o r cl earance ,  i f d i fferent  from  that  of the  control ,  and  
how th i s  i s  ensured  (documentation )  (Tabl e  1 ,  requ i rement  80).  

 The  val ues  des igned  for to lerances  of d i s tances  for wh i ch  the  excl us ion  from  fau l t  mode  "short"  i s  cl a imed .  
(decl aration  and  documentati on )  (Tabl e  1 ,  requ i rement  81 ).  

b  
Only open ing  of one  p i n  at  any one  time.  

c
 These  components  may be  used  for protective  impedance ,  i f the  impedance  of components  compl ies  wi th  

H . 20. 1 . 1 5. 3  and  wi thstands  the  impu lse  vol tage  test  of 20. 1 . 1 2  for at  l east  overvol tage  category  I I I .  
d
 Short-ci rcu i t  each  p i n  i n  tu rn  wi th  every other p i n ;  on l y two  p i ns  at  a  time.  
e  

For d i screte  or i n tegrated  thyri stor type  devices  such  as  Triacs  and  SCRs,  fau l t  cond i ti ons  shal l  i ncl ude  
short  ci rcu i t  of any term inal s  wi th  the  th i rd  term inal  open-ci rcu i ted .  The  effect  of any fu l l  wave  type  of 
component,  such  as  a  Triac going  i n to  a  hal f-wave  cond i ti on ,  e i ther control l ed  or uncontrol l ed  (thyri stor or 
d i ode,  respecti vel y)  sha l l  be  cons idered .  

 Fai lure  of a  fi e l d  effect  based  e lectron ic  power swi tch ing  devi ce  (FET,  MOSFET,  I GBT)  by l oss  of gate  
(base)  control *  resu l ti ng  i n  a  parti a l  tu rn-on  mode,  causing  an  undefi ned  state  shal l  be  consi dered .  
Testi ng  and  assessment cri teri a  shal l  correspond  to  the  speci fi c  control  function  and  ci rcu i try.  Gu i dance  
m igh t  be  g i ven  i n  parts  2 .  

 *Loss  of gate  control  m ight  occur d ue  to,  for example,  an  i nsu ffi cien t  sol der connection  of the  FET.  
f
 Fai lure  modes  for i nd i vi dua l  components  of the  hybrid  ci rcu i t  are  appl i cable  as  described  for the  i nd i vi d ual  

components  i n  th i s  tab le.  
g
 The  short  ci rcu i t  of any two  ad j acent term inal s  and  the  short  ci rcu i ti ng  of 

 -  each  term inal  to  the  I C-suppl y,  when  appl i cab le  at  the  I C;  

 -  each  term inal  to  the  I C-g round ,  when  appl i cab le  at  the  I C.  

 The  number of tests  impl i ed  for i n tegrated  ci rcu i ts  may normal l y make  i t  impracti cable  to  appl y a l l  the  
re l evant fau l t  cond i ti ons  or to  assess  the  l i kel y hazards  from  an  appraisal  of the  ci rcu i t  d i agram  of the  
i n tegrated  ci rcu i t.   

 I t  i s  therefore  perm issib le  fi rst  to  anal yse  i n  deta i l  a l l  the  possib le  mechan ical ,  thermal  and  e l ectri cal  fau l ts  
wh ich  may deve lop  e i ther i n  the  control  i tsel f or i ts  ou tpu t,  d ue  to  the  mal function  of the  el ectron ic  devices  
or other ci rcu i t  components ,  separatel y or i n  any combination .  

 Except  for types  eval uated  by H . 1 1 . 1 2 ,  a  fau l t-tree  anal ys i s  shal l  be  conducted  to  i ncl ude  the  resu l ts  of 
mu l ti p l e  steady-state  cond i ti ons  to  ou tpu ts  and  prog rammed  b i -d i rectional  term inal s  for the  pu rpose  of 
i den ti fyi ng  add i ti onal  fau l t  cond i ti ons  for cons ideration .  The  fai lure  mode  "short  ci rcu i t"  i s  excl uded  between  
i solated  sections  for such  I Cs  that  have  i sol ated  sections.  The  i so lation  between  the  secti ons  shal l  comply  
wi th  the  requ i rements  of 1 3 . 2  for functional  i nsu lation .  

h
 When  optocoupl ers  comply wi th  20. 3. 2 . 2 ,  the  shorti ng  between  the  i npu t  and  ou tpu t  p i ns  i s  not  cons idered .  
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Table  H .24  (3 of 3)  

 
I  

The  short-ci rcu i t  mode  i s  excluded  for rel ays  where  the  con tact  i s  control l i n g  a  Cl ass  A or B  control  
function ,  and  i s  not  i ncl uded  i n  the  speci fi ed  cycl i c  operation  of the  appl i cation ,  provided  that  i t  i s  
successfu l l y tested  to  Cl ause  1 7  under the  fol l owi ng  cond i ti ons:  

 For Class  A con trol  fu nctions,  the  number of cycles  declared  by the  manufacturer,  or certi fi ed  for the  
appl i cation .  

 For Cl ass  B  control  functions ,  a  m in imum  of 1 00  000  cycles  or otherwise  speci fi ed  by the  manufacturer,  
wh ichever i s  h i gher,  or certi fi ed  for the  appl i cation .  

 For Cl ass  C  control  functions,  the  short-ci rcu i t  mode  i s  excluded  for relays  where   

•  the  contact  function  i s  swi tch ing  under normal  operation  wi thou t  l oad  (no  cu rrent  fl owing  du ri ng  make  
or break)  and  

•  the  con tact  function  i s  d i sconnecti ng  the  l oad  under abnormal  operation  of the  burner control  system  
to  reach  safety shut-down  and  

•  the  re lay compl ies  wi th  C lause  1 7  at  a  m in imum  of 1 00  000  cycles  however appl yi ng  the  decl ared  
ou tpu t  l oad ,  or certi fi ed  for the  appl i cation ,  and   

•  the  control  compl ies  wi th  the  requ i rements  of 1 1 . 3. 5. 2 . 1  (measures  to  prevent  common  cause  
errors) .  

j
 For crystal -based  clocks,  harmon ic and  sub-harmon ic  frequency variati ons  affecti ng  the  tim ings  shou ld  be  

cons idered .  
k
 I f swi tches  are  appl i ed  for the  selection  of safety t imes,  pu rge  times,  programmes and/or other safety-

rel ated  settings,  th ese  devices  shou l d  functi on  so  that  i n  the  even t of thei r open i ng ,  the  safest  possibl e  
cond i ti on  ari ses  (for example,  i n  a  bu rner control  system ,  the  shortest  safety t ime  or the  l ongest pu rge  
t ime).  

 The  short-ci rcu i t  mode  i s  excl uded  for swi tches  where  the  con tact  i s  control l i ng  a  Class  A or B  con trol  
function ,  provided  that  i t  i s  successfu l l y tested  to  Clause  1 7  u nder the  fo l l owing  cond i ti ons:  

 For Class  A con trol  fu nctions,  the  number of cycles  declared  by the  manufacturer,  or certi fi ed  for the  
appl i cation .  

 For Cl ass  B  control  functions,  a  m in imum  of 6  000  cycles  for manual  action ,  or 1 00  000  cycles  for 
au tomatic  action ,  or otherwise  speci fi ed  by the  end  product  s tandard ,  or certi fi ed  for the  appl i cation .  

 For Cl ass  C  control  functions,  short-ci rcu i t  mode  i s  not  excluded .  
l
 The  requ i rements  are  the  same as  footnote  n ,  except  they are  appl i ed  to  j umper wi res  i n tended  for cl i ppi ng  

when  selecti ng  a  setting .  
m
 The  short-ci rcu i t  fai lure  mode i s  excluded  i f the  requ i rements  of Clause  20  are  fu l fi l l ed .  

n  
The  open -ci rcu i t  fai lure  mode,  i . e .  i n terruption  of a  conductor,  i s  excl uded  i f 

•  the  th i ckness  of the  conductor i s  equal  to,  or g reater than ,  a  nom inal  va l ue  of 35  µm  wi th  a  to lerance  
up  to  –30  %  of the  nom inal  val ue  a l l owed ,  and  the  breadth  of the  conductor i s  equa l  to,  or g reater than ,  
a  nom inal  va l ue  of 0 , 3  mm  wi th  a  to lerance  up  to  –30  %  of the  nom inal  va l ue  a l l owed ,  or  

•  the  conductor has  an  add i ti ona l  precau ti on  against  i n terrupti on ,  for example,  rol l -ti nned ,  etc.   

I f a  short  ci rcu i t  at  the  ou tpu t  term inal s  causes  the  open i ng  of a  pri n ted  ci rcu i t  board  conductor,  that  
conductor shal l  be  sub ject  to  an  open-ci rcu i t  fau l t  anal ys i s .   

 For temperatu re  and  cu rren t  cond i ti ons  when  accepti ng  conductor s i zes,  see  I EC 62326  seri es.  
o
 For sensor components  i n tended  to  measure  acti vati ng  q uanti ti es  such  as  temperatu re,  pressure  etc. ,  fau l t  

modes  i n  add i ti on  to  open  and  short  must  be  considered .  These  fau l t  modes  can  i ncl ude  step  wise  sh i ft  of 
res i stance,  non -responsive  component,  and  component  d ri fti ng  ou t  of accuracy.  

 

H . 27. 1 . 1 .6  If the load includes a  motor load (see 6. 2. 2 or 6. 2. 5) ,  and the failure  or 
malfunction of an electronic circuit component causes a  change in the supply waveform to the 
controlled motor,  the control shall be subjected to the  following tests.  

1 )  The load shall be adjusted under normal waveform conditions to six times the rated load 
or the  locked rotor rating declared by the manufacturer.  

2)  Then the fault conditions shall be  introduced.  

3)  The test is conducted under the conditions described in items a) ,  c) ,  d)  and e)  of 
H. 27. 1 . 1 . 2.  

The control shall be  evaluated according to items a)  to  e)  inclusive of H. 27. 1 . 1 . 3,  as 
appropriate  to the component being assessed.  
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H.27. 1 .2  Protection  against  in ternal  fau l ts  to  ensure functional  safety  

H .27. 1 .2. 1  Design  and  construction  requ irements  

H .27. 1 .2. 1 . 1  Fau l t  avoidance and  fau l t  tolerance  

I n  add i tion  to  H . 27. 1 . 1 ,  controls  i ncorporating  control  fu nctions  of cl ass  B  or C  shal l  be  
des igned  accord ing  to  H . 27. 1 . 2  taking  i n to  account the  fai lu re  modes  of Table  H . 24  and  

H . 1 1 . 1 2  for software,  i f appl icable.  

Fai lures  of complex electronics  can  be  caused  by e i ther systematic errors  (bu i l t  i n to  the  
des ign ,  see  H . 1 1 . 1 2 . 3)  or by random  fau l ts  (component fau l ts ,  see  H . 1 1 . 1 2. 2).  Therefore,  the  
system  shal l  be  designed  in  such  a  way that systematic errors  are  avoided  and  random  
fau l ts  shal l  be  deal t  wi th  by a  proper system  configuration .  

The  design  of the  software  and  hardware  shal l  be  based  on  the  functional  anal ys is  of the  
appl ication-resu l ti ng  i n  a  structured  des ign  expl ici tl y i ncorporating  the  control  fl ow,  data  flow 
and  time re lated  functions  requ ired  by the  appl i cation .  I n  the  case  of custom -ch ips  specia l  
atten tion  is  requ i red  wi th  regard  to  measures  taken  to  m in im ize  systematic errors.  

Th is  shal l  resu l t i n  a  system  configuration  wh ich  is  e i ther i nherentl y fa i l safe  or i n  wh ich  
components  wi th  d i rect safety-cri tical  functions  (e .  g .  gas  valve  d ri vers,  m icroprocessors  wi th  
thei r associated  ci rcu i ts,  etc. )  are  guarded  by safeguards  i n  accordance to  H . 1 1 . 1 2  software  
class  B  or C.  These  safeguards  shal l  be  bu i l t  i n to  hardware  (e.  g .  watch-dog ,  suppl y vol tage  
supervis ion)  and  can  be  supplemented  by software  (e .  g .  ROM-test,  RAM-test,  etc. ) .  I t  i s  
important  that these  safeguards  can  cause  a  completel y independent safety shut-down .   

I f t ime  s lot mon i toring  i s  used ,  i t  shal l  be  sensi ti ve  to  both  an  upper and  a  l ower l im i t of the  
time i n terval .  Faults  resu l ti ng  i n  sh i ft of the  upper and/or l ower l im i t  sha l l  be  taken  i n to  

account.  

I n  case  of a  control  function  that i s  cl ass i fi ed  as  class  C,  i f a  s ing le  fau l t  i n  a  primary 
safeguard  can  render the  safeguard  i noperative,  a  secondary safeguard  shal l  be  provided .  
The  reaction  time of the  secondary safeguard  shal l  be  i n  accordance  wi th  H . 27 . 1 . 2. 3.  

NOTE  1  Reaction  t imes  of these  safeguards  can  be  equal  or smal l er than  the  relevant fau l t  tolerating  time .  

NOTE  2  The  secondary guard ing  can  be  real i zed  by:  

a)  a  physical l y separate  ci rcu i t  mon i tori ng  the  primary safeguard ;  or 

b)  mutual  action  between  the  ci rcu i t  bei ng  safeguarded  and  the  primary safeguard  (e.  g .  a  watch-dog  guarded  by 
the  m icroprocessor);  or 

c)  action  between  primary safeguards  (e.  g .  a  ROM-test  guard ing  a  RAM-test).  

Componen ts  shal l  be  d imensioned  on  the  bas is  of the  worst-case  cond i ti ons  wh ich  can  arise  
i n  the  control ,  as  stated  by the  manufacturer.  

NOTE  3  A component  fai lure  cou l d  cause  a  degradation  of safety cri ti cal  i nsu lati on .   

H.27. 1 .2. 1 .2  Documentation  

I n  general  the  documentation  shal l  be  based  on  H . 1 1 . 1 2 . 3 . 2.  

The  functional  anal ys is  of the  control  and  the  safety re lated  programs under i ts  control  shal l  
be  documented  i n  a  clear h ierarch ica l  way in  accordance wi th  the  safety ph i l osophy and  the  
programme requ i rements.  
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As  a  m in imum  the  fol lowing  documentation  shal l  be  provided  wi th  any system  subm itted  for 

assessment:  

a)  A description  of the  system  ph i losophy,  the  control  fl ow,  data  flow and  tim ings.  

b)  A clear description  of the  safety ph i losophy of the  system  wi th  a l l  safeguards  and  safety 
functions  clearl y i nd icated .  Sufficien t design  i n formation  shal l  be  provided  to  enable  the  
safety functions  or safeguards  to  be  assessed .  

c)  Documentation  for any software  wi th in  the  system .  

Programming  documentation  shal l  be  suppl ied  i n  a  programming  des ign  l anguage declared  by 
the  manufactu rer.  

Safety related  data  and  safety re lated  segments  of the  operating  sequence  shal l  be  
i denti fied  and  class i fied  accord ing  to  H . 1 1 . 1 2 . 3. 2 .  

There  shal l  be  a  clear re lationsh ip  between  the  various  parts  of the  documentation ,  for 
example,  the  i n terconnections  of process,  hardware  and  the  l abel ing  used  i n  software  
documentation .  

I f a  manufacturer provides  documentation  of the  anal ytical  measures  taken  during  the  
development stage  of the  hardware  and  software,  th is  documentation  shal l  be  used  by the  
test house  as  part  of the  assessment procedure.  

H.27. 1 .2.2  Class  B  control  function  

H .27. 1 .2.2. 1  Design  and  construction  requ i rements  

A class  B  control  function  shal l  be  des igned  such  that under s i ng le  fau l t  cond i tions  i t  
remains  i n  or proceeds  to  the  defined  state .  A second  independent  fau l t  i s  not  cons idered .  

NOTE  Fai lure  of class  B  con trol  function  i n  the  presence  of another fau l t  i n  the  appl i ance,  or  fai l ure  of class  C  
control  function  a l one,  cou ld  resu l t  i n  a  dangerous  mal function ,  e l ectri c  shock,  fi re,  mechan ical  or other hazards .  

Software  shal l  comply wi th  software  class  B .  

The  class  of control  fu nction  shal l  be  i den ti fied  i n  Table  1 ,  requ i rement 92 .  

The  assessment shal l  be  performed  accord ing  to  H . 27. 1 . 2 . 2. 2  and  H . 27. 1 . 2. 2. 3  and  under the  
test cond i tions  and  cri teria  of H . 27. 1 . 2. 5.  

H.27. 1 .2.2.2  Fi rst fau l t  

Any fi rst fau l t  (see  Table  H . 24)  i n  any one  componen t or any one  fau l t  together wi th  any 
other fau l t  aris ing  from  that fi rst  fau l t  sha l l  resu l t  i n  e i ther:  

a)  the  control  becom ing  i noperative  wi th  a l l  safety re lated  outpu t term inals  de-energ ized  or 
assum ing  a  status  in  wh ich  they ensure  a  safe  s i tuation ;  

b)  the  control  reacting  wi th in  the  fau l t  reaction  time  (see  Table  1 ,  requ i rement 91 )  by 
proceed ing  to  a  defined  state ,  provided  that subsequent reset from  the  defined  state  
u nder the  same fau l t  cond i ti on  resu l ts  i n  the  system  return ing  to  the  same defined  state ;  

c)  the  control  con tinu ing  to  operate,  the  fau l t  be ing  i denti fied  during  the  next start-up  
sequence,  the  resu l t  being  a)  or b) ;  

d )  the  control  remain ing  operational  in  accordance wi th  the  safety re lated  functional  
requ irements  of the  relevan t part  2 .  

The  re levant  part 2  shal l  speci fy the  fau l t  reaction  time  as  wel l  as  the  appl icabi l i ty of c) .  
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For defined  state  wi th  a  mechan ical  actuator,  a  test up  to  bu t not i nclud ing  the  swi tch ing  
con tacts  is  sufficien t.  I f the  test  of the  defined  state  fa i l s,  the  system  sha l l  proceed  to  safety 
shut-down .  Frequency of test  i s  g i ven  in  the  re levant part 2 .  I n ternal  fau l ts  on  components  of 

the  checking  ci rcu i t  are  not considered .  

H.27. 1 .2.2.3  Fau lt  in troduced  during  defined  state  

Whenever the  control  i s  i n  a  defined  state  wi thout an  i n ternal  fau l t,  the  fol l owing  
requ irements  appl y.   

Any fi rst fau l t  ( together wi th  any other fau l t  aris i ng  from  that fau l t)  i n  any one  component 
(see  Table  H . 24) ,  i nduced  wh i l e  the  control  i s  staying  i n  a  defined  state ,  shal l  resu l t  i n  

e i ther:  

a)  The  control  remain ing  i n  a  defined  state ,  safety related  output term inals  remain ing  de-
energ ized ;  or 

b)  the  control  becom ing  inoperative  wi th  a l l  safety re lated  ou tpu t term inals  remain ing  de-
energ ized ;  or 

c)  the  control  comes  again  i n  operation  resu l ting  i n  a)  or b)  as  mentioned  in  th is  cl ause  
under the  cond i ti on  that the  safety re lated  ou tput term inals  are  energ ized  not l onger than  
the  fau l t reaction  time  (see  Table  1 ,  requ i rement 91 ) .  I f the  cause  of the  defined  state  
cond i ti on  no  l onger remains  and  the  control  comes  again  in  operation ,  i t  shal l  operate  i n  
accordance  wi th  the  safety re lated  functional  requ i rements  of the  relevant part  2 .     

H.27. 1 .2.3  Class  C  control  function  

H .27. 1 .2.3. 1  Design  and  construction  requ i rements  

A class  C  control  function  shal l  be  designed  such  that under fi rst  and  second  fau l t  
cond i ti ons  i t  remains  i n  or proceeds  to  the  defined  state .  A th i rd  independent  fau l t  i s  not  

cons idered .  

NOTE  Fai lure  of class  B  con trol  function  i n  the  presence  of another fau l t  i n  the  appl i ance,  or  fai l ure  of class  C  
control  function  a l one,  cou ld  resu l t  i n  a  dangerous  mal function ,  e l ectri c  shock,  fi re,  mechan ical  or other hazards .  

Software  shal l  comply wi th  software  class  C.  

The  class  of control  fu nction  shal l  be  i den ti fied  i n  Table  1 ,  requ i rement 92 .  

The  assessment shal l  be  performed  accord ing  to  H . 27. 1 . 2. 3. 2,  H . 27. 1 . 2 . 3. 3  and  H . 27. 1 . 2. 4  
and  under the  test cond i ti ons  and  cri teria  of H . 27. 1 . 2 .5.  

H.27. 1 .2.3.2  Fi rst fau l t  

Any fi rst fau l t  (see  Table  H . 24)  i n  any one  componen t or any one  fau l t  together wi th  any 
other fau l t  aris ing  from  that fi rst  fau l t  sha l l  resu l t  i n  e i ther:  

a)  the  control  becom ing  i noperative  wi th  a l l  safety re lated  outpu t term inals  de-energ ized  or 
assum ing  a  status  in  wh ich  they ensure  a  safe  s i tuation ;  

b)  the  control  reacti ng  wi th in  the  fau l t reaction  time  (see  Table  1 ,  requ i rement 91 )  by 
proceed ing  to  a  defined  state ,  provided  that subsequen t reset from  the  defined  state  
cond i ti on  under the  same fau l t  cond i tion  resu l ts  i n  the  system  return ing  to  the  defined  
state ;   

c)  the  control  con ti nu ing  to  operate,  the  fau l t  be ing  i denti fi ed  during  the  next start-up  
sequence,  the  resu l t  being  a)  or b) ;  

d )  the  control  remain ing  operational  in  accordance wi th  the  safety re lated  functional  
requ irements  of the  relevan t part  2 .  

The  re levant  part 2  sha l l  speci fy the  fau l t  reaction  time  as  wel l  as  the  appl icabi l i ty of c) .  
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H.27. 1 .2.3.3  Second  fau l t  

I f the  assessment of the  fi rst fau l t  resu l ts  i n  the  control  remain ing  operational  i n  accordance  
wi th  the  safety re lated  functional  requ i rements  of the  relevant  part 2  (see  H .27. 1 . 2 .3 . 2  d )) ,  any 
further independent  fau l t  considered  together wi th  the  fi rst fau l t  shal l  resu l t i n  
e i ther H . 27. 1 . 2. 3. 2  a) ,  b) ,  c)  or d ) .  

During  assessment,  the  second  fau l t  sha l l  on l y be  considered  to  occur:   

a)  e i ther when  a  s tart-up  sequence has  been  performed  between  the  fi rst and  the  second  
fau l t,  or  

b)  24  h  after the  fi rst  fau l t .   

The  re levant part 2  sha l l  speci fy the  appl icabi l i ty of a)  or b)  and  the  fau l t  reaction  time  (see  

Table  1 ,  requ i rement 91 ) .  

I t  may a lso  speci fy a  d i fferen t time span  i n  wh ich  the  second  fau l t  does  not occur,  i f d i fferen t 
from  24  h .  

H.27. 1 .2.4 Fau l ts  during  defined  state   

H .27. 1 .2.4. 1  General  

Whenever the  control  i s  i n  a  defined  state  wi thout an  i n ternal  fau l t,  an  assessment 
accord ing  to  H .27. 1 . 2 . 4 . 2  and  H . 27. 1 . 2. 4. 3  shal l  be  performed .   

Whenever the  control  i s  i noperative  wi th  a l l  safety re lated  ou tpu t term inals  de-energ ized  or i n  
a  status  i n  wh ich  they ensure  a  safe  s i tuation ,  i n  a  defined  state  wi th  an  i n ternal  fau l t ,  an  
add i ti onal  s ing le  fau l t  assessment accord ing  to  H . 27. 1 . 2. 4. 3  shal l  be  performed .  

NOTE  Safety rel ated  ou tpu t  term inal  as  used  i n  H . 27. 1 . 2 . 4. 2  and  H . 27. 1 . 2 . 4. 3  are  term inal s  wh ich  are  safety 
rel ated  even  i n  the  safety shu t-down  or i n  a  defined  state ,  for example,  gas  val ve  term inal ,  bu t  not  a  term inal  for 
an  actuator d ri vi ng  the  con trol l i ng  e l ement wh ich  does  not  deg rade  the  safety i n  the  defined  state .   

H.27. 1 .2.4.2  Fi rst fau l t  in troduced  during  defined  state  

Any fi rst fau l t  ( together wi th  any other fau l t  aris i ng  from  that fau l t)  i n  any one  component 
(see  Table  H .24) ,  i nduced  wh i l e  the  control  i s  staying  i n  the  safety shut-down  posi tion ,  shal l  

resu l t  i n  e i ther:  

a)  the  control  remain ing  i n  a  defined  state ,  safety re lated  outpu t term inals  remain ing  de-
energ ized  or i n  a  status  i n  wh ich  they ensure  a  safe  s i tuation ;  

b)  the  control  becom ing  inoperative  wi th  a l l  safety re lated  output term inals  remain ing  de-
energ ized  or assum ing  a  status  i n  wh ich  they ensure  a  safe  s i tuation ;  

c)  the  control  comes  again  i n  operation  resu l ti ng  i n  a)  or b)  as  mentioned  i n  H . 27. 1 . 2 . 4 . 2  
under the  cond i tion  that the  safety re lated  output  term inals  are  energ ized  not l onger than  
the  fau l t reaction  time  (see  Table  1 ,  requ irement 91 ).  I f the  cause  of the  ori g inal  safety 
shut-down  cond i ti on  no  l onger remains  and  the  control  comes  again  i n  operation ,  i t  shal l  
operate  i n  accordance wi th  the  safety re lated  functional  requ irements  of the  relevant part 
2  and  the  second  fau l t  assessment shal l  be  carried  ou t i n  accordance  wi th  H . 27. 1 . 2. 3 . 3 .  

H.27. 1 .2.4.3  Second  fau l t in troduced  during  defined  state  

Any second  fau l t  ( together wi th  any other fau l t  aris ing  from  that fau l t)  i n  any one  component  
(see  Table  H . 24) ,  i nduced  wh i le  the  control  i s  staying  i n  the  defined  state ,  shal l  resu l t  i n  

e i ther H . 27. 1 . 2 . 4. 2  a) ,  b)  or c) .  

During  assessment,  the  second  fau l t  sha l l  not  be  cons idered  to  occur wi th in  24  h  after the  
fi rst fau l t.  
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The  re levant  part 2  shal l  speci fy the  fau l t  reaction  time .  

I t  may a lso  speci fy a  d i fferen t time span  i n  wh ich  the  second  fau l t  does  not occur,  i f d i fferen t 
from  24  h .  

H.27. 1 .2.5  Ci rcu i t  and  construction  evaluation  

H .27. 1 .2.5. 1  Test  cond i tions  

The effect of in ternal  fau l ts  shal l  be  assessed  by s imu lation  and/or by an  exam ination  of the  
ci rcu i t  design .  

The  fau l t  shal l  be  considered  to  have  occurred  at any stage  i n  the  control  programme 
sequence.  

The  control  shal l  be  operated  or cons idered  to  operate  under the  fo l lowing  cond i ti ons:  

a)  at  the  most unfavourable  vol tage  i n  the  range  85  %  to  1 1 0  %  of the  rated  suppl y vol tage;  

b)  l oaded  wi th  the  most unfavourable  l oad  declared  by the  manufacturer;  

c)  i n  an  ambien t temperature  of (20  ±  5)  °C,  un less  there  are  s i gn i ficant reasons  for 
conducting  the  test at another temperature  wi th in  the  manufacturer's  declared  range;  

d )  wi th  any actuating  member  p laced  i n  the  most unfavourable  pos i ti on ;  

e)  wi th  ti ssue  paper p laced  on  the  supporting  surface(s)  of the  control ;  

f)  wi th  sparks  of abou t 3  mm  in  l eng th  and  having  an  energy of not l ess  than  0 , 5  J  appl i ed  to  
those  components  wh ich  are  l i kel y to  l i berate  fl ammable  gases  during  the  test.  

H.27. 1 .2.5.2  Test  cri teria  

During  the  appraisal ,  i t  shal l  be  veri fied  that under the  cond i ti ons  described  above,  the  
fol l owing  cri teria  are  sati sfied .  

a)  The  control  shal l  not em i t flames,  hot metal  or hot p lastics,  the  ti ssue  paper shal l  not 
i gn i te ,  no  explosion  shal l  resu l t from  the  l i beration  of flammable  gases  and  any flame 
produced  shal l  not con ti nue  to  burn  for more  than  1 0  s  after swi tch ing  off the  spark 
generator.  When  a  control  i s  i ncorporated  wi th  any appl i ance,  any enclosure  afforded  by 
the  appl i ance  is  taken  i n to  consideration .  

b)  I f the  control  continues  to  function ,  i t  shal l  comply wi th  C lauses  8  and  1 3  or Clauses  8  
and  1 3  of the  re levan t part 2 .  I f i t  ceases  to  function ,  i t  shal l  sti l l  con ti nue  to  comply wi th  
Clause  8  or C lause  8  of the  relevant part  2 .  

c)  There  shal l  be  no  l oss  of protecti ve  function .  

After the  tests  there  shal l  be  no  deterioration  of the  various  parts  of the  control  that wou ld  

resu l t  i n  fa i l u re  to  comply wi th  C lause  20  or C lause  20  of the  re levant part 2 .  

H.27. 1 .2.5.3  Assessment 

A thorough  appraisal  of the  ci rcu i t shal l  be  carried  ou t to  determ ine  i ts  performance under the  
speci fied  fau l t  cond i ti ons.  Th is  appraisal  shal l  take  the  form  of a  theoretica l  anal ys is  and  a  
component fai lure  s imu lation  test.  Fau lt  s imu lations  may a lso  be  carried  ou t to  s imu late  
fau l ts  wi th in  complex devices,  for example,  EPROM  emu lation  tests.  

On l y the  safety re lated  software  (software  class  B  and  C)  as  i den ti fied  accord ing  
to  H .27. 1 . 2 . 1 . 2  shal l  be  subj ected  to  further assessment.  For the  i den ti fication  of the  class,  a  
fau l t  tree  anal ys is  may be  used .  
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H.27.4  Controls  provid ing  electron ic d isconnection  ( type  1 .Y or 2 .Y)  shal l  wi thstand  the  
abnormal  overvol tage  cond i tions  wh ich  may occur.  

Compliance is checked by the following test:  

H.27.4. 1  The control is  loaded as indicated in 17. 2 and subjected to 1 , 15 ×  VR  for 5 s,  when  
the control is  providing electronic disconnection .  

H.27.4.2  During and after the test,  the control shall continue to provide electronic 
disconnection  as determined by the  test of H. 11 . 4. 16.2.  

H.28  Guidance on  the use of electronic d isconnection  

H.28. 1  Main  features  of sol id-state  switch ing  devices  

H .28. 1 . 1  Sol i d -state  swi tch ing  devices  d i ffer from  the ir e l ectro-mechan ical  counterparts  i n  

three  respects:  

a)  when  provid ing  electron ic d isconnection ,  they wi l l  a lways  al low a  smal l  curren t to  pass  
through  the  ci rcu i t wh ich  they are  control l i ng ;  

b)  they are  more  sens i ti ve  to  mains  perturbations  of the  suppl y mains;  

c)  they are  more  sens i ti ve  to  temperature.  

H.28. 1 .2  The  requ i rements  and  tests  for electronic d isconnection  i n  th i s  standard  ensure  
that:  

a)  the  cu rren t through  the  electron ic d isconnection  wi l l  not exceed  5  mA or 1 0  %  of the  
rated  current,  wh ichever i s  lower,  wi th  any load  up  to  i ts  maximum  declared  l oad  i n  the  
ci rcu i t;  

b)  even  under extreme cond i ti ons  of mains  pertu rbation ,  a  control  wi l l  be  unaffected  and  wi l l  
not perm i t the  device  to  conduct  for more  than  one  hal f cycle  of the  suppl y waveform ;  

c)  the  device  wi l l  have  adequate  endurance between  the  extremes  of temperature  i n  wh ich  i t  
i s  des igned  to  operate.  

H.28.2  Appl ication  of sol id-state  switch ing  devices  

H .28.2. 1  An  electron ic  d isconnection  may be  caused  to  conduct for one  hal f cycle  of the  
suppl y frequency by the  appl ication  of a  pu lse  of su fficient vol tage.  Wh i l e  fu l l  i solation  from  
the  suppl y i s  a lways  ach ieved  by the  equ iva len t of fu l l  d i sconnection ,  there  may be  some 
appl ications  when  operation  even  for one  hal f cycle  i s  unacceptable.   

So  far as  household  appl iances  are  concerned ,  swi tch ing  on  very occasional l y for a  maximum  
of one  hal f cycle  of the  suppl y waveform  can  usual l y be  d isregarded .  I t  wi l l  be  of no  
consequence  to  heati ng  appl iances  and  to  the  majori ty of motor-operated  appl i ances.   

However,  for motor-operated  appl i ances  where  i t  i s  poss ib le  for the  user  to  have  con tact wi th  
hazardous  moving  parts  or to  parts  that become l i ve  e i ther during  normal  use  or user 
maintenance  ( for example,  clean ing),  i t  wi l l  be  necessary to  requ ire  further safeguards  or not  
to  a l l ow such  devices.  Examples  of appl iances  for wh ich  electron ic  d isconnection  wou ld  not  
be  appropriate  are  certain  types  of ki tchen  mach ines  where  access  to  moving  parts  or l ive  
parts  i s  possib le.   

WARNING:  For some motor-driven  appl iances,  energ ization  of the  control led  l oad  at mains  
frequency for one  hal f cycle  may cause  rotation  of the  motor.  Operation  of solenoid  devices  
may a lso  occur.  

H.28.2.2  Where  the  control led  load  is  a  h igh  impedance l oad  such  as  a  re lay coi l  or 
so lenoid ,  care  shal l  be  taken  that the  a l l owed  curren t through  the  control  when  i t  i s  provid ing  
electron ic  d isconnection  i s  l ow enough  to  ensure  d isconnection  of the  l oad .  
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Annex J   
(normative)  

 
Requirements  for thermistor elements  and  controls  using  thermistors  

 

Annex J  supplements  or mod i fies  the  correspond ing  clauses  of th is  s tandard .  

J .1  Scope  

J . 1 . 1 . 1  Additional paragraphs:  

Annex J  i s  appl icable  to  d iscrete  thermistor-type  devices  and  to  controls  us i ng  thermistors  
constructed  of doped  ceram ic or pol ymeric sem iconductor materia ls.  

Annex J  appl i es  to  the  i nheren t safety,  the  operating  temperature  va lues  and  testi ng  of 
controls  us i ng  thermistors  e i ther wi th in  the  control  or remote  from  i t.   

NOTE  These  thermistors  can  be  used :  

−  i n  a  se l f-heati ng  mode  as  sel f-control l ed  heaters  and  i n  s im i l ar appl i cati ons;   

−  as  control  e l ements;  or  

−  as  sensing  el ements .  

Annex J  does  not appl y to  thermistors  used  i n  control  functions  where  further measures  to  
ensure  safety are  implemented  wi th in  the  control .  

These  requ irements  apply to  posi ti ve  temperature  coefficien t (PTC)  and  negative  temperature  
coefficien t (NTC)  type  devices.  

Control  devices,  such  as  curren t l im i ters  are  not i n tended  to  replace  curren t i n terrupting  
devices  such  as  fuses,  bu t are  i n tended  to  provide  a  l evel  of overcurren t protection  complying  
wi th  the  end-use  equ ipment requ i rements.  

Part 2  standards  may con tain  add i ti onal  requ irements  for thermistors  used  as  complete  
con trols .  

J .2  Terms and  defin i tions  

J .2. 1 5 Defin i tions  pertain ing  to  thermistors  

J .2. 1 5. 1   
thermistor 
thermal l y sensi ti ve  sem iconductor res istor,  wh ich  shows  over at  l east part of i ts  
res istance/temperature  (R/T)  characteristic a  s i gn i fican t non- l inear change  i n  i ts  e l ectrical  

res istance  wi th  a  change  i n  temperature   

Note  1  to  en try:  The  change  i n  temperatu re  can  occur e i ther due  to  fl ow of cu rrent  th rough  the  thermistor,  as  a  
resu l t  of a  change  i n  the  ambien t  temperatu re,  or by a  combination  of both  of these  occu rrences.  

Note  2  to  en try:  Thermistors  are  not  considered  to  be  el ectron ic  devices  (see  Annex H ).  
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J .2. 1 5.2  
PTC thermistor 
posi ti ve  temperature  coefficien t (PTC )  thermistor  that exh ib i ts  an  i ncrease  i n  resi stance  wi th  
i ncreasing  temperature  over the  usefu l  portion  of the  resistance/temperature  (R/T)  

characteristic  

Note  1  to  en try:  PTC  thermistors  a l so  exh i bi t  a  d ecreasing  res i stance  wi th  appl i ed  vol tage  as  a  secondary effect.  

Note  2  to  en try:  For a  PTC  thermistor,  the  s i gn i fi cant  porti on  of the  res i stance/temperatu re  characteri sti c  i s  
usual l y the  porti on  i n  wh ich  a  s tep-l i ke  i ncrease  i n  res i stance  occurs  i n  a  temperatu re  i ncrement,  usual l y preceded  
by a  g radual  change  i n  res i stance  at  l ower temperatures,  and  a  s im i l ar g radual  change  at  temperatu res  above  the  
step-l i ke  i ncrease.  The  res i stance/temperature  characteri sti c  of some PTC thermistors  can  take  on  a  negati ve  
s l ope  after a  s l i gh t  g radual  i ncrease  fol l owi ng  the  step- l i ke  i ncrease.  

J .2. 1 5.3  
NTC thermistor 
negative  temperature  coefficient (NTC )  thermistor  that exh ib i ts  a  decrease  i n  res istance  wi th  
i ncreasing  temperature  over the  usefu l  portion  of the  resistance/temperature  characteristic  

J .2. 1 5.4  
thermistor control  element 
PTC thermistor  or NTC  thermistor  wh ich  d i rectl y con trols  a  l oad  by be ing  connected  i n  

series  wi th  i t  

Note  1  to  en try:  A con trol  thermistor  i s  n ot  i n tended  to  be  connected  across  the  mains.   

Note  2  to  en try:  Typical  uses  are  cu rrent  l im i ters ,  i n rush-curren t  l im i ters,  d egaussing  co i l -curren t  l im i ters,  and  
motor starti ng -curren t  l im i ters.  

J .2. 1 5.5   
sel f-control led  heater 
PTC  thermistor  wh ich  has  no  add i ti onal  temperature  l imiter  and  wh ich  is  used  as  a  heater 

e lement because  of i ts  se l f-heating  effect  

Note  1  to  en try:  I t  i s  typical l y used  across-the-l i ne.   

Note  2  to  en try:  Normal l y a  sel f-control led  heater  wi l l  provi de  a  type  2  action .  

J .2. 1 5.6  
thermistor sensing  element  
PTC thermistor  or NTC thermistor  used  as  a  sensor and  wh ich  does  not  carry l oad  current  

J .2. 1 5.7  
B  value  
NTC  thermistor's  i ndex,  wh ich  expresses  the  degree  of res istance  change when  calcu lated  
from  any two  poin ts  speci fi ed  by the  manufacturer on  the  res istance/temperature  (R/T)  curve  

J .2. 1 5.8  
hold  current  
Ih  

maximum  current a  curren t l im i ting  PTC thermistor  i s  able  to  main ta in  i n  a  l ow resistance  
"on "  state  at rated  ambient  for a  period  of t ime speci fied  by the  manufacturer 

J .2. 1 5.9  
inrush  current  
In   

peak curren t measured  fol l owing  energ ization  at rated  vol tage  and  at 25  °C  ± 2  K or at  the  
manufacturer's  speci fied  ambien t temperature  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 239  –  
© I EC  201 5  

J .2. 1 5. 1 0  
trip  current  
It  
for a  current- l im i ti ng  PTC thermistor,  m in imum  current value  declared  by the  manufacturer at  
wh ich  a  PTC thermistor  swi tches  from  low to  h i gh  res istance  at a  speci fi ed  temperature  or 

temperature  range   

Note  1  to  en try:  I
t
 =  Y ×  I

h
,  where  Y i s  the  trip  curren t mul ti p l i er decl ared  by the  manufacturer.  

J .2. 1 5. 1 1  
maximum  current  
Imax  
curren t value  assigned  by the  manufacturer that compl ies  wi th  al l  the  requ irements  of th is  
standard  

Note  1  to  en try:  For the  vari ous  devices,  the  associated  curren t  desi gnated  as  I
max

 i s  shown  i n  Table  J . 1 .  

Table  J . 1  – Maximum  current  

Device   Associated  cu rren t designated  I
max

 

PTC sel f-control led  heater  Maximum  steady-state  curren t 
a
 

PTC motor starter Maximum  start  wind ing  cu rrent  

PTC current  l im i ter,  d egausser  Maximum  trip  curren t 
b
 

NTC  i n rush  current l im i ter  Maximum  steady-state  cu rrent  

PTC or NTC sensor  Not  appl i cable  

a
  For d evices  rated  i n  watts  by the  manufacturer,  I

max
 i s  ca l cu lated .  Th i s  cu rrent  d oes  not  mean  

i nrush  curren t.  

b
  For d evices  assi gned  a  time-to-trip  versus  cu rrent  cu rve  by the  manufactu rer,  the  maximum 

curren t (I
max

)  shal l  be  i denti fi ed .  

J .2. 1 5. 1 2  
short-ci rcu i t current  
Isc  
maximum  curren t avai lable  from  the  impedance l im i ted  source  (such  as  a  power suppl y)  

J .2. 1 5. 1 3  
steady-state  current  
Iss  

curren t measured  after a  thermistor's  temperature  stabi l i zes  i n  a i r a t 25  °C  ±  2  K ambien t 
temperature,  or a t an  ambient temperature  speci fi ed  by the  manufacturer wh i l e  connected  to  
rated  vol tage  and  wh i l e  operating  i n  i ts  h igh-res istance  state  for PTC thermistors  or l ow-
resistance  state  for NTC thermistors   

Note  1  to  en try:  For some  NTC thermistors ,  I
ss
 i s  the  same as  I

max
.  

J .2. 1 5. 1 4  
resistance  
Rmin  
for a  ceram ic PTC  thermistor,  poin t of m in imum  res istance  on  the  R/T curve  

J .2. 1 5. 1 5  
resistance   
Rx  (R25)  

rated  resistance at a  temperature  speci fied  by the  manufacturer for Rx  or at 25  °C  ± 2  K for 
R25  
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J .2. 1 5. 1 6  
switch ing  resistance   
Rsw  
for a  ceram ic PTC thermistor,  resistance value  at wh ich  the  resistance beg ins  to  i ncrease  

sharpl y wi th  temperature  i ncrease  

Note  1  to  en try:  For th i s  standard ,  R
sw
 i s  the  val ue  where  the  resistance i s  twice  R

min
;  u n less  the  manufacturer 

speci fi es  R
sw
 wi th  reference  to  R

min
 wi th  a  mu l ti p l yi ng  factor other than  two,  or wi th  reference  to  R

x
.  

J .2. 1 5. 1 7  
tripped  resistance  
Rtr  
for a  PTC control  thermistor,  resistance value  of the  thermistor  i n  i ts  tripped  state  at 
maximum  voltage (Vmax)   

Note  1  to  en try:  R
tr
 i s  ca l cu lated  by d i vi d i ng  the  vo l tage  d rop  across  the  thermistor  by the  steady-state  curren t 

(I
ss
)  fl owing  th rough  the  therm istor.  

J .2. 1 5. 1 8  
switch ing  temperature   
Tsw  
for a  ceram ic PTC  thermistor,  temperatu re  at wh ich  the  resistance  i s  at  Rsw  

J .2. 1 5. 1 9  
surface  temperature   
Ts  
temperature  of the  surface  of a  thermistor  wh i l e  the  thermistor  i s  energ ized  under normal  

operating  cond i ti ons  

Note  1  to  en try:  Typical  normal  operati ng  cond i ti ons  for thermistors  a re  speci fi ed  i n  Table  J . 2 .  

Table  J .2  (J .7,  7. 2  of ed i tion  3)  – Normal  operating  cond itions  

Type  of thermistor  Vol tage   Current  

PTC sel f-control led  heater   V
max

 I
ss
 

PTC motor starter  V
max

 I
ss
 

PTC degausser  V
max

 I
ss
 

PTC curren t-l im i ter  V
max

 I
h
 and  I

ss
 a
 

NTC i nrush  current  l im i ter  V
max

 I
max

 

a  
Surface  temperatu re  measured  at  I

ss
 refl ects  the  cond i ti ons  i n  the  tri pped  state  of 

the  thermistor  (normal  operati ng  cond i ti ons  for the  PTC,  abnormal  operati ng  
cond i ti on  for the  ci rcu i t/app l i cation  control l ed  by the  PTC).  

 

J .2. 1 5.20  
time-to-trip  
time requ i red  for a  PTC  thermistor  to  l im i t the  manufacturer's  declared  trip  current (It)  to  
50  %  of i ts  va lue  when  energ ized  at the  rated  vol tage  and  ambien t temperature  

J .2. 1 5.21  
thermal  runaway temperature   
TR  
h igh  temperature  poin t on  the  R /T curve  at wh ich  a  PTC thermistor's  resistance no l onger 

i ncreases  wi th  i ncreasing  temperature  
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J .2. 1 5.22  
maximum  voltage  
Vmax  
maximum  voltage of a  thermistor  as  declared  by the  manufacturer  

Note  1  to  en try:   V
max

 i s  h i gher than  rated  vol tage  (V
r
)  when  a  h i gher operati ng  vol tage  occurs  under certain  

cond i ti ons  i n  the  end -use  equ i pment such  as  for motor s tarti ng-coi l  l im i ters .  

J .4 General  notes  on  tests  

J .4.2  Samples  requ i red  

Additional subclauses: 

J .4.2 .5  U n less  otherwise  speci fi ed ,  representative  samples  as  i nd icated  i n  Table  J . 3  shal l  be  
subj ected  to  the  tests  speci fi ed  i n  J . 1 7 . 1 8.  New samples  shal l  be  used  for al l  tests  other than  
the  overload  and  endurance  tests.  

Table  J .3  – Samples  for the  test (clause reference)  

 

Ageing  

(J.17.18.3)  

Heat-cold-
humid i ty 
cycl ing  

(J.17.18. 1)  

Overload  

(J.17.18.2.1,  
J.17.18.7.1)  

Endurance  

(J.17.18.2.2,  
J.17.18.7.2)  

Cold  
operational  

cycl ing  

(J.17.18.4,  
J.17.18.8)  

Cold  
thermal  
cycl ing  

(J.17.18.6)  

Thermal  
runaway 

(J.17.18.5)  

Number of samples  
per test  

3  3  3  
a  

3  
a
 3  3  3  

Ther-
mis- 
tor  
appl i -
cation  

PTC  
sel f-
control l ed  
heater 

X X X X X -  X 

PTC 
control  

X  X X X X -  X 

PTC sensor X X X X -  X -  

NTC 
control  

X  X X X X -  -  

NTC sensor X X X X -  X -  

The  cal i bration  tests  of J . 1 5. 7  and  J . 1 5. 8  shal l  be  conducted  before  and  after each  of the  above  tests  (except thermal  
runaway).  

a   
The  same  th ree  samples  shal l  be  used  for both  the  overload  and  endurance  tests .  

J .4.3.2  Accord ing  to  rating  

Additional paragraph:  

For the  purposes  of th is  standard ,  the  rated  vol tage  (Vr)  of a  thermistor  i s  the  i npu t vol tage  of 

a  thermistor  as  declared  by the  manufacturer.   

NOTE  V
r
 i s  typical l y equal  to  the  supply source  vol tage.  

Additional subclause:  

J .4.3.2 . 1 1  The  e lectrical  and  thermal  rati ngs  of a  thermistor  sha l l  be  i n  accordance  wi th  

Table  J . 4  and  based  on  i ts  i n tended  appl ication .  
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Table  J .4 – E lectrical  and  thermal  ratings  of a  thermistor 

Characteri stic   

Thermistor type  

PTC   NTC   

Sel f-
control l ed   
heater  

Motor 
starter  

Current 
l im i ter 

a
 Sensor 

a
 Degausser  Sensor 

a
 

I n rush-
curren t 
l im i ter  

Beta  value  (B)   -   -   -   -   -   R -  

Cal ibration  class  
number  

-  -  -  R  -  R  -  

Capaci tance  – l oad ,  
or Jou le  rating   

-   -   -   -   -   -   R  

Trip  current – (I
t
)  -   -   R  -   -   -   -   

I nrush  curren t (I
n
)  R  R -   -   R -   R  

Hold  current (I
h
)  -   -   R  -   -   -   -   

Maximum  current 
(I

max
)  

-   R  R  -   R  -   R  

Steady-state  current 
(I

ss
)  

R  R  R -   R  -   R  

Coi l  impedance   -   -   -   -   R  -   -   

Resistance  –  R25 
and  tolerance  

R  R  R  R  R  R  R  

Maximum  operating  
ambient 
temperatu re   

-   R  R  R  R R  R 

Switch ing  
temperatu re  (T

sw
)   

R  R  R R  R  -   -   

Maximum  surface  
temperature  (T

s
)  

R  R  R  -   R  -   R  

Time-to-trip   -   -   R  -   -   -   -   

Maximum  vol tage  
(V

max
)  

R  R  R -   R  -   R 

Rated  vol tage  (V
r
)  R  R  R  -   R  -   R  

The  "R"  d esignation  i n d icates  rati ngs  for the  device  that  are  requ i red  to  be  provided  by the  manufacturer.   

a
 The  range  of operati ng  ambient  temperatu re  shal l  be  speci fi ed .  

 

J .4.3.5  According  to  purpose  

Additional subclauses: 

J .4.3.5.4  Based  on  the  type  of thermistor  and  the  particu lar appl ication ,  thermistors  sha l l  
be  subj ected  to  the  tests  noted  i n  Table  J . 3  and  the  cal ibration  tests  of J . 1 5. 7  or J . 1 5. 8,  
wh ichever appl i es.  

J .4.3.5.4. 1  Thermistors  used  in  type  1  action  controls  that comply wi th  I EC  60738  or 
I EC 60539  shal l  be  subj ected  to  the  thermal  runaway test of J . 1 7. 1 8. 5  on l y.  Compl iance  to  
I EC 60738-1  or I EC  60539  i s  not requ ired  i f the  thermistors  comply wi th  the  requ irements  of 

Annex J .  
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J .6  Classi fication  

J .6.4 Accord ing  to  features  of automatic  action  

J .6.4.3.3  Replacement:  

For the  purpose  of th is  standard ,  a  PTC thermistor  control  or sensing  element  that i s  in  the  
swi tched  mode (h igh  res istance)  or an  NTC thermistor  i n  the  unswi tched  mode  (h igh  
res istance),  are  considered  to  provide  the  equ ivalen t of electron ic d isconnection  and  are  

classi fied  as  type  1 .YJ  action  or 2 .YJ  action .  

–  thermistor  ( type  1 . YJ  or 2 .YJ )  

NOTE  See  a l so  J . 1 1 . 4. 1 7.   

J .6. 1 5 Accord ing  to  construction  

Additional subclauses: 

J .6. 1 5.6  Control  using  NTC or PTC  thermistors  

J .6. 1 5.7  Ceramic element  

J .6. 1 5.8  Polymer element  

Additional subclauses:  

J .6. 1 7  Accord ing  to  use  of the  thermistor 

J .6. 1 7. 1  –  thermistor control  element  

J .6. 1 7. 1 . 1  – PTC curren t l im i ter  

J . 6. 1 7. 1 .2  – PTC motor starter  

J . 6. 1 7. 1 .3  – PTC degausser  

J . 6. 1 7. 1 .4  – NTC in rush  current l im i ter  

J . 6. 1 7.2  –  sel f-control led  heater 

J .6. 1 7.3  –  thermistor sensing  element 

J .6. 1 7.3. 1  – PTC sensor  

J . 6. 1 7.3.2  –  NTC sensor  

J .7  Information  

Table  J . 5  provides  add i tional  requ irements  to  Table  1 .  
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Table  J .5  – Add itional  i tems  to  Table  1   

 
I n formation   

Clause  or 
subclause   Method   

61  Accord ing  to  the  construction  and  use  of a  thermistor  J . 6 . 1 5,  J . 6 . 1 7  X 

62  R/T characteri sti cs,  ca l i bration  speci fi cations  
k
 J . 1 5. 7 ,  J . 1 5. 8  

 

X 

63  R/T characteri sti cs,  cal i bration  speci fi cations,  dri ft  
l
 J . 1 5. 7,  J . 1 5. 8,  

J . 1 7. 1 7. 1  
X 

64  Number of cycl es  J . 1 7. 1 8. 2  X 

65  Method  of R /T measurement  J . 1 5. 7. 4 ,  J . 1 5. 8. 3  X 

82  PTC curren t  l im i ters  where  the  maximum  current  i s  reduced  to  l ess  

than  or equa l  to  8  A i n  <  5  s .  

J . 1 5. 7. 6. 1 . 1  X 

Additional footnotes to Table 1 :  

k  The  R/T characteri sti cs  shal l  be  expressed  i n  the  form  of a  cu rve,  a  tabl e  or various  operati ng  po in ts  and  shal l  
i ncl ude  the  declared  deviati on .   

l  Add i ti onal  d eclarations  may be  made  at  i n termed iate  numbers  of cycles  for the  test  of J . 1 7. 1 8. 2 .  

 

J . 1 1  Constructional  requ irements  

Additional subclauses:  

J . 1 1 .3. 1 0  Thermistors  u sed  i n  controls  to  provide  functional  safety  or as  controls  to  
provide  functional  safety  for a  control led  appl ication  shal l  provide  type  2  action  ( type  2 .YJ ),  

for other appl ications  at l east ( type  1 . YJ ).  

NOTE  Examples  of thermistors  u sed  to  provi de  functional  safety  of a  con trol l ed  appl i cation  are  temperatu re  
sensors  for temperatu re  cu t-ou t  appl i cati ons  or cu rren t  l im i ti ng  PTC devices  i n  non -l im i ted  energy ci rcu i ts .   

J . 1 1 .4. 1 7  Type 1 .YJ  or 2.YJ  action  

A type  1 .YJ  or type  2 .YJ  action  of a  thermistor  sha l l  operate  to  provide  an  i nheren t change  i n  
res istance.  

Compliance is checked by the tests of relevant requirements of this Annex J.  

J .1 3  Electric strength  and  insulation  resistance  

J . 1 3.2  Electric strength  

Modification to footnote c of Table 12:  

Add the word  " therm istors, "  after "e l ectron ic parts".  
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J .1 5 Manufacturing  deviation  and  dri ft  

Additional subclauses: 

J . 1 5.7  Cal ibration  tests  for PTC  thermistors   

J . 1 5.7. 1  Ceramic thermistors  are not influenced by the sequence in which the calibration 
tests of J. 15.7. 4 to J. 15. 7. 8 are conducted on the samples.  However,  polymeric types may be 
influenced due to the  nature of the material.  Hence,  for polymeric types of thermistors ,  it is  
recommended to  perform the test of J. 15. 7. 4 at the end of all the  calibration tests.  

J . 1 5.7.2  In  the  "as-received" condition,  each PTC thermistor sample shall be subjected to 
the tests specified in Table J. 6 and shall comply with  the criteria for each test as specified in  
Table J. 6.  

J . 1 5.7.3  Following the tests described in J. 17. 17 a) ,  the same PTC thermistor samples 
shall be subjected to the tests specified in Table J. 6 and shall comply with the criteria for 
each test as specified in  Table J. 6.  For PTC sensors,  the test results shall comply with the  
criteria for each test as specified in  Table J.7.   
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Table  J .6  – Sequence of cal ibration  and  cond ition ing  tests  for PTC  thermistors  

Type  of PTC  
thermistor  

Cal ibration  tests  
performed  on  samples  

before  the  
condi tion ing  tests  

speci fied  i n  J . 1 7. 1 8  
a  

Compl iance  cri teria  
designation  (before  

condi tion ing)  
b
 

Cal ibration  tests  
performed  on  thermistor 

samples  after 
condi tion ing  tests  

speci fied  i n  J . 1 7. 1 8
 a  

Compl iance  
cri teria  

designation  
(after 

cond i tion ing)  
b
 

Sel f-control l ed  
heater  

R/T A T
s
 D 

T
s
 

 
I
n
 

 
I
n
 

Motor starter  R/T A T
s
 D 

T
s
 I

n
 

I
n
  

Degausser  R/T A T
s
 D 

T
s
 I

n
 

I
n
 

Current l im i ter  R/T B  TT E  

T
s
 

TT 

I
ss
 

I
h
 

Sensor  R/T C  R/T F  

R/T -  R/T measurement for PTC thermistors  – a l l  types  (J . 1 5. 7. 4)  

I
h
 -  Hold  cu rren t  test  for PTC curren t  l im i ters  (J . 1 5. 7. 5)  

TT -  Time-to-tri p  test  for PTC cu rrent  l im i ters  (J . 1 5. 7. 6)  

T
s
 -  Su rface  temperatu re  test  (J . 1 5. 7. 7)  

I
n
 -  I nrush  curren t (compl iance  i s  determ ined  by measurement,  J . 1 5. 7. 8)  

I
ss
 -  S teady-state  cu rrent  (compl iance  i s  determ ined  by measurement)  

A -  Resistance  at  25  °C,  surface  temperature  and  i nrush -current  va l ues  shal l  be  wi th i n  the  declared  devi ation  
tolerance  speci fi ed  by the  manufacturer.   

B  -  Resistance  at  25  °C,  surface  temperature ,  steady-state  current  and  time-to-trip  va l ues  shal l  be  wi th i n  the  
declared  deviati on  to l erance  speci fi ed  by the  manufactu rer.  The  thermistor  shal l  main tain  the  hold  curren t  
for the  time  at  the  ambient  temperatu re  speci fi ed  by the  manu facturer,  wi thout  tri ppi ng .   

C  -  The  temperatures  correspond i ng  to  the  swi tch ing  resi stance  (R
sw
)  and  two add i ti onal  poi n ts ,  l ocated  above  

and  below R
sw
 on  the  R/T curve  shal l  be  wi th i n  the  declared  deviation  to lerance  speci fi ed  by the  

manufacturer.   

D  -  The  surface  temperature  and  i nrush-curren t  va l ues  sha l l  be  wi th i n  the  declared  dri ft  to l erance  speci fi ed  
by the  manufacturer.  

E  -  Time-to-tri p  val ues  shal l  be  wi th i n  the  declared  dri ft  to l erance  speci fi ed  by the  manufacturer.  

F  -  The  temperatures  correspond i ng  to  the  swi tch ing  resi stance  (R
sw
)  and  two add i ti onal  poi n ts ,  l ocated  above  

and  below R
sw
 on  the  R/T cu rve  shal l  not  vary from  the  correspond i ng  as-recei ved  values  by more  than  

i nd icated  i n  Tabl e  J . 7 .   

a
 Test  abbrevi ations  

b
 Compl iance  cri teria  
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Table  J . 7  – Classes  for PTC sensing  thermistors  

Property  

C lass  No.   

C
1
 C

2
 C

3
 C

4
 

Temperatu re  dri ft,  K for a  g i ven  res i stance  ±0, 5   ±1 , 0   ±2, 0   ±5, 0   

Temperatu re  val ues  shou ld  be  “normal i zed ”  to  the  Kel vi n  scale  when  determ in ing  the  temperature  dri ft.  

 

J . 1 5.7.4  R/T measurement for PTC  thermistors   

J . 1 5.7.4. 1  Thermistor samples shall be placed in a  full draft circulating-air oven or fluid 

medium,  such as silicon oil with  the temperature maintained within ±1  K of the temperature 
specified for the test.  The test shall be conducted at various temperatures starting at room 
ambient temperature through the switching temperature (Tsw)  and not exceeding the 
thermal runaway temperature (TR)  of the R /T curve.  The resistance is be measured by an 
ohmmeter at as many temperatures as required to create a  complete R/T curve.  

J . 1 5.7.5  Hold  current  (Ih )  test for PTC  current l imiters  

J . 1 5.7.5. 1  A  current limiting thermistor shall maintain the specified hold current (Ih )  for the 
time specified by the manufacturer at the ambient temperature specified by the manufacturer 
without tripping.  

J . 1 5.7.6  Time-to-trip  test for PTC current l im i ters  

J . 1 5.7.6. 1  A current limiting thermistor with  a  time-to-trip  specification shall trip at the 
specified trip current (It)  and corresponding rated voltage (Vr)  within the specified time-to-
trip.  A  thermistor with  multiple trip currents and times shall be tested at the maximum and 
minimum specified currents.  The current is not to  exceed the maximum current (Imax)  point 
on the time-to-trip  versus current curve.  

J . 1 5.7.6. 1 . 1   A current limiting thermistor,  as declared in  item 82 of Table J. 5,  shall trip at 
the declared trip current (It)  and corresponding rated voltage (Vr)  within the specified time-

to-trip.  

J . 1 5.7.7  Surface  temperature  test  

J . 1 5.7.7. 1  The surface temperature (Ts)  of a  PTC thermistor shall be measured using 
thermocouples or equivalent devices.  For a  PTC thermistor other than a  current limiter,  the 
surface temperature (Ts)  shall be measured while the thermistor is operating at maximum 
voltage (Vmax)  and steady-state current.  For a  PTC current limiter,  the surface temperature 
(Ts)  shall be  measured under two conditions:  

a)  operating condition in hold state where the device shall be operated at its rated maximum 
voltage (Vmax)  and rated hold current (Ih ) ,  and 

b)  operating condition  in  tripped state where the device shall be operated at rated maximum 
voltage (Vmax)  and rated steady-state current (Iss) .  

See Table J. 2.  

J . 1 5.7.8  Inrush  current measurement  

J . 1 5.7.8. 1  For PTC thermistors  intended to be  used as self-controlled heaters ,  motor 
starters or degaussers,  the  inrush current shall be  measured using an  oscilloscope while the 
thermistor is operating at maximum voltage under rated load.  
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J . 1 5.8  Cal ibration  tests  for NTC  thermistors   

J . 1 5.8. 1  In the "as-received" condition,  each NTC thermistor sample shall be subjected to 

the tests specified in  Table J. 8 and shall comply with the criteria  for each test as specified  in  
Table J. 8.  

J . 1 5.8.2  Fol lowing  the  tests  described  i n  J . 1 7. 1 7  b) ,  the  same NTC thermistor  samples  
shal l  be  subjected  to  the  tests  speci fi ed  i n  Table  J . 8  and  shal l  comply wi th  the  cri teria  for 
each  test as  speci fied  i n  Table  J . 8.  For NTC sensors,  the  test  resu l ts  shal l  comply wi th  the  
cri teria  for as  speci fied  i n  Table  J . 9 .  

Table  J . 8  – Sequence of cal ibration  and  cond ition ing  tests  for NTC  thermistors  

Type of NTC  
thermistor  

Cal ibration  tests  
performed  on  samples  
before  the  condi tion ing  

tests  speci fi ed  i n  
J . 1 7. 1 8  

a
 

Compl iance  cri teria  
designation  (before  

condi tion ing)  
b
 

Cal ibration  tests  
performed  on  thermistor 

samples  after 
condi tion ing  tests  

speci fi ed  i n  J . 1 7. 1 8  
a
 

Compl iance  cri teria  
designation  (after 
condi tion ing)  

b
 

I n rush-
curren t  
l im i ter  

R /T A T
s
 C 

T
s
 I

n
 

I
n
 

Sensor  R/T B  R/T D  

Beta  

R/T -  R/T measurement for NTC thermistors  (J . 1 5. 8. 3)  

T
s
 -  Surface  temperatu re  test  (J . 1 5. 8. 4)  

Beta  -  Resistance  (R25)  and  beta value  (B )  test  for NTC thermistors  (J . 1 5. 8. 6)  

I
n
 -  In rush  curren t (compl iance  i s  determ ined  by measurement (J . 1 5. 8. 5)  

A -  Res istance  at  25  °C,  surface  temperature ,  and  i nrush-curren t  va l ues  shal l  be  wi th i n  the  decl ared  
deviation  tol erance  speci fi ed  by the  manufactu rer.   

B  -  The  resistance  at  two  or more  temperature  poin ts  on  the  R /T cu rve  and  the  beta  value  ( i f d ecl ared )  sha l l  
be  wi th i n  the  decl ared  deviati on  to lerance  speci fi ed  by the  manufacturer.  One  of the  temperatures  shal l  be  
at  25  °C.  

C  -  The  surface  temperature  and  i nrush-current  va l ues  shal l  be  wi th i n  the  declared  dri ft  to l erance  speci fi ed  
by the  manufacturer.  

D  -  The  resistance  at two  or more  temperature  poi n ts  on  the  R/T cu rve  shal l  not  vary from  the  respecti ve  "as  
recei ved"  temperatu res  on  the  "as-rece ived"  R/T cu rve  by  more  than  i nd icted  i n  Table  J . 9 .  One  of the  
temperatu res  shal l  be  25  °C.  

a
 Test  abbrevi ations  

b
 Compl iance  cri teria  

 

Table  J . 9  – Classes  for NTC sensing  thermistors  

Property  

C lass  No.   

C
1
 C

2
 C

3
 C

4
 

Temperatu re  dri ft  for a  g i ven  res i stance  ±0, 5  ±1 , 0  ±2, 0  ±5, 0  

Temperatu re  val ues  shou ld  be  “normal i zed”  to  the  Kel vi n  scale  when  determ in ing  the  temperature  dri ft.  

J . 1 5.8.3  R/T measurement for NTC thermistors  

J . 1 5.8.3. 1  Thermistor samples shall be placed in a  full draft circulating-air oven or fluid 

medium,  such as silicon oil with  the temperature maintained within ±1  K of the temperature 
specified for the test.  The test shall be conducted at various temperatures,  starting at room 
ambient temperature and not exceeding the  maximum declared sensing temperature 
(sensors)  or the maximum surface temperature (Ts)  determined in  accordance with  J. 15. 8. 4 
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(inrush-current  limiters) .  The resistance shall be  measured at as many temperatures as 
required to create  a  complete R/T curve.  

J . 1 5.8.4  Surface  temperature  test ( inrush-current l im iting  on ly)  

J . 1 5.8.4. 1  The surface temperature (Ts)  of a  NTC inrush-current limiter shall be  
measured using thermocouples or equivalent devices while the NTC thermistor is  being 
operating at maximum voltage (Vmax)  and maximum current (Imax)  with  the rated 
capacitance value in parallel with  the load.  The temperature shall be within  the manufacturer's 
specified limits.  See Table J. 8.  

J . 1 5.8.5  Inrush  current measurement ( in rush-current l imi ting  on ly)  

J . 1 5.8.5. 1  For an  NTC inrush-current  l im i ter,  the  in rush  current  shal l  be  measured  us ing  
an  osci l l oscope wh i l e  the  thermistor  i s  operati ng  at maximum voltage (Vmax)  and  maximum  
current (Imax)  wi th  the  rated  capaci tance  value  i n  paral le l  wi th  the  l oad .   

J . 1 5.8.6  Resistance  (R25)  and  beta value  (B)  test for NTC  thermistors   

J . 1 5.8.6. 1  The beta value (B)  of a  thermistor with  a  beta value (B)  rating shall be within  
the limits specified by the manufacturer.  The resistance (R25)  of a  NTC thermistor shall be  
measured at 25 °C followed by measurement of resistances R1  and R2  at temperatures T1  and 
T2  as specified by the  manufacturer.  The beta value (B)  shall be calculated using the 
following formula:  

B= (I
n
 R1  – In  R2)  / (1 /T1  – 1 /T2 )  

where 

B  is the calculated beta  value,  

R1  is the  resistance at T1 ,   

R2  is the  resistance at T2 ,  

T1  is  a  temperature in  K on the R/T curve specified by the  manufacturer,  and 

T2  is  a  second temperature in K on  the R/T curve specified by the manufacturer.  

J .1 7  Endurance  

Additional subclauses:  

J . 1 7. 1 7  The  sequence of tests  i s  as  fol lows:  

a)  for PTC thermistors:  

– Ageing (J. 17. 18. 3. 1or J. 17. 18. 3. 2) ;  

– Heat-cold-humidity (J. 17. 18. 1 ) ;  

– Overload (J. 17. 18. 2. 1 ) ;  

– Endurance (J. 17. 18. 2. 2) ;  

– Cold operational cycling (J. 17. 18. 4) ;  

– Cold thermal cycling (J. 17. 18. 6) ;  

– Thermal runaway (J. 17. 18. 5) .  

b)  for NTC thermistors:  

–  Ageing (J. 17. 18. 3. 1 ) ;  

– Heat-cold-humidity (J. 17. 18. 1 ) ;  

– Overload (J. 17. 18.7. 1 ) ;  
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–  Endurance (J. 17. 18. 7. 2) ;  

– Cold operational cycling (J. 17. 18. 8) ;  

– Cold thermal cycling (J. 17. 18. 6) .  

J . 1 7. 1 7. 1  After the appropriate tests of J. 17. 18. 1  to  J. 17. 18. 4 inclusive,  the performance of 
the control shall not be adversely affected and it shall function as intended and declared.  
Compliance is checked by the tests of J. 15. 7 or J. 15. 8,  whichever applies.  

J . 1 7. 1 7.2  After the appropriate tests of J. 17. 18,  the control shall continue to comply with  
the requirements of Clauses 8 and 13.  During and after the tests,  there shall be no emission 
of flames or expulsion of particles.  

J . 1 7. 1 8  Condi tion ing  tests  

J . 1 7. 1 8. 1  Heat-cold-humid i ty 

Fol lowing  the  cond i ti on ing  speci fi ed  i n  J . 1 7. 1 8. 1 . 1 ,  a  thermistor  sha l l  comply wi th  Tables  J . 6,  

J . 7 ,  J . 8  or J . 9 ,  wh ichever appl ies.  

J . 1 7. 1 8. 1 . 1  Three non-energized samples of a  thermistor shall be subjected to three 
complete cycles in the sequence specified in a)  or b) :  

a)  Indoor temperature use:  

1 )  24 h  at the measured surface temperature (Ts)  or maximum declared operating 
temperature.  In any case,  the temperature shall not be less than 70 °C.  The oven 

temperature shall be maintained within ±5 K of the temperature specified for the test.  
The temperature shall be monitored within the area of the oven in which  the samples 
are being tested;  

2)  168 h  in  a  non-condensing atmosphere having a  relative humidity of 90 % to 95 % at 
40 °C; and 

3)  8 h  at 0 °C or at the manufacturer's specified ambient temperature,  whichever is lower.  

b)  Outdoor temperature use: 

1 )  24 h  immersed in water at 25 °C; 

2)  8 h  at minus 35 °C or at the manufacturer's specified ambient temperature,  whichever 
is lower;  

3)  24 h  at the measured surface temperature (Ts)  or maximum declared operating 
temperature.  In  any case,  the temperature shall not be less than 70 °C.  The oven 

temperature shall be maintained within ±5 K of the temperature specified for the test.  
The oven temperature shall be monitored within the area of the  oven in which the 
samples are being tested; and 

4)  168 h  in  a  non-condensing atmosphere having a  relative humidity of 90 %  to 95 %  at 
40 °C.  

J . 1 7. 1 8.2  Extended  cycl ing  (PTC)  

J . 1 7. 1 8.2. 1  Overload   

J . 1 7. 1 8.2. 1 . 1  Fo l l owing  the  tests  speci fi ed  i n  J . 1 7. 1 8. 2. 1 . 2 ,  J . 1 7 . 1 8 .2 . 1 . 3,  or J . 1 7. 1 8. 2 . 1 . 4  
and  J . 1 7 . 1 8 .2 . 2. 1 ,  a  thermistor  shal l  comply wi th  Table  J . 6  or Table  J . 7 .  

J . 1 7. 1 8.2. 1 . 2  For a  self-controlled heater,  three samples shall be mounted and operated 
as intended for 50 cycles while connected to 120 % of maximum voltage (Vmax) .  Each cycle 
shall cover that portion of the R/T curve from the lower knee to  the high resistance state.  
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J . 1 7. 1 8.2. 1 .3  For a  control thermistor,  three samples shall be mounted and operated as 
intended for 50 cycles while  connected to maximum voltage (Vmax)  and the lesser value of:  

a)  120 % of rated maximum current (Imax) ,  or  

b)  120 % of rated short-circuit current (Isc) .   

Each cycle shall start with the sample thermally stabilized at 25 °C ± 5 K.  Each cycle shall 
cover that portion of the R/T curve from the lower knee to the high  resistance state.  

J . 1 7. 1 8.2. 1 .4  For a  sensing thermistor,  three samples shall be mounted and operated as 
intended for 50 cycles of operation  consisting of starting with  the sample thermally stabilized 

at 25 °C ± 5 K and increasing the temperature to 120 % of the  maximum sensing temperature 
of the thermistor.  

J . 1 7. 1 8.2.2  Endurance   

J . 1 7. 1 8.2.2. 1  The three thermistor samples that have been subjected to overload test of 
J. 17. 18. 2. 1 ,  shall be operated at the conditions specified in a) ,  b) ,  or c)  for the number of 
cycles specified in Table J. 10.  Each  cycle  shall cover a  significant portion of the R/T curve.  

a)  Self-controlled heater – A  self-controlled heater thermistor or heater assembly shall 
be mounted and tested at maximum voltage (Vmax)  maximum rated wattage or maximum 
current (Imax) .  A  thermistor,  whose power consumption varies with the amount of heat 
sinking,  air flow,  or similar variables provided in the end-use equipment,  shall be tested at 
the maximum rated wattage or maximum current (Imax)  using the heat sinking,  air flow,  
or other conditions of the end-use equipment.  

b)  Control – A  control thermistor shall be tested at maximum voltage (Vmax)  and the 
following currents:  

1 )  Current limiter – The test current shall not be less than the  minimum tripping current 
(It)  or the  minimum functioning current (Ifun ) .  

2)  Degausser – The test current shall be  maximum current (Imax) .  

3)  Motor starter – The test current shall be  maximum current (Imax) .  

c)  Sensing – A  sensing thermistor shall be cycled between 25 °C ±  5 K and the maximum 
operating temperature.  

Table  J . 1 0  – Number of cycles  for endurance  test  

Type  of thermistor  Number of cycl es  of operation   

Sel f-control l ed  heater   1 00  000   

Current  l im i ter i n tended  for use  i n  a  functional  safety  ci rcu i t    1 00  000  
a
 

Current- l im i ter not  i n tended  for use  i n  a  functional  safety  ci rcu i t        6  000   

Degausser or motor starter     30  000   

Sensor not  i n tended  for use  i n  a  functional  safety  ci rcu i t       6  000   

Sensor i n tended  for use  i n  a  functional  safety  ci rcu i t    1 00  000   

a  
The  m in imum  number of cycles  i s  reduced  to  6  000  under the  fol l owing  cond i ti ons:  

 – the  tri p  state  of the  thermistor  i s  apparent  i n  the  end -use  app l i cation ;  and  

 – manual  i n terventi on  i s  requ i red  i n  order to  reset the  thermistors .  

J . 1 7. 1 8.3  Thermal  cond ition ing  

J . 1 7. 1 8.3. 1  Passive ageing  

Following the conditioning specified in J. 17. 18. 3. 1 . 1  and J. 17. 18. 3. 2. 1 ,  a  thermistor shall 
comply with Tables J. 6,  J. 7,  J. 8 or J. 9,  as appropriate.  
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J . 1 7. 1 8.3. 1 . 1  Three non-energized samples of a  thermistor shall be conditioned for 1  000 h  
at a  temperature 30 K above the temperature specified in Table J. 11  in an air-circulating 
oven.  In  any case the temperature shall not be less than 70 °C.  The oven temperature shall 

be maintained within ±5 K of the temperature specified for the test.  The oven temperature 
shall be monitored within the area of the oven in which  the samples are being tested.  

Table  J . 1 1  – Ageing  test temperature  

Thermistor type   Temperature   

Al l  types  except 
sensors   

Temperatu re  determ ined  i n  accordance  wi th  surface  temperature  test,  J . 1 5. 7. 7  (PTC)  
and  J . 1 5. 8. 4  (NTC)  

Sensing   H i ghest  temperatu re  rati ng   

 

J . 1 7. 1 8.3.2  Active  ageing  

J . 1 7. 1 8.3.2. 1  In  addition to the test described in J. 17. 18. 3. 1 . 1 ,  a  current limiter shall be  
subjected to this test.  Three samples of a  current limiting PTC thermistor shall be energized 
and conditioned for 1  000 h  while in  the tripped state at maximum voltage (Vmax)  and 
carrying steady-state current (Iss) .  

J . 1 7. 1 8.4  Cold  operational  cycl ing  (PTC)  

J . 1 7. 1 8.4. 1  Following the  test specified in J. 17. 18. 4. 2,  a  thermistor shall comply with 
Table J. 6.  

J . 1 7. 1 8.4.2  Three samples of a  thermistor shall be subjected to 1  000 cycles of operation  
at an ambient temperature of 0 °C or at the manufacturer's specified ambient,  whichever is 
lower.  The test conditions shall be as specified in  J. 17. 18. 2. 2. 1  a)  for a  self-controlled 
heater or J. 17. 18. 2. 2. 1  b)  for a  control thermistor.  The thermistor temperature shall be  
returned to the starting temperature before each cycle.   

J . 1 7. 1 8.5  Thermal  runaway 

The thermistors  are to be energized and operated under maximum rated conditions until 
thermally stabilized.  The voltage is then to be gradually increased until breakdown occurs,  or 
two times the working voltage  of the thermistor is reached,  at which time the test may be  
terminated.  

NOTE  I ncreas ing  the  vol tage  i n  s teps  of 0 , 1  t imes  the  working  vol tage  of the  thermistor  every 2  m in  consti tu tes  
an  appropriate  rate  of ri se.  

J . 1 7. 1 8.6  Cold  thermal  cycl ing  

J . 1 7. 1 8.6. 1  Following the cycling specified in J. 17. 18.6. 1 . 1 ,  a  thermistor shall comply with 
Tables J. 7 or J. 9,  whichever applies.  

J . 1 7. 1 8.6. 1 . 1  Three samples of a  sensing thermistor shall be subjected to 1  000 cycles of 
cold thermal cycling operation .  Each cycle shall start at 0 °C or at the manufacturer's 
specified ambient,  whichever is lower,  and cover that portion of the R/T curve from the starting 
temperature to the maximum rated temperature.  

J . 1 7. 1 8.7  Extended  cycl ing  (NTC)  

J . 1 7. 1 8.7. 1  Overload  

J . 1 7. 1 8.7. 1 . 1  Following the tests specified in J. 17. 18. 7. 1 . 2 or J. 17. 18.7. 1 . 3 and 
J. 17. 18. 7. 2. 1 ,  a  thermistor shall comply with  Table J. 8.  
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J . 1 7. 1 8.7. 1 . 2  For an inrush-current limiting thermistor,  three samples shall be  mounted 
and operated as intended for 50 cycles while connected to  maximum voltage (Vmax)  and 
120 % of the maximum current (Imax) .  Each cycle shall start with  the  sample thermally 
stabilized at 25 °C.  

J . 1 7. 1 8.7. 1 .3  For a  sensing thermistor,  three samples shall be mounted and operated as 
intended for 50 cycles of operation  consisting of starting with the sample thermally stabilized 

at 25 °C ± 5 K and increasing the temperature to 120 % of the  maximum sensing temperature 
of the thermistor.  

J . 1 7. 1 8.7.2  Endurance   

J . 1 7. 1 8.7.2. 1  The three thermistor samples that have been subjected to  the overload test,  
J. 17. 18. 7. 1 ,  shall be operated at the conditions specified in  a)  or b)  for the number of cycles 
specified in Table J. 12.  Each cycle shall cover a  significant portion of the  R/T curve.  

a)  Inrush-current limiting – An inrush-current limiting thermistor shall be tested at 
maximum voltage (Vmax)  and maximum current (Imax)  with the rated capacitance value 
in parallel with  the load.  See Figure J. 1 .  

b)  Sensing – A  sensing thermistor shall be cycled between 25 °C ± 5 K and the maximum 
operating temperature.  

Table  J . 1 2  – Number of cycles  for endurance  test  

Type  of thermistor  Number of cycl es  of operation   

I nrush-current  l im i ter i n tended  for use  i n  a  functional  safety  ci rcu i t    1 00  000   

I nrush-current  l im i ter not  i n tended  for use  i n  a  functional  safety  ci rcu i t        6  000   

Sensor i n tended  for use  i n  a  functional  safety  ci rcu i t    1 00  000   

Sensor not  i n tended  for use  i n  a  functional  safety  c i rcu i t        6  000   

   

 NTC 

IEC   2515/13 
 

Figure  J . 1  – Test  ci rcu i t  for in rush-current  l im iting  thermistor endurance  test  

J . 1 7. 1 8.8  Cold  operational  cycl ing  (for i nrush  current-l im iting  NTC thermistors  on ly)  

J . 1 7. 1 8.8. 1  Fo l lowing  the  cycl i ng  speci fi ed  in  J . 1 7. 1 8. 8. 2 ,  a  thermistor  shal l  comply wi th  

Table  J . 8.  

J . 1 7. 1 8.8.2  Three samples of a  thermistor shall be subjected to 1  000 cycles of operation  
at maximum voltage (Vmax)  conducting maximum current (Imax) ,  at an ambient temperature 
of 0 °C or at the manufacturer's specified ambient temperature,  whichever is lower.  Each 
cycle shall cover that portion of the R/T curve from the starting temperature to steady-state 

conditions.  The thermistor temperature shall be stabilized at the start temperature ±2 K 
before each cycle.  
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J .20   Creepage d istances,  clearances  and  d istances  through  insu lation  

Additional subclauses:  

J .20. 1 . 1 4 C learance  

J .20. 1 . 1 4. 1  Clearance  between  l ive  parts  connected  e lectrical l y to  the  mains  suppl y and  
accessible  surfaces  or parts  shal l  comply wi th  the  requ irements  of 20 . 1 .  

J . 20. 1 . 1 4.2  Clearance  between  l ive  parts  provid ing  functional  insu lation  sha l l  comply wi th  
the  requ i rements  of 20 . 1 .  

J .20.2.5 Creepage d istance  

J .20.2.5. 1  Creepage d istance  between  l ive  parts  connected  e lectrical l y to  the  mains  
suppl y and  accessible  surfaces  or parts  shal l  comply wi th  the  requ irements  of 20. 2 .  

J .20.2.5.2  Creepage d istance  between  l ive  parts  provid ing  functional  insu lation  shal l  

comply wi th  the  requ i rements  of 20 . 2.  

J .24 Components  

J .24.2. 1  Add the following:  

Subclause  J . 24. 2 . 1  i s  appl icable  to  thermistors  previous l y tested  under I EC  60738-1 ,  
I EC 60738-1 -1  or I EC  60539.  

J .27  Abnormal  operation  

J .27. 1  Consideration  of fau l t  modes  shal l  be  made i n  accordance wi th  Table  H . 24  for 
thermistors  used  i n  protective  controls .   
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Annex K  
(informative)  

 
Nominal  vol tages  of supply systems for d ifferent modes  

of overvol tage control  
 

Nominal  vol tages  of suppl y systems  for d i fferen t modes  of overvol tage  con trol  are  as  
i nd icated  i n  Table  K. 1  and  Table  K. 2.  

Table  K. 1  – Inherent control  or equ ivalent  protective  control  

 Nominal  vol tages  presentl y u sed  in  the  world  Rated  impu lse  vol tage   
for equ ipment a   

Vol tage  l i ne-
to-neutral  

from  nominal  
vol tages  a. c.  

or d .c.  a  

Three-phase 
four-wi re  

systems  wi th  
earthed  neutral  

Three-
phase 

three-wire  
systems  
unearthed  

Sing le-phase 
two-wire  

systems a. c.  
or d .c.  

S ing le-phase 
three-wi re  

systems  a. c.  
or d .c.  

V  
 
 
 

Overvol tage  category 

V V V V V I  I I  I I I  IV 

50    1 2 , 5;  24;  25;  
30;  42 ;  48  

30  /  60  330  500  800  1  500  

1 00  66  /  1 1 5  66  60   500  800  1  500  2  500  

1 50  1 20  /  208  
b
 

1 27  /  220  
1 1 5;  1 20;  
1 27  

1 1 0;  1 20  1 1 0  /  220  
1 20  /  240  

c
 

800  1  500  2  500  4  000  

300  220  /  380  
230  /  400  
240  /  4 1 5  
260  /  440  
277  /  480  

220;  230;  
240;  260;  
277;  347;  
380;  400;  
41 5;  440;  
480  

220  220  /  440  1  500  2  500  4  000  6  000  

600  347  /  600   
380  /  660   
400  /  690  
41 7  /  720   
480  /  830  

500;  577;  
600  

480  480  /  960  2  500  4  000  6  000  8  000  

1  000   660;  690;  
720;  830;   
1  000  

1  000   4  000  6  000  8  000  1 2  000  

 
a   

These  columns  are  taken  from  Annex F ,  Tabl e  F . 1  of I EC 60664-1 : 2007  i n  wh ich  the  rated  impu lse  vol tage  
va l ues  are  speci fi ed .  See  4 . 2 . 3  of I EC 60664-1 : 2007  for the  defi n i ti ons  of protecti ve  control  and  i n herent  
control .   

b

 Practi ce  i n  the  USA and  Canada.  
c

  For 1 20/240  V i n  J apan ,  the  preferred  series  of rated  impu lse  vol tages  of 1  500  V,  2  500  V,  4  000  V and  
6  000  V are  used  correspond ing  to  overvol tage  categori es  I ,  I I ,  I I I  and  I V.  
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Table  K.2  – Cases  where protective  control  i s  necessary and  control  i s  provided   
by surge  arresters  having  a  ratio  of clamping  vol tage  to  rated  vol tage  

not smal ler than  that specified  by IEC  60099-1  

 Nominal  vol tages  presentl y used  in  the  world  Rated  impu lse  vol tage   
for equ ipment a   

Vol tage  l i ne-
to-neutral  

from  nominal  
vol tages  a. c.  

or d .c.  a  

Three-phase 
four-wi re  

systems  wi th  
earthed  neutral  

Three-
phase 

three-wire  
systems  
unearthed  

S ing le-
phase  two-

wire  
systems 

a.c.  or d .c.  

S ing le-phase  
three-wire  

systems a. c.  
or d .c.  

V  

Overvol tage  category  

V  V V V V I  I I  I I I  IV 

50    1 2 , 5;  24;  25;  
30;  42 ;  48  

30/60  330  500  800  1  500  

1 00  66  /  1 1 5  66  60   500  800  1  500  2  500  

1 50  1 20  /  208  
b
 

1 27  /  220  
1 1 5;  1 20;  
1 27  

1 1 0;  1 20  1 1 0/220  
1 20/240  

800  1  500  2  500  4  000  

300  220  /  380   
230  /  400   
240  /  4 1 5   
260  /  440   
277  /  480  

220;  230;  
240;  260;  
277  

220  220/440  1  500  2  500  4  000  6  000  

600  347  /  600  
380  /  660   
400  /  690  
41 7  /  720   
480  /  830  

347;  380;  
400;  41 5;  
440;  480;  
500;  577;  
600  

480  480/960  2  500  4  000  6  000  8  000  

1  000   660;  690;  
720;  830;  
1  000  

1  000   4  000  6  000  8  000  1 2  000  

 a  These  columns  are  taken  from  Annex F ,  Tabl e  F . 1  of I EC 60664-1 : 2007  i n  wh ich  the  rated  impu lse  vol tage  
va l ues  are  speci fi ed .  See  4 . 2 . 3  of I EC 60664-1 : 2007  for the  defi n i ti ons  of protecti ve  control  and  i nheren t  
control .   

b
 Practi ce  i n  the  USA and  Canada.  
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Annex L   
(normative)  

 
Overvoltage categories  

 

Overvoltage  category  i s  a  numeral  characterizing  a  transient overvol tage  cond i tion .  

The  fol lowing  i n formation  on  overvoltage  categories  i s  based  on  I EC 60664-1 .  Part 2s  may 
speci fy a  d i fferent overvoltage  category  for parti cu lar appl ications.  

Equ ipment of overvoltage category  I V i s  for use  at  the  orig in  of the  i nsta l l ation .  

NOTE  1  Examples  of such  equ ipment are  e l ectri ci ty meters  and  primary overcurren t  protection  equ ipment.  

Equ ipment of overvoltage category  I I I  i s  equ ipment i n  fixed  i nstal l ations  and  for cases  where  

the  re l iab i l i ty and  the  avai labi l i ty of the  equ ipment i s  subject to  specia l  requ i rements.  

NOTE  2  Th i s  category normal l y appl i es  to  controls  i n tended  for connection  to  fixed  wi ring  or for i ncorporati on  
i n to  equ ipment i n tended  for permanent connection  to  fixed  wi ring ,  un less  the  control  o r equ ipment  appl i cation  
provi des  means  of suppressing  the  transient  vol tage,  i n  wh ich  case  a  l ower category wi l l  app ly.  

Equ ipment of overvol tage category  I I  i s  energy consum ing  equ ipment to  be  suppl ied  from  

the  fixed  i nstal l ation .  

NOTE  3  Th i s  category normal l y  appl i es  to  controls  not  provided  wi th  term inal s  for fi xed  wi ring ,  or connected  
after a  socket-ou tl et,  or for i n corporati on  i n to  equ ipment connected  after a  socket-ou tl et.  Control s  i n tended  for 
permanent  connection  to  fixed  wi ring  can  a l so  come i n to  th i s  category,  where  methods  of suppressing  the  
transien t  vol tage,  such  as  vol tage  l im i ti ng  means  at  the  l i ne  term inal  or clearances  between  conducti ve  parts  are  
i ncorporated  i n  the  con trol  or equ i pment.  Where  the  con tacts  of a  con trol  a re  des igned  to  a l l ow fl ashover of the  
transien t  vol tage  and  are  adequate  to  wi thstand  the  l et-through  cu rren t,  th i s  can  provide  adequate  suppression ;  for 
example,  control s  for household  appl i ances  sati sfying  the  above  descri ptions.  

I f such  equ ipment i s  subj ected  to  specia l  requ i rements  wi th  regard  to  re l i abi l i ty and  
avai labi l i ty,  overvoltage category  I I I  appl ies.  

Equ ipment of overvol tage category  I  i s  equ ipment for connection  to  ci rcu i ts  in  wh ich  
measures  are  taken  to  l im i t  transient overvol tages  to  an  appropriatel y l ow l evel .  

NOTE  4  Th i s  category normal l y appl i es  to  con trols  connected  after category I I  equ ipment  and  wh ich ,  for 
example,  i ncl udes  e l ectron ic  l og ic  systems,  i solated  l im i ted  secondary ci rcu i ts ,  SELV-ci rcu i ts  or PELV-ci rcu i ts ,  
and  ci rcu i ts  on  the  secondary s i de  of a  transformer.  
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Annex M   
(informative)  

 
Typical  usage  

 

Table  M .1  – Typical  usage  

Control  s i tuation   Overvol tage  category 

 I  I I  I I I  IV 

Special  
I solated  l im i ted  secondary ci rcu i t  
Transi en t  l im i ted  supply  

 
X 
X 

 
 
X  

 
 
X 

 
 
X 

Energy consum ing  u ti l i zati on  equ ipment  

 I n tegrated  and  i ncorporated  controls  i n  household  
appl i ances  

 Independentl y mounted  con trols  for fi xed -wi ri ng  
to  energy consum ing  l oads  

  

X 
 

 
X 

 

 
 

 
X  

 

Other household  and  s im i l ar appl i cati ons:  

 Control s  wh ich  are  not  i n tegrated ,  i ncorporated ,  or 
for fi xed -wi ri ng  to  energy consum ing  l oads  

 Control s  mounted  at  the  ori g i n  of i nsta l l ati on  ( i . e .  
service  en trance equ ipment,  e l ectri ci ty meters  and  
primary overcurrent  equ ipment)  

 Control s  covered  by speci a l  part  2  cons i derations  

 

 
 

 
 
 

X  

 

 
 

 
 
 

X  

 

X  
 

 
 
 

X  

 

 
 

 
X  
 

X  
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Annex N   
(normative)  

 
Pol lution  degrees  

 

N.1  Pol lution  

The  micro-envi ronment  determ ines  the  effects  of pol lution  on  the  i nsu lation .  The  macro-
environment,  however,  has  to  be  taken  i n to  account when  cons idering  the  micro-
envi ronment.  

Means  may be  provided  to  reduce  pol lution  at  the  i nsu lation  under cons ideration  by the  
effecti ve  use  of coati ngs,  enclosures,  encapsu lation  or hermetic seal ing .  Such  means  to  
reduce  pol lution  may not be  effecti ve  when  the  equ ipment i s  subj ect  to  condensation  or i f,  i n  
normal  operation ,  i t  generates  pol l u tants  i tsel f.  

Smal l  clearances  can  be  bri dged  completel y by sol i d  particles,  dust and  water and  therefore  
m in imum  clearances  are  speci fi ed  where  pol lution  may be  present in  the  micro-
envi ronment.  

NOTE  1  Pol lu tion  wi l l  become conducti ve  i n  the  presence  of hum id i ty.  Pol lu tion  caused  by con tam inated  water,  
soot,  metal  or carbon  dust  i s  i n herentl y conducti ve.  

NOTE  2  Conducti ve  pol lu tion  by i on ized  gases  and  metal l i c  deposi ti ons  occurs  on ly i n  speci fi c  i nstances,  for 
example,  i n  arc chambers  of swi tchgear or con trol gear and  i s  not  covered  by th i s  s tandard .  

N.2  Degrees  of pol lution  in  the  micro-environment 

For the  purpose  of evaluating  creepage d istances  and  clearances ,  the  fol lowing  four 
degrees  of pol lution  i n  the  micro-environment  a re  establ ished :  

– Pol lu tion  degree  1  

No  pol lution  or on l y d ry,  non-conductive  pol l u tion  occurs.  The  pol lution  has  no  i n fl uence.  

NOTE  1  Specia l  cons iderati ons  (for example,  coati ng  evaluated  to  Annex P  or Annex Q,  sealed  enclosure)  are  
necessary to  establ i sh  pol lu tion  degree  1 .  

– Pol lution  degree  2  

 On l y non-conductive  pol lution  occurs  except that occasional l y a  temporary conductivi ty 
caused  by condensation  i s  to  be  expected .  

NOTE  2  Pol lu tion  degree  2  i s  representati ve  of normal  household  a i r ci rcu lati on .  

NOTE  3  Pol lu tion  from  the  operation  of con tacts  i s  cl assi fied  as  pol lu tion  degree  2  u n less  the  area  i s  affected  
by other pol lu tion ,  i n  wh ich  case  the  pol lu tion  degree  correspond ing  to  the  other pol lu tion  appl i es.  

– Pol lution  degree  3  

 Conductive  pol lution  occurs  or d ry non-conductive  pol lu tion  occurs  wh ich  becomes  
conductive  due  to  condensation  wh ich  is  to  be  expected .  

– Pol lution  degree  4  

 The  pol lution  g enerates  pers istent  conductivi ty caused  by conductive  dust or by ra in  or 
snow.  
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Annex P   
(normative)  

 
Printed  circui t board  coating  performance test 

 

P.1  A coati ng  i n tended  to  be  used  on  a  pri n ted  ci rcu i t board  that has  creepage d istances  i n  
accordance wi th  C lause  20 ,  pol lu tion  degree  1 ,  shal l  comply wi th  the  requ i rements  of  
Annex P.   

P.2  A prin ted  ci rcu i t board  assembly that i s  used  wi th  a  coating ,  i nclud ing  i nks,  so lder res ists  
and  assembled  components ,  i s  to  be  acceptable  for i ts  appl ication  i n  terms  of temperature,  
so lder cond i tions,  conductor s ize  and  adhesion  to  the  base  materia l  as  determ ined  by the  
requ irements  of I EC  61 249  series .  

P.3  E l ectric strength  of coating  – A coating  shal l  wi thstand  the  e lectric s trength  test of 1 3 . 2  
for functional  i nsu lation  a t  a  test vol tage  determ ined  from  Table  1 2,  based  on  the  maximum  
working  vol tage  suppl ied  to  the  board  assembly,  after the  cond i ti on ing  of P. 3 .3  and  P. 3. 4.  

P.3.1  Ten  test samples  shal l  be  prepared  wi th  the  m in imum  appl icable  creepage d istances  
and  the  m in imum  coating  th ickness  using  the  pattern  shown  i n  F igure  P. 1 .  The  samples  are  to  
be  prepared  by normal  production  means  us ing  the  primer or cleaner employed  prior to  
appl ying  the  coating  to  the  board .  Wiring  su i table  to  the  vol tages  and  temperatures  involved  is  
to  be  attached .  

P.3.2  Ageing  test – F ive  samples  of the  coated  board  as  described  i n  P. 3 . 1  sha l l  be  

subj ected  to  a  temperature  of 1 30  °C  ±  2  K for 1  000  h .  

P.3.3  H um id i ty cond i ti on ing  – The  fi ve  samples  of the  coated  board  wh ich  were  subj ected  to  
the  ageing  test of P .3 .2  are  to  be  cond i ti oned  for 48  h  i n  a  test chamber at a  temperature  of 

(35  ±  1 )  °C  and  (90  ±  5 )  %  re lati ve  hum id i ty.  Immed iatel y fol lowing  removal  from  the  test 
chamber,  each  sample  i s  to  be  subj ected  to  the  e lectric s trength  test  described  i n  P. 3. 5  and  
P. 3. 6.  

P.3.4  Envi ronmental  cycle  cond i ti on ing  – F ive  of the  samples  of the  coated  board  described  
in  P. 3 . 1  are  to  be  subj ected  to  three  complete  cycles  of environmenta l  cond i ti on ing  as  
described  i n  Table  P. 1 .  Immed iate l y fol lowing  the  cond i ti on ing ,  each  sample  i s  to  be  
subj ected  to  the  e lectric strength  test described  i n  P. 3. 5  and  P. 3. 6 .  

P.3.5  After cond i ti on ing ,  the  samples  of the  coated  board  as  described  in  P.3 . 1  are  to  be  
provided  wi th  tight-fi tting  a lum in ium  foi l  (representing  an  e lectrical l y conductive  deposi t a long  
the  su rface  of the  coating)  that covers  the  test pattern  except for the  i nsu lated  test l ead  wi re  
and  solder poin ts .  

P.3.6  The  vol tage  stress  is  to  be  appl ied  accord ing  to  Clause  P. 3  to  each  cond i tioned  
sample  between  leads  A,  B ,  and  C  ind ividual l y and  the  common  l ead  (see  F igure  P. 1 ).  No  
flashover or breakdown  shal l  occur.  G low d ischarges  wi thou t d rop  in  vol tage  are  neg lected .  

Table  P. 1  – Environmental  cycl ing  cond i tions  

For indoor appl ications  For outdoor appl ications  

24  h  at  T
max

;  fo l l owed  by at  l east  96  h  at  (35  ±  2 )  °C,  

(90  ±  5 )  %  rel ati ve  hum id i ty;  fo l l owed  by 8  h  at   

(0  ±  2 )  °C  

A m in imum  of 24  h  immersed  a t  (25  ±  2 )  °C;  fol l owed  

immed iately by at  l east  96  h  at  (35  ±  2 )  °C,  (90  ±  5 )  %  

rel ati ve  hum id i ty;  fol l owed  by 8  h  at  (–35  ±  2 )  °C   
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High temperature 
(i .e.  PTFE,  Si l icone,  etc. ) 
insulated test leads soldered  
to test pattern through 
the back of the board 

1 65 mm  
(6,5 in)  

75 mm  
(3 in)  

B  A 

IEC   2516/13 

 

NOTE  The  smal l est  d i stance  between  tracks  (poi n t-to-poi n t,  poi n t-to-l i ne  and  l i ne-to-l i ne)  represents  the  m in imum  
d i stance  to  be  perm i tted  on  production  assembl ies .  

Figure P.1  – Test sample  
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Annex Q  
(normative)  

 
Printed  circui t board  coating  performance test 

 

Q.1  A pri n ted  wi ri ng  board  conform ing  wi th  a l l  of the  requ irements  for type  1  coating  as  
speci fied  i n  I EC 60664-3  shal l  comply wi th  the  m in imum  creepage  d istance  requ i rements  of 
Clause  20  of th is  standard ,  pol lu tion  degree  1 .  

Q.2  A pri n ted  wi ri ng  board  conform ing  wi th  a l l  of the  requ irements  for type  2  coating  as  
speci fied  i n  I EC 60664-3  shal l  comply wi th  the  m in imum  requ irements  for so l id  i nsu lation  as  
speci fied  in  20 . 3  of th is  standard .  The  spacing  between  the  conductors  before  the  protection  
is  appl i ed  shal l  not  be  less  than  the  values  as  speci fi ed  i n  Table  1  of I EC  60664-3: 2003.  

Q.3  Actual  prin ted  boards  representative  of production  samples  or standard  test boards  
accord ing  to  F igures  Q. 1  and  Q. 2  may be  used  for the  tests .  Th i rteen  samples  are  requ ired  
for type  1  tests,  seventeen  samples  for type  2  tests.  

Q.4  Compliance with the requirements for type 1  or type 2 coating shall be checked by the 
tests of Clause 5 of IEC 60664-3:2003,  Amendment 1 :2010.  

Q.5  For the  tests  of Clause  5  of I EC  60664-3: 2003,  Amendment 1 : 201 0,  the  test l evels  or 
cond i ti ons  g i ven  i n  Table  Q. 1  appl y:  

Table  Q. 1  – IEC  60664-3  test  l evels  or condi tions  

IEC  60664-3: 2003,  subclause  Test l evel  of th is  standard  

5. 7. 1  Cold  storage  –25  °C  

5. 7. 3  Rapi d  change  of temperature  Degree  of severi ty 2  (–25  °C  to  +1 25  °C)  

5. 7. 4. 2  E lectrom igrati on  Not appl i cable  u n less  speci fi ed  i n  part  2  

5. 8. 5  Parti a l  d i scharge  Not appl i cable  u n less  speci fi ed  i n  part  2  
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Figure  Q.1  – Test sample  
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Dimensions in  millimetres 

 
2,54   2 

Rated  spacing 

0,5 

2,54 

2,54 

2,54 

0,3 

0,2 

0,1 5 

2,54 

2,54 

2,54   2 

IEC   2518/13  

Figure Q.2  – Examples  of l and  configurations  

(see  also  F igure  Q. 1 )  
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Annex R  
(informative)  

 
Explanatory notes  for surge immunity test 

 

R.1  Di fferent source impedances  

The  selection  of the  source  impedance of the  generator depends  on :  

– the  kind  of cable/conductor/l i ne  (power suppl y a. c. ,  power suppl y d . c. ,  i n terconnection ,  
etc. ) ;  

– the  l eng th  of the  cables/l i nes;  

– i ndoor/outdoor cond i ti ons;  

– appl ication  of the  test  vol tage  ( l i ne-to-l i ne  or l i ne-to-earth ) .  

The  impedance of 2  Ω  represents  the  source  impedance  of the  l ow vol tage  power suppl y 
network.  

The  generator wi th  i ts  effecti ve  ou tpu t impedance  of 2  Ω  i s  used .  

The  impedance of 1 2  Ω  (1 0  Ω  +  2  Ω)  represents  the  source  impedance  of the  l ow vol tage  
power suppl y network and  earth .  

The  generator wi th  an  add i ti onal  res istor of 1 0  Ω  i n  series  i s  used .  

The  impedance of 42  Ω  (40  Ω  +  2  Ω)  represents  the  source  impedance between  al l  other l i nes  
and  earth .  

The  generator wi th  an  add i ti onal  res istor of 40  Ω  i n  series  i s  used .  

R.2  Appl ication  of the  tests  

Two d i fferent kinds  of tests  are  to  be  d isti ngu ished :  at  equ ipment l evel  and  at  system  l evel .  

R.2. 1  Equ ipment level  immun ity 

The test shal l  be  carried  ou t i n  the  l aboratory on  a  s i ng le  EUT.  The  immun i ty of the  EUT thus  
tested  i s  referred  to  as  equ ipment l evel  immun i ty.  

The  test vol tage  shal l  not exceed  the  speci fied  capabi l i ty of the  i nsu lation  to  wi thstand  h igh  
vol tage  stress.  

R.2.2  System  l evel  immun ity 

The test carried  ou t in  the  l aboratory refers  to  the  EUT.  The  equ ipment l evel  immun i ty does  
not assure  the  immun i ty of a  system  i n  a l l  cases.  For that reason ,  a  test on  system  l evel  i s  
advised  wh ich  s imu lates  the  real  i nsta l lation .  The  s imu lated  instal l ation  comprises  protection  
devices  (arrestors ,  vari stors ,  sh ie l ded  l i nes,  etc. )  and  the  real  l ength  and  type  of the  
i n terconnection  l i nes.   

Th is  test i s  a imed  at s imu lating  as  closel y as  possible  the  i nstal l ation  cond i ti ons  i n  wh ich  the  
EUT or EUTs  are  i n tended  to  function  later on .  
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I n  the  case  of the  immun i ty under real  i nsta l l ation  cond i tions,  h igher test l evels  can  be  
appl ied ,  bu t the  energy i nvolved  wi l l  be  l im i ted  by the  protecti ve  devices  accord ing  to  thei r 
curren t l im i ti ng  characteri stics .  

The  test i s  a lso  in tended  to  show that secondary effects  produced  by the  protecti ve  devices  
(change  of waveform ,  mode,  ampl i tude  of vol tages  or curren ts)  do  not cause  unacceptable  
effects  on  the  EUT.  

R.3  Instal lation  classi fication  

R.3. 1  General  

I nsta l lation  classi fications  are  as  fol l ows:  

Class  2 :  E lectrical  envi ronment  where  cables  are  wel l  separated ,  even  on  short  runs.   

 The  instal l ation  i s  earthed  via  a  separate  earth  l i ne  to  the  earth ing  system  of the  
power instal l ation ,  wh ich  can  be  essentia l l y subjected  to  i n terference vol tages  
generated  by the  i nstal l ation  i tsel f or by l i gh tn ing .  The  power suppl y to  the  
e lectron ic equ ipment i s  separated  from  other ci rcu i ts ,  mostl y by a  specia l  
transformer for the  power suppl y.  Non-protected  ci rcu i ts  are  i n  the  i nstal lation ,  bu t  
wel l  separated  and  i n  restricted  numbers.  

  Th is  class  appl ies  to  category I  equ ipment.  Category I  normal l y appl i es  to  
controls  connected  after category I I  equ ipment and  wh ich ,  for example,  i ncludes  
ELV  e lectron ic l og ic systems,  isolated  l imi ted  secondary ci rcu i ts ,  ELV-ci rcu i ts,  
SELV-ci rcu i ts ,  PELV-circu i ts  and  ci rcu i ts  on  the  secondary s i de  of a  transformer.  

  Surge  may not exceed  1  kV.  

Class  3 :  E lectrical  envi ronment  where  power and  s ignal  cables  run  i n  paral le l .  

 The  i nsta l lation  is  earthed  to  the  common  earth ing  system  of the  power 
i nstal l ation ,  wh ich  can  be  essen tia l l y subj ected  to  i n terference vol tages  generated  
by the  i nstal lation  i tse l f or by l i gh tn ing .  

  Current due  to  earth  fau l ts ,  swi tch ing  operations  and  l igh tn ing  in  the  power 
i nstal l ation  may generate  i n terference vol tages  wi th  re lativel y h igh  ampl i tudes  i n  
the  earth ing  system.  Protected  e lectron ic equ ipment and  less  sens i ti ve  electric  
equ ipment are  connected  to  the  same power suppl y network.  The  i n terconnection  
cables  can  be  partl y rou ted  as  ou tdoor cables  bu t close  to  the  earth ing  network.  
Unsuppressed  inductive  loads  are  i n  the  i nstal lation  and  usual l y there  i s  no  
separation  of the  d i fferen t fi e l d  cables.  

 Th is  cl ass  appl ies  to  category I I I  or category I I  equ ipment.  

 Category I I I  normal l y appl i es  to  controls  i n tended  for connection  to  fixed  wiring  
or for i ncorporation  i n to  equ ipment i n tended  for permanen t connection  to  fixed  
wiring ,  un less  the  control  or equ ipment appl ication  provides  means  of 
suppressing  the  transien t vol tage,  i n  wh ich  case  a  l ower category wi l l  appl y.  

 Category I I  normal l y appl i es  to  controls  connected  after a  socket-ou tlet or for 
i ncorporation  in to  equ ipment connected  after a  socket-ou tlet.  Controls  i n tended  
for permanent connection  to  fixed  wi ring  may a lso  come in to  th is  category,  where  
methods  of suppressing  the  trans ient vol tage,  such  as  vol tage  l im i ti ng  means  at  
the  l ine  term inal  or clearances  between  conductive  parts,  are  i ncorporated  i n  the  
control  or equ ipment.  Where  the  con tacts  of a  control  are  des igned  to  a l low 
flashover of the  trans ien t vol tage  and  are  adequate  to  wi thstand  the  l et-through  
curren t,  th is  may provide  adequate  suppress ion .  For example,  controls  for 
household  appl i ances  satisfying  the  above  descriptions.  
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  Surge  may not exceed  2  kV.  

Class  4 :   E lectrical  environment  where  the  in terconnections  are  runn ing  as  ou tdoor cables  
a long  wi th  power cables,  and  cables  are  used  for both  e lectron ic and  e lectric  
ci rcu i ts.  

  The  i nstal lation  is  connected  to  the  earth ing  system  of the  power instal l ation  
wh ich  can  be  subj ected  to  i n terference  vol tages  generated  by the  instal lation  i tsel f 
or by l i gh tn ing .  Curren ts  i n  the  ki l oamperes  range  due  to  earth  fau l ts ,  swi tch ing  
operations  and  l i gh tn ing  i n  the  power suppl y i nstal lation  may generate  
i n terference vol tages  wi th  re lati vel y h igh  ampl i tudes  i n  the  earth ing  system .  The  
power suppl y network can  be  the  same for both  the  e lectron ic and  the  e lectric  
equ ipment.  The  in terconnection  cables  may run  as  ou tdoor cables  even  to  the  
h igh  vol tage  equ ipment.  

  A specia l  case  of th is  environment  i s  when  the  e lectron ic  equ ipment i s  connected  
to  the  te lecommun ication  network wi th in  a  densel y popu lated  area.  There  i s  no  
systematical l y constructed  earth ing  network ou ts ide  the  e lectron ic equ ipment and  
the  earth ing  system  cons ists  of p ipes,  cables,  etc.  on l y.   

  Surge  may not  exceed  4  kV.  

  Examples  of the  i nsta l l ation  of e l ectron ic equ ipment i n  d i fferen t areas  are  g i ven  in  
F igu res  R. 1 ,  R. 2 ,  and  R. 3.  

R.3.2  Equ ipment level  immun ity of ports  connected  to  the  power supply network 

The m in imum  immuni ty l evel  for connection  to  publ ic  suppl y network is :  

L ine-to- l i ne  coupl ing :   0 , 5  kV 

Line-to-earth  coupl ing :   1  kV 

R.3.3  Equ ipment level  immun ity of ports  connected  to  in terconnection  l i nes  

Surge  tests  on  i n terconnection  ci rcu i ts  are  on l y requ i red  for external  connections  (outs ide  the  
cabinet/housing).  I f i t  i s  poss ib le  to  test  at  the  system  l evel  (EUT wi th  i n terconnection  cables  
connected)  i t  i s  not necessary to  test at  the  equ ipment level  ( for example,  ports  of the  
process-control /s ignal  i npu ts/ou tpu ts)  especial l y i n  cases  where  the  sh i e l d  of the  
i n terconnection  cable  i s  part of protection  measures.  I f the  i nstal l ation  of the  p lant i s  carried  
ou t by someone  other than  the  manufacturers  of the  equ ipment,  the  adm issible  vol tage  for the  
i nputs/ou tpu ts  (especia l l y for the  process-control  i n terface)  of the  EUT shou ld  be  speci fi ed .  

The  manufacturer shou ld  test h is  equ ipment on  the  basis  of the  speci fi ed  test l evels  to  
confi rm  the  equ ipment l evel  immun i ty,  for example,  wi th  secondary protection  at the  ports  of 
the  EUT for a  test l evel  of 0 , 5  kV.  The  user  of the  p lan t or those  responsib le  for the  
i nstal lation  shou ld  then  appl y measures  ( for example,  sh iel d ing ,  bond ing ,  earth ing ,  protection)  
necessary to  ensure  that the  i n terface  vol tage  caused  by,  for example,  l i gh tn ing  s trokes  does  
not exceed  the  chosen  immun i ty l evel .  
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EUT 1  
e.g.  
CPU 

EUT 2 
e.g.  

terminal  

Shielded cable 

Common earth reference 
IEC   2519/13 

 

Figure R. 1  – Example  of surge  protection  by sh ield ing  in  bu i ld ings  
with  common  earth  reference  systems  
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CPU 
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Shielded 
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Secondary 
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e.g.  

terminal  

Earth  reference 

Earth  reference 
IEC   2520/13 

 

Figure R.2  – Example  of secondary surge  protection  in  bu i ld ings  
with  separate  common  earth  reference  systems  
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EUT 1  
e.g.  
CPU 

Secondary 
protection 

Primary 
protection 

Unshielded 
cable 

Shielded 
cable 

Lightning 
protection 

EUT 2 
e.g.  

terminal  

Primary 
and  

secondary 
protection 

IEC   2521/13 

 

Figure R.3  – Example  of primary and  secondary surge  protection  
of i ndoor/outdoor equ ipment 
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 Annex S   
(informative)  

 
Guidance for applying  Clause 20  

Gu idance  for appl ying  Clause  20  is  ind icated  in  F igure  S. 1 ,  Table  S . 1  and  Table  S. 2.  
 

No  

 
Conduct 
impulse 

voltage test ? 

20.1 .1 2  

Is 
insulation 

accessible 
?  

Clearance  Creepage  Solid insulation  

Subclause 20.1  Subclause 20.2 Subclause 20.3 

Required information 
Supply system or working voltage 
Overvoltage category (Annex L) 
Rated impulse voltage (Table 21 ) 

Pol lution  degree (Annex N)  

Required  information  
Supply system or working voltage 

Pollution degree (Annex N) 
Material  group (Subclause 6.1 3,  20.2.2 

Note 2)  

Type of insulation (see Clause 2)  

Supplementary 
20.3.2 

Reinforced 
20.3.2 

Operational  
or 

basic,  20.3.1  

Type of insulation (see Clause 2)  Type of insulation (see Clause 2)  

Supplementary 

20.1 .8 
Reinforced 20.1 .9 
Ful l-disconnection 

20.1 .7.2  

Basic 20.1 .1  

Operational  20.1 .2 
Micro-disconnection 

20.1 .7.1  
Micro-interruption 

20.1 .7.1  

Supplementary 

20.2.3 
Reinforced 20.2.4 

Basic 20.2.1  

Operational  
including   

Ful l -disconnection 
Micro-disconnection 
Micro-interruption 

20.2.2 

 

Minimum required  
creepage distance 

_______ 
Table 23  

Minimum required  
creepage distance 

_______ 
Table 24  

No  

Yes  

Is 
insulation 
accessible 

?  

Minimum 
thickness 

0,7 mm or 
2 layer insulation 

(20.3.1 )  

Yes  

Minimum  
thickness 

0,7 mm or 
3 layer insulation 

(20.3.2)  

Heating test considerations and 
thermal  ageing tests required  

(20.3.1  or 20.3.2)  

No 
thickness 

requirements 
specified  

No  

Minimum  
required  

clearance 
_______ 
Case A 
Table 22  

Yes  

Minimum  
required  

clearance 
_______ 
Case B 
Table 22  

Type of distance under consideration  (see Clause 2) 

IEC   2522/13   

Figure S. 1  – Gu idance  flowchart  for appl ication  of requ irements  of C lause 20  
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Table  S. 1  – Example  A – Using  Annex S  gu idance for applying  Clause  20  

Question  Answer I nstruction  

I s  the  d i stance  u nder consi deration  
th rough  a i r or across  a  su rface?  

Through  a i r Fol l ow clearance  path  of fl ow chart  

What  i s  the  system  supply vol tage,  
or for functional  i nsu lation ,  the  
working  vol tage?  

230  V/400  V,  3-phase,  4  wi re  Record  as  a )  

What  i s  the  overvol tage  category?  
(refer to  Annex L)  

See  category I I  Record  as  b)  

What  i s  the  rated  impu lse  vol tage?  Determ ine  from  Table  21  us i ng  a)  
and  b)  

Record  as  c)  

What  i s  the  pol lu tion  degree?  
(refer to  Annex N )  

Pol lu tion  degree  2  Record  as  d )  

What  i s  the  type  of i nsu l ation?   
(refer to  defi n i ti ons,  etc. )  

Reinforced  i nsu lation  Refer to  20. 1 . 9.  For re i n forced  use  
case  A and  next  h i gher impu lse  
vol tage  step  from  Table  22.  Record  
as  e) .  

What  i s  the  l im i t  for th i s  d i s tance?  Refer to  Table  22   Determ ine  the  l im i t  us i ng  d )  and  e)  

 The  l im i t  i s  3  mm   

 

Table  S.2  – Example  B  – Using  Annex S  gu idance for applying  Clause  20  

Question  Answer I nstruction  

I s  the  d i stance  u nder consi derati on  
through  a i r or across  a  surface?  

Across  a  su rface  Fol l ow creepage d istance  path  

What i s  the  system  supply vol tage,  
or for functional  i nsu lation ,  the  
working  vol tage?  

230  V  Record  as  a )  

What i s  the  pol lu tion  degree?  
(refer to  Annex N )  

Pol lu tion  degree  2  Record  as  b)  

What i s  the  materia l  g roup?  (refer to  
20. 2 . 2 ,  Note  2)  

I I I b)  Record  as  c)  

What i s  the  type  of i nsu l ation?  (refer 
to  defi n i ti ons,  etc. )  

Functional  i nsu lation  Refer to  20. 2 . 2  

What i s  the  l im i t  for th i s  d i stance?  Refer to  Table  24   Determ ine  the  l im i t  us i ng  a) ,  b)   
and  c)  

 The l im i t i s  2 ,5  mm   
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Annex T  
(normative)  

 
Requirements  for SELV and  PELV 

 

T.1  Overview of the  requirements  for SELV and  PELV 

T.1 . 1  Protection  by SELV 

 

 

 
Protection by SELV 

(see T.2.1 ) 

 
L im i tation  of vol tage  

(see  T. 3. 1 )  

 
PROTECTIVE-
SEPARATION  

(see T.3.2) 

 
SIMPLE-SEPARATION from 

EARTH,  PELV and  other SELV  
systems  

(see T.3.3) 

_and
 

_and
 

 

T.1 .2  Protection  by PELV 

 

 

 
Options  for  

FUNCTIONAL-EARTHING  
(see T.3.4) 

 
In  some cases additional  basic 

insulation  
(see 2.7.1 0) 

 
 

Protection by PELV 

(see  T. 2 . 2 )  

L im i tation  of vol tage  
(see  T. 3. 1 )  

_and
  

PROTECTIVE-
SEPARATION  
(see  T. 3. 2)  

_and
 

(Adopted  from  I EC 61 1 40)  

 

NOTE  The  requ i rements  of I EC 61 1 40  for barriers  were  consi dered  and  i ncl uded  i n  the  requ i rements  of th i s  
standard  i ncl ud i ng ,  bu t  not  l im i ted  to,  Cl auses  8 ,  1 1 ,  1 8,  and  20.  

T.2  Protection  against electric shock by SELV or PELV 

T.2. 1  SELV 

Protection  against  e lectri c shock shal l  be  provided  by the  fo l l owing  measures:  

– l im i tation  of vol tage  ELV,  accord ing  to  T.3 . 1  i n  a  ci rcu i t  ( the  SELV-system ) ,  and  

– protecti ve-separation ,  accord ing  to  T.3. 2 ,  of the  SELV-system  from  a l l  ci rcu i ts  other than  
SELV  and  PELV,  and   

– s imple-separation ,  accord ing  to  T.3. 3,  of the  SELV  system  from  other SELV  systems ,  
from  PELV systems  and  from  earth .  

I n ten tional  connection  of exposed-conductive-parts  of the  control  to  a  protective  
conductor  or to  an  earth -conductor is  not perm i tted .   

I n  specia l  l ocations  where  SELV  i s  requ ired  and  where  protecti ve  screen ing  accord ing  to  
T.3. 2. 1  i s  appl ied ,  the  protecti ve  screen  shal l  be  separated  from  each  ad j acent ci rcu i t by 
basic insu lation  rated  for the  h i ghest vol tage  present.  

Requ irements  for the  e lements  of SELV  are  g iven  i n  C lause  T. 3.  
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T.2.2  PELV  

Protection  against  e lectri c shock shal l  be  provided  by the  fol l owing  measures:  

–  l im i tation  of vol tage,  ELV  accord ing  to  T.3. 1  i n  a  ci rcu i t  wh ich  may be  earthed  and /or the  
exposed-conductive-parts  of wh ich  may be  earthed  (the  PELV system ) ,  and   

–  protective  separation  accord ing  to  T.3 . 2  of the  PELV system  from  a l l  ci rcu i ts  other than  
SELV  and  PELV.  

I f the  PELV  c i rcu i t i s  earthed  and  i f protecti ve  screen ing  accord ing  to  T.3 . 2 . 1  i s  used ,  i t  i s  not  
necessary to  provide  basic  insu lation  between  the  protecti ve  screen  and  the  PELV system .   

Where  l ive  parts  of the  PELV system  are  accessib le  (touchable)  s imu l taneousl y wi th  
conductive  parts  wh ich ,  i n  case  of a  fau l t,  cou ld  assume the  potential  of the  primary ci rcu i t,  
protection  against e lectric shock depends  on  protective-equ ipotential -bonding  (T. 3. 4)  of a l l  
such  conductive  parts .  Such  parts  shal l  be  bonded  to  the  protective  earth ing  term inal  or 
termination  of the  control .   

Requ irements  for the  e lements  of PELV are  g iven  i n  C lause  T. 3.  

T.3  ELV,  protective separation,  simple  separation,  protective  bonding   
as  elements  of SELV and  PELV 

T.3. 1  Lim i tation  of vol tage  shal l  provide  that the  vol tage  between  s imu l taneousl y accessible  
parts  does  not exceed  re levant  ELV  l im i ts  as  speci fi ed  i n  2 . 1 . 4  and  as  speci fi ed  i n  8. 1 . 1 .  

T.3.2  Protective  separation  between  a  SELV/PELV-circu i t  and  other l i ve  ci rcu i ts  shal l  be  

ach ieved  by means  of:   

– basic insu lation  and  supplementary i nsu lation ,  each  rated  for the  h ighest vol tage  
present,  i . e .  double  insu lation ,  or 

– reinforced  insu lation  rated  for the  h i ghest  vol tage  present,  or  

– protective  screen ing  accord ing  to  T.3. 2. 1  wi th  the  protective  screen  be ing  separated  from  
each  ad j acent ci rcu i t by basic insu lation  rated  for the  h ighest ad j acen t ci rcu i t vol tage  
(see  also  T. 2 . 1 ,  l ast  paragraph),  or 

– a  combination  of these  provis ions.  

I f conductors  of the  separated  ci rcu i t  are  contained  together wi th  conductors  of other ci rcu i ts  
i n  a  mu l ticonductor cable  or i n  another grouping  of conductors,  they shal l  be  i nsu lated ,  
i nd ividual l y or col l ecti vel y,  for the  h i ghest vol tage  presen t,  so  that double  insu lation  or 
reinforced  insu lation  i s  ach ieved .   

I f any component i s  connected  between  the  separated  ci rcu i ts,  that componen t shal l  comply 
wi th  the  requ irements  for protective  impedance .  

When  the  suppl y of SELV  or PELV ci rcu i ts  i s  obta ined  from  suppl y mains  of h igher vol tages,  i t  

sha l l   

– e i ther be  th rough  a  safety isolating  transformer,  or  

– a  converter wi th  separate  wind ings  provid ing  equ ivalent  i nsu lation  and  wi th  requ i rements  
as  below.  

NOTE  1  The  vol tage  l im i ts  are  based  on  the  assumption  that  the  safety i solating  transformer  i s  suppl i ed  at  th e  
upper l im i t  of i ts  rated  vol tage.  

NOTE  2  I n  Canada  and  the  USA,  parts  connected  to  ELV  suppl i ed  from  a  safety i solating  transformer  a re  at  a  
vol tage  not  exceed i ng  42, 4  V peak or 30  V r.m . s .  d ry,  or 2 1 , 2  V peak or 1 5  V r.m . s.  when  wet  con tact  i s  l i kely to  
occur.  
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I f a  converter i s  used ,  and  the  control  i s  declared   

–  I PX7  per 6 . 5. 2 ,  the  control  shal l  be  declared  to  be  subjected  to  second  fau l t  anal ys is  
(requ i rement 73  of Table  1 )  for the  ci rcu i ts  and  i nsu lation  between  wind ings  of the  
converter and  as  resu l t of second  fau l t  the  ELV  va lue  of 0  V shal l  not be  exceeded .  The  
curren t between  the  poles  of the  ou tput  shal l  comply wi th  H . 8. 1 . 1 0.  

Compliance is checked by inspection,  measurement and when performing the appropriate 
test(s)  in the  order of this standard.  

T.3.2. 1  Protective  screen ing  shal l  cons ist  of a  conductive  screen  i n terposed  between  
hazardous  l ive  parts  of the  control ,  i nsta l l ation ,  or system  and  the  part be ing  protected  (for 
example,  a  SELV-ci rcu i t  or a  PELV ci rcu i t) .  The  protecti ve  screen :  

– sha l l  be  permanentl y and  re l i abl y connected  to  the  protective  earth ing  term inal  of the  
control  and  the  connection  shal l  comply wi th  the  requ i rements  of Clause  9;  and   

– sha l l  i tsel f comply wi th  the  requ i rements  of C lause  9 .  

T.3.3  Simple-separation  between  a  SELV-ci rcu i t  and  other SELV  systems  or PELV 
systems  or earth  shal l  comply wi th  the  requ irements  for basic insu lation  th roughout,  rated  

for the  h ighest  vol tage  presen t.  

I f any component i s  connected  between  the  separated  ci rcu i ts,  that component shal l  
wi thstand  the  e lectric stresses  speci fied  for the  i nsu lation  wh ich  i t  bridges  and  i ts  impedance  
shal l  l im i t the  prospective  cu rrent fl ow through  the  component to  the  steady-state  current  
values  i nd icated  i n  H . 8 . 1 . 1 0  and  H . 1 1 . 2. 5  for protective  impedance .  

T.3.4  Protective  bond ing  

The  requ irements  for protecti ve  bond ing  are  those  for protecti ve  earth ing  i n  C lause  9  of th is  
standard .  

For the  i nstal l ation  of controls  wh ich  consist of several  component parts  (sens ing  component,  
transm i tters,  cen tral  control  u n i t,  receivers ,  actors,  i n terface  un i ts)  and  where  such  
component parts  are  parts  of the  fixed  e lectrical  i nsta l l ation  of a  bu i l d ing ,  the  requ i rements  for 
protecti ve  bond ing  i n  I EC  standards  for i nsta l l ation  of bu i l d ings  appl y.   

NOTE  Functi onal  earth ing  i s  the  connection  of an  e l ectri cal  working  ci rcu i t  to  earth  for functi onal  purposes  as  
opposed  to  protecti ve  earth ing .  Depend ing  on  the  type  of i ns ta l l ati on  system ,  d i fferen t  requ i rements  appl y and  are  
g i ven  i n  the  I EC standards  for the  i nstal l ati on  of bu i l d i ngs.  Functional  earth i ng  may be  necessary for 
te l ecommun ication  equ ipment,  for wh ich  I EC product  standards  appl y.   

This standard allows the use of exposed-conductive-parts  as internal conductors  of an  
internal PELV circuit for functional earthing under conditions specified in  this Part 1  and for 
particular applications in the relevant part 2.  
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Annex U   
(normative)  

 
Requirements  for relays  when  used  as  controls  

in  IEC 60335 appl iances  
 

Annex U  supplements  or mod i fies  the  correspond ing  clauses  of th is  s tandard .  

NOTE  These  requ i rements  were  ori g i nal l y con tai ned  i n  I EC 60730-2-1  wh ich  has  been  wi thdrawn . 6  

U.2   Terms and  defin i tions  

U.2.2  Defin i tions  of types  of control  accord ing  to  purpose  

U .2.2. 1 2  
electrical ly operated  control  
for the  purpose  of th is  annex,  a  re lay i s  a  control  as  defined  i n  2 . 2 . 1 2 .  

Replace the first note to entry with the following new note to entry: 

NOTE  An  example  i s  a  relay,  a  curren t-operated  rel ay,  a  vol tage-operated  re lay,  or a  cycl i ng  replay.  

U.4  General  notes  on  tests  

U.4.3  Instructions  for test  

U .4.3.5  Accord ing  to  purpose  

Additional subclause:  

U.4.3.5.4  If a  relay incorporates a  ventilation means,  this should be  broken out for the tests 
of Clauses 12 to 17,  if so declared.  

U.6   Classification  

U.6.3  Accord ing  to  their purpose  

Additional subclauses:  

U.6.3. 1 0. 1  – re lay   

U . 6.3. 1 0.2  – curren t operated  re lay  

U . 6.3. 1 0.3  – vol tage  operated  relay  

  

___________ 

6  I EC 60730-2-1 : 1 989,  Automatic electrical controls for household and similar use – Part 2:  Particular 
requirements for electrical controls for household appliances 
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U.6.6  Accord ing  to  method  of connection  

Additional subclauses:  

U.6.6.6   – control  for prin ted  wi ri ng  board  mounting  

U.6.6.7  – control  for prin ted  wi ri ng  board  mounting ,  contact  connections  via  other than  
prin ted  wi ri ng  board  tracks  

U.6.6.8   – p lug- i n  re lay 

U.6.8  Accord ing  to  protection  against  electric  shock 

Additional subclauses:  

U.6.8.5 For a  re lay:  i nsu lation  between  coi l  and  con tact  ci rcu i ts :  

U.6.8.5.1  – of class  0;  

U . 6.8.5.2  – of class  0I ;  

U . 6.8.5.3  – of class  I ;  

U . 6.8.5.4  – of class  I I ;  

U . 6.8.5.5  – of class  I I I .  

U .6.8.6  For a  re lay:  i nsu lation  between  l ive  parts  and  test  function ,  manual  action  
actuating  member:  

U.6.8.6. 1  – of class  0 ;  

U .6.8.6.2  – of class  0 I ;  

U .6.8.6.3  – of class  I ;  

U .6.8.6.4  – of class  I I ;  

U .6.8.6.5  – of class  I I I .  

U.7   Information  

Replace rows 3,  4 and 88 of Table 1  as follows: 

In formation  Clause  or 
subclause  

Method  

3  Rated  vol tage  for both  coi l  and  con tacts,  i f d i fferen t  U . 1 4 ,  U . 1 7  C  

4  Natu re  of suppl y for both  co i l  and  con tacts,  i f d i fferent  U . 1 4 ,  U . 1 7  C  

88  Maximum  i n tended  cl i ck rate  U . 23  D  

 

U.1 4 Heating  

Replacement of subclause:  

U.1 4.4 Tests shall be conducted under the following conditions:  

– Coil voltage ×  0, 9 +  contacts loaded or coil current ×  0, 9 +  contacts loaded 

– Coil voltage ×  1 , 1  +  contacts loaded or coil current ×  1 , 1  +  contacts loaded 
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– Coil de-energised +  contacts loaded (N.C.  contacts) .  

– Relays shall be mounted as specified – printed wiring board connected relays shall be  
mounted to a  printed wiring board if submitted with relays to be  tested.  If not available,  
relays shall be mounted to plain printed wiring board material,  conductors of the  
appropriate  size (according to Table 6)  shall be  soldered to  printed wiring board pins.  

U.1 7  Endurance  

U.1 7. 1 4  Evaluation  of compl iance  

Replace the second list item as follows:  

–  the requirements of Clause 14,  under the conditions stated by U. 14. 4,  with regard to  
those items designated by Table 13,  footnote a,  that is,  terminals,  current carrying parts,  
and supporting surfaces are met.  

U.1 7. 1 6  Test  for particu lar purpose controls  

Relays shall be  endurance tested according to the  following schedule:  

– Ageing test of 17.6 if applicable 

– Over-voltage test of automatic action  of 17. 7 

– Test of automatic action  at accelerated rate of 17. 8  

– Test of automatic action  at slow rate of 17. 9 if applicable 

– Overvoltage test of manual action  at accelerated speed of 17. 10 if applicable 

– Test of manual action  at slow speed of 17. 11  if applicable  

– Test of manual action  at high  speed of 17. 12 if applicable 

– Test of manual action  at accelerated speed of 17. 13 if applicable  

U.20  Creepage d istances,  clearances  and  d istances  through  sol id  insulation  

Assessment shal l  be  conducted  wi th  re lay energ ised ,  de-energ ised ,  and  manual l y operated  ( i f 
appl icable).  

U.23 Electromagnetic compatibi l i ty (EMC)  requirements  – Emission   

Consideration  shou ld  be  g i ven  as  to  whether EMC requ i rements  are  appl icable  to  re lays.  

U.24 Components  

Relays  i ncorporati ng  electron ic components  shal l  be  assessed  accord ing  to  Annex H .  
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Annex V  
(normative)  

 
Requirements  for controls  powered  by secondary batteries  (rechargeable)  

 

The  fo l l owing  mod i fications  to  th is  standard  are  appl icable  for controls  powered  by batteries  
that can  be  recharged  i n  the  control .  

V.4.3.2  According  to  rating  

Additional subclauses:  

V.4.3.2 . 1 1  Operation  of the  control  i s  under the  fol lowing  cond i tions:  

– the  control ,  suppl ied  by i ts  fu l l y charged  battery,  i s  operated  as  speci fied  i n  th is  standard  
or the  re levan t part  2 ;  

– the  battery i s  charged ,  the  battery being  i n i tia l l y d ischarged  to  such  an  extent that the  
control  cannot  operate;  

– i f possib le,  the  control  i s  suppl ied  from  the  suppl y mains  th rough  i ts  battery charger,  the  
battery be ing  i n i ti a l l y d ischarged  to  such  an  extent that the  control  cannot operate.  The  
control  i s  operated  as  speci fied  i n  the  relevant part  2 ;  

– i f the  control  i ncorporates  i nductive  coupl ing  between  two parts  that are  detachable  from  
each  other,  the  control  i s  suppl ied  from  the  suppl y mains  wi th  the  detachable  part  
removed .  

V.7  Information  

Additional subclauses:  

V.7 .4  Additional  requ irements  for marking  

V.7.4. 1 0  The  i nstructions  shal l  g i ve  in formation  regard ing  charg ing  of batteries .  

V.8  Protection  against electric shock 

Additional subclauses:  

V.8.5  Battery operated  controls  shal l  be  so  des igned  that at a  user  access ib le  external  

poin t  of d isconnection  of a  d . c.  mains  suppl y,   

– the  maximum  accessib le  vol tage  is  l ess  than  or equal  to  the  l im i ts  of a  SELV/PELV 
ci rcu i t. (for example,  due  to  stored  charge  on  a  battery i n  the  control  or a  redundant  d . c.  
mains  supply for backup) ,  and   

– the  avai lable  power is  l ess  than  1 5  W  at the  end  of 5  s .  

V.8.5.1  Verification is checked by the  following test:  

A  test is conducted with the d. c.  mains supply disconnected from a fully charged battery 
control.  The voltage between the mains supply terminals is measured 1  s after disconnection 
of the mains supply.  Then,  a  variable resistive load is connected to the input terminals where  
the d. c.  mains supply is normally connected.  The control is operated from its internal battery.  
The variable load is adjusted so that it draws maximum power through the circuit.  The 
maximum power is recorded at the end of 5 s.  
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If the voltage and the power recorded are within the limits specified in V. 8.5,  the circuit is 
deemed to meet the intent of V.8. 5.  

V.1 1 . 1 3.4.4.3  The battery used for the following tests is a  fully charged rechargeable battery 
as provided with,  or recommended by the manufacturer for use with,  the equipment.  

V.1 1 . 1 3.4.4.3.1  Overcharging of a  rechargeable battery.  The battery is charged under each 
of the following conditions in  turn.   

V.1 1 . 1 3.4.4.3.1 . 1  The battery charging circuit is adjusted with  the battery disconnected to 
give 106 % of the rated output voltage of the charger,  or the maximum charging voltage 
available from the charger (without simulation of faults) ,  whichever is the higher attainable  
value.  The battery is then charged for 7 h.  

V.  1 1 . 1 3.4.4.3. 1 .2  The battery charging circuit is adjusted,  with  the battery disconnected,  to  
100 % of the rated output voltage of the charger.  The battery is charged while briefly 
subjected to the simulation of any single component failure  that is likely to occur in the 
charging circuit and that results in overcharging of the battery.  To minimize testing time,  the 
failure  is chosen that causes the highest overcharging current.  The battery is then charged 
for a  single period of 7 h  with that simulated failure  in  place.  

V.1 1 . 1 3.4.4.3.2  Reverse charging of a  rechargeable battery.  The battery is reverse charged 
while briefly subjected to  the simulation of any single component failure  that is likely to occur 
in the charging circuit and that would result in reverse charging of the battery.  To minimize  
testing time,  the failure  is chosen that causes the highest reverse charging current.  The 
battery is then reverse charged for a  single period of 7 h  with  that simulated failure  in  place.  

V.1 1 . 1 3.4.4.3.3  Excessive discharging rate for battery.  The battery is subjected to rapid 
discharge by open-circuiting or short-circuiting any current-limiting or voltage-limiting 
components in  the load circuit of the battery under test.  

V.1 1 . 1 3.4.4.3.4  Compliance is in  accordance with 11 . 13. 4. 4. 4 and 11 . 13. 4. 5.   
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COMMISSION  ÉLECTROTECHNIQUE INTERNATIONALE  
____________ 

 
DISPOSITIFS  DE  COMMANDE ÉLECTRIQUE AUTOMATIQUES –  

 
Partie  1 :  Exigences  générales  

 
AVANT-PROPOS  

1 )  La  Comm ission  E lectrotechn i que  I n ternational e  ( I EC)  est  une  organ isation  mond ial e  de  normal i sation  
composée  de  l 'ensemble  des  com i tés  é l ectrotechn i ques  nati onaux (Com i tés  nationaux de  l ’ I EC).  L’ I EC a  pour 
objet  de  favori ser l a  coopérati on  i n ternati ona le  pou r tou tes  l es  questi ons  de  normal i sation  dans  l es  domaines  
de  l 'é l ectri ci té  et  de  l ' é l ectron ique.  A cet  effet,  l ’ I EC – en tre  au tres  acti vi tés  – publ i e  des  Normes  
i n ternati ona les,  d es  Spéci fi cations  techn iques,  d es  Rapports  techn iques,  d es  Spéci fi cati ons  accessib les  au  
publ i c  (PAS)  et  des  Gu i des  (ci -après  dénommés  "Publ i cation (s)  de  l ’ I EC").  Leu r é l aboration  est  confiée  à  des  
com i tés  d 'études,  aux travaux desque ls  tou t  Com i té  nationa l  i n téressé  par l e  su j et  trai té  peut  parti ciper.  Les  
organ isati ons  i n ternationales ,  gouvernementales  et  non  gouvernementa les,  en  l i a i son  avec l ’ I EC,  parti cipen t  
égal ement aux travaux.  L’ I EC col l abore  étroi tement avec l 'Organ isati on  I n ternationale  de  Normal i sation  ( I SO),  
se lon  des  cond i ti ons  fi xées  par accord  en tre  l es  deux organ isations.  

2)  Les  décis ions  ou  accords  offi ciel s  d e  l ’ I EC  concernant  l es  q uestions  techn i ques  représentent,  d ans  l a  mesure  
du  possib l e,  u n  accord  i n ternational  su r l es  su j ets  étud iés,  étant  d onné  que  l es  Com i tés  nati onaux de  l ’ I EC  
i n téressés  sont  représentés  dans  chaque  com i té  d ’études.  

3)  Les  Publ i cati ons  de  l ’ I EC se  présentent  sous  l a  forme  de  recommandations  i n ternati ona l es  et  son t  agréées  
comme tel l es  par l es  Com i tés  nationaux de  l ’ I EC.  Tous  l es  efforts  ra i sonnabl es  son t  en trepri s  afi n  que  l ’ I EC 
s 'assure  de  l 'exacti tude  du  con tenu  techn i que  de  ses  publ i cations;  l ’ I EC  ne  peu t  pas  être  tenue  responsabl e  de  
l 'éven tuel l e  mauvaise  u ti l i sation  ou  i n terprétation  qu i  en  est  fa i te  par u n  quelconque  u ti l i sateur fi nal .  

4)  Dans  l e  bu t  d 'encou rager l 'u n i form i té  i n ternati onale,  l es  Com i tés  nationaux de  l ’ I EC s 'engagent,  dans  tou te  l a  
mesure  possibl e,  à  appl i quer d e  façon  transparen te  l es  Publ i cations  de  l ’ I EC dans  l eu rs  publ i cations  nati onales  
et  rég ional es.  Toutes  d i vergences  en tre  tou tes  Publ i cations  de  l ’ I EC et  tou tes  pub l i cati ons  nati onales  ou  
rég ionales  correspondantes  do ivent  être  i nd iquées  en  termes  cl ai rs  dans  ces  dern ières.  

5)  L’ I EC e l l e-même ne  fou rn i t  aucune  attestati on  de  conform i té.  Des  organ ismes  de  certi fi cation  i ndépendants  
fourn i ssent  d es  services  d 'évaluati on  de  conform i té  et,  dans  certai ns  secteu rs,  accèdent  aux marques  de  
conform i té  de  l ’ I EC.  L ’ I EC n 'est  responsabl e  d 'aucun  des  servi ces  effectués  par l es  organ ismes  de  certi fi cation  
i ndépendants.  

6)  Tous  l es  u ti l i sateurs  doi vent  s 'assurer qu ' i l s  sont  en  possession  de  l a  d ern ière  éd i ti on  de  cette  pub l i cation .  

7)  Aucune  responsabi l i té  ne  doi t  être  impu tée  à  l ’ I EC,  à  ses  adm in i strateurs ,  employés,  auxi l i a i res  ou  
mandatai res,  y compris  ses  experts  parti cu l i ers  et  l es  membres  de  ses  com i tés  d 'études  et  des  Com i tés  
nationaux de  l ’ I EC,  pour tou t  pré jud ice  causé  en  cas  de  dommages  corporel s  et  matérie l s ,  ou  de  tou t  au tre  
dommage  de  quel que  natu re  q ue  ce  soi t,  d i recte  ou  i nd i recte ,  ou  pou r supporter l es  coû ts  (y compris  l es  fra i s  
de  j usti ce)  et  l es  dépenses  décou lan t  de  l a  publ i cati on  ou  de  l 'u ti l i sati on  de  cette  Publ i cation  de  l ’ I EC ou  de  
tou te  au tre  Publ i cati on  de  l ’ I EC,  ou  au  créd i t  q u i  l u i  est  accordé.  

8)  L 'atten ti on  est  atti rée  sur l es  références  normatives  ci tées  dans  cette  publ i cati on .  L 'u ti l i sation  de  publ i cations  
référencées  est  obl i gatoi re  pou r une  appl i cati on  correcte  de  l a  présente  publ i cati on .   

9)  L ’atten tion  est  atti rée  su r l e  fa i t  q ue  certai ns  des  é l éments  de  l a  présente  Publ i cation  de  l ’ I EC peuvent fa i re  
l ’ obj et  de  d roi ts  de  brevet.  L ’ I EC ne  sau rai t  être  tenue  pour responsable  de  ne  pas  avoi r i d en ti fi é  d e  tel s  d ro i ts  
de  brevets  et  de  ne  pas  avoi r s i gna lé  l eur exi stence.  

DÉGAGEMENT DE RESPONSABILITÉ   
Cette  version  consol idée  n ’est  pas  une  Norme IEC  officiel le,  el le  a  été  préparée par 
commodité  pour l ’u ti l i sateur.  Seu les  les  versions  courantes  de  cette  norme et de  
son(ses)  amendement(s)  doivent être  considérées  comme les  documents  officiels.  

Cette  version  consol idée  de  l ’ IEC  60730-1  porte  l e  numéro d 'édi tion  5. 1 .  E l l e  comprend  
la  cinqu ième éd i tion  (201 3-1 1 )  [documents  72/899/FDIS  et 72/928/RVD] ,  et  son  
corrigendum 1  (septembre 201 4) ,  et  son  amendement 1  (201 5-1 2)  [documents  
72/1 01 7/FDIS  et 72/1 026/RVD] .  Le  contenu  technique  est identique à  celu i  de  l 'éd i tion  de  
base  et à  son  amendement.  

Cette  version  Finale  ne  montre  pas  les  modifications  apportées  au  contenu  technique 
par l ’ amendement 1 .  Une  version  Red l ine  montrant toutes  les  modifications  est  
d ispon ible  dans  cette  publ ication .  
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La  Norme in ternationale  I EC  60730-1  a  été  établ i e  par l e  com i té  d 'études  72  de  l ’ I EC:  
Commande  électriques  automatiques.  

Cette  éd i ti on  consti tue  une  révis ion  techn ique.  Les  pri ncipa les  mod i fications  apportées  par 
rapport  à  l ’éd i ti on  précéden te  son t l es  su ivan tes:   

– mod i fication  du  ti tre  et  d u  domaine  d ’appl ication ;   

– révis ions  de  l ’Article  H . 26  sur l a  base  des  évolu tions  en  termes  de  technolog ie  et  
d ’appl ications,  et afin  d ’amél iorer l a  cohérence  et  l a  présentation ;  

– mod i fication  du  Tableau  H . 1 2  pour a l i gnement avec l a  CI SPR 22;  

– révis ions  de  l ’Annexe J  pour corrélation  avec les  modes  de  panne  des  therm istances,  et  
exemption  des  therm istances  u ti l i sées  con j oin tement avec les  d ispos i ti fs  de  commande de  
type  1  en  ci rcu i ts  TBTS  de  fa ib le  pu issance  à  parti r des  essais  spéci fiés  à  l ’Annexe  J ;  

– nouvel les  exigences  concernant l es  d ispos i ti fs  de  commande  a l imentés  par p i l e ,  et  
u ti l i sation  de  p i l es  dans  l es  d ispos i ti fs  de  commande;  

– révision  concernant l ’ exclus ion  des  pannes  de  re la is;  

– exigences  nouvel les/m ises  à  j our à  l ’Article  24,  pour les  a l imen tations  en  mode  de  
commutation ;  

– révis ions  concernant l es  to lérances  pour l es  organes  de  serrage  sans  vi s  conformes  à  
l ’ I EC 60999-1 ;  

– nouvel l es  exigences  concernant  l es  fonctions  de  commande à  d is tance;  

– add i ti on  d ’un  d iagramme de  couran t de  fu i te  nouveau /m is  à  j our pour al i gnement du  
d iagramme de  l ’Annexe E  avec l e  d iagramme de  l ’ I EC 60990;  

– exigences  m ises  à  j our pour les  d ispos i ti fs  de  commande  sensib les  à  l a  température.  

Une  l i ste  de  toutes  l es  parties  de  l ’ I EC  60730,  sous  le  ti tre  général :  Dispositifs de commande 
électrique automatiques,  est  d ispon ib le  su r l e  s i te  web de  l ’ I EC.  

Afi n  de  consti tuer une  norme vra iment i n ternationale  pour couvri r l es  d isposi ti fs  de  commande 
électrique  automatiques  à  usage  domestique  et analogue,  i l  a  été  nécessai re  de  prendre  en  
compte  des  exigences  d i fférentes  résu l tan t de  l 'expérience  prati que  acqu ise  dans  p lus ieurs  
parties  du  monde et  de  reconnaître  l es  d i fférences  des  systèmes  é lectriques  et  des  règ les  
d ' instal l ation  nationales.  

Les  commentai res  concernan t des  pratiques  nationales  d i fférentes  («  dans  certa ins  pays…»)  
son t contenus  dans  l es  paragraphes  su ivan ts:  

2. 1 . 5  

2 . 7. 2  

2 . 7. 3  

2 . 1 4 . 2  

4 . 2 . 1  

6 . 6. 1  

Tableau  1  (7. 2),  note  de  bas  de  
tableau  d  

7 . 4. 3  

7 . 4. 3. 2  

8. 1 . 1 . 1  

8 . 4  

9. 3. 2  

9. 3. 4  

9. 5. 2  

Tableau  3  (1 0. 1 . 4 ),  note  de  bas  de  
tableau  b  

1 0 . 1 . 4 . 1  

1 1 . 5  

Tableau  1 0  (1 1 . 8. 2),  note  de  bas  de  
tableau  b  

1 1 . 1 1 . 1 . 2  

1 1 . 1 1 . 1 . 3  

1 1 . 1 1 . 1 . 4  

1 2 . 1 . 6  

1 2 . 3  

Tableau  1 2  (1 3. 2 . 1 ) ,  note  de  bas  de  
tableau  1 4  

1 3. 3. 4  

1 4. 4  

Tableau  1 3  (1 4. 7. 4),  note  de  bas  de  
tableau  f 

1 5. 1  

1 6 . 2 . 1  

1 7 . 1 . 3. 1  

1 7 . 2 . 2  

1 7 . 5. 1  

1 7 . 7 . 7  

1 7 . 8. 4 . 1  

1 7 . 1 0  

1 7 . 1 0. 4  

1 7 . 1 2 . 5  

1 8. 1 . 6  

1 8. 1 . 6 . 1  

1 8. 1 . 6 . 2  

1 8. 1 . 6 . 3  

1 8. 4  

1 9. 2 . 4 . 1  

1 9. 2 . 5. 1  

21 . 1  

21 . 4  

27. 2 . 3. 1  

Annexe  C  
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1 0. 1 . 1 4  

1 0 . 1 . 1 6  

1 0 . 1 . 1 6. 1  

Tableau  6  (1 0. 2 . 1 ) ,  note  de  bas  de  
tableau  b  

 

1 7. 2 . 3  

1 7. 2 . 3. 1  

Tableau  1 4  (1 7. 2 . 5)  

Tableau  1 5  (1 7. 2 . 5)  

Tableau  1 6  (1 7. 2 . 5)  

 

Annexe  D  

H . 26. 1 0  

Tableau  H . 1 8  (H . 26. 1 0. 4)  

H . 27. 1 . 1 . 3  

Tableau  K. 1 ,  n ote  de  bas  de  tableau  b  

Tableau  K. 2 ,  note  de  bas  de  tableau  b  

T. 3 . 2  

I l  est envisagé  que  dans  la  prochaine  éd i tion  de  l a  présente  norme,  i l  sera  possib le  de  
supprimer l es  d i fférences  qu i  seron t couvertes  par de  nouvel l es  normes  de  l ’ I EC en  
préparation  dans  d 'autres  com i tés  d 'études.  

La  présente  partie  1  est à  u ti l i ser avec la  partie  2  appropriée  au  type  de  d isposi ti f de  
commande concerné  ou  aux d ispos i ti fs  de  commande pour appl ications  particu l ières.  La  
présente  partie  1  peu t auss i  être  u ti l i sée,  au tant que  de  ra ison ,  aux d isposi ti fs  de  commande  
non  mentionnés  dans  une  partie  2  et aux d ispos i ti fs  de  commande  conçus  se lon  de  nouveaux 
principes,  pour l esquels  de  nouvel les  exigences  peuvent  être  nécessaires.  

S i ,  pour un  article  ou  un  paragraphe particu l i er,  l e  texte  de  l a  partie  2  i nd ique:  

Addition:           l e  texte  de  l a  partie  1  est  appl icable  avec l 'exigence  complémenta ire  
i nd iquée  dans  une  partie  2 ;  

Modification:     l e  texte  de  l a  partie  1  est appl icable  avec la  mod i fication  m ineure  
i nd iquée  dans  une  partie  2 ;  

Remplacement:    l e  texte  de  la  partie  2  remplace  entièrement l e  texte  de  l a  partie  1 .  

Lorsqu 'aucune mod i fication  n 'est nécessai re,  la  partie  2  i nd ique  que  l 'article  ou  le  paragraphe 
approprié  est appl icable.  

NOTE  Dans  l a  présente  norme,  l es  caractères  d ' imprimeri e  su ivants  sont  employés:  

– Exigences  proprement d i tes :  caractères  romains;  

– Modalités d'essais: caractères italiques 

– Commentai res:  peti ts  caractères  romains.  

–  Termes  défin is :  en  gras .  

Afi n  de  faci l i ter l e  rapprochement en tre  les  parties  2  et  l a  Partie  1 ,  certa ins  ti tres  de  tableau  
con tiennent des  références  entre  crochets  aux numéros  de  tab leau  de  l ’ I EC 60730-1 ,   
éd i tion  3 .  

Cette  publ ication  a  été  réd igée  selon  l es  D irectives  I SO/I EC,  Partie  2 .  
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Le  com ité  a  décidé  que  l e  con tenu  de  l a  publ ication  de  base  et de  son  amendement ne  sera  
pas  mod i fié  avant  l a  date  de  stabi l i té  i nd iquée  sur l e  s i te  web  de  l ’ I EC sous  
"h ttp: //webstore. iec.ch"  dans  les  données  re latives  à  l a  publ ication  recherchée.  A cette  date,  
l a  publ ication  sera   

•  recondu i te,  

•  supprimée,  

•  remplacée  par une  éd i tion  révisée,  ou  

•  amendée.  

 

IMPORTANT – Le  logo "colour inside" qui  se  trouve sur l a  page de  couverture  de  cette  
publ ication  ind ique qu 'el le  contient des  cou leurs  qu i  sont considérées  comme u ti l es  à  
une bonne compréhension  de  son  contenu.  Les  u ti l i sateurs  devraient,  par conséquent,  
imprimer cette  publ ication  en  u ti l i sant une imprimante  cou leur.  
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DISPOSITIFS  DE  COMMANDE ÉLECTRIQUE AUTOMATIQUES –  
 

Partie  1 :  Exigences  générales  
 
 
 

1  Domaine d 'appl ication  et références  normatives  

1 . 1  Domaine  d ’appl ication  

En  général ,  l a  présen te  Norme i n ternationale  s 'appl i que  aux disposi ti fs  de  commande 
électrique  au tomatiques  destinés  à  être  u ti l i sés  dans,  sur,  ou  avec des  équ ipements  à  usage  
domestique  et analogue.  Les  matérie ls  peuvent  u ti l i ser l 'é lectrici té,  l e  gaz,  le  pétrole,  des  
combustib les  sol i des,  l 'énerg ie  therm ique  solai re ,  etc. ,  ou  une  combinaison  de  ces  sources  
d 'énerg ie .  

NOTE  1  Partou t  où  i l  est  u ti l i sé  dans  l a  présente  norme,  l e  terme  «matérie l »  s i gn i fi e  «matéri e l  et  équ ipement» .  

EXEMPLE  1  Disposi ti fs  de  commande  pou r l es  apparei l s  en trant  dans  l e  domaine  d ’appl i cation  de  l ’ I EC 60335.  

La présente  norme s'appl i que  aux disposi ti fs  de  commande  pour l ’ au tomatisation  du  
bâtiment relevant du  domaine  d 'appl ication  de  l ’ I SO 1 6484.  

La  présen te  norme s ’appl i que  également aux dispositi fs  de  commande  électriques  
au tomatiques  des  équ ipements  qu i  peuven t être  u ti l i sés  par l e  publ ic  ( les  équ ipements  
destinés  à  être  u ti l i sés  dans  des  magasins,  des  bureaux,  des  hôpi taux,  des  fermes  et des  
appl ications  commercia les  et i ndustrie l l es,  par exemple) .  

EXEMPLE  2  Disposi ti fs  de  commande  pou r l es  i nstal l ati ons  de  restaurati on ,  d e  chauffage  et  d ’ a i r cond i ti onné.  

La  présente  norme est  également appl icable  aux dispositi fs  de  commande  i nd ividuels  
u ti l i sés  comme partie  d 'un  système de  commande  ou  de  dispositi fs  de  commande  
so l i daires  mécan iquement de  dispositi fs  de  commande  mu l ti fonctions  ayan t des  sorties  non  
é lectriques.  

EXEMPLE  3  Les  vannes  montées  i ndépendamment,  l es  d isposi ti fs  de  commande  des  systèmes  de  réseau  
électri que  i n tel l i gent  et  l es  disposi ti fs  de  commande  des  systèmes  d ’au tomati sation  des  bâtiments  en trant  dans  
l e  domaine  d ’appl i cation  de  l ’ I SO  1 6484-2.  

La présente  norme s’appl ique  également aux re la is  u ti l i sés  en  tan t que  d ispositi fs  de  
commande  d es  apparei ls  conformes  à  l ’ I EC  60335.  L ’Annexe  U  con tien t des  exigences  
supplémentaires  re latives  à  l a  sécuri té  et  aux valeurs  de  fonctionnement  des  re la is  u ti l i sés  
en  tant  que  dispositi fs  de  commande  d es  apparei ls  conformes  à  l ’ I EC 60335.  

NOTE  2  I l  est  fa i t  référence  à  ces  exigences  dans  l e  d omaine  d 'appl i cati on  de  l ’ I EC 61 81 0-1 .  

NOTE  3  La  présente  norme est  desti née  à  être  u ti l i sée  pou r l es  essai s  d e  tou t  re lai s  au tonome qu i  est  censé  être  
u ti l i sé  comme disposi ti f de  commande  d 'u n  apparei l  conforme à  l ’ I EC 60335-1 .  E l l e  n 'est  censée  n i  être  u ti l i sée  
pou r un  au tre  re la i s  au tonome n i  remplacer l a  série  de  normes  I EC 61 81 0.  

La présen te  norme ne  s 'appl ique  pas  aux dispositi fs  de  commande électrique  
au tomatiques  prévus  exclusivement pour des  appl ications  i ndustrie l l es,  sauf mention  
particu l i ère  dans  l a  partie  2  ou  l a  norme de  l ’ équ ipement.  

La  présente  norme s ’appl ique  aux d ispositi fs  de  commande  a l imentés  par pi l es  primaires  ou  
secondai res,  l es  exigences  qu i  les  concernent étant con tenues  dans  la  norme,  y compris  
l ’Annexe  V.  
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1 . 1 . 1  La  présente  Norme i n ternationale  s 'appl ique  à  l a  sécuri té  i n trinsèque,  aux valeurs  de  
fonctionnement,  aux temps  de  fonctionnement  e t  aux séquences  de  fonctionnement  
dans  l a  mesure  où  i l s  i n terviennen t dans  la  sécuri té  du  matérie l ,  a ins i  qu 'aux essais  des  
dispositi fs  de  commande électrique  au tomatiques  u ti l i sés  dans  ou  avec du  matériel .  

La  présente  norme s’appl ique  aux dispositi fs  de  commande  u ti l i san t des  thermistances  
(vo i r également Annexe J ).  

La  présen te  norme s ’appl ique  également aux systèmes  e t  dispositi fs  de  commande de  
sécuri té  fonctionnel le  et de  sécuri té  peu  complexe .  

1 . 1 .2  La  présente  norme s 'appl ique  aux d isposi ti fs  de  commande électrique  au tomatiques  
actionnés  mécan iquement ou  é lectri quement qu i  commandent ou  son t sens ib les  à  des  
caractéristi ques  te l l es  que  température,  press ion ,  temps,  hum id i té,  l um ière,  effets  
é lectrostati ques,  débi t ou  n i veau  d 'un  l i qu ide,  courant,  tens ion  ou  accélération ,  ou  leurs  
combinaisons.  

1 . 1 .3  La  présente  norme s'appl i que  aux re la i s  de  démarrage,  qu i  consti tuen t un  type  
spéci fique  de  dispositi f de  commande  électrique  au tomatique,  prévus  pour a l imen ter 
l 'enrou lement de  démarrage  d 'un  moteur.  Ces  dispositi fs  de  commande  peuvent fa i re  partie  
i n tégrante  du  moteur ou  consti tuer un  é lémen t séparé.   

1 . 1 .4  La  présente  norme s 'appl ique  aux dispositi fs  de  commande  manuel le  d ans  la  
mesure  où  i l s  fon t partie  i n tégra le,  é l ectri quement et/ou  mécan iquement,  des  disposi ti fs  de  
commande automatiques .   

NOTE  Les  exi gences  pou r l es  d i sposi ti fs  d e  commande  manuel l e  ne  fa i sant  pas  part i e  d ' un  di sposi ti f de  
commande  au tomatique  son t  con tenues  dans  l ’ I EC 61 058-1 .  

1 . 1 .5  La  présente  norme s ’appl ique  à  des  disposi ti fs  de  commande  à  courant a l ternati f ou  
con tinu  dont  l a  tens ion  assignée ne  dépasse  pas  690  V c. a.  ou  600  V c. c.  

1 . 1 .6  La  présente  norme ne  prend  pas  en  considération  l a  valeur de  réponse  d 'une  action  
automatique  d 'un  disposi ti f de  commande  l orsqu 'e l l e  est i n fl uencée par l a  méthode de  
montage  du  dispositi f de  commande  dans  le  matérie l .  Dans  l es  cas  où  une  te l le  valeur de  
réponse  est importan te  du  poin t de  vue  de  l a  protection  de  l 'uti l isateur  ou  de  
l 'envi ronnement,  l a  va leur spéci fi ée  dans  la  norme particu l i ère  du  matérie l  domestique  
appropriée  ou  déterm inée  par l e  fabrican t doi t s 'appl i quer.  

1 . 1 . 7  La  présente  norme s 'appl ique  également aux dispositi fs  de  commande  i ncorporant 
des  dispositi fs  électron iques  dont  l es  exigences  sont données  à  l 'Annexe  H .  

1 . 1 . 8  La  présente  norme s'appl ique  également aux dispositi fs  de  commande  u ti l i san t des  
thermistances  CTN  ou  CTP,  dont  l es  exigences  son t contenues  à  l 'Annexe  J .  

1 . 1 . 9  La  présen te  norme s ’appl ique  à  l a  sécuri té  é l ectri que  et fonctionnel le  d es  
dispositi fs  de  commande  capables  de  recevoir et  de  répondre  à  des  s i gnaux de  
communication ,  y compris  l es  s i gnaux propres  au  taux de  facturation  de  l ’é lectrici té  et à  l a  
gestion  de  l a  demande.   

Les  s ignaux peuvent être  transm is  ou  reçus  d ’un i tés  externes  qu i  fon t partie  i n tégrante  du  
dispositi f de  commande  (câblé) ,  ou  vers  et depu is  des  un i tés  externes  qu i  ne  fon t pas  partie  
i n tégrante  du  dispositi f de  commande  (non  câblé)  en  essai .   
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1 . 1 . 1 0  La  présen te  norme ne  tra i te  pas  de  l ’ i n tégri té  du  s ignal  de  sortie  transm is  aux 
d isposi ti fs  de  réseau ,  comme l ’ i n teropérabi l i té  avec d ’autres  d isposi ti fs,  à  moins  qu ’e l le  n ’a i t  
été  évaluée  comme partie  i n tégrante  du  système  de  commande .  

1 .2  Références  normatives  

Les  documents  su ivan ts  son t ci tés  en  référence  de  man ière  normative,  en  i n tégral i té  ou  en  
partie ,  dans  le  présen t document et  son t i nd i spensables  pour son  appl ication .  Pour les  
références  datées,  seu le  l ’ éd i ti on  ci tée  s ’appl i que.  Pour les  références  non  datées,  l a  
dern ière  éd i ti on  du  document de  référence  s ’appl ique  (y compris  l es  éventuels  
amendements).  

I EC 60038,  Tensions normales de l’IEC 

I EC 60065: 2001 ,  Appareils audio,  vidéo et appareils électroniques analogues – Exigences de 
sécurité 1   
Amendement 1 : 2005   
Amendement 2 : 201 0   

I EC 60068-2-75,  Essais d'environnement – Partie 2-75:  Essais – Essai Eh: Essais aux 
marteaux  

I EC 60085,  Isolation électrique – Évaluation et désignation thermiques  

I EC  60099-1 ,  Parafoudres – Partie 1 :  Parafoudres à  résistance variable avec éclateurs pour 
réseaux à  courant alternatif2  

I EC  601 1 2: 2003,  Méthode de détermination des indices de résistance et de tenue au 
cheminement des matériaux isolants solides3  
Amendement 1 :2009  

I EC 601 27-1 ,  Miniature fuses – Part 1 :  Definitions for miniature fuses and general 
requirements for miniature fuse-links (d ispon ib le  en  ang la is  seu lement)  

I EC 60227-1 ,  Conducteurs et câbles isolés au polychlorure de vinyle,  de tension nominale au 
plus égale  à  450/750 V – Partie  1 :  Exigences générales  

I EC 60245-1 ,  Conducteurs et câbles isolés au caoutchouc –  Tension assignée au plus égale à  
450/750 V – Partie  1 : Exigences générales  

I EC  60269-1 ,  Fusibles basse tension – Partie 1 :  Exigences générales 

I EC 60335-1 : 201 0  Appareils électrodomestiques et analogues – Sécurité – Partie 1 :  
Exigences générales  

I EC  60364  ( tou tes  les  parties) ,  Installations électriques à  basse tension  

I EC  60384-1 4,  Fixed capacitors for use in electronic equipment – Part 14:  Sectional 
specification:  Fixed capacitors for electromagnetic interference suppression and connection to 
the supply mains (d ispon ible  en  ang la is  seu lement)  

___________ 

1  I l  exi ste  u ne  éd i ti on  consol i dée  7. 2 : 201 1  comprenant  l ’ I EC  60065-1 : 2001  et  ses  Amendements  1 : 2005  et  2 :  
201 0.  

2 Reti rée.  

3 I l  exi ste  u ne  éd i ti on  consol i dée  4 . 1 : 2009  comprenant l ’ I EC 601 1 2 : 2003  et  son  Amendement  1 : 2009.  
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IEC 60384-1 6,  Fixed capacitors for use in  electronic equipment – Part 16:  Sectional 
specification: Fixed metallized polypropylene film dielectric d. c.  capacitors (d ispon ib le  en  
ang lais  seu lement)  

I EC 60384-1 7,  Fixed capacitors for use in electronic equipment – Part 17:  Sectional 
specification: Fixed metallized polypropylene film dielectric a. c.  and pulse capacitors 
(d ispon ib le  en  ang lais  seu lement)  

IEC 6041 7  ( tou tes  les  parties) ,  Symboles graphiques utilisables sur le matériel 

IEC 60423,  Systèmes de conduits pour la  gestion du câblage – Diamètres extérieurs des 
conduits pour installations électriques et filetages pour conduits et accessoires  

I EC  60529: 1 989,  Degrés de protection procurés par les enveloppes (Code IP) 4  
Amendement 1 : 1 999  

IEC 60539  ( toutes  l es  parties),  Directly heated negative temperature coefficient thermistors  
(d ispon ib le  en  ang lais  seu lement)  

I EC 60664-1 : 2007,  Coordination de l'isolement des matériels dans les systèmes (réseaux)  à  
basse tension – Partie 1 :  Principes,  exigences et essais  

I EC  60664-3: 2003,  Coordination de l'isolement des matériels dans les systèmes (réseaux)  à  
basse tension – Partie 3:  Utilisation de revêtement,  d'empotage ou de moulage pour la  
protection contre  la  pollution   
Amendement 1 : 201 0  

I EC 60664-4,  Coordination de l’isolement des matériels dans les systèmes (réseaux)  à  basse 
tension – Partie  4:  Considérations sur les contraintes de tension à  haute fréquence  

I EC  60695-2-1 0,  Essais relatifs aux risques du feu – Partie 2-10: Essais au fil 
incandescent/chauffant – Appareillage et méthode commune d'essai  

I EC  60695-2-1 1 : 2000,  Essais relatifs aux risques du feu – Partie 2-11 : Essais au fil 
incandescent/chauffant – Méthode d'essai d'inflammabilité pour produits finis  

I EC  60695-1 0-2 ,  Essais relatifs aux risques du feu – Partie 10-2: Chaleurs anormales – Essai 
à  la  bille  

I EC  60738-1 ,  Thermistors – Thermistors – Directly heated positive  temperature coefficient – 
Part 1 : Generic specification  (d ispon ib le  en  ang la is  seu lement)  

I EC 60738-1 -1 ,  Thermistors – Directly heated positive step-function temperature coefficient – 
Part 1 -1 : Blank detail specification – Current limiting application – Assessment level EZ 
(d ispon ib le  en  ang lais  seu lement)  

I EC 60947-1 : 2007,  Appareillage à  basse tension – Partie  1 : Règles générales  

I EC  60998-2-2 ,  Dispositifs de connexion pour circuits basse tension pour usage domestique 
et analogue – Partie 2-2: Règles particulières pour dispositifs de connexion en tant que 
parties séparées avec organes de serrage sans vis  

___________ 

4 I l  exi ste  u ne  éd i ti on  consol i dée  2 . 1 : 2001  comprenant  l ’ I EC 60529: 1 989  et  son  Amendement  1 : 1 999.  
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IEC 60998-2-3,  Dispositifs de connexion pour circuits basse tension pour usage domestique 
et analogue – Partie 2-3: Règles particulières pour dispositifs de connexion en tant que 
parties séparées avec organes de serrage à  perçage d'isolant  

I EC 60999-1 ,  Dispositifs de connexion – Conducteurs électriques en cuivre – Prescriptions de 
sécurité  pour organes de serrage à  vis et sans vis  – Partie 1 :  Prescriptions générales et 
particulières pour les organes de serrage pour les conducteurs de  0, 2 mm2  à  35 mm2  (inclus)  

I EC  61 000  ( tou tes  les  parties ) ,  Compatibilité  électromagnétique (CEM)  

I EC  61 000-3-2 ,  Compatibilité  électromagnétique (CEM)  – Partie 3-2: Limites – Limites pour 
les émissions de  courant harmonique (courant appelé par les appareils ≤  16 A  par phase)   

I EC 61 000-3-3: 2008,  Compatibilité électromagnétique (CEM)  – Partie 3-3: Limites – Limitation 
des variations de  tension,  des fluctuations de tension et du papillotement dans les réseaux 
publics d'alimentation basse tension,  pour les matériels ayant un courant assigné ≤16 A  par 

phase et non soumis à  un raccordement conditionnel  

I EC  61 000-4-2 : 2008,  Compatibilité électromagnétique (CEM)  – Partie 4-2: Techniques d'essai 
et de  mesure – Essai d'immunité aux décharges électrostatiques  

I EC  61 000-4-3,  Compatibilité électromagnétique (CEM)  – Partie 4-3: Techniques d'essai et de 
mesure – Essai d'immunité aux champs électromagnétiques rayonnés aux fréquences 
radioélectriques  

I EC 61 000-4-4,  Compatibilité électromagnétique (CEM)  – Partie 4-4: Techniques d'essai et de 
mesure – Essais d'immunité aux transitoires électriques rapides en salves   

I EC 61 000-4-5,  Compatibilité électromagnétique (CEM)  – Partie 4-5: Techniques d'essai et de 
mesure – Essai d'immunité aux ondes de  choc  

I EC  61 000-4-6,  Compatibilité électromagnétique (CEM)  – Partie 4-6: Techniques d'essai et de 
mesure – Immunité aux perturbations conduites,  induites par les champs radioélectriques  

I EC  61 000-4-8,  Compatibilité électromagnétique (CEM)  – Partie 4-8: Techniques d'essai et de 
mesure – Essai d'immunité au champ magnétique à  la  fréquence du réseau  

I EC 61 000-4-1 1 ,  Compatibilité électromagnétique (CEM)  – Partie 4-11 : Techniques d'essai et 
de mesure – Essais d'immunité aux creux de tension,  coupures brèves et variations de 
tension  

I EC 61 000-4-1 3: 2002,  Compatibilité électromagnétique (CEM)  –  Partie  4-13: Techniques 
d’essai et de mesure – Essais d’immunité basse fréquence aux harmoniques et inter-
harmoniques incluant les signaux transmis sur le  réseau électrique alternatif 
Amendement 1 : 2009  

I EC 61 000-4-28,  Compatibilité électromagnétique (CEM)  – Partie 4-28: Techniques d'essai et 
de mesure – Essai d'immunité à  la  variation de la  fréquence d'alimentation  

I EC 61 058-1 ,  Interrupteurs pour appareils – Partie  1 : Règles générales  

I EC 61 21 0,  Dispositifs de connexion – Bornes plates à  connexion rapide pour conducteurs 
électriques en cuivre – Exigences de sécurité  

I EC 61 249  (tou tes  l es  parties),  Matériaux pour circuits imprimés et autres structures 
d'interconnexion  
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IEC 61 558-2-6,  Sécurité  des transformateurs,  bobines d'inductance,  blocs d'alimentation et 
produits analogues pour des tensions d'alimentation jusqu'à 1  100 V – Partie 2-6: Règles 
particulières et essais pour les transformateurs de sécurité et les blocs d'alimentation 
incorporant des transformateurs de  sécurité   

I EC  61 558-2-1 6,  Sécurité des transformateurs,  bobines d'inductance,  blocs d'alimentation et 
produits analogues pour des tensions d'alimentation jusqu'à 1  100 V – Partie 2-16: Règles 
particulières et essais pour les blocs d'alimentation à  découpage et les transformateurs pour 
blocs d'alimentation à  découpage 

IEC 61 643-1 1 ,  Parafoudres basse tension – Partie 1 1 : Parafoudres connectés aux systèmes 
basse tension – Exigences et méthodes d'essai 

I EC 621 51 ,  Sécurité  des matériels reliés électriquement à  un réseau de télécommunications  

I EC  62326  ( tou tes  les  parties) ,  Cartes imprimées 

I EC 62368-1 ,  Équipements des technologies de l'audio/vidéo,  de l'information et de la  
communication – Partie  1 :  Exigences de  sécurité  

CISPR 1 1 ,  Appareils industriels,  scientifiques et médicaux – Caractéristiques de perturbations 
radioélectriques – Limites et méthodes de mesure  

CI SPR 1 4-1 : 2005,  Compatibilité électromagnétique – Exigences pour les appareils 
électrodomestiques,  outillages électriques et appareils analogues – Partie 1 :  Émission 5  
Amendement 1 : 2008   

CISPR 22 : 2008,  Appareils de traitement de l'information – Caractéristiques des perturbations 
radioélectriques – Limites et méthodes de mesure  

I SO  1 6484-2,  Systèmes de gestion technique du bâtiment – Partie 2:  Équipement  

2  Termes  et défin i tions  

Pour les  besoins  du  présent document,  l es  termes  et défin i tions  su ivan ts  s ’appl iquen t.   

Lorsque  l es  termes  « tens ion»  et «courant»  sont employés,  i l s  impl i quent les  va leurs  efficaces,  
sauf spéci fication  con trai re.   

 Défin i tions  concernant  les  caractéristiques  assignées  de  tension ,  courant,  2 . 1
fréquence  et pu issance  

  2 . 1 . 1
tension ,  courant,  fréquence  et pu issance assignée  
tens ion ,  courant,  fréquence  ou  pu issance  ass ignée au  d ispositi f de  commande  par son  
fabrican t  

Note  1  à  l 'arti cl e:  Pou r u ne  a l imentation  tri phasée,  l a  tension  assignée  est  l a  tension  de  l i g ne.  

  2 . 1 . 2
plages  assignées  de  tension ,  de  courant,  de  fréquence  ou  de  pu issance  
plages  de  tens ion ,  de  courant,  de  fréquence ou  de  pu issance  nom inales  assignées  au  
disposi ti f de  commande  par son  fabrican t et  exprimées  par l eurs  l im i tes  i n férieure  et  
supérieure  

___________ 

5 I l  exi ste  u ne  éd i ti on  consol i dée  5. 1 : 2009  comprenant  l a  CI SPR 1 4-1 : 2005  et  son  Amendement  1 : 2008.  
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  2 . 1 . 3
tension  de  service  
plus  g rande  valeur efficace  de  la  va leur de  la  tension  a l ternative  ou  conti nue  appl i quée  à  
toute  i solation  particu l ière  pouvant se  produ ire  quand  l e  matérie l  est a l imenté  à  l a  tens ion  
ass ignée  

Note  1  à  l 'arti cl e:  Les  surtensions  transi toi res  son t  i g norées.  

Note  2  à  l 'arti cl e:  Les  cond i ti ons  en  ci rcu i t  ouvert  et  l es  cond i ti ons  de  fonctionnement  normal  sont  pri ses  en  
compte.  

  2 . 1 .4
très  basse tension   
TBT 
tens ion  nom inale  ne  dépassan t pas  50  V entre  conducteurs  et entre  conducteurs  et terre  ou ,  
dans  l e  cas  de  montage  triphasé,  ne  dépassant pas  50  V en tre  conducteurs  de  phase  et 29  V 
en tre  conducteurs  de  phase  et  neutre  

Note  1  à  l 'arti cl e:  Ces  val eu rs  son t  déri vées  de  l ’ I EC 60335-1 : 201 0,  Défi n i ti on  3 . 4 . 1 .  

Note  2  à  l 'arti cl e:  Dans  l a  présente  norme,  l es  n i veaux TBT  à  u ti l i ser dans  une  appl i cati on  spéci fi q ue  te l l e  q ue  
spéci fi ée  dans  l a  norme d 'app l i cation  appropriée  peuvent  être  déclarés  pour l es  d isposi ti fs  de  commande  u ti l i sés  
dans  de  tel l es  appl i cations,  ou  avec cel l es-ci ,  dans  des  cond i ti ons  envi ronnemental es  tel l es  que  spéci fi ées  par l a  
norme d 'appl i cation .  

  2 . 1 . 5
très  basse tension  de  sécuri té  
TBTS 
tens ion  nom inale  à  u ti l i ser dans  un  réseau  TBTS  ou  dans  un  réseau  TBTP  en tre  conducteurs  
et  entre  conducteurs  et terre  ne  dépassant pas  42  V en tre  conducteurs  ou ,  dans  l e  cas  de  
montages  tri phasés,  24  V entre  conducteurs  et neu tre,  l a  tens ion  à  vide  du  ci rcu i t ne  
dépassant pas  respectivement 50  V et 29  V,  et qu i  est fourn ie  par une  p i l e  ou  l orsqu 'el l e  est 
obtenue  à  parti r d 'une  tens ion  p lus  é levée est fou rn ie  par un  transformateur de  sécuri té  ou  
par un  convertisseur à  enrou lements  séparés  

Note  1  à  l 'arti cl e:  Les  l im i tes  de  l a  tens ion  sont  établ i es  dans  l 'h ypothèse  d 'un  transformateur de  sécuri té  
a l imenté  à  sa  tensi on  ass ignée.  

Note  2  à  l 'arti cl e:  Les  converti sseurs  à  en rou lements  séparés  fou rn i ssan t  une  i sol ation  équ i val en te  son t  trai tés  
dans  l ’ I EC 61 558-2-6  et  l ’ I EC 61 558-2-1 6.  

Note  3  à  l 'arti cl e:  Au  Canada  et  aux États-Un is ,  l a  l im i te  de  l a  très  basse  tension  de  sécuri té  est  d e  30  V.  

Note  4  à  l 'arti cl e:  Voi r aussi  2 . 1 . 20  réseau  TBTS  e t  2 . 1 . 21  réseau  TBTP .  

  2 . 1 . 6
transformateur de  sécuri té  
transformateur don t l 'enrou lement primaire  est séparé  é lectriquement de  l 'enrou lement 
secondai re  par une  i solation  au  moins  équ ivalen te  à  une  double  isolation  ou  à  une  i solation  
renforcée ,  e t qu i  est  prévu  pour a l imenter des  ci rcu i ts  en  très  basse  tension  de  sécuri té  

  2 . 1 . 7
polari té  identique  
relation  existant en tre  deux parties  actives  d e  façon  qu 'une  in terconnexion  de  cel les-ci  
permette  à  un  courant de  traverser une  charge,  l e  courant  étan t a i nsi  l im i té  par l a  charge  

  Vacant 2 . 1 . 8
 

  2 . 1 . 9
ci rcu it  secondaire  l im ité  isolé  
circu i t  établ i  par un  enrou lement secondai re  isolé  d 'un  transformateur ayan t une  capaci té  
maximale  de  1 00  VA et  une  tens ion  secondai re  à  ci rcu i t ouvert don t l a  va leur ass ignée ne  
dépasse  pas  1  000  V 
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  2 . 1 . 1 0
mode pi lote  
classe  de  fonctionnement  d ans  l aquel le  l a  charge  é lectri que  fi na le  est commandée par un  
moyen  auxi l i a i re  te l  qu 'un  re la is  ou  un  contacteur 

  2 . 1 . 1 1
surtension  transitoire  
surtension  de  courte  durée,  ne  dépassant pas  quelques  m i l l i secondes,  osci l latoi re  ou  non ,  
généralement fortement amortie   

[SOURCE:  I EC 60050-604: 1 987,  604-03-1 3]  

  2 . 1 . 1 2
tension  assignée de  choc 
tens ion  de  tenue  au  choc é lectrique  ass ignée par l e  fabricant au  matérie l  ou  à  une  de  ses  
parties,  caractérisan t l a  capaci té  de  tenue  spéci fiée  de  son  i solation  aux su rtensions  

  2 . 1 . 1 3
catégorie  de  surtension  
ch i ffre  caractérisant  une  cond i ti on  de  surtension  transitoi re  

Note  1  à  l 'arti cl e:  Les  catégories  de  su rtension  I ,  I I ,  I I I  et  I V son t  u ti l i sées.  Voi r Annexe  L.  

  2 . 1 . 1 4
partie  conductrice  accessible   
masse  dans  une  instal lation  
partie  conductrice  d 'un  matérie l ,  susceptib le  d 'être  touchée,  et  q u i  n 'est  pas  normalement 
sous  tens ion  mais  peu t l e  deven i r l orsque  l ' i solation  principale  est  défai l l an te   

Note  1  à  l 'arti cl e:  U ne  parti e  conductri ce  d 'un  disposi ti f de  commande  pouvant deven i r sous  tens ion  u n iquement  
en  cas  de  con tact  avec une  parti e  conductrice  accessibl e ,  n ' est  pas  cons idérée  e l l e-même comme étan t  une  
masse.   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-06-1 0,  mod i fiée  – la  Note  1  à  l 'article  a  été  aj ou tée. ]   

  2 . 1 . 1 5
écran  (conducteur)  
écran  (conducteur)  (US)  
partie  conductrice  qu i  enveloppe  ou  sépare  des  ci rcu i ts  é lectri ques  et/ou  des  conducteurs  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendement 1 : 2001 ,  1 95-02-38]  

  2 . 1 . 1 6
écran  de  protection  (électrique)  
écran  de  protection  (électrique)  (US)  
écran  conducteur  u ti l i sé  pour séparer un  ci rcu i t é lectri que  et/ou  des  conducteurs  des  parties  
acti ves  dangereuses  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendement 1 : 2001 ,  1 95-06-1 7]  

  2 . 1 . 1 7
protection  (électrique)  par écran  
protection  (électrique)  par écran  (US)  
séparation  de  ci rcu i ts  é lectri ques  et/ou  de  conducteurs  par rapport aux parties  actives  
dangereuses  par un  écran  de  protection  électrique  re l i é  au  réseau  de  l i aisons  
équ ipotentiel les  d e  protection  et  desti né  à  fourn i r une  protection  con tre  l es  chocs  é lectri ques  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendement 1 : 2001 ,  1 95-06-1 8]  
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  2 . 1 . 1 8
séparation  simple  
séparation  en tre  ci rcu i ts  ou  en tre  un  ci rcu i t  et  l a  terre  par une  i solation  principale  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 23]  

  2 . 1 . 1 9
séparation  (électrique)  de  protection  
séparation  en tre  deux ci rcu i ts  é lectri ques  au  moyen :   

– d 'une  double  isolation ,  ou   

– d ’une  isolation  principale  e t  d ’une  protection  électrique  par écran ,  ou   

– d ’une  isolation  renforcée  

[SOURCE:  I EC 60050-1 95: 1 998,  Amendement 1 : 2001 ,  1 95-06-1 9]  

  2 . 1 . 20
réseau  TBTS  
réseau  é lectri que  dont l a  tens ion  ne  peu t pas  dépasser l a  va leur de  l a  TBT   

– dans  des  cond i tions  normales,  et   

– dans  des  cond i tions  de  prem ière  panne ,  y compris  l es  pannes  à  l a  terre  dans  d 'au tres  
ci rcu i ts  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 26. 1 ,  mod i fiée  – "défaut"  a  été  changé  en  "panne". ]  

  2 . 1 . 21
réseau  TBTP  
réseau  é lectri que  dont l a  tens ion  ne  peu t pas  dépasser l a  va leur TBT  

–  dans  des  cond i tions  normales,  et  

– dans  des  cond i ti ons  de  prem ière  panne ,  à  l 'exception  des  pannes  à  la  terre  dans  d 'au tres  
ci rcu i ts  

[SOURCE:  I EC 61 1 40: 2001 ,  3 . 26. 2 ,  mod i fiée  – "défaut"  a  été  changé  en  "panne". ]  

 Défin i tions  des  d i fférents  types  de  d ispositi fs  de  commande  en  fonction  de  2.2
l 'appl ication  

  2 . 2. 1
d ispositi f de  commande électrique   
d ispos i ti f u ti l i sé  dans,  su r ou  avec un  matérie l  dans  l e  bu t de  fai re  varier ou  de  mod i fier l 'effet  
produ i t à  l a  sortie  du  matérie l  par un  processus  comprenant l es  phases  de  mise  en  marche ,  
de  transmission  et  de  fonctionnement 

Note  1  à  l 'arti cl e:  U n  d i sposi ti f de  commande  él ectri q ue  est  appelé  ci -après  «commande  é lectrique» .  

Note  2  à  l 'arti cl e:  Au  moins  l ’ un  d e  ces  aspects  doi t  être  d e  natu re  é l ectri q ue  ou  é l ectron ique.  

  2 . 2.2
disposi ti f de  commande manuel le  
d isposi ti f de  commande  d ont la  mise en  marche  résu l te  d 'une  manœuvre  et  don t l es  
phases  de  transmission  et  fonctionnement  son t réal isées  d i rectement et  sans  retard  
i n ten tionnel  

  2 . 2.3
d ispositi f de  commande automatique  
d ispositi f de  commande  d on t au  moins  l 'une  des  phases  opératoi res  n 'est pas  manuel l e  
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  2 . 2.4
dispositi f de  commande sensible  à  une  grandeur physique  
d ispositi f de  commande au tomatique  d ont l a  mise  en  marche  est commandée  par un  
é lémen t sens ible  à  une  grandeur de  manoeuvre  particu l ière,  te l l e  que  température,  courant,  
hum id i té,  l um ière,  n iveau  d 'un  l i qu ide,  pos i ti on ,  pression  ou  vi tesse  

  2 . 2.5
dispositi f de  commande à  transmission  thermique  
d ispositi f de  commande automatique  dans  l equel  la  phase  de  transmission  est effectuée  
par un  moteur primaire  therm ique  

  2 . 2.6
thermostat  
d ispositi f de  commande thermosensible ,  à  action  cycl ique,  destiné  à  main ten i r l a  
température  en tre  deux va leurs  particu l i ères  dans  l es  cond i tions  de  fonctionnement normal  et 
pour l equel  un  rég lage  par l 'u ti l i sateur  peu t être  prévu  

  2 . 2.7
l im i teur de  température  
d ispositi f de  commande  thermosensible  d estiné  à  main ten i r une  température  en  dessous  
ou  au-dessus  d 'une  va leur particu l i ère  dans  l es  cond i ti ons  de  fonctionnement normal  et pour 
l equel  un  rég lage par l 'u ti l isateur  peu t être  prévu  

Note  1  à  l 'arti cl e:  U n  l im i teur de  température  peu t  être  du  type  à  réarmement au tomatique  ou  manuel .  I l  
n 'effectue  pas  l e  fonctionnement  i n verse  pendant  l e  cycle  normal  d e  fonctionnement  d e  l 'apparei l .  

  2 . 2.8
coupe-ci rcu it thermique  
d isposi ti f de  commande  thermosensible  d esti né  à  main ten i r une  température  en  dessous  
ou  au-dessus  d 'une  va leur particu l i ère  dans  les  cond i ti ons  de  fonctionnement anormal  et pour 
l equel  un  rég lage par l 'u ti l isateur  n 'est  pas  prévu  

Note  1  à  l 'arti cl e:  U n  coupe-ci rcu i t  thermique  peu t  être  d u  type  à  réarmement au tomatique  ou  manuel .  

Note  2  à  l 'arti cl e:  Normalement un  coupe-ci rcu i t  therm ique  produ i t  une  action  du  type  2 .  

  Vacant 2.2.9

  2 .2. 1 0
régulateur d ’énergie  
d ispositi f de  commande  à  fonctionnement cycl i que  qu i  transforme l 'énerg ie  en  une  charge  
et  q u i  peu t i ncorporer des  moyens  de  rég lage par l 'u ti l isateur  pour mod i fier l 'énerg ie  
moyenne  dél ivrée  

Note  1  à  l ' arti cl e:  Le  rapport  en tre  l a  du rée  des  périodes  de  fermeture  du  ci rcu i t  et  l e  temps  écou lé  déterm ine  
l 'énerg ie  moyenne.  

  2 . 2. 1 1
d ispositi f de  commande à  base de  temps  
d ispositi f de  commande  au tomatique  dans  lequel  l a  phase  de  transmission  s 'effectue  au  
moyen  d 'un  moteur primai re  synchrone ou  d 'un  ci rcu i t  é l ectrique  à  base  de  temps  

  2 . 2. 1 2
d ispositi f de  commande à  fonctionnement é lectrique  
d ispositi f de  commande  automatique  d ans  lequel  l a  transmission  s 'effectue  au  moyen  
d 'un  moteur primai re  é l ectri que  et don t le  fonctionnement commande un  ci rcu i t é l ectri que,  
sans  retard  i n ten tionnel  s i gn i ficati f 

Note  1  à  l 'arti cl e:  U n  exemple  de  ce  type  de  d i sposi ti f est  u n  rela i s .  

Note  2  à  l 'arti cl e:  U n  re l a i s  à  action  retardée  peut  être  u n  disposi ti f de  commande  soi t  à  fonctionnement 
él ectrique  so i t  à base  de  temps ,  selon  accord  en tre  l 'au tori té  responsable  des  essais  et  l e  fabrican t.  
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  2 . 2 . 1 3
minuterie  
d isposi ti f de  commande à  base de  temps  q u i  do i t  être  manœuvré  pour que  l e  cycle  su ivant 
pu isse  avoir l i eu  

Note  1  à  l ' arti cl e:  Pendant  u n  cycle  l e  d i spos i ti f d e  commande  peut  exi ger un  s i gnal  externe  é lectri que  ou  
mécan ique  avan t  de  q u i tter u ne  posi ti on  de  repos  pour permettre  l a  con ti nuation  du  cycle.  Un  exemple  de  ce  type  
de  d i sposi ti f est  un  programmateur.  

  2 . 2. 1 4
minuterie  cycl ique  
d ispositi f de  commande à  base  de  temps  q u i  enchaîne  automatiquement un  nouveau  cycle  
à  l a  fin  du  cycle  précédent  

Note  1  à  l ' arti cl e:  Un  exemple  de  ce  type  de  disposi ti f de  commande  es t  l 'horloge  de  commande  horai re  d ' un  
apparei l  d e  chauffage  à  accumu lation .  

  2 . 2. 1 5
dispositi f de  protection  de  moteur 
d ispositi f de  commande automatique  q u i  est spécia lement prévu  pour protéger l es  
enrou lements  d 'un  moteur é lectri que  con tre  les  échauffements  excessi fs  

  2 . 2. 1 6
protecteur thermique  
d ispositi f de  commande automatique ,  i ncorporé  à  un  moteur ou  monté  sur un  moteur,  qu i  
est spécialement prévu  pour protéger l e  moteur con tre  l es  échauffements  excess i fs  dus  à  un  
fonctionnement en  surcharge  et  à  une  défai l l ance  au  démarrage  

Note  1  à  l 'arti cl e:  Le  cou rant  du  moteur ci rcu le  dans  l e  disposi ti f de  commande  q u i  est  sens ib le  à  l a  
températu re  et  au  cou ran t du  moteur.  

Note  2  à  l 'arti cl e:  Le  disposi ti f de  commande  peu t  être  réarmé (soi t  manuel l ement  soi t  au tomatiquement)  
l orsque  sa  températu re  bai sse  à  l a  valeur de  réarmement.  

  2 . 2. 1 7
électrovanne  
d ispositi f de  commande au tomatique  d ans  l equel  la  transmission  est effectuée  par un  
moteur primai re  é l ectrique  et don t le  fonctionnement  ag i t  sur l e  débi t d 'un  l i qu ide  ou  d 'un  
gaz 

  2 . 2. 1 8
mécanisme à  fonctionnement é lectrique  
d ispositi f de  commande au tomatique  d ans  l equel  la  transmission  est effectuée  par un  
moteur primaire  é l ectrique  et  dont  l e  fonctionnement  ag i t  sur un  d ispos i ti f mécan ique  

Note  1  à  l ' arti cl e:  Un  exemple  de  ce  type  de  d i sposi ti f est  l e  verrou i l l age  à  fonctionnement  é l ectri que  du  couvercle  
d 'une  essoreuse.  

Note  2  à  l 'arti cl e:  U n  moteur é l ectri que  n 'est  pas  compris  dans  cette  défi n i ti on .  

  2 . 2. 1 9
dispositi f de  commande de  fonctionnement 
d ispositi f de  commande  q u i  démarre  ou  régu le  l e  matérie l  en  fonctionnement  normal  

  2 . 2.20
dispositi f de  commande de  protection  
d ispositi f de  commande  d ont le  fonctionnement  est prévu  pour évi ter l es  s i tuations  
dangereuses  pendan t un  fonctionnement  anormal  du  matériel  

  2 . 2.21
dispositi f de  commande multi -usage  
dispositi f de  commande  é lectrique  qu i  peu t être  classé  et  u ti l i sé  dans  d i verses  u ti l i sations  
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Note  1  à  l ' arti cl e:  Un  exemple  de  d isposi ti f de  commande  mu l ti -usage  est  l e  thermostat  qu i  peu t  être  auss i  
u ti l i sé  comme l im i teur de  température .  

  2 . 2.22
dispositi f de  commande multi fonction  
d ispositi f de  commande électrique  q u i  i n tègre  p lus ieurs  fonctions  

Note  1  à  l 'arti cl e:  Un  exemple  de  disposi ti f de  commande  mu l ti fonction  est  l a  combinai son  d 'un  thermostat  e t  
d 'un  capteu r d 'hum id i té.  

  2 . 2.23
système  
dispositi f de  commande ,  capteurs  de  commande  et  actionneurs  te ls  qu 'appl iqués  à  une  
appl ication  ou  à  des  processus   

 Défin i tions  concernant les  fonctions  des  d ispositi fs  de  commande  2.3

  2 . 3. 1
mise  en  marche  
cause in i ti a le  mod i fian t  un  aspect du  disposi ti f de  commande  d e  te l l e  man ière  que  
s 'accompl issen t l a  transmission  e t  l e  fonctionnement  

  2 . 3.2
transmission  
phase  i n terméd iai re  essen tie l le  en tre  la  mise en  marche  et  l e  fonctionnement  pour que  l e  
dispositi f de  commande  pu isse  accompl i r l a  fonction  à  l aquel le  i l  est  desti né  

Note  1  à  l 'arti cl e:  Cela  comprend ,  sans  tou tefoi s  s ’ y l im i ter,  l ’ u ti l i sation  de:  

a)  l i gnes/protocoles  de  commun ication ;   

b)  matériel  et/ou  l og iciel  supplémentai res;  

c)  transmission  I R/RF;  ou  

tou tes  l es  combinaisons  de  a)  à  c)  vi a  I n ternet en  u ti l i san t,  par exemple,  des  modems,  des  té léphones  portabl es,  
etc.  

  2 . 3.3
fonctionnement 
mod ification  de  l 'aspect du  disposi ti f de  commande  q u i  fa i t  varier l a  pu issance d 'en trée  
d 'une partie  ou  de  l a  tota l i té  du  matériel  

  2 . 3.4
action  automatique  
action  d 'un  disposi ti f de  commande automatique  d ans  l equel  la  transmission  e t  l e  
fonctionnement  résu l ten t d 'une  mise en  marche  d 'orig ine  non  manœuvrée  

  2 . 3.5
action  automatique à  ouverture  et  fermeture  l entes  
mode de  fonctionnement  d ans  l equel  l a  vi tesse  d 'ouverture  et/ou  de  fermeture  d 'un  con tact 
est d i rectement proportionnel le  à  l a  vi tesse  de  variation  de  l a  grandeur de  manœuvre  ou  à  la  
vi tesse  du  mouvement d 'un  moteur primai re  

Note  1  à  l 'arti cl e:  Cette  action  peut  être  appl i cabl e  à  l a  fermeture,  à  l 'ouvertu re  ou  aux deux.  

  2 . 3.6
action  manuel le  
action  d 'un  d ispos i ti f de  commande au tomatique  ou  manuel  d ans  l equel  l a  transmission  et  
l e  fonctionnement  résu l ten t d 'une  mise  en  marche  effectuée  par action  
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  2 . 3.7
action  
déplacement de  l 'organe  de  manœuvre  d u  d ispositi f de  commande  effectué  à  la  main ,  au  
p ied  ou  de  toute  au tre  man ière  par l 'uti l i sateur  

  2 . 3.8
position  repérée  
posi tion  à  l aquel l e  l 'organe de  manœuvre  revien t de  l u i -même s i  on  l e  re lâche  après  l 'en  
avoi r légèrement écarté  

  2 . 3.9
position  in termédiai re  
posi tion  s table  d 'un  organe de  manœuvre  à  proxim i té  d 'une  position  repérée  correspondan t 
à  un  fonctionnement  i n terméd iai re  du  disposi ti f de  commande  

  2 . 3. 1 0
grandeur de  manœuvre  
caractéristi que  phys ique  d 'un  m i l i eu  dont  l es  variations  ou  l a  s tabi l i té  son t détectées  

  2 . 3. 1 1
valeur de  fonctionnement 
valeur de  la  grandeur de  manœuvre  ( température,  press ion ,  couran t,  e tc. )  à  l aquel l e  
fonctionne  l e  d ispos i ti f l ors  d 'une  é lévation  ou  d 'une  baisse  de  l a  grandeur de  manœuvre  

  2 . 3. 1 2
temps  de  fonctionnement 
durée  ou  d i fférence  de  temps  en tre  deux fonctions  quelconques,  é l ectriques  ou  mécan iques,  
faisan t partie  d 'une  action  automatique  d 'un  disposi ti f de  commande à  base  de  temps  

  2 . 3. 1 3
séquence  de  fonctionnement 
séquence ou  programme ordonné  de  dérou lement du  fonctionnement  d es  fonctions  
é lectriques  ou  mécan iques  d 'un  d ispositi f de  commande  à  l a  su i te  d 'une  action  
automatique  ou  manuel le  d 'un  dispositi f de  commande  

Note  1  à  l 'arti cl e:  E l l e  comprend  u ne  combinaison  de  con tacts  ouverts  ou  fermés  pou r tou te  posi tion  repérée ,  
i n termédiai re  ou  de  rég lage  par l e  fabricant du  matéri el  ou  de  rég l age  par l 'u ti l i sateur.  

  2 . 3. 1 4
valeur de  réponse  
valeur,  temps  ou  séquence de  fonctionnement  q u i  l i e  un  dispositi f de  commande  à  un  
matérie l  particu l ier 

  2 . 3. 1 5
déclenchement l ibre  
action  automatique ,  avec un  organe de  manœuvre  d e  réarmement,  dans  l aquel l e  l 'action  
automatique  est i ndépendante  de  la  man ipu lation  ou  de  la  posi tion  du  mécan isme de  
réarmement 

  2 . 3. 1 6
courant de  fu i te  
tous  l es  courants ,  y compris  les  courants  à  capaci té  couplée,  qu i  peuven t ci rcu ler entre  l es  
surfaces  conductrices  accessib les  d 'un  d ispos i ti f et  l a  terre  ou  d 'autres  su rfaces  conductrices  
accessib les  d 'un  d isposi ti f 

  2 . 3. 1 7
réglage  
rég lage  mécan ique  d 'une  partie  d 'un  dispositi f de  commande  d esti né  à  chois i r une  valeur 
de  fonctionnement  
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  2 . 3. 1 8
réglage par l e  fabricant du  d isposi ti f de  commande  
tout  rég lage  effectué  par l e  fabricant du  d ispositi f  n on  destiné  à  être  mod i fié  par l e  
fabricant du  matériel ,  l ' i nstal lateur  ou  l 'uti l i sateur  

  2 . 3. 1 9
réglage par l e  fabricant du  matériel  
tout  rég lage  effectué  par le  fabricant du  matériel  non  destiné  à  être  mod i fié  par 
l ' instal lateur  ou  l 'uti l i sateur  

  2 . 3.20
réglage par l ’ instal lateur 
tout rég lage  effectué  par l ' instal lateur,  se lon  l es  i nstructions  du  fabricant du  matériel  ou  du  
fabricant du  d isposi ti f de  commande ,  non  desti né  à  être  mod i fié  par l 'uti l i sateur  

  2 . 3.21
réglage par l ’ u ti l i sateur 
toute  sélection  d 'une  valeur de  fonctionnement  par une  manœuvre  effectuée  par 
l 'uti l i sateur  

  2 . 3.22
point  de  consigne  
valeur sélectionnée  par réglage  

  2 . 3.23
point  de  consigne ajustable  
valeurs  mu l ti p les,  s i tuées  à  l ' i n térieur d 'une  p lage  déclarée  de  valeurs ,  pouvan t être  
sélectionnées  par rég lage  

  2 . 3.24
cycle  de  fonctionnement 
toutes  actions  au tomatiques  ou  manuel les  impl iquées  dans  un  fonctionnement  d u  débu t à  l a  
fin  d 'un  matériel  commandé  

  2 . 3.25
cycle  de  fonctionnement par contact  
toute  action  de  m ise  en  con tact su ivie  d 'une  m ise  hors  con tact,  ou  d 'une  m ise  hors  con tact 
su ivie  d 'une  m ise  en  contact  

  2 . 3.26
différentiel le  de  fonctionnement 
d i fférence  en tre  les  valeu rs  supérieure  et  in férieure  de  l a  valeur de  fonctionnement  

  2 . 3.27
différentiel l e  ajustable  
capaci té  de  changer ou  de  mod i fier la  différentiel l e  de  fonctionnement  à  l ' i n térieur des  
l im i tes  assignées  par fonctionnement  d 'un  mécan isme à  action  manuel l e  

  2 . 3.28
différentiel l e  fixe  
d i fférentiel l e  de  fonctionnement  don t l e  réglage  d u  fabrican t ne  peu t être  mod i fié  

  2 . 3.29
pression  de  travai l  maximale  
pression  assignée maximale  
tra i t  maximal  i nd iqué  ou  press ion  de  travai l  maximale  du  système auquel  l e  dispositi f de  
commande  ou  certa ines  de  ses  parties  peuvent être  assu jettis  
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  2 . 3.30
température  maximale  
Tmax  
température  maximale  ambiante  con tinue  à  l aquel le  l a  tête  de  commande  est prévue  d 'être  
exposée  en  fonctionnement  normal  

  2 . 3.31
fonction  de  commande à  d istance  
fonction  de  télécommande  
fonction  assurant tout fonctionnement  d es  dispositi fs  de  commande  par des  moyens  
externes  

Note  1  à  l 'arti cl e:  Cela  comprend ,  sans  tou tefoi s  s ’ y l im i ter,  l ’ u ti l i sation  de:  

a)  l i gnes/protocoles  de  commun ication ;   

b)  matériel  et/ou  l og iciel  supplémentai res;  

c)  transmission  I R/ RF;  ou  

tou tes  l es  combinaisons  de  a)  à  c)  vi a  I n ternet en  u ti l i san t,  par exemple,  des  modems,  des  téléphones  portabl es,  
etc.   

  2 . 3.32
arrêt de  sécuri té  
changement d ’état de  tou tes  les  sorties  électriques  de  sécuri té  cri ti ques  du  dispositi f de  
commande ,  l esquel l es  bascu lent  à  un  état sécurisé,  y compris  l ’ arrêt  

 Défin i tions  relatives  aux coupures  et  in terruptions  de  ci rcu i t  2 .4

Certa ins  disposi ti fs  de  commande  peuvent i ncorporer p l usieurs  types  de  coupure  ou  
d ' in terruption  de  ci rcu i t.  

  2 . 4. 1
coupure  sur tous  l es  pôles  
pour l es  apparei ls  monophasés  à  couran t al ternati f,  et pour l es  apparei ls  à  courant continu ,  l a  
déconnexion  des  deux conducteurs  d 'a l imentation  par une  seu le  manœuvre  ou ,  pour l es  
apparei ls  raccordés  à  p l us  de  deux conducteurs  d 'a l imentation ,  l a  déconnexion  de  tous  l es  
conducteurs  d 'a l imentation  excepté  l e  conducteur de  m ise  à  l a  terre,  par une  seu le  manœuvre  

Note  1  à  l ' arti cl e:  Le  conducteur d e  protection  de  m ise  à  l a  terre  n 'est  pas  considéré  comme un  conducteur 
d 'a l imentati on .  

  2 .4.2
coupure  totale  de  ci rcu i t   
séparation  des  con tacts  de  tous  l es  pôles  d 'a l imentation  au tres  que  ce lu i  de  terre  pour fourn i r 
l 'équ ivalence  de  l ' isolation  principale  en tre  l e  réseau  d 'a l imentation  et l es  parties  desti nées  
à  être  déconnectées  

Note  1  à  l 'arti cl e:  I l  exi ste  d es  exigences  d imensionnel l es  et  de  ri g i d i té  d i électri que.  

Note  2  à  l 'arti cl e:  Lorsque  l e  nombre  de  pô les  sur l e  d isposi ti f de  commande  es t  égal  au  nombre  de  pôles  
d 'a l imentati on  de  l ' apparei l  auquel  i l  est  raccordé,  une  coupure  total e  d e  ci rcu i t  fou rn i t  une  coupure  sur tous  l es  
pôles .  

Note  3  à  l ’ arti cl e:  Voi r aussi  l 'Annexe  H .  

  2 .4.3
microcoupure  
séparation  adéquate  des  con tacts  d 'au  moins  l ' un  des  pôles  d 'a l imentation  pour fourn ir l a  
sécuri té  fonctionnel le  

Note  1  à  l 'arti cl e:  I l  exi ste  u ne  exi gence  de  ri g i d i té  d i él ectri que  de  l 'écartement des  con tacts  mais  pas  d 'exigence  
d imensionnel l e.  
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Note  2  à  l ' arti cl e:  Une  microcoupure  s i gn i fi e  que,  pou r l es  disposi ti fs  de  commande  non  sensibles  à une  
grandeur physique ,  l a  fonction  commandée  par l a  coupure  est  franche  et  que,  pou r l es  disposi ti fs  de  commande  
sensibles  à une  grandeur physique ,  e l l e  est  sû re  à  l ' i n téri eur d es  l im i tes  de  l a  grandeur de  manœuvre  d éclarée  
au  poin t  36  du  Tabl eau  1 .  

Note  3  à  l 'arti cl e:  Voi r aussi  l 'Annexe  H .  

  2 .4.4
micro-in terruption  
ouverture  d 'un  ci rcu i t par une  séparation  des  contacts,  par une  action  cycl i que  ou  par une  
action  non  cycl ique  qu i  ne  fourn i t  pas  une  coupure  totale  su r tous  les  pôles  ou  une  
microcoupure  

Note  1  à  l 'arti cl e:  I l  n 'exi ste  pas  d 'exi gences  d imensionnel l es  ou  de  ri g i d i té  d i é lectri que  pou r l 'écartement  d es  
contacts.  

Note  2  à  l 'arti cl e:  Voi r auss i  l 'Annexe  H .  

  2 .4.5
posi tion  ARRÊT 
posi tion  qu i  i nd ique  d 'une  man ière  vis ible  ou  impl ici te  une  coupure  totale  ou  une  
microcoupure  d u  ci rcu i t  

  Voir Annexe  H .  2 .4.6

 Défin i tions  des  d i fférents  types  de  d isposi ti fs  de  commande  en  fonction  de  l a  2.5
construction  

  2 . 5. 1
d ispositi f de  commande intégré  
d ispositi f de  commande  d on t l e  bon  fonctionnement dépend  de  son  montage  et de  sa  
fixation  corrects  dans  un  matériel  et qu i  ne  peu t être  soum is  à  essai  qu 'en  association  avec 
l es  parties  concernées  du  matérie l  

Note  1  à  l 'arti cl e:  Le  matéri e l  peu t  u ti l i ser l 'é l ectri ci té,  l e  gaz,  l e  fuel ,  l e  charbon  ou  u ne  combinaison  de  ces  
énerg i es.  

Note  2  à  l ' arti cl e:  Un  disposi ti f de  commande  in tégré  est  égal ement  un  disposi ti f  de commande  qu i  fa i t  parti e  
d 'un  disposi ti f de  commande  p l us  complexe  (é l ectri q ue  ou  non  é l ectri q ue).  

  2 .5.2
disposi ti f de  commande incorporé  
d isposi ti f de  commande  d esti né  à  être  i ncorporé  dans  ou  sur un  matérie l ,  mais  qu i  peu t être  
soumis  à  essai  séparément  

Note  1  à  l ' arti cl e:  Le  fai t  q u 'un  disposi ti f de  commande  i ncorporé  pu i sse  être  soumis  à  essai  séparément 
n ' impl i que  pas  qu ' i l  ne  peu t  être  soum is  à  essai  dans  un  matérie l  comme spéci fi é  en  4 . 3. 1 . 1 .  

Note  2  à  l 'arti cl e:  Le  matéri e l  peu t  u ti l i ser l 'é l ectri ci té,  l e  gaz,  l e  fuel ,  l e  charbon  ou  une  combinaison  de  ces  
énerg i es.  

Note  3  à  l ' arti cl e:  Un  disposi ti f de  commande  i ncorporé  es t  égal ement  un  di sposi ti f de  commande  d esti né  à  
être  i ncorporé  dans  ou  su r u n  disposi ti f de  commande  p l us  complexe  (électri que  ou  non  é l ectri que).  

  2 .5.3
disposi ti f de  commande in tercalé  dans  un  câble  souple  
d isposi ti f de  commande  à  boîtier séparé  prévu  pour être  re l ié  au  matérie l  et  à  son  
a l imentation  au  moyen  de  câbles  souples,  de  fiches  ou  de  prises,  et  qu i  est prévu  pour être  
manœuvré  manuel l ement 

Note  1  à  l 'arti cl e:  Un  fus ibl e  dans  u ne  pri se  n ’ est  pas  consi déré  comme fa i sant  parti e  du  disposi ti f de  
commande .  
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  2 .5.4
dispositi f de  commande séparé  
d ispositi f de  commande intercalé  dans  un  câble  souple  q u i  est prévu  pour être  posé  sur 
une  tab le  ou  sur l e  sol   

Note  1  à  l 'arti cl e:  I l  peu t  être  actionné  à  l a  main ,  au  p ied  ou  de  tou te  au tre  man ière  s im i l a i re  par l 'u ti l i sateu r.  

  2 .5.5
disposi ti f de  commande à  montage indépendant 
d isposi ti f de  commande  prévu  pour être  re l ié  en  permanence  à  un  câblage  fixe ,  l o in  du  
matérie l  commandé  

Note  1  à  l 'arti cl e:  Ce  d i sposi ti f peu t  être:  

−  so i t  pou r montage  su r u ne  surface,  te l l e  q u 'une  paroi ;  

−  so i t  pour montage  encastré,  par exemple  dans  un  évidemen t  prati q ué  dans  une  paroi ,  l orsque  l ' i nsta l l ati on  
doi t  pouvoi r se  fa i re  par l ' avan t;  

−  so i t  pou r montage  su r un  panneau ,  par exemple  sur u n  panneau  de  fonctionnement  ou  à  l ' i n térieu r d e  celu i -
ci ,  l orsque  l ' i nsta l l ati on  peu t  se  fa i re  par l ' arri ère.  

  2 .5.6
disposi ti f de  commande à  traction  
d isposi ti f de  commande  d esti né  à  être  mon té  sur ou  dans  un  matérie l  et actionné  par un  
cordon  de  traction  

2.5.7  à  2.5. 1 0  Voi r Annexe  H .  

2.5. 1 1  
manœuvre à  deux posi tions  
caractéristi que  séquentie l le  de  deux mouvements  d isti ncts  d 'un  organe  de  manœuvre  

 Défin i tions  des  types  d 'action  automatique de  d isposi ti fs  de  commande d 'après  2.6
les  procédures  d 'essai  

  2 .6. 1
action  de  type 1  
action  automatique  pour l aquel l e  l a  tolérance de  fabrication  et  l a  dérive  d e  sa  valeur,  de  
son  temps ou  de  sa  séquence de  fonctionnement  n 'on t pas  été  déclarées  et soum ises  à  
essai  su ivant  l a  présen te  norme  

Note  1  à  l 'arti cl e:  U ne  action  de  type  1  fa i t  l ' obj et  de  sous-classes  comme spéci fi é  en  6 . 4.  

  2 . 6.2
action  de  type 2  
action  automatique  pou r l aquel le  l a  tolérance  de  fabrication  et  l a  dérive  d e  sa  valeur,  de  
son  temps ou  de  sa  séquence de  fonctionnement  on t été  déclarées  et soum ises  à  essai  
su ivant la  présente  norme  

Note  1  à  l 'arti cl e:  U ne  action  de  type  2  fa i t  l ' obj et  de  sous-classes  comme spéci fi é  en  6 . 4.  

 Défin i tions  concernant la  protection  contre  les  chocs  électriques  2.7

  2 . 7. 1
partie  active  
partie  conductrice  prévue  pour être  m ise  sous  tens ion  en  usage normal ,  comprenant l e  
conducteur neu tre  mais ,  par convention ,  pas  de  conducteur PEN  

International  Electrotechnical  Commission

 



 – 308  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

2.7. 1 . 1  
partie  active  dangereuse  
partie  active  q u i ,  d ans  certaines  cond i tions  d ' i n fl uences  externes,  peut causer un  choc 
é lectrique  

  2 . 7.2
dispositi f de  commande de  classe  0  
d ispositi f de  commande  d ans  l equel  la  protection  contre  les  chocs  é lectri ques  repose  sur 
l ' isolation  principale  

Note  1  à  l 'arti cl e:  Ce la  impl i q ue  qu 'aucune  d i sposi ti on  n 'est  prévue  pour l e  raccordement d es  parti es  conductri ces  
accessib les ,  s ' i l  y  en  a ,  à  u n  conducteur de  protection  fa i sant  parti e  du  câblage  fi xe  de  l ' i nsta l l ati on ,  l a  
protection  en  cas  de  défai l l ance  d e  l ' i solation  principale  reposant  su r l 'envi ronnement.  

Note  2  à  l ' arti cl e:  Les  disposi ti fs  de  commande de  classe  0  n e  son t  pas  adm is  en  Al l emagne,  Au tri che,  
Belg i que,  Danemark,  France,  Royaume-Un i ,  I ta l i e  et  en  Norvège.  

Note  3  à  l 'arti cl e:  U ne  borne  de  terre  est  adm ise  un iquement  pou r assu rer l a  con ti nu i té  ou  l e  fonctionnement  
é l ectri que  (en  tan t  q ue  fonctions  d i sti nctes  de  l a  protection).  

  2 . 7.3
disposi ti f de  commande de  classe  0I  
d isposi ti f in tercalé  dans  un  câble  souple  ayan t au  moins  une  i solation  principale  en  
toutes  ses  parties  et comportan t une  borne  de  terre,  mais  équ ipé  d 'un  câble  souple  fixé  à  
demeure  sans  conducteur de  terre  et d 'une  fiche  de  prise  de  courant sans  contact de  terre  
qu i  ne  peut  être  i n trodu i te  dans  un  socle  ou  une  prise  mobi l e  avec con tact de  terre  

Note  1  à  l ' arti cl e:  Les  disposi ti fs  de  commande  de  classe  0 I  ne  sont  pas  adm is  en  Al l emagne,  Au tri che,  
Belg i que,  Danemark,  France,  Royaume-Un i ,  I ta l i e  et  en  Norvège.  

Note  2  à  l 'arti cl e:  Une  borne  de  terre  est  adm ise  un iquement  pour assu rer l a  con ti nu i té  (en  tan t  q ue  fonctions  
d i s ti nctes  de  l a  protection ).  

  2 . 7.4
disposi ti f de  commande de  classe  I  
d isposi ti f de  commande  d ans  l equel  l a  protection  contre  l es  chocs  é lectriques  ne  repose  
pas  un iquement sur l ' i solation  principale ,  mais  dans  lequel  une  mesure  de  sécuri té  
supplémentaire  a  été  pri se  sous  forme de  moyens  de  raccordement des  parties  conductrices  
access ib les  à  un  conducteur de  protection  fa isan t partie  du  câblage fixe  de  l ' insta l lation  de  
man ière  te l l e  que  des  parties  conductrices  accessibles  ne  pu issen t deven i r dangereuses  en  
cas  de  défai l l ance  de  l ' i solation  principale  

Note  1  à  l ' arti cl e:  Cette  d i sposi ti on  comprend  un  conducteur de  protection  fa i san t  parti e  du  câble  soupl e.  
Lorsque  l es  disposi ti fs  de  l a  cl asse  I  son t  mun is  d 'un  câbl e  soupl e  à  d eux conducteurs,  à  cond i ti on  que  ce  câble  
soi t  équ ipé  d 'une  fi che  qu i  n e  peut  être  i n trodu i te  dans  u n  socle  avec con tact  de  terre,  l a  protection  est  équ i valente  
à  cel l e  de  l a  cl asse  0 ;  n éanmoins,  i l  convient  q ue  l es  d i sposi ti ons  en  vue  de  l a  m ise  à  l a  terre  soient  en ti èrement  
conformes,  à  tous  au tres  égards,  aux exigences  de  l a  cl asse  I .  

Note  2  à  l 'arti cl e:  Les  disposi ti fs  de  commande  de  l a  classe  I  peuvent avoi r des  parti es  à  double  i solation ,  ou  
des  parti es  fou rn i ssant  une  protection  contre  l es  chocs  é l ectri ques  par l ' u ti l i sation  de  l a  TBTS  ou  de  l a  TBTP.  

  2 . 7.5
disposi ti f de  commande de  l a  classe  I I  
d isposi ti f de  commande  d ans  l equel  l a  protection  contre  l es  chocs  é lectri ques  ne  repose  
pas  un iquement sur l ' i solation  principale ,  mais  dans  l equel  on t été  prises  des  mesures  
supplémenta ires  de  sécuri té,  te l l es  que  la  double  i solation  ou  l ' i solation  renforcée ,  ces  
mesures  ne  comportant pas  de  moyen  de  m ise  à  la  terre  de  protection  et  ne  dépendant  pas  
des  cond i ti ons  d ' instal l ation  

Note  1  à  l 'arti cl e:  Ce  disposi ti f de  commande  peu t  être  de  l ’ un  d es  types  défi n i s  de  2 . 7 . 5. 1  à  2 . 7 . 5. 3.  

Note  2  à  l 'arti cl e:  Les  disposi ti fs  de  commande  de  l a  classe  I I  peuvent  avoi r des  parti es  fourn i ssan t une  
protection  contre  l es  chocs  é lectri ques  par l ' u ti l i sati on  de  l a  TBTS .   
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Note  3  à  l 'arti cl e:  Les  d isposi ti fs  de  commande de  l a  classe  I I  ne  peuvent  pas  avoi r des  parti es  fourn i ssant  une  
protection  con tre  l es  chocs  é lectri ques  par l 'u ti l i sation  de  l a  TBTP,  de  te l s  ci rcu i ts  exi geant  un  raccordement à  une  
borne  de  terre.  

2.7.5.1  
d isposi ti f de  commande de  l a  classe  I I  à  enveloppe  i solante  
d isposi ti f de  commande  ayan t une  enveloppe durable  et pratiquement con tinue  en  matière  
i solante  enfermant tou tes  l es  parties  méta l l i ques,  à  l 'exception  des  peti tes  parties ,  te l l es  que  
p laques  s ignalétiques,  vi s  et ri vets,  qu i  sont séparées  des  parties  actives  par une  isolation  
au  moins  équ ivalen te  à  l ' isolation  renforcée  

2.7.5.2  
d ispositi f de  commande de  l a  classe  I I  à  enveloppe  métal l ique  
d ispositi f de  commande  ayan t une  enveloppe méta l l i que  pratiquement continue,  dans  lequel  
l a  double  isolation  est partou t u ti l i sée,  à  l 'exception  des  parties  où  on  u ti l i se  une  isolation  
renforcée ,  parce  qu 'une  double  i solation  est man i festement i rréal isable  

2.7.5.3  
d ispositi f de  commande de  l a  classe  I I  à  enveloppe  i solante/enveloppe métal l ique  
d ispositi f de  commande  q u i  est  une  combinaison  des  types  décri ts  en  2 . 7. 5. 1  et  2 . 7 . 5.2  

Note  1  à  l 'arti cl e:  L 'envel oppe  d 'un  disposi ti f de  l a  cl asse  I I  à  envel oppe  i solante  peu t  fai re  parti e  ou  consti tuer 
l ' i solation  supplémentai re  ou  renforcée .  U n  disposi ti f  à  double  i solation  complète  et/ou  i solation  renforcée  
complète  qu i  comporte  une  borne  ou  un  contact  de  terre  est  considéré  comme étant  de  l a  cl asse  0 I  ou  I .   

  2 . 7.6
disposi ti f de  commande de  l a  classe  I I I  
d isposi ti f de  commande  reposant su r l a  l im i tation  de  la  tens ion  à  des  valeurs  TBT  comme 
d isposi tion  con tre  l es  chocs  é lectriques  pour l a  protection  pri ncipale  et  

– sans  mesures  pour la  protection  en  cas  de  panne ;   

–  qu i ,  pour l 'a l imentation ,  est seu lement raccordé  à  un  réseau  TBTS  ou  à  un  réseau  TBTP ,  
pour consti tuer une  partie  de  ce  système ;   

–  dans  l equel  l es  ci rcu i ts  in ternes  ne  fonctionnent pas  à  un  n i veau  supérieur à  l a  TBT ;  

–  dans  l equel ,  en  cas  de  panne  s imple  dans  l e  dispositi f de  commande ,  aucune  tens ion  
de  con tact permanente  ne  peu t apparaître  ou  être  générée  à  un  n i veau  supérieur à  la  
TBT ;  et  

– sans  moyen  de  raccordement pour un  conducteur de  protection  

  2 . 7.7
partie  amovible  
partie  qu i  peut être  ôtée  ou  ouverte  sans  l 'a ide  d 'un  outi l  et  qu i  ne  satisfai t pas  à  l 'essai  de  
1 1 . 1 1 . 1 . 5  

  2 . 7.8
partie  accessible  ou  surface accessible  
toute  partie  ou  surface  qu i  peu t être  touchée avec le  doig t d 'épreuve  de  la  F igure  2 ,  l orsque  l e  
dispositi f de  commande ,  mon té  comme en  usage normal ,  est débarrassé  de  tou tes  l es  
parties  amovibles  
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  2 . 7.9
isolation  fonctionnel le  
i solation  en tre  des  parties  actives  d ont l es  poten tiels  sont d i fférents  et qu i  est nécessaire  au  
bon  fonctionnement  d u  disposi ti f de  commande  ou  du  matérie l  commandé  (L-L)  

Note  1  à  l 'arti cl e:  Les  abréviations  u ti l i sées  de  2 . 7. 9  à  2 . 7. 1 2  on t  l es  s i gn i fi cations  su ivantes:  

L   parti e  active ;  

A parti e  accessible  (surface  conductri ce  ou  i solante);  

I   parti e  i n terméd iai re.  

  2 . 7. 1 0
isolation  principale  
i solation  des  parties  actives ,  destinée  à  assu rer la  protection  principa le  con tre  l es  chocs  
é lectriques  (L-A ou  L- I )  

Note  1  à  l 'arti cl e:  L ' i solation  principale  comprend  l ' i solati on  en tre  des  parti es  acti ves  e t:   

−  des  parti es  conductri ces  i n terméd iai res  ou  une  feu i l l e  métal l i que  appl i quée  su r des  surfaces  i sol antes  
i n terméd i ai res  (s i tuati on  de  l a  cl asse  I I ) ;  

−  des  parti es  conductri ces  accessib les  (s i tuati ons  des  cl asses  0 ,  0 I ,  I ) ;  

−  des  parti es  conductri ces  raccordées  à  des  parti es  conductri ces  accessib les  (s i tuati ons  des  cl asses  0 ,  0 I  ou  I ) ;  

−  u ne  feu i l l e  métal l i que  appl i quée  su r d es  su rfaces  i solan tes  accessib les  (s i tuati on  de  l a  cl asse  0) .  

Note  2  à  l 'arti cl e:  Cette  i solati on  fa i sai t  parti e  an téri eu remen t de  l ' i solati on  d i te  fonctionnel l e .   

  2 . 7. 1 1
isolation  supplémentai re  
i solation  i ndépendante  prévue  en  p lus  de  l ' i solation  principale ,  en  vue  d 'assurer l a  
protection  contre  l es  chocs  é lectriques  en  cas  de  défai l lance  survenant dans  l ' i solation  
principale  ( I -A)  

Note  1  à  l 'arti cl e:  Cette  i sol at ion  comprend  l ' i so lation  en tre  des  parti es  conductri ces  i n terméd iai res  ou  u ne  feu i l l e  
métal l i que  appl i quée  su r des  su rfaces  i sol antes  i n terméd ia i res  et:   

−  des  parti es  conductri ces  accessib les  (s i tuati on  de  l a  cl asse  I I ) ;   

−  des  parti es  conductri ces  raccordées  à  des  parti es  conductri ces  accessib les  (s i tuati on  de  l a  cl asse  I I ) ;  

−  u ne  feu i l l e  métal l i que  appl i quée  su r d es  su rfaces  i solan tes  accessib les  (s i tuati on  de  l a  cl asse  I I ) .  

  2 . 7. 1 2
isolation  renforcée  
i solation  un ique  des  parties  actives  assurant,  dans  l es  cond i ti ons  spéci fiées  par l a  présente  
norme,  un  degré  de  protection  con tre  l es  chocs  é lectriques  équ iva len t à  une  double  i solation  
(L-(I )-A)  

Note  1  à  l 'arti cl e:  Cette  i solati on  comprend  une  i sol ation  en tre  des  parties  actives  e t:   

−  des  parti es  conductri ces  accessib les  (s i tuati on  de  l a  cl asse  I I ) ;   

−  des  parti es  conductri ces  raccordées  à  des  parti es  conductri ces  accessib les  (s i tuati on  de  l a  cl asse  I I ) ;   

−  u ne  feu i l l e  métal l i que  appl i quée  su r d es  su rfaces  i solantes  accessib les  (s i tuati on  de  l a  cl asse  I I ) .  

Note  2  à  l ' arti cl e:  Le  terme  i solati on  un ique  n ' impl i que  pas  que  l ' i so l ation  doi t  être  homogène.  E l l e  peu t  
comprend re  p l us ieu rs  couches  qu i  ne  peuvent pas  être  soum ises  à  essai  séparément  comme une  i solation  
supplémentai re  ou  u ne  i sol ati on  principale .   

  2 . 7. 1 3
double  i solation  
i solation  comprenant à  l a  fo is  une  isolation  principale  e t  une  isolation  supplémentaire  
(s i tuation  de  la  classe  I I )  
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  Voir Annexe  H .  2 . 7. 1 4

  2 .7. 1 5
l iaison  équ ipotentiel l e  
mise  en  œuvre  de  l ia isons  é lectriques  entre  parties  conductrices  pour réal iser 
l 'équ ipoten tia l i té   

Note  1  à  l 'arti cl e:  L 'effi caci té  de  l a  l i ai son  équ ipoten tiel l e  d épend  de  l a  fréquence  du  couran t dans  l a  l i a i son .  

La  l i aison  équ ipotenti el l e  es t  u ti l i sée  pour raccorder tou te  parti e  conductri ce  d 'u n  bâtiment ne  fai san t  pas  parti e  
de  l ' i nsta l l ati on  é l ectri que  et  susceptib le  d ' i n trodu i re  un  poten tiel  é l ectri q ue,  généralement l e  poten tie l  é l ectri que  de  
l a  terre  l ocal e  (é lément conducteur étranger),  et  tou te  parti e  conductri ce  des  di sposi ti fs  de  commande ,  matérie l s  
ou  composants  dans  l ' i nstal l ati on  suscepti ble  d 'être  touchée  et  qu i  n 'est  normalement  pas  sous  tension  mais  peut  
l e  deven i r en  cas  de  défai l l ance  de  l ' i sol ation  principale  (partie  conductri ce  accessible )  à  une  borne 
d 'équ ipotenti al i té  pri ncipale  en  forme de  barre,  afi n  de  porter ces  parti es  au  même potenti e l .  Les  parti es  à  
connecter au  réseau  de  l i aisons  équ ipotentiel l es  comprennent  par exemple  l es  conducteurs  de  protection ,  l es  
conducteurs  PE ,  l es  conducteurs  PEN ,  l es  conducteurs  de  m ise  à  l a  terre,  l es  bornes  de  m ise  à  l a  terre  de  
protection  des  disposi ti fs  de  commande  ou  matéri el s ,  tou tes  l es  parti es  conductri ces  dans  u n  bâtiment,  par 
exemple  l es  condu i tes  métal l i ques  pou r l ' eau  (de  boi sson  e t  usée),  l es  baignoi res  métal l i ques,  l es  condu i tes  d u  
système  de  chauffage  cen tral ,  tou te  condu i te  i n téri eu re  de  gaz (don t  l ' i sol ati on  des  condu i tes  de  gaz extéri eu res  
est  aussi  exigée),  l es  connecteurs  de  terre  pou r l es  an tennes  et  réseaux de  té lécommun ications,  tou tes  l es  parti es  
métal l i ques  du  bâtiment  u ti l i sées  pou r l a  construction  comme l es  bétons  armés  d 'acier,  et  l es  conducteu rs  de  
protection  con tre  l a  foud re  et,  se lon  l e  système d ' i nstal l ati on ,  l 'é l ectrode  de  terre.  Les  exi gences  pour l a  l i aison  
équ ipotentiel le  peuvent être  trouvées  dans  l es  normes  de  l ’ I EC pour l ' i nstal l ati on  des  bâtiments .  Cel l es-ci  peuvent  
être  appropriées  pour l ' i nsta l l ati on  des  disposi ti fs  de  commande  q u i  comprennent  p l us ieurs  parti es  de  
composants  (par exemple  des  capteurs,  des  actionneu rs,  des  é l éments  de  commande  cen tral e,  des  é l éments  
d ' i n terfaces)  raccordées  en  paral l è l e  à  l ' i nstal l ati on  fi xe  du  bâtiment ou  par l ' i n terméd iai re  de  l ' i nsta l l ati on  fi xe  du  
bâtiment.  

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-01 -1 0]  

2.7. 1 5. 1  
l i aison  équ ipotentiel l e  de  protection  
l i aison  équ ipotentiel le  réal isée  à  des  fins  de  sécuri té  (protection  con tre  l es  chocs  
é lectriques)   

Note  1  à  l 'arti cl e:  La  l i aison  équ ipotentiel l e  foncti onnel l e  est  défi n ie  d ans  l e  [VEI  1 95-01 -1 6] .  

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-01 -1 5,  mod i fiée  – (protection  con tre  les  chocs  
é lectriques)  a  été  aj outé. ]  

 Défin i tions  concernant  les  éléments  consti tuants  des  d isposi ti fs  de  commande  2 .8

  2 .8. 1
élément sensible  
partie  d 'un  d ispositi f de  commande  q u i  est desti née  à  être  exposée  à  l ' i n fl uence de  l a  
grandeur de  manœuvre  à  l aquel le  répond  l 'action  automatique  d 'un  d ispositi f sensible  

  2 . 8.2
tête  de  commande  
ensemble  du  disposi ti f de  commande ,  à  l 'exception  de  tou t  élément  sensible  

Note  1  à  l 'arti cl e:  S i  l a  construction  du  d i sposi ti f n e  permet pas  de  fai re  u ne  tel l e  d i sti nction  en tre  élément 
sensible  e t  tête  de  commande ,  c'est  l 'ensemble  du  disposi ti f  q u i  est  appelé  él ément sensible .  

  2 . 8.3
organe de  manœuvre  
partie  qu i  est déplacée  manuel l ement,  soi t  en  la  t i ran t,  en  l a  poussant  ou  en  l a  retournant,  
pour provoquer l a  mise  en  marche du  disposi ti f de  commande  ou  pour l e  rég lage par 
l 'u ti l isateur 

Note  1  à  l 'arti cl e:  Est  exclu  de  cette  d éfi n i ti on ,  tou t  moyen ,  te l  qu 'une  vi s  poi n teau ,  permettan t  l e  rég lage  du  
d i sposi ti f par l e  fabrican t de  d i sposi ti fs  s i  ce  moyen  est  convenablement  immobi l i sé  dans  sa  pos i ti on  i n i ti a l e  ou  
s ' i l  nécess i te  un  ou ti l  pour l e  rég lage  par l e  fabricant de  d isposi ti fs .  
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  2 . 8.4
l iaison  de  manœuvre  
tout  é lémen t qu i  rel i e  l 'organe de  manœuvre  au  mécan isme du  disposi ti f de  commande  

  2 . 8.5
cordon  de  traction  
organe de  manœuvre  souple  sur l equel  une  traction  est  exercée  pour fa i re  une  manœuvre  

  2 . 8.6
moteur primaire  
tout d ispos i ti f fourn issant l 'énerg ie  mécan ique  nécessaire  à  la  transmission  pour un  
dispositi f de  commande automatique ,  te l  qu 'un  dispositi f de  commande à  
fonctionnement électrique ,  u ne  électrovanne ,  un  mécanisme à  fonctionnement 
électrique  ou  un  disposi ti f de  commande  à  base  de  temps  

Note  1  à  l 'arti cl e:  Ce  peut  être  u n  mécan isme à  accumu lati on  d 'énerg ie  (te l  q u 'un  moteu r à  ressort),  un  d i spos i ti f 
é l ectromagnéti que  (te l  qu 'un  moteur é l ectri q ue,  u n  é l ectro-aimant  pas  à  pas),  un  d i spos i ti f é l ectrotherm ique  (tel  
que  l ' é l ément chauffant  d 'un  régu lateur d 'énerg ie ) ,  ou  tou te  au tre  sou rce  d 'énerg i e  mécan ique.  

  2 . 8.7
l iaison  sélective  
d isposi ti f mécan ique  grâce  auquel  l 'organe de  manœuvre  peu t avoir une  action  priori ta i re  
par rapport  à  cel l e  du  moteur primaire  ou  de  la  grandeur de  manœuvre ,  pour provoquer ou  
au toriser l a  mise  en  marche  ou  l 'annu lation  d 'une  action  

  2 . 8.8
couvercle  
capot  
partie  access ib le  lorsque  l e  disposi ti f de  commande  est mon té  comme en  usage normal  e t  
qu i  ne  peut être  en levée  qu 'à  l 'a ide  d 'un  outi l  

Note  1  à  l 'arti cl e:  L 'en l èvement de  cette  parti e  ne  doi t  cependant pas  nécessi ter d 'outi l  spécial .  

  2 . 8.9
partie  (ou  é lément)  à  fixation  sans  vis  
partie  (ou  élémen t)  accessible  q u i ,  après  fixation ,  i nsta l l ation ,  montage  ou  assemblage  dans  
ou  sur un  matérie l  ou  au tre  é lémen t,  ou  encore  sur un  support spécia lement préparé,  est 
main tenu  en  place  par des  moyens  d i rects  qu i  ne  dépenden t pas  de  vis  

Note  1  à  l ' arti cl e:  Le  démontage  ou  en l èvement  peut  nécessi ter un  outi l ,  u ti l i sé  d i rectement su r l a  parti e  (ou  
é l ément),  ou  encore  u ti l i sé  pou r accéder au  moyen  de  retenue .  

Note  2  à  l 'arti cl e:  Comme exemples  de  parti es  q u i  n e  son t  pas  cons idérées  comme parties  (ou  él éments)  à  
fi xation  sans  vis ,  on  peu t  ci ter:   

– des  parti es  d 'é léments  fi xées  en  permanence  par ri vets ,  col l age  ou  moyens  analogues;  

– l es  connecteurs  à  l anguette;  

– l es  bornes  sans  vis ;  

– l es  fi ches  et  pri ses  de  cou ran t normal i sées;  

– l es  socles  de  connecteur normal i sés,  même s i  ces  socles  comportent  d es  d i sposi ti fs  à  l oquet  suppl émentai res  
desti nés  à  empêcher un  débranchement à  action  un i que;  

– l e  remplacement d ' une  l ampe  à  dou i l l e  à  baïonnette;  

– l a  construction  à  cosse  tou rnan te;  

– l a  construction  à  fi xation  par frottement.  
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 Défin i tions  concernant  les  d i fférents  types  de  bornes  et  connecteurs  u ti l isés  2.9
dans  l es  d isposi ti fs  de  commande  

  2 . 9. 1
borne  à  trou  
borne  comportan t un  trou  ou  une  cavi té  destinés  à  recevoi r un  conducteur qu i  est ensu i te  
b loqué  sous  l a  poin te  d 'une  ou  p l us ieurs  vis  

Note  1  à  l 'arti cl e:  La  press ion  de  serrage  est  appl i quée  soi t  d i rectement par l a  vi s ,  soi t  par l ' i n terméd ia i re  d 'u ne  
pièce  de  serrage  q u i  transmet l a  press ion  de  l a  vi s  (voi r F i gu re  1 1 ) .   

  2 . 9.2
borne  à  vis  
borne dans  laquel l e  l e  conducteur est serré  sous  l a  tête  d 'une  vis  

Note  1  à  l 'arti cl e:  La  pression  de  serrage  peut  être  appl i q uée  soi t  d i rectement par l a  tête  de  l a  vi s ,  soi t  par 
l ' i n terméd iai re  d 'u ne  pièce  te l l e  q u 'une  ronde l l e ,  une  pl aquette  ou  u n  d i sposi ti f évi tant  l ' effi l ochage  du  conducteu r 
(voi r F i gu re  1 0).  

  2 . 9.3
borne  à  gou jon  fi l eté  
borne dans  laquel l e  l e  conducteur est serré  sous  un  écrou  

Note  1  à  l ' arti cl e:  La  pression  de  serrage  peut  être  appl i quée  soi t  d i rectement  par u n  écrou  de  forme  appropriée,  
soi t  par l ' i n terméd iai re  d 'une  pi èce  tel l e  q u 'une  rondel l e ,  u ne  p l aquette  ou  un  d i spos i ti f évi tant  l 'effi l ochage  d u  
conducteur (voi r F i gu re  1 0).  

  2 . 9.4
borne  sans  vis  
borne dans  laquel le  l e  conducteur est b loqué  d i rectement ou  ind i rectement par des  é léments  
de  serrage  te ls  que  des  ressorts,  des  coins,  des  excentriques,  des  cônes  ou  équ iva lent  

Note  1  à  l 'arti cl e:  Ne  son t  pas  cons idérées  comme des  bornes  sans  vi s :   

−  l es  bornes  nécessi tant  l a  pose  préal abl e  de  d i sposi ti fs  spéciaux su r l es  conducteu rs ,  par exemple  l es  
connecteurs  à  l anguette ;   

−  l es  connexions  nécessi tant  l ' enrou l ement du  conducteu r (wrappi ng )  par exemple  cel l es  avec des  j oi n ts  
enrou l és ;   

−  l es  bornes  assurant  un  contact  d i rect  avec l es  conducteu rs  au  moyen  d 'arêtes  ou  de  po in tes  desti nées  à  percer 
l ' i solation .   

  2 . 9.5
connecteur à  languette  
assemblage  d 'une  l anguette  et  d 'un  réceptacle  permettant de  re l i er à  volonté  une  âme  
conductrice  ou  un  conducteur à  un  d ispositi f de  commande ,  à  une  au tre  âme ou  à  un  au tre  
conducteur 

  2 . 9.6
réceptacle  
partie  femel le  d 'un  connecteur à  languette  d esti née  à  être  fixée  en  permanence  sur une  âme 
conductrice  ou  un  conducteur (voir F igure  1 6)  

  2 . 9.7
languette  
partie  mâle  d 'un  connecteur à  l anguette  (vo i r F igures  1 4  et  1 5)  

  2 . 9.8
languette  inamovible  
languette  fi xée  de  man ière  permanen te  sur une  âme conductrice  ou  sur un  conducteur 
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  2 . 9.9
languette  fixe  
languette  fixée  de  man ière  permanen te  sur un  dispositi f de  commande  ou  en  fa isant partie  
i n tégrante  

  2 . 9. 1 0
connexion  
pièce  permettant l a  connexion  d 'un  conducteur à  un  dispositi f de  commande  d e  te l le  
man ière  que  son  remplacement nécess i te  un  outi l  spécial ,  u n  procédé spécia l  ou  une  
préparation  spécia le  de  l 'extrém i té  d 'un  conducteur 

Note  1  à  l 'arti cl e:  Le  soudage  à  l 'étai n  nécess i te  un  ou ti l  spécial .  Le  soudage  é l ectri q ue  est  un  procédé  spécial .  
La  pose  d 'une  cosse  su r l ' extrém i té  d 'un  conducteu r est  considérée  comme une  préparati on  spéciale.  

  2 . 9. 1 1
connexion  soudée  
connexion  d ans  laquel le  l e  conducteur est fixé  mécan iquement et  l a  continu i té  é lectrique  est  
assurée  par une  soudure  

  2 . 9. 1 2
borne  à  plaquette  
borne  dans  l aquel le  l 'âme d 'un  conducteur est serrée  sous  une  plaquette  au  moyen  de  deux 
ou  pl us  de  deux vis  ou  écrous  (voir F i gure  1 3a)  

  2 . 9. 1 3
borne  pour cosse  et barrette  
borne  à  serrage  sous  tête  de  vis  ou  borne  à  gou jon  fi l eté ,  prévue  pour l e  serrage  d 'une  
cosse  ou  d 'une  barrette  au  moyen  d 'une  vis  ou  d 'un  écrou  (voi r F igu re  1 3b)  

  2 . 9. 1 4
borne  à  capot taraudé  
borne  dans  l aquel l e  l 'âme d 'un  conducteur est serrée  au  moyen  d 'un  écrou  con tre  le  fond  
d 'une  fen te  pratiquée  dans  un  gou j on  fi l eté  

Note  1  à  l 'arti cl e:  L 'âme est  serrée  contre  l e  fond  de  l a  fen te  par une  ronde l l e  d e  forme  appropriée  pl acée  sous  
l 'écrou ,  par u n  téton  central  s i  l ' écrou  est  un  capot taraudé,  ou  par d 'au tres  moyens  auss i  effi caces  pou r 
transmettre  l a  press ion  de  l 'écrou  à  l ' âme à  l ' i n térieur d e  l a  fen te  (voi r F i gure  1 2 ) .  

  2 . 9. 1 5
borne  d 'équ ipotential i té  
borne  dont un  matérie l  ou  un  d ispos i ti f est mun i ,  et destinée  à  être  connectée  é lectriquement 
au  réseau  de  l i aison  équ ipotentiel le   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-32]  

  2 . 9. 1 6
borne  d 'équ ipotential i té  de  protection   
borne  destinée  à  des  fi ns  d 'équipotential i té  de  protection  

Note  1  à  l ' arti cl e:  Par exemple  un  écran  de  protection  ou  u ne  borne  PE  d 'un  disposi ti f de  commande  ou  d 'u n  
matériel .  

  2 . 9. 1 7
conducteur de  protection   
PE  
conducteur prévu  à  des  fi ns  de  sécuri té ,  par exemple  protection  contre  l es  chocs  électriques   

[SOURCE:  I EC 60050-1 95: 1 998,  1 95-02-09  ]  
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 Défin i tions  concernant  les  modes  de  connexion  aux d ispositi fs  de  commande  2. 1 0

  2 . 1 0. 1
conducteur externe  
câble  souple,  cordon ,  âme conductrice  ou  conducteur don t une  partie  sort d 'un  dispositi f de  
commande in tercalé ,  d 'un  disposi ti f de  commande à  montage i ndépendant  ou  d 'un  
matérie l  dans  ou  sur l equel  un  dispositi f de  commande  est monté  

Note  1  à  l 'arti cl e:  Un  te l  conducteur peu t  soi t  être  un  câble  d 'a l imentati on ,  un  câble  fonctionnel  ou  u n  cordon  de  
raccordement en tre  d i fférentes  parti es  d 'un  apparei l ,  soi t  consti tuer u ne  parti e  du  câblage  fi xe  d ' un  matérie l .  

  2 . 1 0.2
câblage fixe  
tout conducteur externe  qu i  est fixé  de  man ière  permanente  à  l a  structure  d 'un  bâtiment de  
man ière  te l l e  qu 'en  usage normal  i l  y a i t  peu  de  chances  qu 'un  effort quelconque soi t  
appl iqué  au  conducteur à  son  poin t de  fixation  au  matérie l  ou  au  dispositi f de  commande  

Note  1  à  l 'arti cl e:  U ne  tel l e  fi xation  à  l a  s tructure  du  bâtiment peu t  se  fai re,  par exemple ,  soi t  en  enfermant  l es  
conducteurs  dans  un  condu i t,  soi t  en  en terran t  des  câbl es  dans  l es  murs  ou  en  fi xan t  d e  façon  appropri ée  l es  
câbles  aux murs  ou  au tres  su rfaces.  

  2 . 1 0.3
conducteur in terne  
câble  souple,  âme conductrice  ou  conducteur qu i  n 'est n i  conducteur externe  n i  conducteur 
in tégré  

Note  1  à  l 'arti cl e:  U n  exemple  est  un  conducteu r à  l ' i n téri eur du  matérie l  pour i n terconnecter l e  disposi ti f de  
commande  e t  l e  matéri e l .  

  2 . 1 0.4
conducteur in tégré  
conducteur qu i  se  trouve  à  l ' i n térieur d 'un  dispositi f de  commande ,  ou  qu i  est u ti l i sé  pour l e  
raccordement permanent  des  bornes  ou  des  connexions  d 'un  dispositi f de  commande  

  2 . 1 0.5
câble  souple  non  fixé  à  demeure  
conducteur externe  souple  qu i  est re l i é  à  un  dispositi f de  commande  ou  à  un  apparei l  par 
l ' i n terméd iai re  d 'un  connecteur,  un  socle  ou  une  prise  mobi le  

  2 . 1 0.6
câble  souple  fixé  à  demeure  
conducteur externe  souple  rel ié  à  ou  mon té  sur un  dispositi f de  commande  par l ' une  des  
méthodes  de  2 . 1 0. 6. 1  à  2 . 1 0. 6. 4  

2. 1 0.6. 1  
fixation  de  type  X 
moyen  de  fixation  te l  que  l e  câble  souple  pu isse  être  faci l ement remplacé  sans  l 'a ide  d 'outi l s  
spéciaux  par des  câbles  normaux sans  préparation  spécia le  

2. 1 0.6.2  
fixation  de  type M  
moyen  de  fixation  te l  que  l e  câble  pu isse  être  faci lement remplacé  sans  l 'a i de  d 'outi ls  
spéciaux,  mais  destiné  à  être  u ti l i sé  un iquement avec un  câble  spécia l ,  te l  qu 'un  câble  qu i  
comporte  une  protection  surmou lée  ou  des  extrém i tés  spécia lement préparées  

Note  1  à  l 'arti cl e:  Ce  moyen  de  fi xation  ne  s 'appl i que  pas  s i  l e  câble  peut  être  remplacé  par un  câbl e  normal  au  
cours  des  opérati ons  d 'entreti en ,  à  moins  que  l a  norme  parti cu l i ère  du  matériel  n e  l e  permette.   
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2. 1 0.6.3  
fixation  de  type Y 
moyen  de  fixation  du  câble  souple  d 'a l imentation  te l  q ue  tou t remplacement est prévu  pour 
être  réal isé  par l e  fabrican t,  ses  représen tan ts  pour l 'en tretien  ou  une  personne qual i fiée  
s im i la i re  

2. 1 0.6.4  
fixation  de  type Z  
moyen  de  fixation  te l  que  le  câble  souple  ne  pu isse  être  remplacé  sans  bris  ou  destruction  
d 'une  partie  du  dispositi f de  commande  

  2 . 1 0.7
conducteur flottant  
amorce  
conducteur(s)  prévu(s)  pour l a  connexion  du  disposi ti f de  commande ,  une  extrém ité  étant 
connectée  de  façon  permanente  au  dispositi f de  commande  par l e  fabricant  d u  disposi ti f 
de  commande  

  2 . 1 0.8
pi le  primai re  
cel lu le  
tout  type  de  cel lu le  é lectroch im ique  dans  l equel  l a  réaction  é lectroch im ique  étud iée  n ’est  pas  
réversib le  

Note  1  à  l 'arti cl e:  U n  exemple  est  une  pi l e  a l cal i ne.  

  2 . 1 0.9
pi le  secondaire  
cel lu le  rechargeable  
tout type  de  cel lu le  é l ectroch im ique  dans  l equel  l a  réaction  é lectroch im ique  étud iée  est 
réversib le  

Note  1  à  l 'arti cl e:  U ne  p i l e  rechargeable  est  un  g roupe  de  deux pi l es  secondai res  ou  p l us.  

Note  2  à  l ' arti cl e:  Des  exemples  de  p i l es  rechargeables  son t  l es  p i l es  à  h yd ru re  métal l i que  de  n i ckel  (N iMH),  au  
i on -l i th i um  (Li - i on),  etc.  

 Défin i tions  concernant  le  fonctionnement des  d ispositi fs  à  action  du  type  2  2. 1 1

  2 . 1 1 . 1

tolérance de  fabrication  
d i fférence maximale  entre  l es  mesures  de  l a  valeur de  fonctionnement ,  de  temps ou  de 
séquence de  fonctionnement  i nd iquée  pour deux dispositi fs  de  commande  q uelconques  
fourn is  par l e  fabrican t sous  la  même référence un ique  de  type  et  soum is  aux mêmes essais  

Note  1  à  l ' arti cl e:  La  d i fférence  peut  être  rapportée  à  une  val eur absolue  s i  l e  paragraphe  approprié  de  l 'Arti cl e  1 5  
l 'au tori se.  

  2 . 1 1 . 2
dérive  
variation  maximale  de  l a  valeur,  du  temps ou  de  la  séquence de  fonctionnement  d 'un  
échanti l lon  quelconque,  susceptib le  de  se  produ ire  au  cours  des  essais  conformes  aux 
cond i tions  décri tes  dans  l a  présente  norme  

Note  1  à  l 'arti cl e:  Cette  vari ati on  peut  être  rapportée  à  une  val eu r absolue  ou  combinée  à  l a  tolérance de  
fabrication  s i  l e  paragraphe  approprié  de  l 'Arti cl e  1 5  l ' au tori se.   
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 Défin i tions  concernant  les  exigences  des  l ignes  de  fu i te  et  d istances  dans  l 'ai r 2 . 1 2

  2 . 1 2. 1
d istance dans  l ’ai r 
plus  courte  d istance  dans  l 'a i r en tre  deux parties  conductrices  ou  entre  une  partie  conductrice  
et  une  feu i l le  métal l i que  appl iquée  con tre  une  surface  en  matière  isolante  

Note  1  à  l 'arti cl e:  La  méthode  de  mesure  est  détai l l ée  à  l 'Annexe  B  et  à  l a  F i gu re  1 7.  

  2 . 1 2.2
l igne  de  fu i te  
plus  court chem in  le  l ong  d 'une  su rface  de  matière  i solante  en tre  deux parties  conductrices,  
ou  en tre  une  partie  conductrice  et une  feu i l l e  métal l i que  appl iquée  sur tou te  surface  
accessible  en  matière  i solante  

Note  1  à  l 'arti cl e:  La  méthode  de  mesure  est  détai l l ée  à  l 'Annexe  B  et  à  l a  F i gu re  1 7.  

  Vacant 2. 1 2.3

  Vacant 2. 1 2.4

  Vacant 2. 1 2.5

  Vacant 2. 1 2.6

  Vacant 2. 1 2.7

  2 . 1 2.8
pol lu tion  
toute  add i tion  de  matière  étrangère,  sol i de,  l i qu ide  ou  gazeuse  pouvant entraîner l a  réduction  
de  la  rig i d i té  d ié lectrique  ou  de  la  rés istivi té  surfacique  de  l ' i so lation  

  Environnement 2. 1 2.9

2. 1 2.9. 1  
macro-envi ronnement 
envi ronnement  d e  l a  p ièce  ou  de  tout  au tre  l ieu  dans  lequel  le  matérie l  est  i nsta l l é  ou  u ti l i sé  

2. 1 2.9.2  
microenvironnement 
environnement  imméd iat de  l ' i solation  in fluençant particu l i èrement l e  d imensionnement des  
l ignes  de  fu i te  

2. 1 2.9.3  
degré de  pol lution  
ch i ffre  caractérisant  l a  pol lu tion  attendue  du  microenvi ronnement  

Note  1  à  l 'arti cl e:  Les  degrés  de  pol lu tion  1 ,  2 ,  3  et  4  son t  u ti l i sés.  Voi r Annexe  N .  

 Défin i tions  d iverses  2 . 1 3

  2 . 1 3. 1
référence  un ique de  type  
code marqué  sur l e  dispositi f de  commande  q u ' i l  i denti fi e  de  man ière  non  équ ivoque et qu i  
permet de  commander au  fabrican t un  d isposi ti f de  rechange  parfai tement in terchangeable  
avec le  prem ier du  poin t  de  vue  é lectri que,  mécan ique,  des  d imensions  et  des  fonctions  

  2 . 1 3.2
outi l  
tournevis ,  p ièce  de  monnaie  ou  tout au tre  obj et permettant de  tourner un  écrou ,  une  vis  ou  un  
é lémen t analogue  
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  2 . 1 3.3
outi l  spécial  
outi l  q u i  ne  se  trouve  pas  normalement dans  une  maison ,  te l  qu 'une  clé  s ix  pans  

Note  1  à  l ' arti cl e:  Les  pièces  de  monnaie,  l es  tou rnevis  et  l es  cl és  pl ates  prévus  pou r tou rner des  écrous  carrés,  
s i x pans,  etc. ,  ne  son t  pas  considérés  comme des  outi l s  spéciaux.  

  2 . 1 3.4
usage normal  
emploi  d u  dispositi f de  commande  ou  du  matérie l  auquel  i l  est associé  aux fins  prévues  et  
conformément aux i nstructions  de  son  fabrican t  

Note  1  à  l ' arti cl e:  L 'usage normal  eng lobe  des  cond i ti ons  de  su rcharge  ou  de  fonctionnement anormal  prévues  
dans  l a  norme  parti cu l i ère  du  matériel .   

Note  2  à  l 'arti cl e:  En  revanche,  l 'usage normal  exclu t  des  opérati ons  éven tuel l ement  nécessai res  pou r main ten i r 
l e  disposi ti f de  commande  ou  l e  matériel  en  ord re  de  marche,  même s i  ces  opérati ons  d 'en tretien  son t  exécu tées  
par l 'u ti l i sateur  conformément aux i nstructions  du  fabricant.  

  2 . 1 3.5
entretien  par l ’u ti l i sateur 
maintenance  par l 'u ti l i sateur 
opérations  périod iques  nécessaires  pour main ten ir l e  d ispositi f de  commande ,  ou  le  
matérie l ,  en  ordre  de  marche,  l esquel les  son t déta i l l ées  dans  l es  i nstructions  du  fabricant  à  
l ’u ti l i sateur  

  2 . 1 3.6
entretien  
opérations  nécessaires  pour main ten i r l e  disposi ti f de  commande ,  ou  le  matérie l ,  en  ordre  
de  marche,  qu i  seraien t confiées  à  une  personne compéten te,  dans  un  atel i er,  par un  
é lectricien  ou  par un  organ isme de  service  

Note  1  à  l 'arti cl e:  Cela  comprend  l e  remplacement d ' un  câb l e  soupl e,  d 'u n  coupe-ci rcu i t  therm ique,  etc.  

  2 . 1 3.7
entretien  ou  réparation  par le  fabricant  
opérations  d ’entretien  qu i  ne  peuvent être  exécu tées  que  par l e  fabrican t ou  par ses  
représentan ts  agréés  

Note  1  à  l ' arti cl e:  Ces  opérati ons  peuvent nécessi ter des  outi l s  spéciaux  e t  couvren t l e  rég lage  par l e  fabri can t 
de  d i sposi ti fs  de  commande .  

  2 . 1 3.8
défai l lance  
cessation  de  l 'apti tude  d 'une  enti té  à  accompl i r une  fonction  requ ise  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -04-01 ]  

  2 . 1 3.9
panne 
état d 'une  en ti té  i napte  à  accompl i r une  fonction  requ ise,  non  comprise  l ' i napti tude  due  à  la  
main tenance préven tive  ou  à  d 'au tres  actions  programmées  ou  due  à  un  manque  de  moyens  
extérieurs  

Note  1  à  l ’ arti cl e:  Une  défai l l ance  es t  un  passage  d 'un  état  à  un  au tre,  par opposi ti on  à  une  panne ,  q u i  est  un  
état.  

Note  2  à  l ’ arti cl e:  Après  défai l l ance  d ' une  en ti té,  cette  en ti té  est  en  état  d e  panne .  

Note  3  à  l ’ arti cl e:  Cette  noti on ,  te l l e  qu 'e l l e  est  d éfi n ie,  ne  s 'appl i que  pas  à  u ne  en ti té  consti tuée  seu lement  d e  
l og iciel .  
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Note  4  à  l ’ arti cl e:  Une  panne  est  souvent  l a  conséquence  d 'une  défai l l ance  d e  l 'en ti té  e l l e-même,  mais  e l l e  peu t  
exi ster sans  défai l l ance  p réa l able.  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -05  01 ]  

  2 . 1 3. 1 0
réseau  in tel l igent  
réseau  d ’ énerg ie  é lectri que  qu i  u ti l i se  l es  technolog ies  d ’échange  d ’ i n formation  et de  
commande ,  l ’ i n formatique  d istribuée  et  l es  capteurs  et  actionneurs  associés,  pour des  
obj ecti fs  te ls  que:  

– i n tégrer l e  comportement et  les  actions  des  uti l i sateurs  du  réseau  et des  au tres  parties  
prenantes,  

– fourn i r efficacement une  a l imentation  en  é lectrici té  durable,  économ ique  et  sûre  

[SOURCE:  CEI  60050-61 7: 201 1 -1 0,  61 7-04-1 3]  

  2 . 1 3. 1 1
d isposi ti f de  commande activé  i n tel l igent  
d ispositi f de  commande destiné  à  i n terag i r avec l e  réseau  i n tel l igent  e t  qu i  permet de  
commander ou  d ’acti ver à  d is tance  certaines  fonctions  associées  au  taux de  facturation  de  
l ’é l ectrici té  ou  à  l a  gestion  de  l a  demande  en  é lectrici té,  généralement par communication  
avec la  rég ie  d ’électrici té  ou  par une  in terface  uti l isateur d istan te   

Note  1  à  l 'arti cl e:  Par exemple,  une  i n terface  d i stan te  i ncl u t  un  ord i nateur ou  u n  té léphone  i n tel l i gent.  

 Défin i tions  concernant  le  fabricant et l 'u ti l isateur 2 . 1 4

  2 . 1 4. 1
fabricant de  d ispositi fs  de  commande  
fabrican t du  dispositi f de  commande  

  2 . 1 4.2
fabricant de  matériel  
fabrican t de  matériel  dans  lequel ,  sur l equel  ou  avec l equel  l e  dispositi f de  commande  est  
u ti l i sé  

Note  1  à  l 'arti cl e:  Au  Canada  et  aux États-Un is ,  l e  fabricant de  matéri el  est  s i gna lé  comme l 'OEM  (fabrican t  
ori g i na l  du  matéri el ) .  L 'OEM  reçoi t  d es  disposi ti fs  de  commande  d u  fabrican t de  d i sposi ti fs  de  commande  
pou r i n tégration  à  ou  i ncorporation  dans  l e  matéri e l .  

  2 . 1 4.3
instal lateur 
personne  qual i fiée  pour i nsta l ler le  dispositi f de  commande  et  peu t-être  l e  matérie l  associé  

  2 . 1 4.4
uti l isateur 
personne  qu i  u ti l i se  l e  disposi ti f de  commande  à  l 'a i de  de  l a  documentation  (entretien  par 
l 'u ti l i sateur)  pendant sa  durée  normale  

Note  1  à  l ’ arti cl e:  L 'uti l i sateur  est  cons idéré  comme une  personne  i nexpérimentée.  

  2 . 1 4.5
dispositi fs  de  commande ou  systèmes de  sécuri té  fonctionnel le  peu  complexe  
système  ou  dispositi f de  commande  d e  sécuri té  dans  l equel  

– l es  modes  de  défai l lance  d e  chaque  composan t i nd ividuel  sont b ien  défin is;  

– l e  comportement du  système  ou  du  dispositi f de  commande  en  cas  de  panne peut être  
totalement déterm iné  
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 Défin i tions  en  rapport  avec l es  thermistances  2. 1 5

Voir Annexe  J .  

 Défin i tions  relatives  à  l a  structure  des  d isposi ti fs  de  commande u ti l i sant des  2. 1 6
logiciels  

Voi r Annexe H .  

 Défin i tions  relatives  à  l 'absence d 'erreur pour l es  d ispositi fs  de  commande 2. 1 7
uti l isant  des  log iciels  

Voi r Annexe H .  

 Défin i tions  relatives  aux techn iques  de  contrôle  panne/erreur des  d ispositi fs  de  2. 1 8
commande uti l i sant des  log iciels  

Voi r Annexe H .  

 Défin i tions  relatives  aux essais  de  mémoire  des  d isposi ti fs  de  commande  2. 1 9
uti l isant des  log iciels  

Voi r Annexe H .  

 Défin i tions  de  la  terminolog ie  des  log iciels  – Général i tés  2.20

Voi r Annexe H .  

 Vacant  2.21

 Défin i tions  relatives  aux classes  de  fonctions  de  commande  2.22

Voir Annexe  H .  

 Défin i tions  relatives  à  l a  sécuri té  fonctionnel le  2. 23

Voi r Annexe H .  

 Défin i tions  l iées  à  l ’ accès  pour l ’échange  de  données  2.24

Voi r Annexe H .  

3 Exigences  générales  

Les  dispositi fs  de  commande  d o iven t être  conçus  et  constru i ts  de  façon  te l l e  qu 'en  usage 
normal  i l s  fonctionnent  sans  provoquer de  b lessure  aux personnes  ou  de  dommage au  
matérie l  envi ronnant,  même en  cas  d 'u ti l i sation  sans  précau tion  pouvant se  produ ire  en  
usage normal .  

La vérification de la  conformité consiste,  en général,  à  effectuer les essais spécifiés 
applicables de  la  présente norme et de la  partie 2 appropriée.  
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4 Général i tés  sur les  essais  

Les essais mentionnés dans cette  norme sont des essais de type.   

NOTE  1  S i  l es  résu l tats  de  l ' un  d es  essais  spéci fi és  peuvent  être  déterm inés  sans  aucun  dou te  par évaluation ,  
a l ors  l e  ou  l es  essais  n 'on t  pas  besoin  d 'être  réal i sés.  

NOTE  2  Voi r aussi  l 'Annexe  H .  Les  exigences  de  l 'Annexe  H  ne  sont  pas  appl i cab les  aux d isposi ti fs  de  
commande  non  é l ectron iques,  à  moins  qu 'e l l es  ne  soien t  spéci fi ées  dans  une  parti e  2  appropriée  de  l a  présente  
norme.  

 Cond itions  d ’essai  4. 1

4. 1 . 1  Sauf spécification contraire dans la  présente norme,  les essais sont effectués sur des 
échantillons en état de livraison et montés dans la  position spécifiée par le fabricant mais,  s'il 
y a  lieu,  dans la  position de montage la  plus défavorable.  

4. 1 .2  Si la  température ambiante est susceptible d'influencer les résultats des essais,  elle  
doit être maintenue à  (20 ± 5)  °C,  sauf que,  en cas de doute,  elle doit être  maintenue à  (23 ±  
2)  °C,  sauf spécification contraire dans un article particulier.   

4. 1 .3  Les organes de manœuvre  sont placés dans leur position la  plus défavorable,  qu'elle  
soit repérée,  intermédiaire ou de réglage par l'utilisateur,  à  moins que d'autres instructions 
ne figurent dans un article particulier.   

4.1 .4  Sauf spécification contraire dans la  présente norme,  les essais sont effectués dans 
l'ordre des articles de la  présente norme.  

Voir aussi l'Annexe H.  

4.1 .5  Pendant les essais de la  présente norme,  la  manœuvre  peut être effectuée,  si besoin 
est,  par l'équipement d'essai,  à  l'exception des essais à  grande vitesse de 17. 12.  

4.1 .6  Pendant et pour les besoins des essais de la  présente norme,  autres que les essais de  
17. 12,  la  liaison de manœuvre  peut être utilisée pour actionner le  dispositif de commande  
si l'organe de manœuvre  n'est pas livré par le  fabricant.   

4.1 .7  Les taux de  variation de  la  température déclarés en 7. 2 et utilisés dans l'Article 17 
(soit α1 ,  β1 ,  α2  et β2)  doivent avoir des tolérances d'essai de  ±12 K/h.  

Pour d'autres grandeurs de manœuvre,  les taux minimaux et maximaux de variation déclarés 
à  l'exigence 37 du Tableau 1  et utilisés à  l'Article  17 (soit α1 ,  β1 ,  α2  et β2)  doivent avoir des 
tolérances d'essai telles que spécifiées dans la  partie 2 appropriée.  

4. 1 .8  Pour tous les essais,  les instruments de mesure ou les moyens de mesure utilisés 
doivent être choisis de manière à  ne pas affecter de façon sensible les valeurs mesurées.  

4. 1 .9  à  4.1 . 1 1  Voi r Annexe  H .  

 Échanti l lons  requ is  4.2

4.2. 1  Un seul échantillon est soumis aux essais des Articles 5 à  11  et 18 à  27,  incluant les 
annexes y relatives.  Un jeu de trois échantillons est soumis aux essais restants.  

Si l'un des échantillons ne satisfait pas aux essais des Articles 12 à  17 inclus,  l'essai qui a  
causé la  non-conformité et tous ceux qui l'ont précédé qui peuvent avoir eu une influence sur 
le résultat de l'essai sont répétés sur un nouveau jeu d'échantillons identiques aux premiers,  
qui doivent alors tous satisfaire à  ces essais.   
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Le fabricant peut soumettre,  en  même temps que le premier jeu d'échantillons d'essai,  un ou 
plusieurs jeux supplémentaires à  utiliser dans le cas où un échantillon  du premier jeu ne  
satisferait pas aux essais.  En pareil cas,  l'autorité responsable des essais peut 
immédiatement procéder aux essais complémentaires sur le  jeu de remplacement et le  jeu 
n'est refusé que s'il se produit un autre cas de non-conformité.  Si les jeux d’échantillons 
supplémentaires ne  sont pas soumis en même temps,  la  non-conformité d'un échantillon peut 
entraîner le  rejet de l'ensemble du lot.  

NOTE  Au  Canada  et  aux États-Un is ,  seu lement un  échan ti l l on  est  u ti l i sé  pour l es  essai s  des  Arti cl es  1 2  à  1 7  
i ncl us  et  l 'échanti l l on  soum is  à  essai  doi t  sati sfai re  aux essais .  

4.2.2  Vacant  

4.2.3  Pour certains essais destructifs de  la  présente norme,  des échantillons 
supplémentaires peuvent être nécessaires.   

4.2.4  Les dispositifs de commande  qui sont prévus pour satisfaire aux exigences de  
plusieurs parties 2 doivent,  en général,  subir les essais de  chaque partie 2 séparément.  

NOTE  Par un  accord  en tre  l e  fabrican t  et  l 'au tori té  responsable  des  essais ,  on  ne  véri fi e  qu 'une  seu le  foi s  l es  
exi gences  et  essais  communs  à  p l us ieu rs  parti es  2 ,  à  moins  que  l es  essais  communs  pu i ssent  i n fl uencer l es  
résu l tats  d e  l 'u n  quelconque  des  essais  parti cu l i ers.   

 I nstructions  pour l es  essais  4.3

 Selon  les  échanti l lons  soumis  4.3. 1

4.3. 1 . 1  Les dispositifs de commande  qui sont soumis à  l'essai dans un matériel ou avec 
un matériel,  peuvent être soumis à  essai soit dans le matériel ou avec le matériel,  auquel cas 
ils sont classés d'après la  charge spécifique déclarée,  soit séparément,  auquel cas ils 
peuvent être classés d'après,  soit la  charge spécifique déclarée,  soit une charge résistive 
pure,  ou encore d'après une charge résistive et inductive.  Dans l'un ou l'autre des deux 
derniers cas,  le courant qui circule dans le circuit approprié lorsque le  matériel fonctionne 
sous charge normale,  est considéré comme le  courant assigné de ce circuit.   

4.3.1 .2  Pour tous les dispositifs de commande  soumis à  l'essai,  que ce soit dans,  sur ou 
avec un matériel,  toutes autres informations correspondantes spécifiées en 7. 2 peuvent être 
obtenues par examen et en  effectuant des mesures sur le  matériel soumis.   

4.3.1 .3  Les dispositifs de commande intégrés  sont classés d'après la  charge spécifique 
déclarée et sont soumis à  essai dans le matériel,  ou partie de matériel,  pour lequel ils sont 
prévus.  

4.3.1 .4  Les dispositifs de commande  qui ne sont pas présentés à  l'essai dans ou avec un 
matériel sont soumis séparément aux essais.  

4.3.1 .5  Les dispositifs de commande  destinés à  être utilisés avec des câbles souples 
fixés à demeure  sont soumis à  essai avec le  câble approprié  raccordé.  

 Selon  les  caractéristiques  assignées  4.3.2

4.3.2 . 1  Les dispositifs de commande  uniquement prévus pour un courant alternatif sont 
soumis à  essai en courant alternatif à  la  fréquence assignée,  si elle  est déclarée; Les 
dispositifs uniquement prévus pour un courant continu sont soumis à  essai en courant 
continu.  Les dispositifs pouvant fonctionner indifféremment en courant alternatif ou continu 
sont soumis à  essai dans le  cas le  plus défavorable  

4.3.2 .2  Les dispositifs de commande  prévus uniquement pour un courant alternatif qui ne 
comportent pas de déclaration de fréquence assignée sont soumis à  essai à  50 Hz ou 60 Hz,  
suivant la  valeur la  plus défavorable.  Les dispositifs de commande  ayant une fréquence 
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assignée dans une plage déclarée autre  que 50 Hz à  60 Hz sont soumis à  essai à  la  
fréquence la  plus défavorable dans la  plage marquée ou déclarée.  

4.3.2 .3  Pour l'essai des dispositifs de commande  prévus uniquement pour un courant 
continu,  il est tenu compte de l'influence éventuelle de la  polarité sur le fonctionnement du 
dispositif de commande.   

4.3.2 .4  Lorsque les dispositifs de commande  ont des valeurs assignées différentes en  
courant alternatif et continu,  pour les essais des Articles 12,  13,  14 et 17,  deux jeux 
d'échantillons sont utilisés,  l'un pour les essais aux valeurs assignées alternatives,  l'autre 
pour les essais aux valeurs assignées continues.   

NOTE  L'au tori té  responsabl e  des  essais  au ra  tou te  l ati tude  pour fi xer un  nombre  restre in t  d 'essais  à  effectuer 
pou r couvri r l es  d i verses  val eu rs  assignées  déclarées.   

4.3.2 .5  Sauf spécification contraire,  les dispositifs de commande  pour lesquels une ou 
plusieurs plages de tensions sont déclarées doivent être soumis à  essai à  la  tension la  plus 
défavorable dans la  plage déclarée,  cette tension étant multipliée par le facteur indiqué à  
l'article approprié (voir 4. 3. 2. 7) .   

4.3.2 .6  Pour les dispositifs de commande  pour lesquels plusieurs valeurs assignées de  
tension ou de courant sont déclarées ou marquées,  les essais de l'Article 17 sont répétés 
pour chaque combinaison de tension et courant assignés.  

NOTE  L'au tori té  responsabl e  des  essais  au ra  tou te  l ati tude  pour fi xer un  nombre  restre in t  d 'essais  à  effectuer 
pou r couvri r l es  d i verses  valeu rs  assignées  déclarées.  

4.3.2 .7  Pour les dispositifs de commande  pour lesquels une plage de tensions est 
déclarée,  les essais sont effectués sur un jeu d'échantillons à  chaque limite de la  plage,  à  
moins que la  différence entre les limites de la  plage ne dépasse pas 10 %  de la  valeur 
moyenne de la  plage,  auquel cas les essais sont effectués sur un seul jeu d'échantillons à  la  
limite  supérieure de la  plage.  

4.3.2 .8  Les dispositifs de commande  destinés à  fonctionner avec une alimentation 
particulière sont soumis à  essai avec cette  alimentation.   

4.3.2 .9  Un circuit de raccordement au réseau d’alimentation en courant continu est classé 
comme circuit TBTS/TBTP,  circuit TBT ou circuit de tension réseau en fonction de la  tension 
maximale de fonctionnement de l’alimentation.  Cette tension maximale de fonctionnement doit 
tenir compte de la  "tension flottante" de charge de pile secondaire associée au réseau 
d’alimentation prévu,  indépendamment des caractéristiques assignées de tension indiquées 
pour l’équipement.  

NOTE  La  tension  fl ottan te  est  l a  tension  constante  appl i q uée  en  permanence  à  une  cel lu le  vol taïque  pour l a  
main ten i r complètement chargée.  La  tens ion  fl ottante  vari e  d e  man ière  s i gn i fi cati ve  selon  l a  composi ti on  ch im ique  
et  l a  construction  de  l a  p i l e  secondai re  et  en  fonction  de  l a  température  ambiante.  

4.3.2 .1 0  Les dispositifs de commande  alimentés par piles rechargeables font l’objet 
d’essais supplémentaires conformément à  l’Annexe V.  

4.3.2 .1 1  Voi r Annexe  J .  

 Selon  la  protection  contre  les  chocs  4.3.3

4.3.3.1  Si,  dans les dispositifs de commande des classes 0,  0I ou I,  ou dans les 
dispositifs de commande  destinés à  des matériels des classe 0,  0I ou I,  certaines parties 
sont tenues d’avoir une double isolation  ou une isolation renforcée ,  ces parties sont 
contrôlées selon les exigences appropriées spécifiées pour les dispositifs de commande de 
la  classe II.  
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4.3.3.2  Dans tout dispositif de commande de la classe I ainsi que dans tout dispositif de 
commande  utilisé dans un matériel de  la  classe I,  des surfaces accessibles métalliques non 
mises à  la  terre et des surfaces accessibles isolantes doivent être munies d'une isolation 
conforme aux exigences pour un dispositif de commande de la classe II (voir 9. 1 . 1 ) .   

4.3.3.3  Si,  dans les dispositifs de commande des classes 0,  0I,  I ou II,  ainsi que les 
dispositifs de commande  destinés à  des matériels des classes 0,  0I,  I ou II,  certaines 
parties sont tenues d’être alimentées à  l'aide de circuits TBTS,  ces parties sont également 
contrôlées selon les exigences appropriées pour la  protection par l'utilisation de TBTS  de 
11 . 2. 6.  

Si,  dans les dispositifs de commande de la classe I ou des dispositifs de commande  
destinés à  des matériels de classe I,  certaines parties sont tenues d’être  alimentées à  l'aide 
de  circuits TBTP,  ces parties sont également contrôlées selon les exigences appropriées pour 
la  protection par l'utilisation TBTP de 11 . 2. 6.  

NOTE  Par défi n i ti on  (2 . 7 . 5),  l es  disposi ti fs  de  commande  de  l a  classe  I I  ne  peuvent  pas  u ti l i ser des  ci rcu i ts  
TBTP.  

 Selon  les  variantes  du  fabricant  4.3.4

4.3.4.1  Les dispositifs de commande  identiques mais qui peuvent être ajustés par le  
fabricant ou qui peuvent en cours de fabrication recevoir des composants ou des parties 
différentes auxquelles correspondent des valeurs,  des temps ou des séquences de 
fonctionnement différentes sont,  pour les besoins de la  présente norme,  traités comme un 
lot homogène.  Normalement,  les dispositifs de commande  qui sont ajustés pour les 
conditions de service les plus sévères sont considérés comme suffisants.  Cependant,  
l'autorité responsable  des essais peut exiger des échantillons supplémentaires,  ajustés à  
d'autres valeurs,  s’il peut être démontré clairement que ces valeurs sont nécessaires à  
l'approbation de la  totalité de la  plage.   

4.3.4.2  Dans ces cas,  une attention particulière  doit être portée aux variations éventuelles 
des tolérances de fabrication  et de la  dérive  des valeurs,  temps et séquences de 
fonctionnement et,  pour les dispositifs de commande sensibles ,  aux valeurs minimales et 
maximales des pentes de variation de la  grandeur de manœuvre  appropriée qui peuvent être 
applicables aux différentes parties de la  plage.   

 Selon  la  fonction  4.3.5

4.3.5.1  Les dispositifs de commande  à plusieurs fonctions  doivent,  selon 6. 3,  être 
généralement soumis à  essai séparément pour chacune de ces fonctions.  Pendant les essais 
de contrôle d'une fonction particulière,  les grandeurs de manœuvre et les moteurs primaires  
associés aux autres fonctions doivent être maintenus à  la  valeur et la  position les plus 
sévères de la  ou des plages déclarées.   

4.3.5.2  De tels dispositifs de commande  ne disposant pas d'une section appropriée de  
l'Article 17 doivent être soumis à  essai suivant un processus décidé par accord entre le  
fabricant et l'autorité  responsable des essais de sorte que les valeurs,  le temps et les 
séquences de fonctionnement  essentiels prévus soient soumis à  essai.   

4.3.5.3  Tout dispositif de commande  ayant une fonction qui n'est pas classée en 6. 3,  ou 
dans la  partie 2 appropriée,  peut être soumis à  essai et approuvé suivant cette norme,  sauf 
pour l'Article 17.  Un programme d'essai pour l'Article 17 doit être basé dans la  mesure du 
possible sur l'objectif de cet article et doit être décidé par accord entre le  fabricant et l'autorité  
responsable des essais.  

4.3.5.4  Voi r Annexe  J .  
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5 Caractéristiques  assignées  

 Tension  assignée maximale  5. 1

La  tension  ass ignée maximale  est 690  V.   

 Vacant  5.2

 Conformité  5.3

La conformité de 5. 1  et 5. 2 est vérifiée par les exigences d'informations de l'Article  7.  

6 Classi fication  

Les  disposi ti fs  de  commande  son t cl assés:   

 Selon  leur al imentation  6. 1

 Disposi ti fs  pour courant a l ternati f seu lement  6. 1 . 1

NOTE  1  Les  disposi ti fs  pou r couran t a l ternati f seu lement  ne  peuvent  être  u ti l i sés  dans  l es  ci rcu i ts  à  courant  
conti nu  que  s i  l e  cou rant  ne  dépasse  pas  1 0  %  d u  couran t  a l ternati f ass igné  ou  0 , 1  A su ivant  l a  va leur l a  p l us  
fa ible.   

NOTE  2  Des  essais  supplémentai res  peuvent  être  requ is  pour établ i r l es  valeurs  assignées  en  cou ran t conti nu .   

 D i spositi fs  pour courant conti nu  seu lement.  6. 1 . 2

 Dispositi fs  pour courants  a l ternati f et  conti nu .  6. 1 . 3

 Dispositi fs  pour a l imen tation  spéci fi que  ou  mu l ti p le .  6.1 .4

 Dispositi fs  al imentés  par p i l e.  6. 1 .5

 Selon  le  type  de  charge  associé  à  chaque  ci rcu i t du  d ispositi f de  commande   6. 2

Un  disposi ti f de  commande  à  p lus ieurs  ci rcu i ts  ne  nécessi te  pas  d ’avoir l a  même 
classi fication  pour chaque  ci rcu i t.  

6.2. 1  C i rcu i ts  pour charges  pratiquement résisti ves  dont l e  facteur de  pu issance  n 'est pas  
i n férieur à  0 , 95.   

NOTE  De  te l s  ci rcu i ts  sont  u ti l i sables  avec des  charges  i nducti ves  à  cond i ti on  q ue  l e  facteu r de  pu i ssance  ne  soi t  
pas  i n féri eu r à  0 , 8  et  q ue  l a  charge  i n ducti ve  soi t  l im i tée  à  60  %  du  cou ran t ass igné  avec charge  rés i sti ve.  Ces  
ci rcu i ts  sont  également  u ti l i sables  avec d 'au tres  charges  réacti ves  ne  dépassant pas  1 0  VA,  à  cond i ti on  que  l e  
courant  réacti f ne  d épasse  pas  5  %  du  courant  rés i sti f ass igné.   

6.2.2  C i rcu i ts  pour charges  rés isti ves  ou  pour charges  i nductives  don t l e  facteur de  
pu issance  n 'est pas  i n férieur à  0 , 6  ou  pour charge  m ixte  (résisti ve  et i nductive) .  

NOTE  1  Comme exemple,  on  peu t  ci ter l e  ci rcu i t  d 'u n  venti l ateu r q u i  i ncorpore  à  l a  foi s  u n  é l ément chauffant  et 
un  moteur.  

NOTE  2  Les  ci rcu i ts  pou r charges  i n ducti ves  seu lement peuvent  soi t  être  cl assés  conformément à  6 . 2 . 2 ,  l e  
fabrican t  d éclaran t  q ue  l a  charge  rés i sti ve  est  éga le  à  l a  charge  i n ducti ve,  soi t  être  cl assés  pour une  charge  
spéci fi que  déclarée.  

6.2.3  C i rcu i ts  pour charges  spéci fi ques  déclarées.  

NOTE  Comme exemples,  on  peu t  ci ter l es  ci rcu i ts  qu i  commandent  l es  l ampes  à  fi l ament  de  tungstène  ou  
fl uorescentes,  des  charges  fortement i n ducti ves  don t  l e  facteur de  pu i ssance  est  i n féri eur à  0 , 6,  des  charges  
capaci ti ves  et  des  con tacts  desti nés  à  ne  travai l l er qu 'à  vi de.   
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6.2.4  C i rcu i ts  pour couran t i n férieur à  20  mA.  

NOTE  Comme exemples,  on  peut  ci ter l es  ci rcu i ts  de  commande  des  voyants  au  néon  ou  des  l ampes  de  
s i gnal i sati on .   

6.2.5  C i rcu i ts  pour moteurs  a l ternati fs,  dont l es  caractéristi ques  de  charge  sont  défi n ies  
dans  l a  déclaration  du  fabricant du  dispositi f de  commande .  

6.2.6  C i rcu i t  pour auxi l i a i res.  

 Selon  leurs  fonctions  6.3

Un  dispositi f de  commande  peu t être  classé  pour pl us ieurs  fonctions,  auquel  cas  i l  est  d i t  
dispositi f de  commande  mu l ti fonction .  

NOTE  Tou te  action  manuel l e  d ' un  di sposi ti f de  commande  au tomatique  ou  une  action  manuel le  d i sti ncte  
fa i sant  parti e  i n tég ra le  d ' un  d isposi ti f de  commande  au tomatique  n 'est  pas  cl assée  su i vant  6 . 3 .  

6.3. 1  –  thermostat;  

6.3.2  –  l im iteur de  température ;  

6.3.3  –  coupe-ci rcu it  thermique ;   

6.3.4  Vacant 

6.3.5  –  régulateur d 'énerg ie ;   

6.3.6  –  minuterie;   

6.3.7  –  minuterie  cycl ique ;  

6.3.8  –  dispositi f de  commande manuel le ;   

6.3.9  –  dispositi f de  commande sensible  (au tre  que  l es  d isposi ti fs  classés  de  6. 3. 1  à  
6. 3. 4) ;  

6.3. 1 0  –  dispositi f de  commande à  fonctionnement é lectrique ;   

6.3. 1 1  –  dispositi f de  protection  de  moteur;   

6.3. 1 1 . 1   – protecteur thermique  ;  

6.3. 1 2  –  é lectrovanne;  

6.3. 1 3  –  mécanisme à  fonctionnement é lectrique ;  

6.3. 1 4  –  disposi ti f de  commande de  protection ;  

6.3. 1 5  –  disposi ti f de  commande de  fonctionnement .  

NOTE  Des  cl assi fi cations  complémentai res  peuvent être  données  dans  l es  parti es  2  adéquates.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 327  –  
© I EC  201 5  

 Selon  les  caractéristiques  du  fonctionnement automatique  6.4

6.4. 1  –  action  de  type 1 ;   

6.4.2  –  action  de  type 2 ;   

6.4.3  Les  actions  de  type 1  e t  l es  actions  de  type 2  son t de  p lus  classées  su ivan t une  ou  
p lus ieu rs  caractéristiques  de  construction  ou  de  fonctionnement su ivan tes:   

NOTE  1  Ces  cl assi fi cations  supplémenta i res  ne  sont  appl i cables  q ue  s i  l es  décl arations  correspondantes  sont  
fa i tes  et  tous  l es  essais  appropriés  sati sfai ts .   

NOTE  2  Une  action  comportan t  p l us  d 'u ne  caractéri sti que  peut  être  cl assée  par u ne  combinaison  des  l ettres  
appropri ées,  par exemple  type  1 .C. L  ou  type  2 .A.E.   

NOTE  3  Une  action  manuel l e  n ’ est  pas  cl assée  sel on  6 . 4 . 3 .  

6.4.3.1  – fonctionnement  se  tradu isant  par une  coupure  totale  de  ci rcu i t  ( type  1 .A ou  
2 .A) ;   

6.4.3.2  –  fonctionnement  se  tradu isant par une  microcoupure  ( type  1 . B  ou  2 .B) ;  

6.4.3.3  –  fonctionnement  se  tradu isant  par une  micro-interruption  ( type  1 .C  ou  2 .C);  

6.4.3.4  –  mécan isme à  déclenchement l ibre  ne  pouvant être,  même momentanément,  
réarmé en  présence d 'une  panne  ( type  1 .D  ou  2 .D);  

6.4.3.5  –  mécan isme à  déclenchement l ibre  n 'empêchan t pas  l 'ouverture  ou  le  main tien  
fermé de  ses  contacts  tant  que  l a  panne  pers iste  (type  1 . E  ou  2 . E) ;   

NOTE  Un  exemple  est  un  disposi ti f sensible  au  courant  qu i  est  tenu  de,  ou  peut,  être  réenclenché  
momentanément pour détecter s i  l e  couran t de  panne  pers i ste.  

6.4.3.6  –  action  d 'un  d isposi ti f q u i  ne  peu t être  réenclenchée qu 'à  l 'a ide  d 'un  outi l  ( type  
1 . F  ou  2 .F) ;  

6.4.3.7  –  action  d 'un  d ispos i ti f q u i  n 'est  pas  desti née  à  être  réenclenchée dans  l es  
cond i tions  de  charge  é lectri que  ( type  1 .G  ou  2 .G) ;  

6.4.3.8  –  un  mécan isme à  déclenchement l ibre  d ans  lequel  l 'ouverture  des  contacts  ne  
peu t être  empêchée,  et qu i  peut être  rem is  à  l a  posi tion  fermé après  
rétabl issement des  cond i ti ons  de  fonctionnement  normal  s i  l e  moyen  de  
réarmement est  main tenu  en  pos i tion  réarmement ( type  1 .H  ou  2 .H ) ;  

6.4.3.9  –  un  mécan isme à  déclenchement l ibre  d ans  lequel  l 'ouverture  des  contacts  ne  
peu t être  empêchée et  pour l equel  l e  fonctionnement du  dispositi f de  
commande  en  tant que  d ispos i ti f à  réarmement au tomatique  n 'est pas  adm is  s i  
l e  moyen  de  réarmement est main tenu  en  pos i tion  réarmement ou  m ise  en  
marche  ( type  1 . J  ou  2 . J );  

6.4.3. 1 0  –  pour les  actions  de  détection ,  pas  d 'accroissement de  la  valeur de 
fonctionnement  résu l tant  de  l a  rupture  de  l 'élément  sensible  ou  des  parties  
re l i an t  l 'élément  sensible  à  l a  tête  de  commande  ( type  1 .K ou  2 .K) ;  

6.4.3. 1 1  –  une  action  qu i  ne  nécess i te  pas  de  source  d 'énerg ie  auxi l i ai re  externe  
d 'al imentation  é lectri que  pour l e  fonctionnement  envisagé  (type  1 . L  ou  2 . L) ;  

6.4.3. 1 2  –  une  action  qu i  fonctionne  après  une  période  de  viei l l i ssement déclarée  ( type  
1 .M  ou  2 .M).  
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6.4.3. 1 3  Voi r Annexe H .  

 Selon  le  degré  de  protection  et l e  degré de  pol lution  6.5

6.5. 1  Se lon  les  degrés  de  protection  procurés  par l es  enveloppes  con tre  la  pénétration  de  
corps  sol i des  et  de  poussières  (voi r I EC  60529):  

IP0X,  I P1 X,  I P2X,  I P3X,  I P4X,  I P5X,  I P6X.  

6.5.2  Se lon  le  degré  de  protection  procuré  par les  enveloppes  contre  l es  effets  nu is ib les  dus  
à  l a  pénétration  de  l 'eau  (voi r I EC  60529):  

IPX0,  I PX1 ,  I PX2,  I PX3,  I PX4,  I PX5,  I PX6,  I PX7,  I PX8.  

NOTE  1  Un  d isposi ti f de  commande  d esti né  à  être  u ti l i sé  dans  un  envi ronnement  parti cu l i er peu t  être  u ti l i sé  
dans  un  environnement  d i fféren t  à  cond i ti on  que  l ' apparei l  soi t  mun i  d 'u ne  protection  complémentai re  appropri ée,  
s i  e l l e  est  prévue.  

NOTE  2  Combinaisons  préféren tie l l es  de  deg rés  de  protecti on  selon  6 . 5. 1  et  6 . 5. 2 :  

Premier ch i ffre  
caractéristique  

Protection  con tre  l a  
pénétration  des  corps  

étrangers  

Deuxi ème ch i ffre  caractéristi que  

Protection  con tre  l a  pénétration  d ’ eau  

 0  1  2  3  4  5  6  7  8  

0  I P00          

1           

2  I P20  I P21         

3           

4   I P41   I P43  I P44      

5      I P54  I P55     

6       I P65   I P67  I P68  

6.5.3  Se lon  l e  ou  l es  degrés  de  pol lution  pour l e  ou  l esquels  l e  disposi ti f de  commande  
est  déclaré.  Voi r Annexe N .  

NOTE  I l  est  poss ible  q ue,  s i  un  disposi ti f de  commande  es t  monté  selon  l a  décl aration  d u  fabricant,  d i fféren tes  
parti es  d u  disposi ti f de  commande  so i en t  dans  des  macro-envi ronnements  ayant  des  degrés  de  pol lu tion  
d i fféren ts .  

 Selon  le  mode  de  connexion  6.6

6.6. 1  Dispositi f  comportant  au  moins  une  borne  destinée  à  être  rel i ée  à  un  câblage  fixe .  

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  conducteurs  flottants  son t  adm is.  

6.6.2  Disposi ti f  comportant au  moins  une  borne  destinée  au  raccordement d 'un  câble  
souple.  

Un  disposi ti f de  commande  peut  être  classé  selon  6. 6 . 1  et  6 . 6 . 2 .  

6.6.3  Dispositi f  sans  borne  desti née  à  l a  connexion  de  conducteurs  externes .  

Ce  type  de  dispositi f  n 'est desti né  qu 'au  raccordement de  conducteurs  i n tégrés  ou  
i n ternes .  
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6.6.4  Disposi ti f  d esti né  à  l a  connexion  de  pi le  primai re .  

6.6.5  Disposi ti f destiné  à  l a  connexion  de  pi le  secondaire  (cel lu le  rechargeable) .  

 Selon  les  l imi tes  de  température  ambiante  imposées  à  l a  tête  de  commande  6.7

6.7. 1  Disposi ti f  d on t l a  tête  de  commande  est  u ti l i sable  à  une  température  ambian te  se  
s i tuan t entre  une  valeur m in imale  (Tmin )  de  0  °C  et une  valeur maximale  (Tmax)  de  55  °C.  

6.7.2  Dispositi f  d on t la  tête  de  commande  est  destinée  à  fonctionner à  une  température  
ambian te  ayan t une  valeur maximale  (Tmax)  au tre  que  55  °C,  mais  non  i n férieure  à  30  °C,  ou  
une  va leur m in imale  (Tmin )  i n férieure  à  0  °C,  ou  l es  deux.  

NOTE  Les  valeurs  préféren tie l l es  pour Tmax  son t  30  °C,  55  °C,  70  °C,  85  °C,  1 05  °C,  1 25  °C,  1 50  °C.  Les  valeurs  
préféren tie l l es  pour Tmi n  son t  0  °C,  –1 0  °C,  –20  °C,  –30  °C  et  –40  °C.  

Des  va leu rs  d i fféren tes  de  ces  val eu rs  préférenti e l l es  sont  poss ibles.  

 Selon  la  protection  contre  les  chocs  électriques   6. 8

6.8. 1  Dispositi fs  de  commande  in tégrés :  

NOTE  Un  disposi ti f de  commande i n tégré  n ’ est  pas  cl assé,  mais  est  rattaché  à  l a  cl asse  du  matérie l  don t  i l  fa i t  
parti e .  

6.8.2  Disposi ti fs  de  commande incorporés  à  u ti l i ser dans:  

6.8.2 .1  –  du  matérie l  de  l a  cl asse  0;  

6.8.2 .2   –  du  matérie l  de  l a  classe  0I ;  

6.8.2 .3  –  du  matérie l  de  l a  cl asse  I ;  

6.8.2 .4  –  du  matérie l  de  l a  cl asse  I I ;  

6.8.2 .5  –  du  matérie l  de  l a  cl asse  I I I .  

NOTE  1  Pou r l a  coord ination  des  cl asses  0 ,  I ,  I I  e t  I I I  d e  matériel s  é l ectri ques,  voi r l ’ I EC 61 1 40  et  pour l es  
mesures  de  protection  dans  l ' i nstal l ati on  é l ectri q ue,  voi r l ’ I EC 60364.  

NOTE  2  Un  disposi ti f de  commande  d esti né  à  être  i ncorporé  dans  un  matériel  d 'une  cl asse  parti cu l i ère  peu t  
auss i  être  u ti l i sé  pou r une  cl asse  d i fférente  s i  l es  d i spos i ti ons  appropri ées  son t  pri ses  dans  l e  matérie l .  

6.8.3  Dispositi fs  de  commande intercalés  dans  un  câble  souple ,  dispositi fs  de  
commande séparés  ou  dispositi fs  de  commande à  montage  indépendant :  

6.8.3. 1  –  de  classe  0 ;  

6.8.3.2  –  de  classe  0 I ;  

6.8.3.3  –  de  classe  I ;  

6.8.3.4  –  de  classe  I I ;  

6.8.3.5  –  de  classe  I I I .  

NOTE  1  Pou r l a  coord ination  des  cl asses  0 ,  I ,  I I  e t  I I I  d e  matériel s  é l ectri ques,  voi r l ’ I EC 61 1 40  et  pour l es  
mesures  de  protection  dans  l ' i nstal l ati on  é l ectri q ue,  voi r l ’ I EC 60364.  
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NOTE  2  Un  d isposi ti f de  commande  desti né  à  être  i ncorporé  dans  un  matériel  d 'une  cl asse  parti cu l i ère  peu t  
auss i  être  u ti l i sé  pou r une  cl asse  d i fférente  s i  l es  d i spos i ti ons  appropri ées  son t  pri ses  dans  l e  matérie l .  

6.8.4  Dispositi fs  de  commande  u ti l i san t l a  TBTS  ou  l a  TBTP pour la  protection  con tre  l es  
chocs  électri ques  

6. 8.4.1  Dispositi fs  de  commande  u ti l i sant un  ou  p lus ieu rs  ci rcu i ts  TBTS ,  e t l e  cas  échéant,  
l es  i n formations  déclarées  dans  l e  Tableau  1 ,  exigence  86  

6.8.4.2  Dispositi fs  de  commande  u ti l i sant un  ou  p l us ieurs  ci rcu i ts  TBTP,  et le  cas  échéant,  
l es  i n formations  déclarées  dans  l e  Tableau  1 ,  exigence  86  

 Selon  le  type  de  coupure ou  d ' interruption  du  circu i t:  6.9

6.9. 1  –  coupure  totale ;  

6.9.2  –  microcoupure ;  

6.9.3  –  micro-in terruption ;  

6.9.4  –  coupure  sur tous  l es  pôles ;  

6.9.5  –  Voi r Annexe H .  

NOTE  1  Certaines  normes  parti cu l i ères  du  matériel  peuvent  exiger u ne  coupure  totale ,  d 'au tres  peuvent 
au tori ser u ne  coupure  totale  ou  u ne  microcoupure  e t,  pour certa ines  normes  part i cu l i ères,  u ne  micro-
in terruption  est  su ffi sante.  

NOTE  2  Les  d i verses  fonctions  d 'un  même disposi ti f  peuvent  se  tradu i re  par des  types  d i fféren ts  de  coupure  ou  
d ' i n terrupti on  de  ci rcu i t.  

 Selon  le  nombre  de  cycles  de  manœuvre  (M )  pour chaque action  manuel le  6. 1 0

Les  valeurs  préféren tie l l es  sont:  

6.1 0.1  –  1 00  000  cycles;  

6.1 0.2  –  30  000  cycles;  

6. 1 0.3  –  1 0  000  cycles;  

6. 1 0.4  –  6  000  cycles;  

6. 1 0.5  –  3  000  cycles  1 );  

6. 1 0.6  –  300  cycles  1 );  

6. 1 0.7  –  30  cycles  1 ) .  

1 )  Ces  valeurs  ne  sont  appl i cabl es  qu 'à  des  actions  de  commande  réservées  à  certains  types  de  matérie l  et  à  
des  appl i cati ons  te l l es  que  l es  disposi ti fs  à  pri ses  de  tens ion  mu l ti pl es ,  l es  disposi ti fs  à  posi ti on  été/h i ver 
pou r chauffe-eau  et  l orsque  l a  norme  parti cu l i ère  l e  permet expl i ci tement.  

NOTE  Pour l es  disposi ti fs  à  p l us ieu rs  actions  manuel l es ,  u ne  valeu r d i fféren te  peu t  être  déclarée  pour 
chacune.  Pou r l es  di sposi ti fs  à  p l us ieurs  posi tions  ARRÊT,  on  cons idère  q ue  chaque  dépl acement d 'une  
posi tion  ARRÊT  à  l a  su ivan te  consti tue  u n  cycle  d e  manœuvre .  

 Selon  le  nombre  de  cycles  automatiques  (A)  pour chaque  action  automatique  6. 1 1

Les  valeurs  préféren tie l l es  sont:  

6.1 1 . 1  –  300  000  cycles;  

6. 1 1 .2  –  200  000  cycles;  

6. 1 1 .3  –  1 00  000  cycles;  
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6.1 1 .4  –  30  000  cycles;  

6.1 1 .5  –  20  000  cycles;  

6.1 1 .6  –  1 0  000  cycles;  

6. 1 1 .7  –  6  000  cycles;  

6. 1 1 .8  –  3  000  cycles  
1 )
;  

6.1 1 .9  –  1  000  cycles  
1 )
;  

6.1 1 . 1 0  –  300  cycles  
2)
;  

6. 1 1 . 1 1  –  30  cycles  
2)4 ) ;  

6. 1 1 . 1 2  –  1  cycle  
3) .  

1 )   Non  app l i cabl e  aux thermostats  e t  au tres  d i spos i ti fs  à  action  cycl i que  rapide.  

2)  N 'est  appl i cab le  q u 'à  u n  réarmement  manuel .  

3)  Un iquement pou r l es  d i sposi ti fs  à  action  u n ique  nécessi tant  l e  remplacement  d 'un  é l ément après  chaque  
fonctionnement.   

4)  Ne  peut  être  réarmé  qu 'au  cou rs  de  l 'entretien  opéré  par l e  fabrican t.  

NOTE  Pour l es  disposi ti fs  à  p l us ieu rs  actions  au tomati ques ,  u ne  valeur d i fféren te  peu t  être  déclarée  pou r 
chaque  action .  

 Selon  les  l imi tations  de  température  appl icables  à  l a  surface de  montage  du  6. 1 2
d ispositi f de  commande  

6. 1 2.2  Dispositi f  pour montage  sur une  surface  don t l a  température  ne  dépasse  pas  de  p l us  
de  20  K l a  température  ambiante  classée  comme en  6. 7.  

6.1 2.2  Dispositi f  pour montage  sur une  surface  don t la  température  dépasse  de  p lus  de  
20  K l a  température  ambian te  classée  comme en  6. 7.  

NOTE  C'est  par exemple  l e  cas  d 'un  disposi ti f de  commande  q u i  est  monté  sur l e  compresseur d 'u n  
réfri gérateur,  l a  su rface  de  montage  étan t  à  1 50  °C  a l ors  que  l 'él ément sensible  est  à  –1 0  °C  et  que  l a  
températu re  ambian te  n ’ est  que  de  30  °C.  

 Selon  la  valeur de  l ' i nd ice  de  résistance au  cheminement (IRC)  du  matériau  6. 1 3
isolant employé  

6. 1 3. 1   –  matériau  du  groupe  de  matériaux I I I b  ayan t un  I RC de  1 00  et au-dessus,  j usqu 'à  
1 75  exclu ;  

6.1 3.2   –  matériau  du  groupe de  matériaux I I I a  ayan t un  IRC de  1 75  et au -dessus,  j usqu 'à  
400  exclu ;  

6.1 3.3   –  matériau  du  groupe de  matériaux I I  ayan t un  IRC de  400  et au -dessus,  j usqu 'à  
600  exclu ;  

6.1 3.4   –  matériau  du  g roupe de  matériaux I  ayan t un  IRC de  600  et au-dessus.  

 Selon  la  période  des  contraintes  é lectriques  auxquel les  sont soumises  l es  parties  6. 1 4
isolantes  qu i  portent des  parties  actives  et entre  des  parties  actives  et des  
éléments  métal l iques  m is  à  l a  terre  

6. 1 4. 1  –  période  courte;  
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6.1 4.2  –  période  longue.  

NOTE  On  consi dère  que  l a  péri ode  des  contra i n tes  é l ectri q ues  est  l ongue  l orsque  l e  disposi ti f de  commande  
es t  i ncorporé  à  un  matériel  à  service  conti nu ;  et  éga lement l orsque  l e  côté  amont  d 'un  di sposi ti f de  commande  
i ncorporé  à  tou t  au tre  matérie l  n 'est  pas  hab i tuel l ement i solé  du  réseau  par l 'en lèvement d 'une  fi che  de  
branchement  ou  par l e  fonctionnement  d ’ un  di sposi ti f de  commande  fourn i ssant  une  coupure  totale .  

 Selon  la  construction  6. 1 5

6. 1 5.1   –  dispositi f de  commande intégré ;  

6. 1 5.2   –  disposi ti f de  commande incorporé ;  

6. 1 5.3   –  disposi ti f de  commande intercalé  dans  un  câble  souple ;  

6. 1 5.4   –  dispositi f de  commande séparé ;  

6.1 5.5   –  dispositi f de  commande à  montage indépendant pour:  

6.1 5.5. 1   –  montage  en  surface;  

6.1 5.5.2   –  montage  encastré;  

6.1 5.5.3   –  montage  sur un  panneau .  

6. 1 5.6  Voi r Annexe J .  

 Selon  les  exigences  de  viei l l issement  (Y)  du  matériel  dans  ou  avec lequel  l e  6. 1 6
disposi ti f de  commande est destiné  à  fonctionner 

6. 1 6. 1  –  60  000  h ;  

6. 1 6.2  –  30  000  h ;  

6.1 6.3  –  1 0  000  h ;  

6.1 6.4  –  3  000  h ;  

6. 1 6.5  –  300  h ;  

6. 1 6.6  –  1 5  h .  

NOTE  Les  disposi ti fs  de  commande  q u i  fonctionnent  pendant  l es  essais  d 'échauffement  ou  d 'endurance  de  l a  
norme du  matéri e l  n e  sont  pas  cl assés  selon  6. 1 6. 6.   

 Selon  l 'u ti l i sation  de  l a  thermistance  6. 1 7

Voi r Annexe J .  

 Selon  les  classes  de  fonctions  de  commande  6. 1 8

Voir Annexe  H .  
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7 Information  

 Exigences  générales   7. 1

Le  fabricant de  d isposi ti fs  de  commande  d oi t  fourn ir tou tes  l es  i n formations  u ti les  afi n  que:  

– un  disposi ti f de  commande  approprié  pu isse  être  sé lectionné;  

– l e  d ispositi f  pu isse  être  monté  et u ti l i sé  d 'une  man ière  tel l e  qu ' i l  satisfasse  aux exigences  
de  la  présente  norme;  et  

– l es  essais  correspondants  pu issent être  effectués  pour déterm iner la  conform ité  aux 
exigences  de  l a  présente  norme.  

 Méthodes  pour fourn i r l es  in formations  7.2

7.2. 1  Les  i n formations  doivent être  présentées  en  u ti l i sant  une  ou  pl us ieurs  des  méthodes  
su ivantes.  Les  i n formations  spéci fiées  pour l es  dispositi fs  de  commande  e t  l a  méthode 
appropriée  pour fourn ir ces  i n formations  doiven t su ivre  les  d ispos i tions  du  Tableau  1 .  

NOTE  1  La  présentati on  du  Tableau  1  n 'est  pas  nécessai rement l a  forme  prati q ue  u ti l i sée  pou r l ' échange  
d ' i n formations  en tre  l e  fabrican t  et  l e  l aboratoi re.  

–  Marquage (C)  – ces  in formations  doivent  se  trouver sur l e  dispositi f  même,  sauf que,  
dans  l e  cas  d 'un  disposi ti f de  commande intégré ,  ce  marquage  peut se  trouver sur une  
partie  ad jacente  du  matériel  à  cond i tion  qu ' i l  so i t  évident qu ' i l  s 'ag i t  d u  marquage  desti né  
au  dispositi f.  

 NOTE  2  Les  i n formations  données  par l e  marquage  (C)  peuvent  également  être  comprises  dans  l a  
documentation  (D,E).  

–  Documentation  sur copie  papier (D)  – ces  in formations  doiven t être  fourn ies  à  l 'uti l i sateur  
ou  à  l ' instal lateur  du  disposi ti f de  commande  e t  doivent être  composées  d ’ i nstructions  
l i s ib les.  Chaque disposi ti f  d o i t  être  accompagné par ce  genre  d ' i n formations.  Les  notices  
d ' instructions  a ins i  que  l es  au tres  documents  spéci fi és  dans  l a  présente  norme doiven t 
être  réd igés  dans  la  ou  l es  l angues  officie l les  du  pays  dans  lequel  l e  dispositi f  est 
destiné  à  être  vendu .  

 Pour les  disposi ti fs  de  commande  destinés  à  être  exclus ivement l i vrés  au  fabricant du  
matériel ,  l es  notices  d ' i nstruction  peuvent être  remplacées  par un  dépl ian t,  de  la  
correspondance  techn ique  ou  un  schéma,  etc.  I l  n ’est pas  nécessai re  que  chaque 
d isposi ti f so i t  accompagné d 'un  document de  ce  genre.  

– Documentation  su r supports  électron iques  sur mémoire  i n terne  ou  externe  (E)  – ces  
i n formations  sont  données  comme variantes  aux i n formations  fou rn ies  en  (D).  

–  Déclaration  (X)  – ces  i n formations  doivent être  fourn ies  à  l 'au tori té  responsable  des  
essais  en  fonction  d 'accords  passés  en tre  cette  au tori té  et l e  fabricant.  E l l es  peuven t être  
présentées,  par exemple,  sous  forme de  marquage apposé  sur le  dispositi f,  de  dépl ian t,  
de  correspondance techn ique  ou  de  schémas,  ou  encore,  dans  l e  cas  d 'un  dispositi f  
soum is  sur,  dans  ou  avec un  matérie l ,  sous  forme de  mesures  et d 'examens  du  matérie l  
soum is.  I l  convient  de  fourn ir également ces  i n formations  au  fabricant du  matériel ,  se lon  
l e  cas.  

7.2.2  Les  i n formations  présentées  comme exigées  au  ti tre  du  marquage (C)  ou  de  l a  
documentation  (D,E)  doiven t également être  fourn ies  à  l 'au tori té  responsable  des  essais  sous  
une  forme convenue s i  cette  au tori té  l 'exige.  

7.2.3  Pour l es  dispositi fs  de  commande  soum is  dans,  sur ou  avec un  matérie l ,  l 'exigence 
de  documentation  (D,E)  est  remplacée  par une  exigence de  déclaration  (X) .  

7.2.4  Pour un  disposi ti f de  commande  in tégré  qu i  fa i t  partie  d 'un  dispositi f  p l us  
complexe,  l e  marquage re lati f au  dispositi f de  commande intégré  peut être  compris  dans  l e  
marquage  du  dispositi f  p lus  complexe.  
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7.2.5  L 'exigence de  documentation  (D,E)  est cons idérée  comme satisfai te  s i  l ' i n formation  

nécessai re  a  été  fourn ie  par marquage (C).  

7.2.5.1  L 'exigence de  déclaration  (X)  est  considérée  comme satisfai te  s i  l ' i n formation  
nécessai re  a  été  fourn ie  soi t  par l a  documentation  (D ,E)  soi t  par marquage  (C).  

7.2.6  A l 'exception  des  cas  prévus  en  7 . 4,  tou tes  l es  i n formations  su r l es  disposi ti fs  de  
commande in tégrés  sont fourn ies  par déclaration  (X).  Sauf spéci fication  con trai re  i nd iquée  
dans  une  partie  2  pour les  disposi ti fs  de  commande incorporés ,  l es  seu ls  marquages  
exigés  sont l e  nom  du  fabricant ou  sa  marque  de  fabrique  et l a  référence un ique  de  type ,  s i  
l es  au tres  marquages  exigés  son t fourn is  dans  l a  documentation  (D ,E).  Pour l es  disposi ti fs  
de  commande incorporés  d éclarés  à  l ’ exigence  50,  se  reporter aux expl ications  contenues  

dans  l a  documentation  (D,E)  se lon  7. 2. 1 .  

7.2.7  Pour l es  dispositi fs  de  commande  q u i  ne  sont pas  in tégrés  ou  i ncorporés,  quand  le  
manque  de  p lace  empêche  l a  l i s ib i l i té  du  marquage spéci fié,  l e  d isposi ti f  d o i t  être  marqué  
un iquement de  la  référence un ique de  type  e t  du  nom  du  fabricant  ou  de  sa  marque  de  

fabrique.  Les  au tres  marquages  exigés  doi vent  fi gurer dans  l a  documentati on  (D,E) .  

7.2.8  I l  est perm is  d 'apposer des  marquages  supplémentai res,  à  cond i tion  qu ' i l s  ne  risquent 
pas  d 'engendrer des  malen tendus.  

7.2.9  Les  symboles  u ti l i sés  doivent être  l es  su ivants:  

Ampères  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   A 

Vol ts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   V 

Watts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   W 

Vol ts-ampères  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   VA 

Couran t a l ternati f (monophasé)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   ~ I EC 6041 7-5032  

(2002-1 0)
 
 

Couran t a l ternati f ( tri phasé)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3~  

Couran t a l ternati f ( tri phasé  avec neu tre)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3N~  

Couran t continu  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    I EC  6041 7-5031  
(2002-1 0)

 

Construction  de  classe  I I   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     I EC 6041 7-51 72  
(2003-02)  

 

Dispositi f de  commande de  classe  I I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .        CI EC 6041 7-51 80  
(2003-02)

 

 
L im i tes  de  température  ambiante  de  l a  tête  de  commande T   (La  l ettre  T  est  précédée  d u  s i gne  

moins  et  de  l a  va leu r n uméri que  
de  l a  températu re  l a  p l us  basse  s i  
Tmi n  es t  p l us  basse  q ue  0  °C;  e l l e  
est  su ivi e  d e  l a  val eur n uméri que  
de  l a  température  l a  p l us  é l evée  
s i  Tmax  d i ffère  de  55  °C. )  

Couran t ass igné  du  fus ib le  correspondant en  ampères  . . . . . . .    
I EC 6041 7-501 6  (2002-1 0)

 

Fréquence   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   H z  

Borne  de  terre  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      I EC  6041 7-501 9  
(2006-08)  
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M ise  à  l a  terre  fonctionnel le  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     I EC  6041 7-501 8  
(201 1 -07)  

 

Pour l ' i den ti fication  du  degré  de  protection  procuré  par l 'enveloppe,  l es  symboles  de  6. 5  
doivent être  u ti l i sés.  

NOTE  1  Les  i n formations  su r l a  tension  et  l e  cou rant  ass ignés  peu t  se  fai re  en  ch i ffres  seu lement,  l a  va leur du  
courant  ass igné  étan t  p l acée  devant  ou  au -dessus  de  ce l l e  de  l a  tens ion  ass ignée  don t  e l l e  est  séparée  par un  
tra i t.  Pou r l es  ci rcu i ts  à  charge  rés i sti ve  ou  i nducti ve,  l e  courant  assigné  pou r l a  charge  i nducti ve  fi gu re  en tre  
paren thèses  à  l a  su i te  du  couran t assigné  pou r l a  charge  rés i sti ve.  Le  symbole  désignant  l a  natu re  de  
l 'a l imentation  su i t  l es  i n d ications  de  cou ran t et  de  tens ion .  

La  tensi on ,  l e  courant  et  l e  type  d 'al imentati on  peuvent  être  i nd iqués  comme su i t:  

1 6  (3)  A 250  V ~  ou  1 6  (3 )  /  250  ~  ou   1 6 3

250

( ) ~  

NOTE  2  Exemples  de  l a  façon  de  fourn i r des  i n formations  concernant  l es  l im i tes  de  températu re  d ' un  di sposi ti f:  

– 20T 30  (soi t  moins  20  °C  j usqu 'à  p l us  30  °C);  

– T85  (soi t  0  °C  j usqu 'à  85  °C) .  

NOTE  3  Pou r des  charges  spéci fi ques  déclarées,  i l  est  poss ible  de  se  référer à  un  schéma  ou  à  des  types,  par 
exemple:  

«moteur é l ectri que,  n °  de  schéma  . . . ,  n °  de  nomenclatu re  . . .  fabri qué  par . . .  ou  5  ×  80  W,  fl uorescent» .  
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Tableau  1  (7.2  de  l ’ éd i tion  3)  – Information  requ ise   
et  méthodes  pour fourn ir l es  informations  (1  sur 4)  

In formation  Arti cle  ou  
paragraphe  

Méthode  

1  Nom  du  fabrican t  ou  sa  marque de  fabri que   7 . 2 . 6  C  

2  Référence  un ique  de  type  a  2 . 1 1 . 1 ,  
2 . 1 3. 1 ,  7 . 2 . 6  

C  

3  Tens ion  assignée  ou  pl age  de  tensions  assignées,  en  vol ts  (V)  2.1 .2,  4.3.2  
1 4.4,   

C  

4  Type  d 'a l imentation ,  sau f s i  l e  disposi ti f de  commande  peu t  fonctionner 
i nd i fféremment  en  courant  a l ternati f ou  con ti nu ,  ou  s i  l es  caractéri sti ques  
assignées  sont  l es  mêmes dans  l es  deux cas  

4 . 3. 2 ,  6 . 1  C  

5  Fréquence  s i  e l l e  n 'est  pas  comprise  dans  l a  p l age  de  50  Hz à  60  Hz i ncl us  4 . 3. 2  C  

6  Fonction  du  disposi ti f de  commande  2.2,  4.2.4,  4.3.5,  
6.3,  1 7.1 6 

D  ou  E  

6a  Construction  du  disposi ti f de  commande  e t  s i  ce l u i -ci  est  é l ectron i que  6. 1 5,  Annexe  
H ,  H . 2 . 5. 7  

X 

7  Le  type  de  charge  con trôlé  par chaque  ci rcu i t  b  6 . 2 ,  1 4 ,  1 7 ,  
23. 1 . 1  

C  

1 5  Degré  de  protecti on  procu rée  par l 'enveloppe  c  6 . 5. 1 ,  6 . 5. 2  
1 1 . 5  

C  

1 7  Bornes  susceptib les  d 'être  re l i ées  à  des  conducteurs  externes ,  de  phase,  de  
neu tre,  ou  i nd i fféremment à  l 'u n  ou  l ' au tre  

6. 6,  7 . 4 . 2  
7 . 4 . 3  

C  

1 8  Bornes  de  conducteurs  externes  p révues  pour u ne  gamme de  d imensions  de  
conducteur p l us  étendue  q ue  cel l es  qu i  fi gu ren t dans  l e  Tab leau  3  

1 0 . 1  D  ou  E  

1 9  Pour l es  bornes  sans  vis ,  moyen  de  connexi on  et  d e  déconnexi on  des  
conducteurs  d ,  s i  non  imméd iatement  i den ti fi abl es  

1 0  D  

20  Détai l  des  conducteu rs  spéciaux desti nés  à  être  rel i és  aux bornes  prévues  
pou r l es  conducteurs  i n ternes  

1 0 . 2 . 1  D  ou  E  

21  Températu re  maximale  des  bornes  pour conducteurs  in ternes  e t  bornes  
pou r conducteurs  externes  d e  d isposi ti fs  de  commandes  in tégrés  e t  
i ncorporés,  s i  supérieu re  à  85  °C  

1 4  X 

22  L im i tes  de  températu re  appl i cables  à  l a  tête  de  commande  s i  Tmi n  est  
i n férieu re  à  0  °C  ou  Tmax  au tre  que  55  °C  

6 . 7 ,  1 4 . 5  
1 4. 7,  1 7 . 3  

C  

23  Lim i tes  de  l a  température  des  su rfaces  de  montage  (Ts)  6 . 1 2. 2 ,  1 4 . 1 ,  
1 7 . 3  

C  

24  Class i fi cation  du  disposi ti f  se l on  l a  protection  con tre  l es  chocs  é lectri ques  6 . 8  X 

25  Pour l es  disposi ti fs  de  classe  I I ,  symbole  de  l a  construction  de  cl asse  I I  7 . 3  C  

26  Nombre  de  cycles  de  manœuvre  (M)  pour chaque  action  manuel l e  6 . 1 0,  1 7 . 1 0,  
1 7. 1 1  

X 

27  Nombre  de  cycles  au tomatiques  (A)  pou r chaque  action  au tomatique  6 . 1 1 ,  1 7 . 8,  
1 7. 9  

X 

28  Période  de  vi e i l l i ssement  (Y)  pour di sposi ti fs  de  commande  avec action  de  
type  1 M  ou  2M  

6 . 1 6,  1 7 . 6  X 

29  Pour chaque  ci rcu i t,  type  de  coupu re  ou  d ' i n terruption  2 . 4. 1 ,  2 . 4 . 2 ,  
2 . 4. 3,  2 . 4 . 4 ,  

6 . 9  

X 
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Tableau  1  (2 sur 4)  

In formation  Arti cle  ou  
paragraphe  

Méthode  

30  I RC des  matéri aux i solan ts  u ti l i sés  6. 1 3,   
Tableau  23,  

Note  de bas de 
tableau  b,   
Tableau  24,  

Note  de bas de 
tableau  d ,  
21 .2.7 

X 

31  Méthode  de  montage  d u  disposi ti f  e  1 1 . 6  D  

31 a  Méthode  de  m ise  à  l a  terre  du  disposi ti f de  commande  7 . 4 . 3 ,  9 ,  
9 . 1 . 1 ,  9 . 1 . 2  

D  

32  Type  de  fi xati on  des  câbles  souples  fixés  à  demeure  f  1 0 . 1 ,  1 1 . 7  D  ou  E  

33  Cond i ti on  de  transport  prévue  du  disposi ti f de  commande  g  1 6 . 1  X 

34  Détai l  de  tou te  l im i tation  d u  temps  de  fonctionnement  h  1 4 ,  1 7  D  ou  E  

35  Période  de  con trai n tes  é l ectri q ues  dans  l es  parti es  i solantes  6 . 1 4  X 

36  L im i tes  de  l a  grandeur de  manœuvre  pour tou t  élément sensible  au -dessus  
desquel l es  u ne  microcoupure  est  sû re  (voi r aussi  l 'Arti cle  H . 7,  poi n t  36)  

1 1 . 3 . 2  X 

37  Pen te  m in imale  ou  maximale  de  variati on  de  l a  g randeu r de  manœuvre,  ou  
fréquence  cycl i q ue  m in imale  ou  maximale  dans  l e  cas  d ' un  di sposi ti f de  
commande  sensible  i  

4 . 1 . 7,  1 5,  1 7  X 

38  Valeu rs  de  dépassement de  l a  grandeur de  manœuvre  nécessai res  au  bon  
fonctionnement ou  u ti l i sabl es  pour l es  essais ,  pou r l es  disposi ti fs  de  
commande  sensibles  

1 7  X 

39  Action  de  type  1  ou  de  type  2  6 . 4  D  ou  E  

40  Caractéri sti ques  complémentai res  pour action  de  type  1  ou  de  type  2  6 . 4 . 3,  1 1 . 4  D  ou  E  

41  Tolérance de  fabri cation  e t  cond i ti on  d 'essai  correspondante  2 . 1 1 . 1 ,  
1 1 . 4 . 3,  1 5,  
1 7 . 1 4  

X 

42  Dérive  2 . 1 1 . 2 ,  
1 1 . 4 . 3,  1 5,  
1 6 . 2 . 4  

X 

43  Caractéri sti ques  de  réencl enchement pou r action  de  coupe-ci rcu i t  j  6 . 4  D  ou  E  

44  S i  l e  disposi ti f de  commande  es t  desti né  à  être  tenu  à  l a  main  ou  à  être  
i ncorporé  à  u n  matérie l  tenu  à  l a  main  

 X 

45  L im i tati on  éven tuel l e  du  nombre  et  de  l a  réparti ti on  des  réceptacl es  d e  
connecteurs  à  l anguette  pouvant être  montés  

1 0. 2 . 4. 4  D  ou  E  

46  Toute  action  de  type  2  d o i t  être  conçue  de  man ière  à  confi ner l a  tol érance  
de  fabrication  e t  l a  dérive  de  sa  valeur de  fonctionnement,  de  son  temps  
de  fonctionnement  ou  de  sa  séquence  de  fonctionnement  dans  l a  l im i te  
déclarée  dans  l es  exi gences  41 ,  42  et  46  du  Tabl eau  1   

1 1 . 4 . 3  D  ou  E  

47  Extens ion  de  tou t  élément sensible  2 . 8. 1  X 

48  Valeur(s)  d e  fonctionnement  ou  temps  de  fonctionnement  2 . 3. 1 1 ,  
2 . 3. 1 2 ,  

6 . 4 . 3 . 1 0,  1 1 ,  
1 4 ,  1 5. 6, 1 7  

D  

49  Degré de pollution du  dispositif de commande  6 . 5. 3  D  ou  E  

50  Disposi ti f de  commande  p révu  pour l i vrai son  excl us ive  au  fabrican t de  
matéri el  

7 . 2 . 1 ,  7 . 2 . 6  X 

51  Températu res  de  l 'essai  au  fi l  i ncandescent  21 . 2 . 1 ,  
21 . 2 . 2 ,  2 1 . 2 . 3  
et  21 . 2 . 4   

X 

52  à  60  Voi r Annexe  H    

61  à  65  Voi r Annexe  J    

66  à  74  Voi r Annexe  H    
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Tableau  1  (3 sur 4)  

In formation  Arti cle  ou  
paragraphe  

Méthode  

75  Tension  assignée  de  choc  2 . 1 . 1 2 ,  20. 1  D  ou  E  

76  Type  de  revêtement de  l a  p l aque  de  ci rcu i t  Annexe  P  ou  
Annexe  Q  

X 

77  Températu re  pou r l 'essai  à  l a  b i l l e  21 .2.1 ,  21 .2.2,  
21 .2.3 et 21 .2.4 

X 

78 Couple maximal  déclaré sur manchon  simple uti l isant des matériaux 
thermoplastiques 

Tableau  20,  
Note  de bas de  

tableau  a 

D  ou  E  

79  Degré  de  pol lu tion  d ans  l e  microenvi ronnement  d e  l a  l i gne  de  fu i te  ou  
distance  dans  l ’ ai r,  s i  p l us  propre  que  celu i  du  d isposi ti f de  commande ,  et  
comment  i l  est  conçu  

Tableau  H . 24   X 

80  Tension  assignée  de  choc pour l a  l i gne  de  fu i te  ou  d istance  dans  l ’ ai r,  s i  
d i fférente  de  cel l e  du  disposi ti f de  commande ,  et  comment  e l l e  est  réal i sée  

Tableau  H.24  D  ou  E  

81  Les  va leu rs  prévues  pou r l es  tolérances  des  d i s tances  pou r l esquel l es  
l 'excl us ion  d u  mode  de  panne  «court»  est  revend i quée  

Tableau H.24  X 

82  Voi r Annexe  J    

85  Pour l es  disposi ti fs  de  classe  I I I ,  symbole  de  l a  construction  de  cl asse  I I I  7 . 4 . 6  C  

86  Pour l es  ci rcu i ts  TBTS  ou  TBTP,  l es  l im i tes  TBT  réal i sées  2 . 1 . 5,  T. 3. 2  X 

87  Pour l a  tension  access ible  d es  ci rcu i ts  TBTS  ou  TBTP,  s i  e l l e  d i ffère  de  8 . 1 . 1 ,  
l a  norme de  produ i t  à  l aquel l e  i l  est  fa i t  référence  pour l ' appl i cation  de  l a  
commande ,  dans  l aquel l e  norme  l e(s)  n i veau(x)  TBTS  ou  TBTP  accessib les  
est  (sont)  d onné(s)  

2 . 1 . 4 ,  6 . 8. 4 . 1 ,  
6 . 8 . 4 . 2 ,  8 . 1 . 1  

X 

88  Voir Annexe U    

89  Essais et groupes d’émission tels que déclarés selon la CISPR 1 1  23. 2 ,  H . 23. 1 . 2  X 

90  Les  essais  d ' immun i té  pour l es  disposi ti fs  de  commande de  protection  
d esti nés  à  être  u ti l i sés  avec l es  apparei l s  relevant de  l ’ I EC 60335  

Tableau  H . 1 3   X 

91  à  94  Voi r Annexe  H    

95   Couran t d e  cou rt-ci rcu i t  maximal  comme déclaré  1 1 . 3 . 5. 2 . 1  b )  X 

96  D i spos i ti f de  protection  contre  l es  su ri n tensi tés,  externe  au  disposi ti f de  
commande  

1 1 . 1 4  D  ou  E  

97  Pour l es  disposi ti fs  de  commande  i ncorporés  ou  l es  d isposi ti fs  de  
commande  i n tégrés ,  déterm iner s i  l ’ essai  d e  su rcharge  doi t  être  réa l i sé  au  
n i veau  de  commande  

27. 5. 3  X 

98  Al ti tude  maximale  à  l aquel l e  l e  disposi ti f de  commande  peu t  être  u ti l i sé  s i  
l ’ a l ti tu de  est  supéri eu re  à  2  000  m  

20. 1  X 

a  La  référence  un ique  de  type  do i t  être  te l l e  que  l e  fa i t  de  l a  ci ter en  en ti er permette  de  commander au  
fabrican t  u n  d isposi ti f  d e  remplacement parfa i tement  i n terchangeable  avec l 'ori g i na l  d u  poi n t  de  vue  de  ses  
caractéri sti ques  é lectri ques,  mécan iques,  d imensionne l l es  et  fonctionnel l es.  

 Cette  référence  peut  comprendre  une  référence  de  série  avec d 'au tres  marques  et  i n d ications,  comme une  
tens ion  assignée  ou  u ne  température  ambian te,  l ' ensemble  de  ces  données  consti tuan t  l a  référence un ique  
de  type .  

b  Pour l es  disposi ti fs  de  commande  q u i  comportent  p l us  d ' un  seu l  ci rcu i t,  l ' i n tensi té  appl i cable  à  chaque  
ci rcu i t  et  à  chaque  borne.  En  cas  de  d i fférences  d 'un  ci rcu i t  à  l 'au tre,  on  doi t  préciser à  quel  ci rcu i t  ou  à  
quel l e  borne  l ' i n formation  s 'appl i q ue.  Pou r l es  ci rcu i ts  à  charge  rés i sti ve  et  i n ducti ve,  l e  couran t ass igné  ou  
l a  charge  assignée  exprimée  en  VA,  avec l es  facteurs  de  pu i ssance  i nd iqués  dans  l e  tab l eau  appropri é  de  
1 7 . 2 .  

c  L 'exigence  de  marquage  (C)  ne  s 'app l i que  pas  aux disposi ti fs  de  commande  ou  à  l eu rs  parti es  cl assées  
I P00,  I P1 0,  I P20,  I P30  et  I P40.  

d  Au  Canada  et  aux États-Un is ,  l e  marquage  (C)  est  exigé  pou r l e  mode  de  connexion  et  de  déconnexion  des  
bornes  sans  vis  à  câbler su r p l ace.  
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Tableau  1  (4 sur 4)  

e  S i ,  pou r l es  d isposi ti fs  de  commande  à  montage i ndépendan t,  i l  est  nécessai re  de  prend re  des  
précautions  parti cu l i ères  l ors  de  l ' i nstal l ati on  ou  de  l 'u ti l i sation  d u  d isposi ti f,  des  précis i ons  doi ven t  être  
données  à  cet  effet  dans  l a  noti ce  d ' i nstructions  qu i  accompagne  l e  disposi ti f.  

 Des  précauti ons  parti cu l i ères  peuvent  être  nécessai res,  par exemple  dans  l e  cas  de  disposi ti fs  de  
commande  à  montage  indépendant  à  pose  encastrée.  Afi n  de  s 'assurer q u 'après  encastrement l es  
cond i ti ons  spéci fi ées  dans  l a  présente  norme  sont  respectées,  l a  noti ce  d ' i nstructions  doi t  comprendre  l es  
précis ions  appropriées  concernant:  

 – l es  d imensions  de  l ' emplacement  desti né  au  disposi ti f;  
 – l es  d imensions  et  l a  posi ti on  des  moyens  de  support  et  d e  fi xation  du  disposi ti f  à  l ' i n térieur de  cet  

emplacement;  
 – un  espace  m in imal  en tre  l es  d i fférentes  parti es  du  disposi ti f  e t  l es  parti es  de  l 'emplacement qu i  

l 'en tourent;  

 – l es  d imensions  m in imales  des  ouvertures  de  venti l ati on  et  l a  d i sposi ti on  correcte  de  cel l e-ci ;  
 – l e  raccordement  du  disposi ti f  à  l 'a l imentation  et  l ' i n terconnexion  des  é l éments  consti tuan ts  séparés  

éven tuel s .  

 S i  l es  conducteurs  d 'a l imentati on  d 'u n  disposi ti f de  commande  peuvent  en trer en  con tact  avec des  parti es  
du  b l oc  ou  du  compartiment à  bornes  pour l e  câblage  fi xe ,  et  s i  ces  parti es  on t  une  températu re  q u i ,  en  
usage  normal ,  d épasse  l a  température  spéci fi ée  au  Tableau  1 3,  l a  noti ce  d ' i nstructions  doi t  éga lement  
i nd i quer que  l e  disposi ti f de  commande  do i t  être  raccordé  au  moyen  de  conducteurs  ayan t u ne  
caractéri sti que  T  appropriée  (voi r Note  de  bas  de  tab leau  a  d u  Tabl eau  1 3).  

 Pour l es  disposi ti fs  de  commande  avec câblage  en tre  un  capteur,  un  é l ément  sensib l e  ou  é l ément de  
manœuvre  et  l e  reste  d u  disposi ti f de  commande  où  une  parti e  de  ce  câbl age  fa i t,  ou  est  desti née  à  fai re,  
parti e  d 'une  i nstal l ati on  fi xe,  l e  fabricant  doi t  d onner d ans  l a  documentation  l es  i n formations  perti nentes  pou r 
l ' i nsta l l ati on  correcte  et  l e  type  appropri é  de  câble  ou  de  cordon  requ is  pou r cette  parti e  de  l ' i nsta l l ati on  fi xe.  

f  Les  disposi ti fs  de  commande i n tercal és  dans  un  câbl e  souple ,  séparés  e t  à montage  i ndépendan t,  
mun is  de  câbles  fixés  à  demeure  ayant  d es  fixations  du  type  Y  ou  du  type  Z ,  doi ven t  ê tre  accompagnés  
de  l a  documentation  (D)  comprenant  en  substance  l es  i n formations  su i vantes,  se lon  l e  cas:  

 – "Le  câbl e  d 'a l imentati on  de  ce  d i sposi ti f de  commande  ne  peu t  pas  être  remplacé;  s i  l e  câble  est 
endommagé,  i l  convien t  de  j eter l e  d i sposi ti f "  (Z)  

 ou  

 – " l e  câbl e  d 'a l imentati on  de  ce  d i sposi ti f n e  peut  être  remplacé  que  par l e  fabrican t  ou  son  agent  ag réé"  (Y).  
g  La  méthode  d 'embal l age  n 'a  pas  à  être  déclarée.  
h  Pour l es  disposi ti fs  de  commande in tercal és  dans  un  câble  souple ,  l es  disposi ti fs  de  commande  

séparés  e t  l es  disposi ti fs  de  commande à  montage  i ndépendant,  cette  i n formation  do i t  être  fourn ie  par l a  
méthode  C.  

i  α1  =  pen te  ascendante  m in imale  

 β 1  =  pen te  descendante  m in imale  

 Les  pentes  (α1  et  β 1 )  de  l a  vari ati on  de  l a  grandeur de  manœuvre  son t  cel l es  q u i  correspondent à  un  
usage  normal .  

 α2  =  pen te  ascendante  maximale  (appl i cabl e  un i quement aux actions  du  type  2 )  

 β 2  =  pen te  descendante  maximale  (appl i cab le  u n iquement aux actions  du  type  2 ) .  

Aux fi ns  d 'essais ,  l es  val eu rs  de  α 1  e t  de  β 1  do i vent  être  conformes  aux val eu rs  décl arées  sans  pouvoi r être  
i n férieu res  aux l im i tes  données  pour l es  actions  du  type  1  ou  du  type  2  d ans  l es  parti es  2  appropri ées.  Les  
val eu rs  de  α2  e t  β2  ne  sont  d onnées  q ue  pour l es  essais ;  e l l es  peuvent  être  remplacées  par l a  décl aration  
d 'une  valeur cycl i que  maximale.  Dans  l e  cadre  de  l a  présente  norme,  l es  taux de  variati ons  doi vent  être  
exprimés  dans  l es  u n i tés  du  tabl eau  ci -après*:  

Grandeur de  manœuvre  Uni té  de  taux de  vari ation  

Pression  Pa/s  

Températu re  K/h  

Posi ti on  mm/s  

Écl ai rement  l ux/s  

Vi tesse  mm/s2  

N i veau  l i q u ide  mm/s  

Cou rant  A/s  

Hum id i té  %/s  

Débi t  d 'a i r  m 3/s2  
 

 *  Lors  de  l ' u ti l i sation  d 'au tres  grandeu rs  de  manœuvre,  ces  g randeurs  do ivent  être  exprimées  en  un i tés  S I .  
j  Le  fabrican t  peu t  d éclarer q ue  l e  réarmement manuel  ne  doi t  pas  être  effectué  avan t l e  terme d 'une  du rée  

spéci fi ée,  ou  au -delà  d 'une  val eur spéci fi que  de  l a  grandeur de  manœuvre .  
k  Vacant  
l  Vacant  
m  à  t  Voi r Annexe  H .  
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 Symbole  de  classe  I I  7.3

7.3. 1  Le  symbole  de  construction  de  l a  classe  I I  ne  doi t  être  u ti l i sé  que  pour l es  disposi ti fs  
de  commande  cl assés  se lon  l es  d ispos i ti ons  de  6 . 8. 3 . 4.  

7.3.2  Les  d imensions  des  symboles  de  l a  cl asse  I I  d oiven t être  te l les  que  l a  l ongueur des  
côtés  du  carré  extérieu r soi t égale  à  envi ron  deux fois  l a  l ongueur des  côtés  du  carré  
i n térieur.  

7.3.2 .1     La longueur des  côtés  du  carré  extérieur du  symbole  ne  doi t  pas  être  i n férieure  à  
5  mm,  à  moins  que  l a  d imension  l a  p l us  g rande  du  disposi ti f de  commande  ne  dépasse  pas  
1 5  mm,  auquel  cas  l es  d imensions  du  symbole  peuvent être  rédu i tes,  mais  l a  l ongueur des  
côtés  du  carré  extérieur ne  doi t  pas  être  i n férieure  à  3  mm .  

7.3.2 .2  Les  dispositi fs  de  commande  fourn issant une  protection  con tre  l es  chocs  
é lectriques  te l l e  que  requ ise  pour l a  classe  I I  mais  qu i  comporten t des  bornes  pour l a  
con tinu i té  de  l a  m ise  à  l a  terre  à  des  fins  fonctionnel l es  ne  doivent pas  être  marqués  du  
symbole  pour l a  construction  de  classe  I I ,  I EC 6041 7-51 72  (2003-02) ,  mais  doiven t être  
cons idérés  comme des  disposi ti fs  de  commande  de  classe I .   

 Exigences  supplémentaires  de  marquage  7.4

7.4. 1  Le  marquage spéci fié  su r l e  d isposi ti f de  commande  d o i t  être  de  préférence apposé  
sur l e  corps  du  d isposi ti f,  mais  peut être  p lacé  su r des  parties  non  amovibles  d u  d ispos i ti f.  

Le  marquage spéci fié  doi t être  l i s ib le  et  durable.  

La conformité  est vérifiée par examen et par les essais de l'Annexe A .  

7.4.2  Les  bornes  des  d isposi ti fs  de  commande  qu i  sont prévues  pour l e  raccordement des  
conducteurs  d 'a l imentation  doivent être  i nd iquées  par une  flèche  poin tée  vers  l a  borne,  sauf 
s i  l e  mode  de  branchement est sans  importance  ou  évident.  

La conformité est vérifiée par examen.  

7.4.3  Les  bornes  à  re l i er exclus ivement à  un  conducteur externe  d e  neu tre  doivent être 
s i gnalées  par l a  l ettre  "N ".  

NOTE  Au  Royaume-Un i ,  l es  bornes  prévues  exclus i vement  pou r recevoi r un  conducteur acti f externe  d oi ven t  
être  marquées  avec l a  l ettre  L.  

7.4.3.1  Les  bornes  de  terre  desti nées  aux conducteurs  externes  de  terre  ou  à  l a  conti nu i té  
de  la  m ise  à  l a  terre  et l es  bornes  servant à  l a  m ise  à  l a  terre  à  des  fi ns  fonctionnel l es  (par 
opposi ti on  à  des  fonctions  de  protection  contre  l es  chocs  é lectri ques)  doivent  être  i nd iquées  

– pour la  terre  de  protection ,  par l e  symbole  de  terre  pour l a  terre  de  protection ,  I EC  6041 7-
501 9  (2006-08);  

– pour l a  terre  fonctionnel l e ,  par l e  symbole  de  terre  pour l a  terre  de  fonctionnel le ,  
I EC 6041 7-501 8  (201 1 -07).  

7.4.3.2  Tou tes  l es  au tres  bornes  do ivent être  i den ti fiées  de  façon  appropriée,  ou  l eurs  
fonctions  doivent être  évidentes  ou  encore  l e  ci rcu i t du  disposi ti f de  commande  d o i t  être  
vis ib le.  Les  symboles  fl èche,  N  ou  de  terre  ne  doiven t pas  être  u ti l i sés,  sauf comme ind iqué  
ci -dessus.  

La conformité est vérifiée  par examen.  
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NOTE  1  Au  Canada  et  aux États-Un is ,  l es  bornes  desti nées  au  raccordement de  conducteu rs  d 'a l imentation  m is  à  
l a  terre  doivent  être  réal i sées  de  man ière  à  présenter u ne  extrém i té  d e  cou leur b l anche  ou  g ri s  naturel  et  do iven t  
être  repérabl es  par rapport  aux au tres  parti es.  

NOTE  2  Au  Canada  et  aux É tats-Un is ,  l es  vi s  serre-fi l  desti nées  au  raccordement des  conducteurs  de  terre  des  
équ i pements  do iven t  avoi r une  tête  fendue  ou  hexagonal e  de  cou leur verte.  Les  connecteurs  à  press ion  de  fi l  
servan t au  raccordement des  conducteu rs  de  terre  doi vent  être  i denti fi és  par u n  marquage  TERRE  ou  par 
marquage  su r un  schéma de  câblage  apposé  su r l e  di sposi ti f de  commande .  Les  vi s  serre-fi l  ou  l es  connecteu rs  
à  pression  de  fi l  doi ven t  être  p l acés  de  façon  qu ' i l s  ne  soien t  pas  suscepti b les  d 'être  en levés  l ors  d es  opérati ons  
d 'entretien  d es  d isposi ti fs .  

NOTE  3  En  ce  qu i  concerne  7. 4. 2  à  7 . 4. 3. 2  i ncl us,  au  Canada  et  aux États-Un is ,  l es  règ l es  d ' i nstal l ati on  exigent  
des  marquages  complémentai res  ou  au tres.  

NOTE  4  Au  Royaume-Un i ,  l a  l ettre  L  ne  doi t  pas  être  u ti l i sée ,  sau f comme i nd iqué  en  7 . 4. 3  ci -dessus.  

7.4.4  Les  dispositi fs  de  commande  d esti nés  à  être  rég lés  par  l 'u ti l i sateur  ou  par l e  
fabricant du  matériel  pendant l ' i nsta l l ation  doiven t porter l ' i nd ication  du  sens  de  
l 'augmentation  ou  de  l a  d im inution  de  la  valeur de  réponse .  

NOTE  Une  i nd i cation  "+"  ou  "–"  est  su ffi san te.  

Les  disposi ti fs  de  commande  d esti nés  à  être  rég lés  par l e  fabricant  du  matériel  ou  son  
instal lateur  do iven t être  accompagnés  d 'une  documentation  (D)  i nd iquant l a  méthode  
appropriée  pour bloquer en  pos i ti on  de  réglage .  

7.4.5  Les  parties  détru i tes  pendant l e  fonctionnement  normal  du  dispositi f de  commande ,  
et devan t être  remplacées,  doivent porter une  i nd ication  pour faci l i ter l eur i denti fication  dans  
un  catalogue  ou  analogue,  même après  l eur fonctionnement,  à  moins  qu 'e l l es  ne  soien t 
destinées  à  n 'être  remplacées  que  l ors  des  opérations  d 'entretien  ou  réparation  par l e  
fabricant.  

7.4.6  Les  disposi ti fs  de  commande  d estinés  à  être  re l i és  un iquement à  des  réseaux TBTS  
do ivent être  marqués  du  symbole  graph ique  IEC  6041 7-51 80  (2003-02).  Cette  exigence  ne  
s 'appl i que  pas  s i  l es  moyens  de  connexion  à  l 'a l imentation  sont prévus  pour la  seu le  
a l imentation  en  TBTS  ou  en  TBTP.  

Les  dispositi fs  de  commande  fourn issan t une  protection  contre  les  chocs  é lectriques  te l l e  
que  requ ise  pour l es  disposi ti fs  de  commande de  classe  I I I  mais  qu i  comporten t des  bornes  
pour l a  continu i té  de  la  m ise  à  la  terre  à  des  fins  fonctionnel les  ne  doivent pas  être  marqués  
du  symbole  pour l a  construction  de  classe  I I I ,  I EC  6041 7-51 80  (2003-02) .  

7.4.7  Si  un  équ ipement est fourn i  avec une  p i l e  remplaçable  et s i  e l l e  est  remplacée par un  
type  i ncorrect susceptible  d ’engendrer un  risque  d ’explos ion  (par exemple,  avec des  batteries  
au  l i th ium),  l es  spéci fications  su ivantes  s ’appl i quent:  

– s i  l a  p i l e  est destinée  à  être  remplacée par l ’uti l i sateur,  un  marquage  doi t  être  apposé à  
proxim i té  de  l a  p i le  ou  une  déclarati on  doi t fi gurer dans  l es  instructions  d ’ u ti l i sation  et l es  
i nstructions  de  service;  

– s i  l a  p i l e  n ’est pas  desti née  à  être  remplacée par l ’uti l i sateur,  un  marquage doi t ê tre  
apposé à  proxim i té  de  l a  p i l e  ou  une  déclaration  doi t fi gurer dans  l es  i nstructions  de  
service.  

Ce  marquage ou  cette  déclaration  doi t  comporter l e  texte  su ivant  ou  expression  analogue:   

ATTENTION  
RISQUE D’EXPLOSION  SI  LA PILE EST REMPLACEE PAR UN  TYPE  INCORRECT  

ELIM INER LES  PILES  USAGEES  CONFORMEMENT AUX INSTRUCTIONS  

7.4.8  Le  compartiment  de  p i l e  des  disposi ti fs  de  commande  comportan t des  p i les  
destinées  à  être  remplacées  par l ’uti l i sateur  d o i t  porter un  marquage i nd iquan t l a  tens ion  de  
p i l e  et l a  polari té  des  bornes.  
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S i  des  cou leurs  son t u ti l i sées,  l a  borne  pos i ti ve  est à  i den ti fi er en  rouge  et l a  borne  négative  
en  noi r.  

La  cou leur ne  doi t pas  u ti l i sée  comme seu le  i nd ication  pour i nd iquer l a  polari té.  

7.4.9  Les  i nstructions  re latives  aux disposi ti fs  de  commande  comportan t des  p i l es  
destinées  à  être  remplacées  par l ’uti l i sateur  do iven t comprendre  les  i n formations  su ivantes:  

– l a  référence  du  type  de  p i le ;  

– l ’orientation  de  la  pi l e  par rapport à  l a  polari té;  

– l a  méthode  de  remplacement des  pi l es ;  

– un  avertissement s i gnalant  de  ne  pas  u ti l i ser des  p i l es  d ’un  type  i ncorrect;  

– l e  mode de  tra i tement des  p i l es  non  étanches.  

Les  i nstructions  re lati ves  aux d ispositi fs  de  commande  comportant une  p i l e  con tenan t des  
matériaux dangereux pour l ’ environnement doivent fourn i r des  in formations  détai l lées  sur l a  
man ière  de  reti rer ou  é l im iner l a  p i l e  et  doiven t spéci fier que:  

– l a  p i l e  doi t  ê tre  reti rée  du  dispositi f de  commande  avan t l a  m ise  au  rebut;  

– l e  d ispositi f de  commande  d o i t  être  déconnecté  du  réseau  d ’a l imentation  avan t de  reti rer 
l a  p i l e ;  

– l a  p i l e  doi t  ê tre  é l im inée  en  toute  sécuri té.  

7.4. 1 0  Voi r Annexe V.  

8 Protection  contre  les  chocs  électriques  

 Exigences  générales  8. 1

8. 1 . 1  Les  dispositi fs  de  commande  d oivent être  constru i ts  de  façon  à  avoir une  protection  
adéquate  contre  le  contact acciden te l  avec des  parties  actives ,  dans  n ' importe  l aquel le  des  
posi tions  défavorables  pouvant surven i r en  usage normal ,  et  après  que  toutes  l es  parties  
amovibles ,  au tres  que  l es  l ampes  p lacées  derrière  un  capot  d étachable,  on t été  démontées.  
Cependan t,  pendant l a  m ise  en  p lace  ou  l e  démontage  des  lampes,  une  protection  contre  un  
contact  acciden te l  avec des  parties  actives  d e  l a  l ampe  doi t  ê tre  assurée.  

Sauf spéci fication  con trai re,  l es  ci rcu i ts  TBTS  ou  l es  ci rcu i ts  TBTP a l imentés  sous  une  
tension  ne  dépassant  pas  24  V ne  sont  pas  cons idérés  comme étan t des  parties  actives  
dangereuses .  

S i  les  ci rcu i ts  TBTS  ou  TBTP a l imentés  à  une  tens ion  dépassant 24  V,  ou  à  une  tension  
supérieure  à  ce l le  déclarée  se lon  l ’exigence 87  du  Tableau  1 ,  son t accessibles,  l e  courant 
en tre  la  ( l es)  partie(s)  accessible(s)  et  un  pôle  quelconque de  la  source  d 'al imentation  des  
ci rcu i ts  TBTS  ou  TBTP  doi t  être  conforme à  H .8 . 1 . 1 0. 1 .  

8. 1 . 1 . 1   I l  est  perm is  de  spéci fi er à  une  valeu r d i fférente  l a  tens ion  des  ci rcu i ts  TBTS  ou  
TBTP cons idérés  comme n 'étant pas  dangereux 

– s i  l e  dispositi f de  commande  est prévu  un iquement pour une  u ti l i sation  dans  une  
appl ication  re levan t d ’ une  au tre  norme de  produ i t dans  l aquel l e  la  va leur l im i te  de  l a  
tens ion  pour des  conducteurs  nus  access ib les  en  TBTS/TBTP est  d i fférente  

et  
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– s i  l e  fabrican t déclare  l 'appl ication ,  l a  norme de  produ i t  rég issant l 'appl ication ,  et  l e  n i veau  
de  tens ion  pour l es  ci rcu i ts  TBTS  ou  TBTP access ibles  cons idérés  comme non  dangereux 
par la  norme d 'appl ication  (Tableau  1 ,  exigence  86).   

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  parti es  raccordées  à  l a  TBT  i ssue  d 'un  transformateur de  sécuri té  sous  
une  tens ion  ne  dépassant pas  42, 4  V crête  ou  30  V effi caces  en  cond i ti ons  sèches,  ou  21 , 2  V crête  ou  1 5  V 
effi caces  l orsque  un  con tact  hum ide  est  susceptib le  de  se  produ i re  ne  son t  pas  considérées  comme étant  des  
parti es  actives  dangereuses .  

8. 1 .2  Pour l es  disposi ti fs  de  commande de  l a  classe  I I  e t  l es  disposi ti fs  destinés  au  
matérie l  de  l a  cl asse  I I ,  cette  exigence s 'appl ique  également à  tout con tact acciden tel  avec 
des  parties  métal l iques  séparées  des  parties  actives  dangereuses  par une  i solation  
principale  seu lement.  

8. 1 .3  Les  propriétés  isolan tes  des  vern is ,  de  l 'émai l ,  du  papier,  d u  coton ,  d 'une  pel l icu le  
d 'oxyde  sur des  parties  métal l i ques,  des  perles  i solantes  et de  l a  matière  de  rempl issage  ne  
doivent pas  être  considérées  comme assuran t l a  protection  requ ise  contre  les  con tacts  
accidente ls  avec des  parties  actives  dangereuses .  

NOTE  Les  matières  de  rempl i ssage  au todu rcissables  peuvent  être  touchées  sans  danger.  

8. 1 .4  Pour l es  dispositi fs  de  commande de  l a  classe I I  et  les  dispositi fs  d esti nés  aux 
matérie ls  de  l a  cl asse  I I  qu i  son t raccordés  en  usage normal  à  un  réseau  d 'a l imentation  en  
gaz ou  en  eau ,  tou te  partie  méta l l i que  raccordée de  façon  conductrice  aux tuyaux de  gaz ou  
en  contact  é lectri que  avec l e  système d 'eau  doi t être  séparée  des  parties  actives  
dangereuses  par une  double  isolation  ou  une  i solation  renforcée .  

8. 1 .5  Les  disposi ti fs  de  commande de  l a  classe I I  e t  l es  disposi ti fs  d estinés  au  matérie l  
de  l a  classe  I I  qu i  son t prévus  pour être  raccordés  en  permanence  à  un  câblage  fixe ,  do ivent 
être  conçus  de  façon  que  l e  degré  de  protection  con tre  l es  chocs  é lectri ques  spéci fié  ne  soi t  
pas  affecté  par l ' i nstal l ation  du  disposi ti f de  commande .  

NOTE  La  protection  contre  l es  chocs  é lectri ques  des  d isposi ti fs  de  commande  de  l a  cl asse  I I  à  montage 
indépendan t  peu t  être  affectée,  par exemple,  par l ' i nsta l l ati on  de  condu i ts  métal l i ques  ou  de  câbles  mun is  d 'une  
gaine  métal l i que.  

8. 1 .6  Pour les dispositifs de commande intégrés  et incorporés,  les essais de 8. 1 . 9 à  
8. 1 . 9. 5 inclus ne s'appliquent qu'aux parties accessibles lorsque le dispositif est monté dans 
une position conforme aux déclarations du fabricant et lorsque toutes ses parties amovibles  
ont été  enlevées.  

8. 1 .7  Pour les dispositifs de commande  intercalés dans un câble souple  et les 
dispositifs de commande séparés,  les essais de 8. 1 . 9 à  8. 1 . 9. 5 inclus sont effectués avec 
des câbles souples de la  section nominale la  plus petite ou la  plus grande spécifiée en 10. 1 . 4 
suivant le cas le  plus défavorable.  Les parties amovibles  sont enlevées et les couvercles  à  
charnières qui peuvent être ouverts sans l'aide d'un outil sont ouverts.  

8. 1 .8  Pour les dispositifs de commande à montage indépendant,  l'essai est effectué,  le  
dispositif étant monté comme en usage normal  et muni d'un câble souple ayant la  section 
nominale la  plus faible  ou la  plus grande spécifiée en 10. 1 . 4,  suivant le cas le plus 
défavorable,  ou d'un conduit rigide,  pliable ou souple.  Les parties amovibles  sont enlevées 
et les couvercles  à  charnières qui peuvent être ouverts sans l'aide d'un outil  sont ouverts.  

8. 1 .9  La  conformité  aux spécifications de 8. 1 . 1  à  8. 1 . 8 inclus est vérifiée par examen et par 
les essais suivants:  

Le doigt d'épreuve normalisé de la  Figure 2 est appliqué sans forcer dans toutes les positions 
possibles.  Les ouvertures qui ne permettent pas la  pénétration de ce doigt sont en outre  
soumises à  essai au moyen d'un doigt d'épreuve rigide et de mêmes dimensions,  qui est 
appliqué avec une force de 20 N;  si ce  doigt entre,  l'essai au moyen du doigt d'épreuve 
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représenté à  la  Figure 2 est répété,  le doigt étant introduit dans l'ouverture si cela s'avère 
nécessaire.  Si le doigt d'épreuve rigide n'entre pas,  la  force appliquée est portée à  30 N.  Si 
alors la  protection est à  ce point déplacée ou l'ouverture à  ce point déformée que le doigt 
d'épreuve représenté  à  la  Figure 2 peut entrer sans forcer,  l'essai avec ce dernier doigt est 
répété.  Un contact éventuel est décelé électriquement.  

NOTE  Pour décel er l es  con tacts  i ndés i rables ,  on  peut  u ti l i ser une  l ampe  avec une  tensi on  d 'au  moins  40  V.  

8. 1 .9 .1  Le doigt d'épreuve normalisé doit être conçu de façon que chacune des parties 
articulées puisse être  tournée de 90°,  par rapport à  l'axe du doigt,  dans une seule et même 
direction.  

8. 1 .9 .2  Les trous des parties isolantes et des parties métalliques non mises à  la  terre 
doivent en outre être contrôlés au moyen de la  broche d'épreuve représentée à  la  Figure 1 ,  
appliquée sans forcer dans toutes les positions possibles.  

8. 1 .9 .3  Il ne doit pas être possible de toucher ni avec le  doigt ni avec la  broche d'épreuve 
des parties actives dangereuses.  

8. 1 .9.4  Pour les dispositifs de commande  comportant des parties à  double isolation ,  il ne 
doit pas être possible de toucher avec le doigt d'épreuve les parties métalliques séparées des 
parties actives dangereuses  uniquement par une isolation principale.  

8. 1 .9.5  S'il existe des instructions concernant l'enlèvement d'une partie en usage normal ou 
pendant les opérations d'entretien par l'utilisateur,  et s'il n'y a  pas d'avertissement sur la  
partie  qui indique: «Débrancher avant enlèvement» ,  cette partie  est considérée comme 
amovible,  même si l'enlèvement est à  effectuer à  l'aide d'un outil.  S'il existe un tel 
avertissement sur la  partie,  il est permis,  après l'enlèvement,  de toucher des parties séparées 
des parties actives dangereuses  par une isolation principale.  

8. 1 . 1 0  Voi r Annexe  H .  

8. 1 . 1 1  En tre  des  ci rcu i ts  de  l a  cl asse  I I I  et des  ci rcu i ts  connectés  au  réseau  ou  à  l a  terre,  
l ' i solation  externe  du  transformateur d ' isolement de  sécuri té  d o i t  être  conforme à  toutes  l es  
exigences  qu i  s 'appl i quent  à  l ' i solation  de  l a  cl asse  I I .  

NOTE  Quand  l a  cl asse  I I I  n ' est  pas  spéci fi quement  exigée  pou r u n  ci rcu i t,  l es  exi gences  de  l a  cl asse  I I  n e  
s 'appl i quen t pas  en tre  un  ci rcu i t  de  l a  cl asse  I I I  et  l a  terre.  

8. 1 . 1 2  Une  partie  active  do i t  ê tre  considérée  dangereuse  s i  e l l e  dépasse  les  valeurs  
spéci fiées  en  8 . 1 . 1  et e l l e  n 'est pas  séparée  de  l a  source  par une  impédance de  protection  
conforme à  H . 8. 1 . 1 0  et  n 'est pas  un  conducteur PEN  ou  n 'appartien t  pas  au  réseau  de  
l i aison  équ ipotentiel l e .  

8. 1 . 1 3  Les  dispositi fs  de  commande  équ ipés  de  compartiments  de  p i l e  qu i  peuvent être  
ouverts  sans  l ’ a i de  d ’un  outi l ,  ou  qu i  se lon  l es  i nstructions  d ’ u ti l i sation  peuvent être  
remplacés  par l ’uti l i sateur  nécess i tent un iquement de  d isposer d ’ une  isolation  principale  
en tre  l es  parties  actives  e t  l a  su rface  in térieure  du  compartiment de  p i l e.  S i  l e  disposi ti f de  
commande  peu t être  m is  sous  tens ion  sans  les  p i l es,  u ne  double  isolation  ou  une  isolation  
renforcée  est  exigée.  

NOTE  S i  une  parti e  est  à  ret i rer afi n  d ’é l im iner l a  p i l e  avan t m ise  au  rebut  d u  disposi ti f de  commande ,  cette  
parti e  n ’ est  pas  considérée  comme détachabl e  même s i  l es  i nstructions  spéci fi en t  q u ’ i l  est  nécessai re  de  l a  reti rer.  

 Organes  de  manœuvre  et l i aisons  de  manœuvre  8.2

8.2. 1  U n  organe de  manœuvre  ne  doi t  pas  être  sous  tension .  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 345  –  
© I EC  201 5  

8.2.2  U ne  l i aison  de  manœuvre  ne  doi t  pas  être  sous  tension  à  moins  que  l 'organe de  
manœuvre  associé  ne  soi t i so lan t et convenablement fixé,  ou  que  la  l iaison  de  manœuvre  
ne  soi t  pas  accessib le  l orsque  l 'organe  de  manœuvre  est  en levé.  

La conformité à  8. 2. 1  et 8. 2. 2 est vérifiée par examen et par les essais de 8. 1 .  

NOTE  On  considère  qu 'un  organe de  manœuvre  i sol é  est  convenablement fi xé  l orsqu 'on  ne  peut  l ' en l ever q u 'en  
l e  cassant,  en  l e  coupant  ou  après  l ' avoi r sérieusement endomagé.  

8.2.3  Pour les  disposi ti fs  de  commande  au tres  que  ceux de  l a  classe  I I I  ou  destinés  à  des  
apparei ls  au tres  que  ceux de  l a  classe  I I I ,  l es  poignées  et au tres  organes  de  manœuvre  
destinés  à  être  tenus  à  l a  main  en  usage normal  d o iven t être  en  matière  isolan te  ou  
recouverts  de  façon  appropriée  de  matière  isolan te.  S ' i l s  sont en  métal ,  l eurs  parties  
accessibles  do ivent  être  séparées  des  organes  de  manœuvre  ou  du  moyen  de  fixation  par 
une  i solation  supplémentai re  au  cas  où  ces  dern iers  présenteraient un  risque  quelconque 
de  deven i r acti fs  à  l a  su i te  d 'une  panne  d ' i solement.  

Pour les  dispositi fs  de  commande  pour raccordement à  un  câblage fixe ,  ou  pour les  
dispositi fs  de  commande  pour apparei ls  fixes,  cette  exigence  ne  s 'appl ique  pas  sous  
réserve  que  ces  parties  soient:  

– ou  rel i ées  de  façon  fiable  à  une  borne  de  terre  ou  un  con tact de  terre;  ou  

– séparées  des  parties  actives  dangereuses  par des  parties  métal l i ques  m ises  à  l a  terre.  

La  conformité est vérifiée par examen.  

NOTE  Les  parti es  séparées  des  parties  acti ves  dangereuses  par u ne  double  i solation  ou  une  i sol ation  
renforcée  n e  sont  pas  cons i dérées  comme susceptibles  de  deven i r conductri ces  en  cas  de  panne  d ' i solement.  

 Condensateurs  8.3

8.3. 1  Pour les  d isposi ti fs  de  commande in tercalés  dans  un  câble  souple  e t  les  
disposi ti fs  de  commande à  montage indépendant  de  l a  classe  I I ,  l es  condensateurs  ne  
doivent pas  être  re l i és  à  des  parties  métal l i ques  access ib les.  Pour l es  dispositi fs  de  
commande ,  destinés  aux matérie ls  de  la  classe  I I ,  l es  condensateurs  ne  doiven t pas  être  
re l i és  à  des  parties  méta l l i ques  susceptib les  d 'être  en  contact avec des  parties  métal l i ques  
access ib les  lorsque  le  dispositi f  est  monté  conformément aux déclarations  du  fabrican t.  Les  
enveloppes  métal l iques  des  condensateurs  doivent être  séparées  par une  i solation  
supplémentai re  d es  parties  métal l i ques  access ibles  et des  parties  métal l iques  qu i  son t  
susceptib les  d 'être  en  contact avec des  parties  méta l l i ques  accessib les  l orsque  le  d ispositi f  
est  monté  conformément aux déclarations  du  fabrican t.   

La conformité est vérifiée  par examen et d'après les exigences relatives à  l'isolation 
supplémentaire  aux Articles 13 et 20.  

8.3.2  Les  dispositi fs  de  commande  d esti nés  à  être  re l iés  au  ci rcu i t  d 'a l imentation  au  
moyen  d 'une  fiche  de  prise  de  courant doivent être  conçus  de  façon  qu 'en  usage normal ,  i l  
n ' y a i t  pas  de  risque  de  choc électri que  par des  condensateurs  chargés,  en  cas  de  contact  
avec les  broches  de  l a  fiche.  

La  conformité  est vérifiée  par l'essai suivant de 8. 3. 2. 1  à  8. 3. 2. 4  inclus,  effectué 10 fois.  

8.3.2 .1  Le  dispositif est alimenté sous la  tension assignée ou sous la  limite supérieure de 
la  plage de tensions assignées.  

8.3.2 .2  L'organe de manœuvre  éventuel est alors mis dans la  position «ARRÊT»,  si elle 
existe,  et le dispositif est séparé de la  source d'alimentation en retirant la  fiche du socle.  
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8.3.2 .3  Au bout de 1  s,  la  tension entre les broches de la  fiche est mesurée.  

8.3.2 .4   Cette tension mesurée ne doit pas dépasser 34 V crête.  Cet essai n'est effectué que 
si la  capacité  du condensateur dépasse 0, 1  µF.  

 Couvercles  et parties  actives  ou  dangereuses  non  isolées  8.4

Les  dispositi fs  de  commande  q u i  comportent un  couvercle  ou  un  capot  en  matériau  non  
métal l i que  doiven t être  conçus  de  façon  à  masquer les  vis  de  fixation  de  ce  couvercle ,  à  
moins  qu 'el l es  ne  soient m ises  à  l a  terre  ou  séparées  des  parties  actives  dangereuses  par 
une  double  i solation  ou  une  isolation  renforcée  ou  encore  qu 'e l les  ne  soient pas  
access ib les  après  montage  dans  l e  matériel .  

La conformité est vérifiée par examen.  

NOTE  1  Au  Canada  et  aux États-Un is ,  l a  d i sposi ti on  des  parties  actives  dangereuses  e t  l a  posi ti on  d u  
couvercle  d oi vent  être  te l l es  que  l e  fa i t  d 'en l ever ou  de  replacer l e  couvercle  n 'expose  aucune  personne  à  un  
danger  d e  choc é l ectri q ue.  

NOTE  2  Au  Canada  et  aux États-Un is ,  l es  parti es  actives  dangereuses  e t  l es  parti es  mobi l es  dangereuses  
doi ven t être  d i sposées,  protégées  ou  enfermées  de  man ière  à  rédu i re  au  m in imum  l es  ri sques  qu 'e l l es  présentent  
pou r l e  personnel  d 'en tretien  e t  de  réparation  procédant à  d es  opérations  de  remplacement  d 'ampou les,  de  tubes  
é lectron iques  ou  de  fus i b les,  de  l u bri fi cation  des  pi èces,  ou  d 'au tres  fonctionnements  anal ogues  effectués  
pendant l a  maintenance par l ’ u ti l i sateur  ou  l es  en tretiens .  

 Voi r Annexe V.  8.5

9  Disposi tions  en  vue de  la  mise à  la  terre  de  protection  

 Exigences  générales  9. 1

9. 1 . 1  Les  parties  métal l iques  access ib les ,  au tres  que  des  organes  de  manœuvre ,  des  
dispositi fs  de  commande in tercalés  dans  un  câble  souple ,  séparés  et  à montage  
indépendant  d e  l a  classe  0 I  et  de  l a  classe  I  qu i  peuvent être  m ises  sous  tens ion  en  cas  de  
panne  d ' i solement,  doivent être  re l iées  en  permanence et de  façon  sûre  à  une  borne  de  terre  
ou  à  une  connexion  de  terre  p lacée à  l ' i n térieur du  dispositi f,  ou  au  contact de  terre  d 'un  
socle  de  connecteur.  

NOTE  1  La  ph rase  "re l i ées  en  permanence  et  d e  façon  sû re  à  u ne  borne  de  terre"  est  synonyme du  terme m i se  à  
l a  terre.  

NOTE  2  Les  parti es  séparées  des  parties  actives  par une  double  i solation  ou  u ne  i sol ation  renforcée ,  et  l es  
parti es  qu i  sont  séparées  des  parties  acti ves  par des  parti es  métal l i ques  re l i ées  à  une  borne  de  terre,  u ne  
connexion  d e  terre  ou  u n  con tact  de  terre  ne  sont  pas  cons idérées  comme des  parti es  susceptibles  d 'être  m ises  
sous  tension  en  cas  de  panne  d ' i solement.   

NOTE  3  Les  exigences  des  organes  de  manœuvre  son t  spéci fi ées  en  8. 2 . 3.  

9. 1 .2  Les  parties  métal l iques  access ib les ,  au tres  que  des  organes  de  manœuvre ,  des  
disposi ti fs  de  commande incorporés  et  i n tégrés  desti nés  aux apparei l s  de  l a  classe  0 I  et  
de  la  classe  I  q u i  peuvent être  m ises  sous  tension  en  cas  de  panne  d ' i so lemen t,  doiven t  
comporter une  d isposi ti on  en  vue  de  m ise  à  l a  terre.  

NOTE  1  Les  di sposi ti fs  de  commande  in tégrés  e t  i ncorporés  peuvent  être  m is  à  l a  terre  par l eu rs  é l éments  de  
fi xation ,  à  cond i ti on  q ue  l e  con tact  se  fasse  par des  su rfaces  métal l i ques  propres.  Cette  remarque  s 'appl i q ue  
égal ement,  par exemple,  à  des  disposi ti fs  de  commande  comportan t  des  éléments  sensibles  métal l i ques  devant 
être  rel i és  de  façon  sû re  à  d es  parti es  métal l i ques  de  l 'apparei l ,  s i  l e  fabrican t  a  spéci fi é  cette  méthode  de  m ise  à  
l a  terre  dans  ses  déclarati ons.  

NOTE  2  Les  parti es  séparées  des  parties  actives  par une  double  i solation  ou  une  i sol ation  ren forcée  e t  l es  
parti es  qu i  sont  séparées  des  parties  acti ves  par des  parti es  métal l i ques  re l i ées  à  une  borne  de  terre,  u ne  
connexion  d e  terre  ou  u n  con tact  de  terre  ne  son t  pas  cons idérées  comme des  parti es  susceptibles  d 'être  m ises  
sous  tension  en  cas  de  panne  d ' i solement.  
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NOTE  3  Les  exigences  des  organes  de  manœuvre  son t  spéci fi ées  en  8 . 2 . 3 .  

9. 1 .3  Les  bornes  de  terre,  l es  connexions  d e  terre  et l es  con tacts  de  terre  ne  doiven t pas  
être  re l iés  é lectriquement à  une  borne  de  neu tre  quelconque.  

La  conformité  à  9. 1 . 1  à  9. 1 . 3 est vérifiée par examen.  

 D i spositi fs  de  commande de  l a  classe  I I  et  de  l a  classe  I I I   9 . 2

Les  d isposi ti fs  de  commande de  la  cl asse  I I  et  de  l a  classe  I I I  ne  doiven t comporter aucune 
d isposi ti on  en  vue  de  l a  m ise  à  l a  terre  de  protection .  

La conformité  est vérifiée par examen.  

 Connexions  de  terre  appropriées  9.3

 Exigences  générales  9.3. 1

La  connexion  en tre  une  borne  de  terre,  une  connexion  de  terre  ou  un  contact  de  terre  et l es  
parties  devant  y être  re l iées,  doi t  ê tre  de  fa ible  résistance.  

La conformité  est vérifiée par l'essai suivant:  

– On fait passer un courant à  1 , 5 fois le courant assigné mais non inférieur à  25 A  fourni par 
une source de courant alternatif dont la  tension à  vide ne dépasse pas 12 V,  de la  borne 
de  terre,  de la  connexion  de terre ou du contact de terre à  successivement chacune des 
parties métalliques accessibles.  

– La  chute de tension est mesurée entre la  borne de terre,  la  connexion  de terre ou le  
contact de terre et la  partie métallique accessible,  et la  résistance est calculée à  partir du 
courant et de cette chute  de tension.  En aucun cas la  résistance ne doit dépasser 0, 1  Ω .  
L'essai est poursuivi jusqu'à l'établissement de conditions stables.  

NOTE  1  On  prend  soi n  que  l a  rés i stance  de  contact  en tre  l ' extrém i té  de  l a  sonde  de  mesure  et  l a  parti e  
métal l i que  en  essai  n ' i n fl uence  pas  l es  résu l tats  de  l 'essai .  

NOTE  2  La  mesure  de  l a  rés i stance  comprend  l a  rés i stance  de  tou t  conducteur i n tégré ,  mais  l a  rés i stance  de  
tou t  conducteur externe  ou  i n terne  est  excl ue.  

 Câblage fixe  et  fixations  du  type X et  du  type  M  9.3.2

Les  bornes  de  terre  pour l e  raccordement d 'un  câblage fixe  ou  des  câbles  souples  fixés  à  
demeure  ayan t des  fixations  du  type  X et du  type  M  doivent satisfa i re  aux exigences  de  1 0. 1 .  

NOTE  1  Au  Canada  et  aux États-Un is ,  une  borne  plate  à  connexion  rapi de,  ayan t l es  d imensions  i n d iquées  dans  
l e  Tableau  2  peu t  être  u ti l i sée  comme borne  de  terre  non  access ible  à  cond i ti on  d 'avoi r des  moyens  add i ti onnels  
pou r empêcher l e  dép lacement en  cours  d 'u ti l i sation  et  d 'être  u ti l i sée  dans  un  ci rcu i t  ayant  un  d i sposi ti f de  
protection  comme spéci fi é  dans  l e  tableau .  

NOTE  2  Au  Canada,  en  Ch i ne  et  aux États-Un is ,  un  fi l  d e  m ise  à  l a  terre  d 'un  câblage  fi xe  ou  d 'u n  câbl e  soupl e  
d 'a l imentati on  ne  doi t  pas  être  term iné  par une  borne  à  connexion  rapide.  
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Tableau  2  (9.3.2  de  l ’ éd i tion  3)  – D imensions  de  
 l a  borne  de  connexion  rapide  (Canada et Etats-Unis)   

 
D imensions  nominales  

mm 

Caractéristique  assignée  
du  d isposi ti f de  protection  

du  ci rcu i t  
A 

Largeur  Épaisseur  Longueur   

4 , 8  0 , 5  6 , 4  20  ou  moins  

4 , 8  0 , 8  6 , 4  20  ou  moins  

5, 2  0 , 8  6 , 4  20  ou  moins  

6 , 3  0 , 8  8 , 0  60  ou  moins  

 

 Conducteurs  externes  9.3.3

La m ise  à  l a  terre  des  conducteurs  externes  ne  doi t pas  se  fai re  par des  bornes  sans  vis ,  
cependant,  pour l es  fixations  du  type Y  e t  fixations  du  type Z ,  i l  est perm is  d 'u ti l i ser des  
bornes  de  terre  sans  vis  de  type  un i té  de  serrage  conformes  à  l ’ I EC  60998-2-2  ou  à  
l ’ I EC 60998-2-3  ou  sans  vis  de  type  un i té  de  serrage  conformes  à  l ’ I EC  60999-1 .  

 D imensions  des  bornes  de  terre  accessibles  9.3.4

Les  bornes  de  terre  access ib les  en  usage normal  do iven t permettre  l e  raccordement des  
conducteurs  ayan t des  sections  nom inales  comprises  en tre  2 , 5  mm² et 6  mm² et i l  ne  doi t pas  
être  poss ib le  de  l es  desserrer sans  l 'a ide  d 'un  outi l .  

NOTE  Au  Canada  et  aux É tats-Un is ,  des  conducteurs  d 'au tres  sections  nom inales  sont  au tori sés.  

 D imensions  des  bornes  de  terre  non  accessibles  9.3.5

Les  bornes  de  terre  non  accessib les  en  usage normal  pour conducteurs  externes  d o iven t 
avoir une  section  égale  ou  supérieure  à  cel l e  qu i  est requ ise  pour l es  bornes  acti ves  
correspondantes.  

 Verrou i l l age  des  bornes  de  terre  9.3.6

Les  organes  de  serrage  des  bornes  de  terre  pour conducteurs  externes  d o ivent  être  
protégés  efficacement contre  un  desserrage  acciden tel .  

La conformité aux spécifications de 9. 3. 2 à  9. 3. 6 inclus est vérifiée par examen,  par essai 
manuel et par les essais applicables de 10. 1 .  

NOTE  En  général ,  l es  constructions  u ti l i sées  habi tuel l ement pou r l es  bornes  acti ves  assuren t une  é l asti ci té  
su ffi sante  pou r que  l es  exi gences  d 'une  protection  effi cace  con tre  u n  desserrage  accidentel  soien t  sati sfai tes,  à  
cond i ti on  qu ' i l  n ' y  a i t  pas  de  n i veaux vibrato i res  excessi fs  n i  de  cycles  therm iques  rapides.  S i  l a  borne  est  soum ise  
à  des  vibrations  excessives  ou  à  des  cycles  therm iques  rapides,  des  d i sposi ti ons  spécia l es ,  par exemple  l ' emploi  
d 'une  parti e  su ffi samment é l asti que  tel l e  q u 'une  p l aque  de  serrage  imperdabl e  qu i  n 'est  pas  susceptib le  d 'être  
en levée  par i nadvertance,  peuvent  être  nécessai res  dans  l e  cas  des  bornes  à  trous .  

 Résistance  à  la  corrosion  9.4

Toutes  l es  parties  de  la  borne  de  terre  doiven t être  rés istan tes  à  l a  corros ion  résu l tant du  
contact en tre  ces  parties  et l e  cu ivre  du  conducteur de  terre  ou  de  tout au tre  métal  en  contact 
avec ces  parties.  
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 Matériaux 9.4. 1

Le corps  de  l a  borne  de  terre  doi t ê tre  en  l a i ton  ou  en  un  au tre  métal  rés istant auss i  b ien  à  l a  
corrosion ,  à  moins  qu ' i l  ne  fasse  partie  i n tégrante  de  l 'armature  métal l ique  ou  de  l 'enveloppe  
métal l i que,  auquel  cas  toute  vis  ou  tou t écrou  doi t  être  en  la i ton ,  acier n ickelé  ou  au tre  métal  
satisfaisan t aux exigences  de  l 'Article  22 ,  ou  d 'un  au tre  métal  rés istan t auss i  b ien  à  l a  
corrosion .  

 Armatures  ou  enveloppes  en  alumin ium  9.4.2

Si  l e  corps  de  l a  borne  de  terre  fai t  partie  i n tégran te  d 'une  armature  ou  d 'une  enveloppe  en  
a lum in ium  ou  en  a l l i age,  des  d isposi tions  doivent  être  prises  pour é l im iner le  risque  d e  
corrosion  résu l tan t du  contact en tre  le  cu ivre  et l 'a l um in ium  ou  ses  a l l i ages.  

La conformité à  9. 4,  9. 4. 1  et 9. 4. 2 est vérifiée par examen et,  en cas de doute,  par analyse 
des matériaux en présence et de  leurs revêtements.  

NOTE  La  protection  contre  l a  corrosion  peut  être  obtenue  par p l acage  ou  par u n  procédé  analogue.  

 Au tres  exigences  9.5

 Parties  amovibles  9.5. 1

Si  une  partie  amovible  d 'un  disposi ti f de  commande  a  une  connexion  de  terre,  cette  
connexion  doi t être  établ i e,  l ors  de  la  m ise  en  p lace  de  l a  partie ,  avan t que  l es  connexions  
transportan t l e  courant l e  soient,  et l es  connexions  transportant l e  couran t doiven t être  
i n terrompues  l ors  de  l 'en lèvement de  la  partie  amovible,  avan t l a  coupure  de  l a  connexion  de  
terre.  

La  conformité  est vérifiée par examen.  

 D ispositi f de  commande incorporé  9.5.2

Si  un  dispositi f de  commande incorporé  est  susceptib le,  après  avoi r été  mon té  dans  le  
matérie l ,  d 'être  séparé  de  sa  m ise  à  l a  terre  normale  pour des  essais ,  des  rég lages  ou  des 
opérations  d 'entretien  e ffectués  a lors  que  l e  matérie l  est sous  tens ion ,  i l  doi t  être  équ ipé  
d 'une  connexion  ou  d 'un  conducteur de  terre  tel  qu ' i l  ne  soi t pas  nécessai re  de  le  débrancher 
pour effectuer ces  essais ,  rég lages  ou  opérations  d 'entretien .  

La conformité est vérifiée par examen.  

NOTE  1  C'est,  par exemple ,  l e  cas  des  disposi ti fs  de  commande  thermosensib les,  ou  de  dég ivrage  des  
réfri gérateurs.  

NOTE  2  Dans  l es  pays  membres  du  CENELEC,  9. 5. 2  n 'est  pas  appl i cabl e.  

1 0  Bornes  et connexions   

Voi r auss i  l 'Article  20,  trois ième a l inéa.  

 Bornes  et  connexions  pour conducteurs  externes  en  cu ivre  1 0 . 1

1 0 . 1 . 1  Les  bornes  pour câblage fixe  e t  pour câbles  souples  fixés  à  demeure  ayan t des 
fixations  du  type X  e t  du  type M ,  à  l 'exception  de  ce l l es  qu i  sont spéci fiées  en  1 0. 1 . 3  
doivent employer des  vis ,  des  écrous  ou  tou t au tre  moyen  de  serrage  aussi  efficace  ne  
nécess i tant  pas  d 'outi l  spécial  pour l a  connexion  et l a  déconnexion .  

1 0. 1 . 1 . 1  Les  bornes  ou  connexions  pour des  câbles  souples  fixés  à  demeure  ayan t des  
fixations  du  type Y  e t  d u  type  Z  peuvent nécess i ter l 'emploi  d 'un  outi l  spécial  pour l a  
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connexion  ou  l a  déconnexion ,  mais  doivent satisfai re  aux exigences  appl icables  aux bornes  
et  connexions  pour conducteurs  in ternes .  

La conformité à  10. 1 . 1  et 10. 1 . 1 . 1  est vérifiée par examen et par essai.  

NOTE  1  Les  bornes  à  vi s  conformes  à  l ’ I EC 60998-2-1 ,  l es  bornes  sans  vis  conformes  à  l ’ I EC 60998-2-2  ou  à  
l ’ I EC 60998-2-3  et  l es  organes  de  serrage  conformes  à  l ’ I EC 60999-1  sont  considérés  comme des  d i sposi ti fs  
effi caces.  

NOTE  2  Les  connecteu rs  à  l anguette  son t  consi dérés  comme nécess i tant  l ' emploi  d 'u n  outi l  spécial .  

1 0. 1 . 2   Les  vis  et  l es  écrous  pour l e  serrage  des  conducteurs  externes  do iven t avoir un  
fi l etage  métri que  I SO ou  un  fi l etage  auss i  efficace.  I l s  ne  doiven t pas  servi r à  l a  fixation  
d 'au tres  é léments;  i l s  peuvent tou tefois  serrer des  conducteurs  in ternes  s i  ceux-ci  sont 
d isposés  de  façon  qu ' i l s  ne  soien t pas  susceptib les  de  se  déplacer l ors  du  raccordement des  
conducteurs  externes .  

La conformité  est vérifiée par examen.  

NOTE  1  Provisoi rement,  l es  fi l etages  S I ,  BA et  F i l etages  un i fi és  son t  considérés  comme étant  aussi  effi caces  que  
l e  fi l etage  métri que  I SO.  

NOTE  2  Un  essai  d 'équ i val ence  d 'effi caci té  est  à  l 'étude.  En  attendant qu ' i l  soi t  agréé,  tou tes  l es  valeurs  de  
couple  appl i cabl es  à  des  fi l etages  au tres  q u ’ I SO (métri ques),  S I ,  BA,  et  F i l etages  un i fi és  son t  augmentées  de  
20  % .  

1 0. 1 .3  Connexions  soudées,  brasées,  serties  ou  analogues  

Les  connexions  soudées,  brasées,  serties  ou  analogues  ne  doivent pas  être  u ti l i sées  pour la  
connexion  des  câbles  souples  fixés  à  demeure  ayan t des  fixations  du  type X  e t  du  type M ,  
à  moins  qu 'e l les  soient  au torisées  dans  l a  norme du  matérie l  correspondan te.  Lorsque  de  
te l l es  connexions  son t u ti l i sées  pour des  conducteurs  externes ,  e l les  doivent également 
satisfai re  aux exigences  de  1 0 .2 . 2  et  1 0 . 2 . 3 .  

La conformité est vérifiée par examen.  

NOTE  En  général ,  l es  normes  parti cu l i ères  du  matérie l  l im i tent  l 'u ti l i sation  de  te l l es  connexions.  

1 0. 1 .4  Les  bornes  pour un  câblage  fixe  ou  pour des  câbles  souples  fixés  à  demeure  
ayan t des  fixations  du  type X  ou  du  type M  do iven t permettre  au  moins  l e  raccordement de  
conducteurs  don t l a  section  nom inale  est  ind iquée  dans  l e  Tableau  3.  

La conformité est vérifiée par examen,  par mesure et en raccordant des conducteurs de la  
plus petite et de la  plus grande section spécifiée ou déclarée.  
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Tableau  3  (1 0 . 1 .4 de  l ’éd i tion  3)  – Sections  min imales  des  conducteurs  

 
Courant ci rcu lan t dans  l a  borne  a  

Sections  nominales  b  
mm 2  

A Conducteurs  pour câbles  souples  Conducteurs  pour câblage  fi xe  

J usqu 'à  6  i ncl us  c  0 , 5  à  1  1  à  1 , 5  

au -dessus  de  6,  j usqu 'à  1 0  i ncl us  0 , 75  à  1 , 5  1  à  2 , 5  

au -dessus  de  1 0 ,  j usqu 'à  1 6  i n cl us  1  à  2 , 5  1 , 5  à  4  

au -dessus  de  1 6 ,  j usqu 'à  25  i n cl us  1 , 5  à  4  2 , 5  à  6  

au -dessus  de  25,  j usqu 'à  32  i n cl us  2 , 5  à  6  4  à  1 0  

au -dessus  de  32 ,  j usqu 'à  40  i n cl us  4  à  1 0  6  à  1 6  

au -dessus  de  40,  j usqu 'à  63  i n cl us  6  à  1 6  1 0  à  25  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A sont  à  l ’ étude.  

b  Aux É tats-Un is ,  d 'au tres  sections  de  conducteu rs  son t  appl i cables.  

c  Les  sections  nom inales  spéci fi ées  ne  s 'appl i q uen t pas  aux bornes  des  ci rcu i ts  TBTS  ou  TBTP  dont  l e  cou ran t 
ne  dépasse  pas  3  A.  

 

1 0. 1 .4. 1  S i  une  borne  est prévue  pour une  gamme plus  étendue  de  d imensions  de  
conducteurs  pour câblage  fixe  ou  pour câbles  souples  que  cel les  i nd iquées  aux colonnes  2  
et  3  du  Tableau  3 ,  cette  précis ion  doi t figurer dans  l es  déclarations  du  fabrican t.  

NOTE  1  Au  Canada  et  aux États-Un is ,  l es  l i gnes  de  fu i tes  e t  distances  dans  l 'ai r  en tre  l es  bornes  déclarées  
comme conducteurs  externes  d u  câblage  fi xe  e t  en tre  de  te l l es  bornes,  au tres  que  l es  bornes  de  m ise  à  l a  terre,  
et  l es  p i èces  métal l i ques  ad jacentes  do iven t répondre  aux exigences  de  l 'Arti cl e  20  et,  d e  p l us,  q uand  el l es  son t  
mesurées  selon  l a  Note  2  d e  1 0 . 1 . 4 . 1 ,  e l l es  do ivent  être  au  moins  de  

– 6 , 4  mm  pour l es  tens ions  ass ignées  ne  dépassant  pas  250  V;  

– 8 , 0  mm  pour l es  tens ions  ass ignées  supéri eu res  à  250  V mais  ne  dépassant  pas  400  V;  

– 9 , 6  mm  pour l es  tensions  ass ignées  supéri eu res  à  400  V.  

NOTE  2  Au  Canada  et  aux États-Un is ,  l a  mesure  des  l i gnes  de  fu i te  e t  des  distances  dans  l 'ai r  aux bornes  est  
effectuée  deux foi s ,  u ne  foi s  avec des  conducteurs  de  l a  p l us  g rande  section  u ti l i sable  et  une  foi s  sans  conducteur.  

1 0. 1 .5  Les  bornes  pour un  câblage  fixe  ou  pour les  câbles  fixés  à  demeure  ayan t des  
fixations  du  type  X  ou  du  type M  do ivent être  fixées  de  te l l e  man ière  que  le  serrage  ou  l e  
desserrage  du  moyen  de  connexion  n 'entraîne  n i  desserrage  de  l a  borne,  n i  efforts  anormaux 
sur l es  conducteurs  in ternes ,  n i  réduction  des  l ignes  de  fu i te  et  distances  dans  l 'ai r  en  
dessous  des  va leurs  spéci fi ées  à  l 'Article  20.  

La conformité est vérifiée par examen et par une mesure effectuée après 10 opérations de  
serrage et de desserrage d'un conducteur de la  plus grande section spécifiée en 10. 1 . 4,  le  
conducteur étant déplacé à  chaque desserrage.  Pour les parties filetées,  le  couple de serrage 
maximal appliqué est soit celui indiqué dans le Tableau 20,  soit le  couple spécifié à  la  figure 
applicable (voir Figures 10 à  13 incluse)  suivant la  valeur la  plus grande.  

Au cours de  l'essai,  les bornes ne doivent pas se desserrer et il ne doit pas se produire de 
dommages tels que rupture de vis,  ou endommagements de fente de tête de vis,  de filets,  de  
rondelles,  d'étrier ou d'autres parties,  qui puissent compromettre l'usage ultérieur de la  borne.  

NOTE  1  Cette  exigence  n ' impose  pas  que  l a  borne  so i t  conçue  de  man ière  à  empêcher une  rotati on  ou  un  
dépl acement,  à  cond i ti on  tou tefoi s  que  ce  mouvement  éven tuel  n 'affecte  pas  l a  conform i té  aux au tres  exigences  de  
l a  présente  norme.  

NOTE  2  Pour évi ter l e  d esserrage  des  bornes,  on  peu t  u ti l i ser deux vi s  de  fi xation ,  u ne  vi s  dans  u n  évi dement ou  
tou t  au tre  moyen  approprié.  
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NOTE  3  L'en robage  dans  u ne  mati ère  de  rempl i ssage  ou  dans  une  rés ine  du rci ssan te  n 'est  cons idéré  comme un  
moyen  su ffi sant  d 'empêcher l e  desserrage  de  l a  borne  q ue  s i :  

– l 'en robage  n 'est  pas  soum is  à  d es  con trai n tes  mécan iques  résu l tan t  de  l a  connexi on  ou  déconnexi on  du  
conducteur ou  de  l 'emploi  d e  l ' apparei l ;  et  

– l es  caractéri sti ques  de  l a  matière  de  rempl i ssage  ne  sont  pas  affectées  par l a  températu re  qu i  est  suscepti b l e  
d 'attei nd re  l a  borne  dans  l es  cond i ti ons  l es  p l us  défavorables  spéci fi ées  dans  l a  présente  norme.  

1 0. 1 .6  Les  bornes  pour un  câblage  fixe  ou  pour des  câbles  souples  fixés  à  demeure  
ayan t des  fixations  du  type X  ou  du  type M  d o ivent  être  conçues  de  façon  que  l 'âme du  
conducteur soi t  serrée  entre  des  surfaces  métal l i ques  avec une  press ion  de  contact suffisante  
et sans  dommage  excessi f pour l e  conducteur,  sauf que  pour les  bornes  sans  vis  destinées  
à  des  ci rcu i ts  dont l e  cou ran t ne  dépasse  pas  2  A,  l 'une  des  surfaces  de  serrage  peu t être  en  
matière  non  méta l l i que.  

La conformité est vérifiée  par examen de la  borne et des conducteurs après l'essai de 10. 1 . 5.  

NOTE  On  considère  comme excessivement  endommagés  des  conducteu rs  présentant  d es  en tai l l es  profondes  ou  
du  ci sai l l ement.  

1 0. 1 .7  Les  bornes  pour un  câblage  fixe  ou  pour les  câbles  fixés  à  demeure  ayan t des  
fixations  du  type X  ne  doivent pas  exiger une  préparation  spécia le  des  conducteurs  pour 
réal iser une  connexion  correcte.  

1 0. 1 .7. 1  Les  bornes  ayan t des  fixations  du  type X  peuvent  avoi r p lusieurs  moyens  de  
connexion  s i  au  moins  l 'un  de  ces  moyens  est  conforme à  cette  exigence,  même s i  l a  
connexion  i n i ti a le  établ ie  en  us ine  u ti l i se  un  au tre  moyen  de  connexion .  Dans  ce  cas,  l e  
moyen  i n i tia l  doi t  satisfai re  aux exigences  re latives  aux bornes  et connexions  pour 
conducteurs  in ternes .  

La conformité est vérifiée par examen.  

NOTE  L'expression  "préparation  spécia le  d 'u n  conducteur"  comprend  l e  soudage  de  ses  bri ns ,  l 'u ti l i sati on  des  
cosses,  l a  confection  d 'œi l l ets ,  etc. ,  mais  non  l a  rem ise  en  forme  du  conducteur avan t son  i n troduction  dans  l a  
borne  n i  l e  retoronnage  d 'une  âme câblée  pou r consol i der l 'extrém i té.  

1 0. 1 .8  Les  bornes  pour un  câblage  fixe  ou  pour les  câbles  fixés  à  demeure  ayan t des  
fixations  du  type X  et  du  type M  do ivent être  conçues  ou  d isposées  de  façon  que  n i  l es  
conducteurs,  n i  l es  bri ns  d 'une  âme câblée  ne  pu issen t s 'échapper lors  du  serrage  des  vis  ou  
des  écrous  de  fixation ,  ou  l ors  de  l ' u ti l i sation  d 'un  moyen  de  fixation  aussi  efficace.  

1 0. 1 .8. 1  La  conformité  est vérifiée par l'essai suivant.  

1 0. 1 .8.2  Les bornes sont équipées des conducteurs prévus selon l'utilisation de la  borne,  
conformément au Tableau 4.  Les âmes des conducteurs pour câblage fixe  sont redressées 
avant d'être introduites dans les bornes.  

1 0. 1 .8.3  Les fils des câbles souples sont tordus de façon régulière à  raison d'un tour par 
20 mm.  Le conducteur est introduit dans la  borne sur la  longueur minimale spécifiée ou,  si 
aucune longueur n'est spécifiée,  jusqu'à ce qu'il dépasse juste de l'autre côté de la  borne.  
L'introduction du conducteur se fait dans la  position où il risque le plus de s'échapper et la  vis 
est serrée avec un couple égal aux deux tiers de la  valeur spécifiée dans le Tableau 20.  

1 0. 1 .8.4  Pour les câbles souples,  l'essai est répété avec un nouveau conducteur tordu 
comme le premier mais en sens inverse.  Après l'essai,  aucun brin du conducteur ne doit 
s'être  échappé par l'intervalle  qui sépare le  moyen de serrage du dispositif de retenue.  
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Tableau  4  (1 0. 1 .8  de  l ’éd i tion  3)  – Conducteurs  de  borne   

Courant ci rcu lan t dans  l a  borne  a  
A 

Conducteur à  engager (nombre  de  brins  et  d i amètre  
nominal  de  chaque  brin  en  m i l l imètres)  

Conducteurs  pour câbles  
souples  

Conducteurs  pour 
câblage  fi xe  

Conducteurs  pour câbles  
souples  

Conducteurs  pour 
câblage  fixe  

0  à  6  – 32  ×  0 , 20  – 

6  à  1 0  0  à  6  40  ×  0 , 25  7  ×  0 , 52  

1 0  à  1 6  6  à  1 0  50  ×  0 , 25  7  ×  0 , 67  

1 6  à  25  1 0  à  1 6  56  ×  0 , 30  7  ×  0 , 85  

25  à  32  1 6  à  25  84  ×  0 , 30  7  ×  1 , 04  

– 25  à  32  94  ×  0 , 30  7  ×  1 , 35  

32  à  40  32  à  40  80  ×  0 , 40  7  ×  1 , 70  

40  à  63  40  à  63  1 26  ×  0 , 40  7  ×  2 , 1 4  

a  Des  exigences  pou r l es  appl i cations  supérieures  à  63  A son t  à  l ’ étude.  

 

1 0. 1 .9  Les  bornes  doivent être  conçues  de  façon  à  serrer l e  conducteur de  façon  fi able.  

La conformité  est vérifiée par l'essai suivant.  

1 0. 1 .9. 1  Les bornes sont équipées de conducteurs de la  plus petite et de la  plus grande 
section nominale spécifiée en 10. 1 . 4,  à  âmes rigides ou souples selon le cas applicable ou le  
plus défavorable,  puis les vis sont serrées avec un couple égal aux deux tiers de la  valeur 
spécifiée dans le  Tableau 20.  Chaque conducteur est ensuite soumis à  une traction dont la  
valeur est donnée par le  Tableau 5,  appliquée sans secousse pendant 1  min dans l'axe du 
logement du conducteur.  

1 0. 1 .9.2  Normalement,  la  force de traction est exercée directement sur le conducteur à  
proximité de son point d'entrée dans la  borne.  Toutefois,  si la  fixation du conducteur 
comprend un dispositif supplémentaire serti ou serré sur l'âme conductrice ou sur son 
isolation et s'étendant sur une longueur d'au plus 30 mm mesurée à  partir du point d'entrée 
du conducteur dans la  borne,  il convient d'appliquer cet essai de traction à  ce dispositif,  et 
non à  la  borne proprement dite.  

1 0. 1 .9.3  Pendant l 'essai ,  l e  conducteur ne  doi t  pas  se  déplacer dans  l a  borne  de  façon  
notable.  
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Tableau  5  (1 0. 1 .9  de  l ’éd i tion  3)  – Valeurs  d ’essai  de  traction  du  conducteur  

 
Couran t ci rcu lan t dans  l a  borne  a  

Force  de  traction  
N  

A Bornes  pour conducteurs  pour 
câbles  souples  

Bornes  pour conducteurs  pour 
câblage  fixe  

J usqu 'à  3  i ncl us   20  b   20  b  

au -dessus  de  3,  j usqu 'à  6  i ncl u s   30   30  

au -dessus  de  6 ,  j usqu 'à  1 0  i ncl us   30   50  

au -dessus  de  1 0,  j usqu 'à  1 6  i n cl us   50   50  

au -dessus  de  1 6,  j usqu 'à  25  i n cl us   50   60  

au -dessus  de  25,  j usqu 'à  32  i n cl us   60   80  

au -dessus  de  32,  j usqu 'à  40  i n cl us   90   90  

au -dessus  de  40,  j usqu 'à  63  i n cl us    1 00   1 00  

a   Des  exigences  pour l es  appl i cations  supéri eu res  à  63  A son t  à  l ’ étude.  

b  Appl i cab le  seu lement aux ci rcu i ts  TBTS  ou  TBTP  et  aux au tres  appl i cati ons  pou r l esque l l es  l es  
caractéri sti ques  des  conducteu rs  ne  sont  pas  précisées.   

 

1 0. 1 . 1 0  Les  bornes  doiven t être  conçues  de  façon  à  ne  pas  atteindre  en  usage normal  u ne  
température  excess ive  susceptib le  de  détériorer l eur support i so lant ou  l ' i solation  des  
conducteurs  serrés.  

La conformité  est vérifiée au cours des essais d'échauffement de  l'Article 14.  

1 0. 1 . 1 1  Les  bornes  doiven t être  d isposées  de  façon  que  chacun  des  conducteurs  d 'un  
câblage fixe  ou  câble  souple  pu isse  être  raccordé  ra isonnablement près  des  au tres  
conducteurs  du  même câble,  sauf s i  une  ra ison  techn ique  valable  s 'y oppose.  

La conformité est vérifiée  par examen.  

1 0. 1 . 1 2  Les  bornes  pour câbles  souples  fixés  à  demeure  ayan t  des  fixations  du  type X  e t  
du  type  M  do ivent être  d isposées  ou  abri tées  de  façon  que  s i  un  brin  vien t à  se  détacher 
après  raccordement des  conducteurs,  i l  n ' y a i t  pas  de  risque  de  contact accidentel  en tre  des  
parties  actives  e t  des  parties  méta l l i ques  accessibles ,  e t dans  l e  cas  de  dispositi fs  de  l a  
classe  I I  ou  desti nés  au  matérie l  de  l a  cl asse  I I ,  en tre  les  parties  actives  et  l es  parties  
métal l i ques  séparées  des  parties  métal l i ques  access ib les  par une  isolation  supplémentai re  
seu lemen t.  De  p lus,  i l  ne  doi t pas  y avoi r de  risque  d e  court-ci rcu i ter une  action  déclarée  
assurant une  coupure  totale  ou  une  microcoupure .  

La conformité est vérifiée par examen et par l'essai suivant:  

– L'extrémité d'une âme câblée ayant une section nominale égale à  la  section minimale 
spécifiée pour l'essai de 10. 1 . 4 est dépouillée de son enveloppe isolante sur une longueur 
de 8 mm.  Un brin du conducteur est décâblé et les autres brins sont introduits 
complètement et serrés dans la  borne.  Le  brin décâblé est plié,  sans déchirer l'enveloppe 
isolante,  dans toutes les directions possibles,  mais sans angles vifs le long de cloisons.  

– Le brin décâblé d'un conducteur relié à  une borne active ne doit toucher aucune partie  
métallique accessible ou en liaison avec une partie métallique accessible ou,  dans le  cas 
de dispositifs de la classe II ou destinés au matériel de la  classe II,  aucune partie 
métallique séparée des parties actives par une isolation supplémentaire  seulement.  

– Le brin décâblé d'un conducteur relié à  une borne de terre ne doit toucher aucune partie 
active.  
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– Le brin décâblé d'un conducteur relié à  une borne active ne  doit pas devenir accessible,  ni 
pouvoir court-circuiter une action déclarée assurant une coupure totale  ou une 
microcoupure.  

1 0. 1 . 1 3  Les  bornes  doiven t être  conçues  de  man ière  que  l a  con tinu i té  du  ci rcu i t ne  soi t pas  
maintenue  par une  pression  de  contact transm ise  par une  matière  i solante  au tre  que  
céram ique  ou  une  au tre  matière  i solan te  ayan t des  caractéristi ques  au  moins  équ ivalen tes,  à  
moins  que  l 'é l astici té  des  parties  méta l l i ques  associées  soi t suffisan te  pour compenser tou t  
retra i t  et  tou te  déformation .  

La conformité est vérifiée  par un examen initial et par d'autres examens des bornes après que 
les échantillons ont subi les essais de l'Article 17.  

NOTE  Pour de  te l l es  appl i cations,  l es  matières  i solantes  son t  j ugées  sur l eur stabi l i té  d imensionnel l e  d ans  l a  
p l age  de  températures  pou r l aquel l e  l e  di sposi ti f de  commande  es t  prévu .  

1 0. 1 . 1 4  Les  vis  et  au tres  parties  fi letées  des  bornes  doiven t être  en  méta l .   

La conformité  est vérifiée par examen.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  normes  nati ona les  exigen t  que,  l orsque  l es  vi s  son t  u ti l i sées  pour des  
conducteurs  de  d i amètre  égal  ou  i n férieur à  2 , 5  mm ,  l a  connexi on  doi t  comporter des  p i nces  ou  des  vi s  de  serrage  
avec l es  p l aques  des  bornes  ayant  des  cosses  tournées  vers  l e  hau t,  ou  anal ogue,  pour ma in ten i r l es  fi l s  en  p l ace.  
Les  épaisseurs  des  p l aques  des  bornes  son t  de  1 , 27  mm  (0, 050  i n )  pou r d es  d imensions  de  fi l  supéri eu res  à  
1 , 6  mm  (# 1 4  AWG) et  de  0 , 76  mm  m in imum  (0 , 030  i n )  pour des  d imensions  de  fi l  i n féri eu res  ou  égal es  à  1 , 6  mm.  
Les  vi s  des  bornes  ne  doivent  pas  être  pl us  peti tes  q ue  #8  Un i fi é,  sauf qu 'une  vi s  de  # 6  Un i fi é  peu t  être  u ti l i sée  
pou r l e  raccordement  d 'u n  fi l  d e  1 , 29  mm  (# 1 6),  d ' un  fi l  d e  1 , 02  mm  (# 1 8)  ou  d ' un  seu l  fi l  d e  1 , 6  mm  (#1 4).  

1 0. 1 . 1 5  Les  bornes  à  trou  e t  l es  bornes  à  capot taraudé  d o iven t être  conçues  de  façon  à  
permettre  l 'engagement d 'une  longueur su ffisante  du  conducteur pour que  son  extrém ité  
dépasse  nettement l 'extrém i té  de  l a  vis  pour assurer un  serrage  efficace  du  conducteur dans  
l a  borne.  

La conformité est vérifiée pour les bornes à  trou  par une mesure de la  dimension "g" de la  
Figure 11  et pour les bornes à capot taraudé  par la  distance minimale  spécifiée à  la  
Figure 12.  

NOTE  Au  Canada  et  É tats-Un is ,  l es  Parag raphes  1 0 . 1 . 1 6  et  1 0 . 1 . 1 6. 1  s 'appl i quent:  

1 0. 1 . 1 6  Conducteurs  flottants  (amorces)  

Au  Canada  et  aux É tats-Un is ,  où  des  conducteurs  flottants  (amorces )  peuvent  être  u ti l i sés  pour des  connexi ons  
de  raccordement d e  disposi ti fs  de  commande  à  montage  indépendant,  l es  conducteu rs  de  connexion  ne  doi ven t  
pas  être  p l us  peti ts  que  0 , 82  mm².  L ' i solati on  doi t  être  d 'au  moins  0 , 8  mm  d 'épai sseur,  s i  e l l e  est  en  
thermoplasti que,  ou  d 'au  moins  0 , 8  mm  d 'épaisseur s i  e l l e  es t  en  caou tchouc,  avec u n  gu i dage  thermoplasti q ue  de  
0 , 8  mm  d 'épaisseu r.  

Les  conducteu rs  doi ven t  avoi r une  l ongueu r m in imale  de  1 50  mm  et  doiven t  être  d i sposés  de  façon  à  être  
i naccess ibles  l orsqu ' i l s  son t  i nstal l és  conformément  aux prati ques  de  câbl ages  national es.  En  complément,  l a  
connexi on  term inal e  d u  di sposi ti f de  commande  d 'u n  te l  conducteu r,  s i  e l l e  est  p l acée  dans  l a  même boîte  de  
câblage,  ne  do i t  pas  être  d 'u ne  construction  à  borne  fi l etée  à  moins  q ue  l e  d i spos i ti f d e  connexion  so i t  rendu  
i nu ti l i sable  pou r l a  connexi on  d 'un  conducteur externe .  

La  construction  à  borne  fi l etée  peut  ne  pas  être  rendue  i nu ti l i sable  s i  l 'extrém i té  à  connecter du  conducteu r est  
i solée,  et  q u 'un  marquage  su r l e  d i sposi ti f i n d i que  cl ai rement  l 'usage  prévu  du  conducteur.  

La  conform i té  est  véri fi ée  par examen .  

1 0. 1 . 1 6. 1   Au  Canada  et  aux É tats-Un is ,  l es  conducteurs  flottan ts  d oi ven t  être  mun is  d 'un  renforcement pou r 
évi ter q ue  l a  contrai n te  soi t  transm ise  à  l a  borne,  aux épi ssures  (par exemple  pour des  connexions  torsadées)  ou  
au  câbl age  i n terne.  

La  conform i té  est  véri fi ée  par examen  et  en  appl i quant  une  traction  de  44  N  su r l es  conducteurs  pendant  1  m in .  
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Pendant  l 'essai ,  l e  conducteu r ne  doi t  pas  être  endommagé  et  ne  pas  s 'être  dépl acé  l ong i tud inalement  de  p l us  de  
2  mm .  

 Bornes  et  connexions  pour conducteurs  in ternes  1 0.2

1 0.2. 1  Connexion  des  conducteurs  

Les  bornes  et connexions  pour conducteurs  i n ternes  doivent permettre  l e  raccordement de  
conducteurs  ayan t des  sections  nom inales  i nd iquées  par le  Tableau  6 .  

Tableau  6  (1 0 .2. 1  de  l ’éd i tion  3)  – Sections  nominales  des  conducteurs   

Courant ci rcu lan t dans  l a  borne  ou  connexion  a  
A 

Section  nominale  b  min imale  du  conducteur  
mm 2  

J usqu 'à  3  i ncl us  

au -dessus  de  3,  j usqu 'à  6  i ncl u s  

au -dessus  de  6,  j usqu 'à  1 0  i ncl us  

au -dessus  de  1 0 ,  j usqu 'à  1 6  i n cl us   

au -dessus  de  1 6 ,  j usqu 'à  25  i n cl us  

au -dessus  de  25,  j usqu 'à  32  i n cl us   

au -dessus  de  32 ,  j usqu 'à  40  i n cl us  

au -dessus  de  40,  j usqu 'à  63  i n cl us   

–  c  

0, 75  

1  

1 , 5  

2 , 5  

4  

6  

1 0  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

b  Aux États-Un is ,  d 'au tres  sections  de  conducteu rs  sont  appl i cables.  

c  Aucun  m in imum  n 'est  spéci fi é,  mais  l e  fabrican t  d oi t  décl arer l a  section  à  u ti l i ser pou r l es  essais .  

 
NOTE  Les  exi gences  de  1 0. 2 . 1  ne  s 'appl i quent  pas  aux bornes  de  d i spos i ti fs  q u i  ne  sont  pas  desti nées  à  recevoi r 
des  conducteu rs  normal i sés  sans  préparation  spécia le,  n i  aux bornes  qu i ,  par l eu r conception  et  l eu r desti nati on ,  
ne  peuvent  recevoi r d es  conducteurs  normal i sés,  n i  aux bornes  q u i  son t  spécial ement conçues  pour recevoi r des  
conducteurs  de  section  d i fféren te  et  q u i  son t  d esti nées  excl us ivement  à  certa i ns  types  d 'apparei l s .  Par exemple,  
un  thermostat  desti né  à  être  i ncorporé  dans  l e  ti ssu  d 'u ne  couvertu re  chauffante.  

1 0.2.2  Adaptabi l i té  à  l a  fonction  

Les  bornes  et  connexions  do ivent être  adaptées  à  leur fonction .  Les  raccordements  pour 
des  connexions  soudées,  serties  ou  brasées  doivent être  suffisamment robustes  pour rés ister 
aux con tra in tes  rencontrées  en  service  normal .  

La  conformité  est vérifiée par examen.  

1 0.2.3  Bornes  soudées  

Lorsqu ' i l  est fa i t  usage  de  bornes  soudées,  l e  conducteur doi t être  d isposé  ou  fixé  de  façon  
que  l e  main tien  en  pos i ti on  ne  dépende  pas  seu lement de  la  soudure,  à  moins  que  des  
séparations  ne  soien t prévues  de  sorte  que  les  l ignes  de  fu i te  et  distances  dans  l 'ai r  en tre  
l es  parties  actives  e t  l es  au tres  parties  métal l i ques  ne  pu issent  être  rédu i tes  à  moins  de  
50  %  des  valeurs  spéci fiées  dans  l 'Article  20 ,  au  cas  où  l e  conducteur s 'échapperai t de  l a  
connexion  soudée.  

La  conformité est vérifiée par examen.  

NOTE  En  général ,  l 'accrochage  avan t soudage  est  considéré  comme un  moyen  approprié  pou r main ten i r en  p l ace  
l e  conducteur,  à  cond i ti on  que  l e  trou  par l equel  l e  conducteur est  i n trodu i t  n e  soi t  pas  excessivement g rand ,  et  
que  l e  conducteu r ne  fasse  pas  parti e  d 'un  fi l  rosette  mépl at  à  deux conducteurs.  

D 'au tres  méthodes  de  main ti en  en  pos i ti on  du  conducteur,  te l l es  que  l e  resserrement d es  bords  d ' une  l anguette  de  
soudu re,  sont  considérées  comme convenabl es.  
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1 0.2.4 Connecteurs  à  l anguette,  bornes  sans  vis  plate  

1 0 .2.4. 1  Les  languettes  fa isant partie  i n tégran te  d 'un  dispositi f de  commande  d o iven t 
satisfai re  aux exigences  d imensionnel les  de  la  F igure  1 4  ou  1 5.  

La conformité est vérifiée par des mesures.  

Des l anguettes  d e  d imensions  au tres  que  cel les  i nd iquées  à  l a  F igure  1 4  ou  1 5  peuven t être  
u ti l i sées  à  cond i tion  que  l es  d i fférences  de  d imensions  et de  formes  soient assez importan tes  
pour rendre  impossible  un  engagement erroné  dans  un  réceptacle  n ormal i sé  (voi r F i gure  1 6).  

Pour les  d imensions  des  F igures  1 4 ,  1 5  et  1 6,  l es  d imensions  physiques  de  l ’ I EC  61 21 0  
peuvent être  u ti l i sées  comme al ternative.  Les  exigences  de  performances  de  l ’ I EC  61 21 0  ne  
son t pas  appl icables.  

Des  languettes  assuran t un  détrompage des  réceptacles  selon  leur polari té  peuven t être  
u ti l i sées  (F igure  1 6).  

1 0.2.4.2  Les  languettes  fa isant partie  d 'un  dispositi f de  commande  d oivent être  en  
matériau  et revêtement appropriés  à  l a  température  maximale  des  l anguettes  i nd iquée  au  
Tableau  7 .  Des  matériaux et des  revêtements  d i fférents  de  ceux qu i  sont spéci fiés  dans  l e  
tab leau  peuvent être  employés  à  cond i tion  que  l eurs  caractéristi ques  é lectri ques  et 
mécan iques  soien t au  moins  équ ivalentes,  particu l i èrement sur l e  p l an  de  l a  rés istance  à  l a  
corrosion  et  de  la  robustesse  mécan ique.  

Tableau  7  (1 0 .2.4.2  de  l ’ éd i tion  3)  – Matériau  des  languettes  et de  l eur revêtement  

 
M atériau  et  revêtement des  l anguettes  

Température  maximale  
des  l anguettes  

°C  

Cu i vre  nu  1 55  

Lai ton  nu  21 0  

Cu i vre  recouvert  d 'éta in  et  a l l i ages  de  cu i vre  1 60  

Cu i vre  recouvert  de  n i ckel  et  a l l i ages  de  cu i vre  1 85  

Cu i vre  recouvert  d 'argent  et  a l l i ages  de  cu ivre  205  

Acier recouvert  de  n i ckel  400  

Acier i noxydabl e  400  

 

La conformité est vérifiée en  mesurant la  température atteinte  pendant les essais de 
l'Article 14.  

NOTE   Les  températu res  i n d i quées  correspondent à  un  rég ime  con ti nu .  Des  températures  momentanément p l us  
é l evées  son t  possib l es,  par exemple  l ors  d ' un  échauffement  excessi f mais  temporai re  d 'un  disposi ti f de  
commande  thermosensible .  

1 0.2.4.3  Les  languettes  fa isant partie  i n tégran te  d 'un  dispositi f de  commande  d o iven t 
avoi r une  robustesse  su ffisan te  pour permettre  l ' i nsertion  et l 'en lèvement des  réceptacles  
sans  causer de  dommages  au  disposi ti f  de commande  susceptib le  d 'affecter l a  conform ité  à  
l a  présente  norme.  

La conformité est vérifiée par l'application,  sans secousses,  des forces de traction axiales 
égales à  celles indiquées dans le  Tableau 8.  Ces forces ne doivent causer ni déplacement ni 
dommages notables.  
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Tableau  8  (1 0 .2.4.3  de  l ’ éd i tion  3)  – Valeurs  des  forces   
de  traction  axiales  pour l ’ insertion  et  l ’ en lèvement de  l anguette   

Tai l l e  de  l a  l anguette  
(voi r F i gu re  1 6)  

Force  de  poussée  a  
N  

Force  de  traction  a  
N  

2 , 8  50  40  

4 , 8  60  50  

6 , 3  80  70  

9 , 5  1 00  1 00  

a  Les  val eu rs  données  dans  l e  tableau  son t  d es  val eu rs  maximales  adm issibles  pou r l ' i nsertion  et  l 'en lèvement 
d 'un  réceptacle  d 'u ne  l anguette .  

 

1 0.2.4.4  Les  l anguettes  fa isan t partie  i n tégran te  d 'un  d ispositi f de  commande  d o ivent  être  
su ffisamment espacées  pour permettre  l 'engagement des  réceptacles  appropriés .  

Pour les  d imensions  des  F igures  1 4 ,  1 5  et 1 6,  l es  d imensions  phys iques  de  l ’ I EC  61 21 0  
peuven t être  u ti l i sées  comme al ternative.  Les  exigences  de  performances  de  l ’ I EC  61 21 0  ne  
son t pas  appl icables.  

La conformité est vérifiée par l'engagement du réceptacle approprié sur chaque languette  
sauf spécification contraire en 7. 2.  Cet engagement ne doit entraîner aucune déformation de 
la  languette ou des parties adjacentes.  De plus,  les lignes de fuite  et les distances dans 
l'air ne  doivent pas être réduites en dessous des valeurs spécifiées à  l'Article 20.  

NOTE  Aux l anguettes  con formes  à  l a  F i gure  1 4  ou  1 5  correspondent l es  réceptacles  d e  l a  F i gu re  1 6.  

 Bornes  et  connexions  pour conducteurs  in tégrés  1 0.3

I l  n 'existe  pas  d 'exigences  ou  d ’essais  spéci fi ques  pour l es  bornes  ou  connexions  pour 
conducteurs  i n tégrés  selon  l 'Article  1 0  mais  l es  exigences  appropriées  des  au tres  articles  
peuvent s 'appl iquer.  

1 1  Exigences  de  construction  

 Matériaux 1 1 . 1

 Matières  isolantes  – Imprégnées  1 1 . 1 . 1

Le  bois,  l e  coton ,  l a  soie,  l e  papier ord inaire  et  l es  matières  fibreuses  ou  h ygroscopiques  
analogues  ne  doivent pas  être  u ti l i sés  comme isolan t,  sauf s ' i l s  sont imprégnés.  

La  conformité est vérifiée  par examen.  

NOTE  Une  matière  i solante  est  considérée  comme imprégnée  s i  un  i sol ant  approprié  rempl i t  prati q uement  l es  
i n tersti ces  en tre  l es  fi bres  de  l a  matière.  

 Parties  transportant le  courant  1 1 . 1 . 2

Pour l es  p ièces  en  la i ton  venues  de  fonderies  ou  de  décol letage,  transportan t l e  couran t,  
au tres  que  l es  parties  fi l etées  des  bornes,  l 'a l l i age  u ti l i sé  doi t  conten i r au  moins  50  %  de  
cu ivre,  et pour les  p ièces  venues  de  découpage  dans  des  feu i l les  l am inées,  l 'a l l i age  u ti l i sé  
doi t  conten i r au  moins  58  %  de  cu ivre.  

La  conformité est vérifiée  par examen et analyse du matériau.  
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 Câbles  souples  fixés  à  demeure  1 1 . 1 .3

1 1 . 1 .3. 1  Les  câbles  souples  fixés  à  demeure  d es  disposi ti fs  de  commande de  la  
classe  I  d oivent  comporter une  isolation  du  conducteur à  gaine  vert/jaune  qu i  est  re l i ée  à  l a  
borne  ou  à  l a  connexion  d e  m ise  à  l a  terre  du  disposi ti f de  commande ,  ou  au  con tact de  
m ise  à  l a  terre  du  socle  de  connecteur ou  de  l a  pri se,  s ' i l  en  existe.  

1 1 . 1 . 3.2  L ' i so lation  du  conducteur dont l a  gaine  est repérée  par la  combinaison  des  cou leurs  
vert/jaune  ne  doi t  pas  être  re l i ée  à  des  bornes  ou  des  connexions  au tres  que  l es  bornes  ou  
l es  connexions  de  terre.  

La  conformité  à  11 . 1 . 3. 1  et 11 . 1 . 3. 2 est vérifiée par examen.  

 Protection  contre  les  chocs  électriques  1 1 . 2

 Double  i solation  1 1 . 2. 1

Pour l es  d ispos i ti fs  de  commande à  double  i solation ,  l a  conception  doi t être  te l l e  que  
l ' isolation  principale  et  l ' i solation  supplémentai re  pu issent être  soum ises  à  essai  
séparément,  à  moins  qu ' i l  ne  soi t poss ib le  de  véri fi er d 'une  au tre  man ière  l eurs  propriétés  
respectives.  

1 1 .2. 1 . 1  S ' i l  n 'est pas  poss ib le  de  soumettre  à  essai  séparément l ' i solation  principale  e t  
l ’ i solation  supplémentaire ,  et  s ' i l  n 'est  pas  possible  de  véri fier l eurs  propriétés  par un  au tre 
moyen,  l ' i so lation  est  considérée  comme une  isolation  renforcée .  

La conformité  est vérifiée par examen et par essai.  

NOTE  Des  échanti l l ons  ayan t subi  une  préparati on  spéci a le,  ou  d es  échanti l l ons  des  parti es  i sol an tes,  sont  
cons idérés  comme des  moyens  de  véri fi cation .  

 Dérogation  à  l a  double  isolation  ou  isolation  renforcée  1 1 .2.2

Les  disposi ti fs  de  commande de  l a  classe I I  e t  l es  d ispositi fs  d estinés  au  matérie l  de  l a  
cl asse I I  doivent être  conçus  de  façon  que  l es  l ignes  de  fu i te  e t  l es  distances  dans  l 'ai r  sur 
une  i solation  supplémentai re  ou  une  i solation  renforcée  ne  pu issen t être  rédu i tes,  par 
su i te  des  effets  de  l 'usure,  en  dessous  des  va leurs  spéci fiées  à  l 'Article  20.  I l s  doivent être  
constru i ts  de  façon  que  s i  des  fi l s ,  des  vis ,  des  écrous,  des  rondel l es,  des  ressorts,  des  
réceptacles  p l ats  pour connecteur à  l anguette  ou  des  p ièces  analogues  se  desserrent  ou  se  
détachent,  i l s  ne  pu issen t en  usage normal  se  p lacer dans  une  posi tion  te l l e  que  l es  l ignes  
de  fu i te  e t  l es  distances  dans  l 'air  sur une  i solation  supplémentaire  ou  une  i solation  
renforcée  so ien t rédu i tes  à  moins  de  50  %  de  l a  va leur spéci fi ée  à  l 'Article  20.  

La conformité  est vérifiée  par examen,  par mesure et/ou par essai manuel.  

Dans le cadre de cette  exigence:  

– on ne s'attend pas à  ce que deux fixations indépendantes se desserrent en même temps;  

– les parties fixées au moyen de vis ou écrous et rondelles de blocage sont considérées 
comme non susceptibles de se desserrer,  sous réserve qu'il ne soit pas exigé que ces vis 
ou écrous soient démontés en entretien  ou en maintenance par l'utilisateur;  

– les ressorts ou les pièces élastiques qui ne se desserrent pas ou ne se détachent pas au 
cours des essais des Articles 17 et 18 sont considérés comme satisfaisant aux exigences;  

– les fils à  connexions soudées sont considérés comme n'étant pas fixés de façon 
appropriée à  moins d'être maintenus en position près de leur connexion ,  
indépendamment de la  soudure;  

– les fils connectés aux bornes sont considérés comme n'étant pas fixés de façon 
appropriée sauf en cas de fixation supplémentaire près de la  borne.  Dans le cas des 
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conducteurs câblés,  cette fixation supplémentaire doit serrer l'enveloppe isolante  et non 
l'âme conductrice;  

– les conducteurs rigides courts sont considérés comme non susceptibles de se séparer des 
bornes s'ils restent en place quand l'un(e)  quelconque des vis ou écrous est desserré(e) .  

 Conducteurs  in tégrés  1 1 .2.3

1 1 .2.3. 1  Les  conducteurs  in tégrés  do ivent être  suffisamment rig i des,  su ffisamment b ien  
fixés  et suffisamment b ien  i solés  pour qu 'en  usage normal  l es  l ignes  de  fu i te  et  l es  
distances  dans  l 'ai r  n e  pu issen t être  rédu i tes  en  dessous  des  va leurs  spéci fi ées  à  
l 'Article  20.  

1 1 .2.3.2  L ' i so lation ,  s i  e l le  existe,  doi t être  étud iée  de  man ière  à  évi ter tou te  détérioration  au  
cours  du  montage  ou  en  usage normal .  

La  conformité à  11 . 2. 3. 1  et 11 . 2. 3. 2 est vérifiée par examen,  par des mesures et par un essai 
manuel.  

NOTE  Un  conducteu r est  considéré  comme étan t  n u  s i  son  i solation  n 'est  pas  au  moins  équ i val ente  du  poin t  de  
vue  é lectri que  à  cel l es  q u i  son t  spéci fi ées  pour d es  câbles  souples  dans  l es  normes  appl i cables  de  l ’ I EC,  ou  s i  e l l e  
ne  sati sfai t  pas  à  l 'essai  d e  ri g i d i té  d i é lectri que  qu i  cons iste  à  appl i quer une  tension  spéci fi ée  en tre  l 'âme 
conductri ce  et  une  feu i l l e  méta l l i que  appl i q uée  au tou r de  l ' i sol ation ,  d ans  l es  cond i ti ons  spéci fi ées  à  l 'Arti cl e  1 3.  

 Gaines  de  câbles  souples  1 1 .2.4

A l ' i n térieur du  dispositi f de  commande ,  l a  gaine  d 'un  câble  souple  ne  doi t  ê tre  u ti l i sée  
comme isolation  supplémentai re  q u 'à  l 'endroi t  où  e l l e  n 'est pas  soum ise  à  des  cond i ti ons  
mécan iques  ou  therm iques  excessives  et dans  l a  mesure  où  ses  propriétés  i solan tes  ne  sont  
pas  i n férieures  à  cel l es  spéci fiées  pour l es  gaines  des  câbles  souples  dans  l ’ I EC 60227-1  ou  
dans  l ’ I EC  60245-1 .   

La  conformité est vérifiée par examen et,  si nécessaire,  par des essais portant sur les gaines 
des câbles souples,  conformément à  l’IEC 60227-1  ou à  l’IEC 60245-1 .  

 Impédance  de  protection  1 1 .2.5

Voi r Annexe H .  

1 1 .2.6  Protection  contre  l es  chocs  électriques  par l 'u ti l isation  de  la  TBTS ou  de  l a  
TBTP 

Voi r Annexe T.  

1 1 .2.7  Connexions  entre  ci rcu i ts  TBTS/TBTP internes  et externes  

Des  mesures  appropriées  doivent  être  prises  pour empêcher l ' i n terconnexion  d 'un  ci rcu i t  
TBTS  i n tégré  à  un  ci rcu i t  TBTP externe  et  vice  versa.   

L 'a l imentation  d 'un  dispositi f de  commande de  l a  classe I I I  à  parti r d 'une  source  TBTS  
externe au  moyen  d 'un  raccordement séparable  ne  doi t être  poss ib le  qu 'au  moyen  d 'un  
système de  fiche  et de  socle  déd iés  qu i  ne  peuvent pas  être  montés  su r ou  i n terconnectés  
avec d 'au tres  systèmes  de  raccordement.  

La conformité est vérifiée par examen.  

1 1 .2.8  Protection  contre  l es  surintensi tés  

Les  d ispositi fs  de  commande doivent être  capables  d ’achem iner l es  couran ts  susceptib les  
de  ci rcu ler dans  des  cond i ti ons  anormales  pendant des  périodes  de  temps  équ ivalant à  cel l es  
déterm inées  par les  caractéristiques  du  d ispos i ti f de  protection  s i  ce la  est i nd iqué  à  l ’exigence  
96  du  Tableau  1 .   
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La conformité est vérifiée par l’essai de  27.5.   

 Manœuvre  et  fonctionnement 1 1 .3

 Coupure totale  1 1 .3. 1

Les  dispositi fs  de  commande  d ont certaines  pos i ti ons  sont  déclarées  comme produ isan t 
une  coupure  totale  d e  ci rcu i t  doivent être  conçus  de  façon  que,  dans  l es  pos i tions  déclarées,  
l a  séparation  des  con tacts  soi t assurée  pour tous  l es  pôles  d 'a l imentation  au tres  que  l a  terre,  
à  une  valeur au  moins  égale  aux valeurs  correspondantes  de  l 'Article  20.  La  séparati on  des  
con tacts  peu t être  obtenue  par action  automatique  ou  action  manuel le ,  mais  toute  action  
automatique  u l térieure  ne  doi t pas  fa i re  en  sorte  qu 'une  quelconque séparation  de  contacts  
soi t  rédu i te  en  dessous  de  l a  va leur m in imale  spéci fi ée.  

S i  la  déconnexion  est  auss i  déclarée  produ i re  une  coupure sur tous  les  pôles ,  l e  
fonctionnement  des  con tacts  dans  chaque pôle  d 'a l imentation  doi t être  pratiquement 
s imu l tané.  

La conformité est vérifiée  par examen et par les essais des Articles 13 et 20,  si nécessaire.  

 M icrocoupure  1 1 .3.2

Les  dispositi fs  de  commande  d on t certaines  pos i tions  sont déclarées  comme produ isan t 
une  microcoupure  de  ci rcu i t doivent être  conçus  de  façon  que,  dans  l es  pos i tions  déclarées,  
l a  séparation  des  contacts  soi t assurée  pour au  moins  un  pôle  d 'a l imentation  pour satisfa i re  
aux exigences  de  ri g id i té  d ié lectrique  de  l 'Article  1 3 ,  mais  aucune valeur de  distance dans  
l ’ ai r  n 'est spéci fiée.  La  séparation  des  con tacts  peu t être  obtenue  par action  au tomatique  ou  
action  manuel le ,  mais  tou te  mod i fication  u l térieure  de  l a  grandeur de  manœuvre  en tre  les  
l im i tes  déclarées  au  Tableau  1 ,  exigence 36,  ou  de  la  température  de  l a  tête  de  commande  
en tre  l es  l im i tes  déclarées  au  Tableau  1 ,  exigence 22,  ne  doi t  pas  provoquer un  
fonctionnement  qu i  rédu ira i t l a  séparation  des  contacts  de  façon  que  l es  exigences  de 
l 'Article  1 3  ne  soien t p lus  satisfai tes.  

La conformité est vérifiée par examen et,  si nécessaire,  par les essais de l'Article 13,  
exécutés aux limites de température déclarées.  

 Boutons  de  réarmement 1 1 .3.3

Les  boutons  de  réarmement des  d isposi ti fs  de  commande  do iven t être  d isposés  ou  
protégés  de  façon  qu ' i l  so i t  peu  probable  qu ' i l s  pu issen t être  réarmés  acciden tel l ement.  

La conformité est vérifiée  par examen.  

NOTE  1  Cette  exigence  excl u t  par exemple  l es  bou tons  de  réarmement montés  dans  u ne  posi ti on  te l l e  qu ' i l s  
pu i ssen t être  réenclenchés  en  poussant l e  disposi ti f  de  commande  con tre  un  mur ou  en  poussant u n  meuble  
contre  l e  disposi ti f.   

NOTE  2  Cette  exi gence  ne  s 'appl i que  pas  aux di sposi ti fs  de  commande  à  réarmement manuel  avec actions  à  
déclenchement l ibre .  

 Rég lage par le  fabricant 1 1 .3.4

Les  organes  desti nés  au  rég lage  des  dispositi fs  de  commande  par l e  fabricant doivent être  
fixés  de  façon  à  empêcher un  déplacement acciden tel  après  rég lage .  

La  conformité  est vérifiée par examen.  

 Contacts  – Général i tés  1 1 .3.5

1 1 .3.5. 1   Les  contacts  don t l a  capaci té  de  coupure  en  courant con ti nu  est  supérieure  à  0 , 1  A 
et qu i  peuven t être  manœuvrés  doivent être  conçus  de  te l l e  man ière  que  l es  vi tesses  de  
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rapprochement et  d 'écartement des  surfaces  de  con tact soien t i ndépendantes  de  la  vi tesse  
de  manœuvre .  

La conformité est vérifiée  par examen.  

NOTE  Cette  exi gence  n 'est  pas  appl i cabl e  aux contacts  qu i  sont  expl i ci tement  excl us  de  1 1 . 3 . 7 .  

1 1 .3.5.2  Les  systèmes  d e  fonctions  de  commande de  classe  C  d oiven t comprendre  au  
moins  deux é léments  de  commutation  pour mettre  d i rectement hors  tension  l es  bornes  de  
sécuri té.   

NOTE  Un  seu l  rela i s  actionnant  d eux contacts  i ndépendants  est  considéré  comme un  seu l  é l ément  de  
commutation .   

1 1 .3.5.2. 1  Dispositions  pour préven i r les  erreurs  de  cause  commune  

Des mesures  doivent être  prises  pour assurer la  protection  contre  l es  défai l lances  d e  deux 
(au  moins)  é léments  de  commutation ,  en  ra ison  d ’une  cause  commune,  par un  court-ci rcu i t 
externe  qu i  pourrai t empêcher l ’arrêt  de  sécuri té  d u  dispositi f de  commande .  

Les  méthodes  acceptables  sont,  par exemple:  

– une  protection  contre  l es  surin tens i tés ,   

– une  l im i tation  du  courant,  ou   

– des  moyens  de  détection  des  pannes  i n ternes.  

La  perti nence des  mesures  de  main tien  de  la  capaci té  à  in terrompre  l a  m ise  sous  tens ion  des  
bornes  de  sortie  de  sécuri té  par au  moins  un  é lément de  commutation  ou  l ’ i n terruption  d ’ un  
d ispos i ti f de  protection  con tre  l es  surin tens i tés  doi t  être  véri fi ée  par l ’essai  su ivant.  

Les bornes de sortie de sécurité du dispositif de commande  sont connectées à  un  
commutateur permettant de commander le  courant de court-circuit.  Ce commutateur étant 
ouvert,  le  dispositif de commande  est connecté comme indiqué en  H. 27. 1 . 1 . 2 avec les 
sorties mises sous tension afin de simuler un fonctionnement normal (contacts des éléments 
de commutation internes fermés) .  

Le  matériel d’essai doit présenter les caractéristiques suivantes:   

a)  si des dispositifs de protection contre les surintensités sont utilisés,  le  réseau 
d’alimentation du dispositif de commande  doit être en mesure de fournir un courant de 
court-circuit d’au moins 500 A.  

b)  si des techniques de limitation du courant sont utilisées comme mesure de  protection (un 
transformateur,  par exemple) ,  le  réseau d’alimentation du dispositif de commande  ne  
doit pas limiter le courant de court-circuit déclaré (Tableau 1 ,  exigence 95) .  

1 1 .3.5.2. 1 . 1  Un court-circuit est appliqué entre les bornes de sortie de sécurité du dispositif 
de commande en fermant le  commutateur.  

L’essai est réalisé pendant 1  h  ou à  travers le  commutateur en l’absence de  courant.  

Si un dispositif de protection contre les surintensités peut être remplacé et qu’il a  fonctionné 
pendant l’essai,  il doit être remplacé et l’essai répété deux fois de plus en essayant de 
redémarrer le dispositif de commande  et en maintenant le  commutateur fermé.  

L’essai est répété à  l’aide du même échantillon ou sur un échantillon  différent,  le  
commutateur étant maintenu en position fermée avant la  première séquence de démarrage.  

1 1 .3.5.2. 1 .2  Si une fonction de  détection de  panne  du dispositif de commande  ouvre les 
éléments de commutation ou déclenche l’arrêt de sécurité,  l’essai est répété deux fois en 
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essayant de redémarrer le dispositif de commande  tout en  maintenant le court-circuit 
externe.  

La  conformité est vérifiée conformément à  H. 27. 1 . 1 . 3 et à  l’Article 15.  

Après l’essai,  au moins un élément de commutation du dispositif de commande  doit être en 
mesure de mettre  hors tension les bornes de sortie de sécurité ou un  dispositif de protection 
contre les surintensités non remplaçable a  définitivement interrompu l’alimentation des bornes 
de sortie de sécurité.  

 Contacts  pour coupure  totale  et m icrocoupure  1 1 .3.6

Les  con tacts  produ isan t  une  coupure totale  ou  une  microcoupure  d on t l a  capaci té  de  
coupure  en  couran t con ti nu  ne  dépasse  pas  0, 1  A ou  qu i  coupent des  couran ts  a l ternati fs,  et 
qu i  peuven t être  manœuvrés,  doiven t être  conçus  de  te l l e  man ière  qu ' i l s  ne  prennent au  
repos  que  des  posi tions  ouvertes  ou  des  pos i ti ons  fermées.  

La conformité est vérifiée par examen et,  dans le  cas d'une position fermée,  par application 
des exigences de température de l'Article 14 et,  dans le cas d'une position ouverte,  par 
application des exigences de l'Article  13 concernant les microcoupures.  Cependant,  lorsque 
l'organe de manœuvre  peut occuper une position intermédiaire  voisine d'une position 
repérée  déclarée pour une coupure totale,  les essais des Articles 13 et 20 concernant les 
coupures totales  sont applicables à  cette position intermédiaire.  

 Exclusions  pour 1 1 .3 .5  et 1 1 . 3.6   1 1 .3.7

Les  exigences  de  1 1 . 3. 5  et  1 1 . 3. 6  ne  doiven t pas  s ’appl iquer aux con tacts  dont l 'examen  
montre  qu ' i l s  ne  peuven t fonctionner ou  ne  son t pas  destinés  à  fonctionner en  charge,  n i  aux 
con tacts  qu i  ne  produ isent  pas  d 'arc  dans  l es  cond i ti ons  d 'usage  normal .  

1 1 .3.7. 1  La  conformité est vérifiée par examen et,  si nécessaire,  par l'essai de  11 . 3. 7. 2.  

1 1 .3.7.2  Une tension continue égale à  la  tension maximale de service  est appliquée aux 
contacts en série avec une résistance telle que le courant se produisant en usage normal  
soit obtenu.  Il ne doit pas être possible de maintenir un arc par l'ouverture lente des contacts.  

1 1 .3.8  Posi tion  de  repos  des  contacts  

Dans  tou te  posi tion  de  repos  de  l 'organe de  manœuvre ,  l es  con tacts  doiven t être,  so i t  dans  
l eur pos i ti on  prévue  ouverte  ou  fermée,  soi t dans  une  posi tion  ne  présentan t aucun  danger  à  
l ' i n térieur du  d ispos i ti f ou  du  matériel .  

La  conformité  est vérifiée par examen.  

NOTE  1  Le  terme «posi ti on  de  repos  de  l 'organe de  manœuvre»  couvre  tou te  pos i ti on ,  qu 'e l l e  so i t  repérée,  
i n terméd i ai re  ou  de  rég lage  par l 'u ti l i sateur.  

NOTE  2  Afi n  d 'essayer d 'obten i r une  posi tion  i n termédiai re  d e  l 'organe  de  manœuvre ,  en tre  tou tes  l es  
posi ti ons  i ndexées,  marquées  ou  de  repos  prévu ,  l 'organe  de  manœuvre  peu t  être  acti onné  comme en  usage  
normal .  Mai n ten i r l 'organe  de  manœuvre  en  pos i ti on  n 'est  pas  une  manœuvre .  

1 1 .3.9  Disposi ti f de  commande à  cordon  de  traction  

Les  d isposi ti fs  de  commande à  cordon  de  traction  d o iven t être  conçus  de  façon  qu 'après  
une  manœuvre  du  dispositi f  su ivie  du  re lâchement du  cordon  de  traction ,  l es  parties  
concernées  du  mécan isme ne  pu issent normalement manquer de  reven i r à  une  posi tion  
permettan t l 'exécu tion  imméd iate  du  mouvement su ivant du  cycle  de  manœuvre  du  dispositi f 
de  commande .  

La conformité est vérifiée par examen et par l'essai suivant.  
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NOTE  1  Les  disposi ti fs  de  commande à  cordon  de  tracti on  peuvent  être  manœuvrés  d 'une  posi tion  repérée  à  
l a  su ivan te  par u ne  traction  temporai re  et  un i forme exercée  sur l e  cordon  avec une  force  verti cal e  de  45  N  ou  u ne  
force  obl i q ue  à  45°  d e  70  N ,  l e  disposi ti f de  commande  é tan t  monté  dans  n ' importe  quel l e  pos i ti on  déclarée.  

NOTE  2  Les  forces  de  manœuvre  des  disposi ti fs  de  commande  manœuvrés  par u n  moyen  au tre  qu 'un  cordon  
de  traction  ne  son t  pas  spéci fi ées.  L 'atten ti on  est  atti rée  su r l a  norme  du  matéri e l  correspondant  où  de  tel l es  
exi gences  peuvent être  données.  

 Actions  1 1 .4

 Actions  combinées  1 1 .4. 1

Un  dispositi f de  commande  comportan t p lus ieurs  actions,  dont  l 'une  est  conçue  pour 
fonctionner après  l a  défai l lance  d 'une  ou  d 'autres  actions,  doi t être  constru i t de  te l l e  façon  
que  cette  action  reste  opérante  après  la  défai l l ance  d 'une  portion  quelconque spéci fique  de  
toute(s)  au tre(s)  action(s).  

La conformité est vérifiée par examen et,  si nécessaire,  par des essais après avoir rendu 
toutes les autres actions inopérantes.  

 Rég lage par le  fabricant 1 1 .4.2

Une action  de  type  2  pour l aquel l e  un  réglage  par l e  fabrican t  de  sa  valeur de  
fonctionnement,  d e  son  temps de  fonctionnement  ou  de  sa  séquence de  fonctionnement  
a  é té  prévu ,  doi t être  conçue de  façon  qu ' i l  so i t  poss ib le  de  voi r s i  l e  rég lage  i n i tia l  a  été  ou  
non  mod i fié  u l térieurement.  

La conformité est vérifiée par examen.  

 Action  de  type 2  1 1 .4.3

Toute  action  de  type 2  d o i t  être  conçue de  man ière  à  confiner l a  tolérance  de  fabrication  et  
l a  dérive  d e  sa  valeur de  fonctionnement,  d e  son  temps de  fonctionnement  ou  de  sa  
séquence de  fonctionnement  d ans  l a  l im i te  déclarée  dans  l es  exigences  41  et 42  du  
Tableau  1 .  

La conformité est vérifiée par les essais des Articles 15 à  17 inclus.  

 Action  de  type  1 .A ou  2 .A 1 1 .4.4

Une action  de  type  1 .A ou  2 .A doi t  fonctionner de  façon  à  satisfa i re  aux exigences  de  ri g id i té  
d ié lectri que  et de  d istance  dans  l 'ai r  spéci fiées  pour une  coupure  totale .  

La conformité est vérifiée par les essais de l'Article 13 et les exigences appropriées de  
l'Article 20.  

 Action  de  type 1 .B  ou  2 .B  1 1 .4.5

Une action  de  type  1 . B  ou  2 .B  doi t  fonctionner de  façon  à  satisfa i re  aux exigences  de  ri g id i té  
d ié lectrique  spéci fiées  pour une  microcoupure .  

La conformité est vérifiée par l'essai de l'Article 13 et les exigences appropriées de  
l'Article 20.  

 Action  de  type 1 .C  ou  2 .C  1 1 .4.6

Une action  de  type  1 .C  ou  2 .C  doi t fonctionner de  façon  à  i n terrompre  l e  ci rcu i t par une  
micro-in terruption .  

La  conformité  est vérifiée par les exigences appropriées de l'Article  20.  
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 Action  de  type  1 .D  ou  2 .D  1 1 .4.7

Une action  de  type  1 .D  ou  2 .D  doi t  être  conçue de  façon  que  l a  coupure  ne  pu isse  être  n i  
empêchée n i  gênée  par un  éven tuel  mécan isme de  réenclenchement et qu 'après  l a  coupure ,  
i l  ne  soi t pas  possib le  de  refermer le  ci rcu i t,  même temporai rement,  tan t  que  l a  cond i tion  de  
dépassement ou  de  panne  pers iste.  

La conformité  est vérifiée par examen et par essai.  

 Action  de  type 1 .E  ou  2.E  1 1 .4.8

Une action  de  type  1 . E  ou  2 . E  doi t ê tre  conçue  de  façon  que  l a  coupure  ne  pu isse  être  n i  
empêchée n i  gênée  par un  éventuel  mécan isme de  réenclenchement et  que  les  con tacts  ne  
pu issent être  n i  empêchés  de  s 'ouvri r,  n i  main tenus  fermés  tant que  l a  cond i tion  de  
dépassement ou  de  panne  pers iste.  

La conformité  est vérifiée par examen et par essai.  

 Action  de  type 1 .F  ou  2 .F  1 1 .4.9

Une action  de  type  1 . F  ou  2 .F  doi t  être  conçue de  façon  qu 'après  l e  montage  du  dispositi f de  
commande  conformément aux i nstructions  du  fabricant,  i l  ne  pu isse  être  réenclenché qu 'à  
l 'a ide  d 'un  outi l .  

La conformité  est vérifiée par examen et par essai.  

NOTE  Cette  exigence  est  considérée  comme sati sfai te  s i  l e  montage  dans  l 'apparei l  est  te l  qu 'un  ou ti l  so i t  
nécessai re  pour accéder au  di sposi ti f de  commande .  

 Action  de  type  1 .G  ou  2 .G  1 1 .4. 1 0

Une action  de  type  1 .G  ou  2 .G  doi t être  conçue  de  façon  qu ' i l  soi t  poss ible  de  réarmer l e  
dispositi f de  commande ,  après  qu ' i l  a  fonctionné  (fonctionnement non  i n tentionnel )  dans  les  
cond i ti ons  de  charge  é lectri que.  

La conformité est vérifiée par examen et en réarmant une fois le dispositif à  sa tension 
assignée et à  son courant assigné.  

 Action  de  type  1 .H  ou  2 .H  1 1 .4. 1 1

Une action  de  type  1 . H  ou  2 .H  doi t être  conçue  de  façon  que  l 'ouverture  des  contacts  ne  
pu isse  être  empêchée  et  que  l a  rem ise  au tomatique  des  contacts  en  pos i ti on  fermée pu isse  
se  fai re  s i  l e  moyen  de  réarmement est main tenu  en  posi ti on  de  réarmement.  Le  disposi ti f de  
commande  ne  doi t  pas  se  réarmer au tomatiquement à  une  température  supérieure  à  –35  °C  
avec le  mécan isme de  réarmement en  posi tion  normale.  

La conformité est vérifiée  par examen et par essai.  

 Action  de  type 1 . J  ou  2 .J  1 1 .4. 1 2

Une action  de  type  1 . J  ou  2 . J  doi t être  conçue  de  façon  que  l 'ouverture  des  con tacts  ne  
pu isse  être  empêchée,  et que  l e  fonctionnement du  dispositi f de  commande  en  tan t que  
d ispos i ti f au tomatique  de  réarmement ne  soi t pas  adm is  s i  l e  moyen  de  réarmement est  
main tenu  en  posi ti on  de  réarmement.  Le  d isposi ti f de  commande  ne  doi t  pas  se  réarmer 
au tomatiquement à  une  température  supérieure  à  –35  °C.  

La  conformité  est vérifiée par examen et par essai.  
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 Action  de  type  1 .K ou  2 .K 1 1 .4. 1 3

Une action  de  type  1 .K ou  2 .K doi t être  conçue de  façon  qu 'en  cas  d 'une  rupture  dans  
l 'élément sensible ,  ou  dans  tou te  au tre  partie  en tre  l 'élément sensible  e t  l a  tête  de  
commande ,  l a  coupure  déclarée  i n tervienne  avant que  la  valeur,  temps  ou  séquence de  
fonctionnement  d éclaré  ne  soi t dépassé.  

NOTE  L'essai  est  spéci fi é  dans  l a  parti e  2  appropriée.  

 Action  de  type  1 .L  ou  2 .L  1 1 .4. 1 4

Une action  de  type  1 . L  ou  2 . L  doi t être  conçue  de  façon  qu 'en  cas  de  défai l l ance  d ans  
l 'a l imentation  é lectri que,  le  d ispos i ti f accompl isse  l a  fonction  prévue  i ndépendamment de  
toute  source  d 'énerg ie  ou  d 'a l imentation  é lectrique  externe  ou  auxi l i a i re.  

La conformité est vérifiée par examen.  

NOTE  Un  ressort  ou  un  poi ds  s imple  à  action  d i recte  n 'est  pas  considéré  comme une  sou rce  d 'énerg i e  ou  
d 'a l imentati on  é l ectri q ue  externe  ou  auxi l i a i re.  

 Action  de  type  1 .M  ou  2 .M  1 1 .4. 1 5

Une action  de  type  1 .M  ou  2 .M  doi t être  conçue  de  façon  que  l e  d isposi ti f fonctionne  de  la  
man ière  prévue  après  la  procédure  de  vie i l l i ssement déclarée.  

La conformité est vérifiée  par l'essai de 17. 6.  

1 1 .4. 1 6  Voi r Annexe  H .  

1 1 .4. 1 7  Voir Annexe  J .  

 Ouvertures  dans  l es  enveloppes  1 1 .5

Les  trous  d 'écou lement éven tuels  doivent avoir une  section  m in imale  de  20  mm²;  une  section  
maximale  de  40  mm² et une  d imension  m in imale  de  3  mm .  

La conformité est vérifiée  par examen.  

NOTE  1  Les  exigences  suppl émentai res  de  rés i stance  à  l ' h um id i té  son t  contenues  à  l 'Arti cl e  1 2 .  

NOTE  2  Les  disposi ti fs  de  commande  c l assés  I PX7  peuvent comporter un  moyen  pour ouvri r un  trou  
d 'écou lement.  

NOTE  3  Aux É tats-Un i s ,  i l  exi ste  des  exigences  suppl émentai res  pou r l es  ouvertu res  dans  l es  enveloppes 
desti nées  à  l a  ven ti l ati on ,  au  d ra inage,  au  montage  de  composants,  au  j eu  au tou r d 'u n  cadran ,  d 'un  bou ton ,  d ' un  
l evi er,  d 'un  tube  capi l l a i re  ou  analogue.  

 Montage des  d ispositi fs  de  commande  1 1 .6

1 1 .6. 1  Les  d ispositi fs  de  commande  d o iven t être  conçus  de  façon  que  le  montage  selon  
l es  méthodes  déclarées  par l e  fabrican t ne  compromette  pas  l a  conform ité  aux exigences  de  
l a  présente  norme.  

1 1 .6.2  Les  méthodes  de  montage  déclarées  doiven t i n terd i re  tou te  rotation  ou  tout 
déplacement du  disposi ti f de  commande ,  qu i  ne  peut  en  ou tre  être  démonté  du  matérie l  
qu 'à  l 'a i de  d 'un  outi l ,  s i  un  te l  déplacement ou  démontage  risque  d 'affecter la  conform ité  à  la  
présente  norme.  S i  un  démontage  ou  démontage  partie l  est nécessaire  au  bon  
fonctionnement du  dispositi f,  l es  exigences  des  Articles  8 ,  1 3  et  20  doiven t être  satisfai tes  
avant et  après  un  te l  démontage.  
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La conformité à  11 . 6. 1  et 11 . 6. 2 est vérifiée par examen et par un essai manuel.  

NOTE  On  cons idère  que  l es  disposi ti fs  de  commande  au tres  que  ceux à  manœuvre  rotati ve,  qu i  son t  fi xés  à  
l 'a i de  d ' un  écrou  se  vi ssant  su r une  seu le  traversée  concentri que  par rapport  à  l 'organe  de  manœuvre ,  sati sfon t  à  
cette  exigence  à  cond i ti on  que  l e  serrage  de  l 'écrou  nécessi te  un  outi l  e t  que  l es  parti es  concernées  a ien t  une  
robustesse  su ffi san te.  Un  disposi ti f de  commande  incorporé  monté  par u ne  fi xation  sans  vi s  est  considéré  
comme sati sfai san t  à  cette  exi gence  s ' i l  n e  peu t  être  en levé  du  matérie l  qu 'à  l 'a i de  d 'un  ou ti l .  

 

1 1 . 6.3  Montage de  d ispositi fs  de  commande à  montage  indépendant 

1 1 .6.3. 1  Les  dispositi fs  de  commande à  montage indépendant  au tres  que  ceux prévus  
pour montage  en  panneau  doivent:  

– so i t  équ iper une  boîte  normale  comme annoncé;  

– soi t  être  fourn is  avec une  boîte  de  condu i ts  s i  une  boîte  spéciale  de  condu i ts  est  exigée,  
ou  

– être  prévus  pour montage  en  sai l l i e  sur une  surface  p lane.  

1 1 .6.3.2  S i  une  boîte  spécia le  de  condu i ts  est  exigée,  e l l e  doi t  ê tre  fourn ie  en  même temps  
que  l e  disposi ti f de  commande  et  la  boîte  doi t  ê tre  prévue  avec les  en trées  pour condu i ts  
spéci fiées  dans  l ’ I EC 60423.  

1 1 .6.3.3  Les  d ispositi fs  de  commande à  montage indépendant  pour montage  en  sai l l ie ,  
u ti l i sés  en  instal lation  en terrée  (câblage  caché)  sans  boîte  de  sortie  doivent être  pourvus  de  
trous  convenables  à  l 'arrière  du  dispositi f de  commande ,  permettant une  i nsta l lation  et une  
connexion  faci les  aux bornes.  

1 1 .6.3.4  Les  d isposi ti fs  de  commande à  montage indépendant  pour montage  en  sai l l ie ,  
u ti l i sés  en  câblage  exposé,  doivent  être  pourvus  d 'en trées  de  câble  ou  de  condu i t,  de  parois  
défonçables  ou  de  presse-étoupe qu i  permetten t l a  connexion  de  modèles  appropriés  de  
câble  ou  de  condu i ts  répondan t aux normes  I EC l es  concernant.  

1 1 .6.3.5  Les  dispositi fs  de  commande à  montage  indépendant  pour montage  en  sai l l i e  
ou  les  sous-bases  pour de  te ls  disposi ti fs  de  commande  d o ivent  être  constru i ts  de  façon  
que  l es  bornes  pour conducteurs  externes  soien t accessib les  et pu issen t être  u ti l i sées  
l orsque  l e  dispositi f de  commande  ou  l a  sous-base  est correctement fixé  à  son  support et 
que  son  capot  (ou  le  dispositi f de  commande)  est reti ré.  

1 1 .6.3.6  Les  disposi ti fs  de  commande  pour montage  su r une  boîte  de  sortie  ou  enveloppe  
s im i la i re  doivent avoir l es  bornes  de  câblage,  l es  au tres  parties  actives  e t  l es  parties  
métal l i ques  tranchantes,  m ises  à  l a  terre  ou  non ,  s i tuées  et protégées  de  façon  à  ne  pas  être 
appl iquées  con tre  l e  câblage  dans  l a  boîte  ou  l 'enveloppe pendant l ' i nsta l l ation  du  dispositi f 
de  commande .  

1 1 .6.3.7  Dans  l e  cas  où  des  bornes  de  câblage  s i tuées  à  l 'arrière  son t u ti l i sées,  e l l es  
doivent être  encastrées  ou  protégées  par des  écrans  à  proxim i té,  des  matériaux i solants ,  ou  
l 'équ ivalent,  qu i  empêcheron t l e  contact  avec le  câblage  i nstal l é  dans  l a  boîte.  

La conformité à  11 . 6. 3. 1  à  11 . 6. 3. 7 inclus est vérifiée  par examen.  

Des  bornes  qu i ,  à  l ' i n térieur de  la  boîte  ne  dépassen t pas  l e  p lan  du  bord  de  la  face  de  la  
boîte  sont acceptables.  

Les  d isposi ti fs  de  protection  des  bornes  de  câblage  qu i  s 'étendent de  6 , 5  mm  au  moins  au-
delà  de  ces  bornes,  avec un  d ispos i ti f de  protection  correspondant en tre  les  deux pôles  de  
mécan ismes,  son t acceptables.  
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 F ixation  des  câbles  1 1 .7

 Flexion  1 1 .7. 1

1 1 .7. 1 . 1  Les  câbles  souples  des  disposi ti fs  de  commande  in tercalés  dans  un  câble  
souple  e t  séparés  d o ivent être  capables  de  supporter l e  nombre  de  fl exions  susceptib les  de  
se  produ ire  en  usage normal .  S i  un  d ispos i ti f de  protection  du  câble  est nécessaire  pour 
satisfai re  à  cette  exigence,  i l  ne  doi t  pas  fa i re  partie  i n tégran te  du  câble  souple  s i  celu i -ci  
u ti l i se  une  fixation  du  type  X.  

1 1 .7. 1 .2  La  conformité est vérifiée en soumettant le dispositif de commande  équipé du 
câble ou du jeu de câbles prévu à  l'essai suivant.  

1 1 .7. 1 .2. 1  Le  dispositif de commande  est monté dans l'appareil d'essai de flexion 
représenté à  la  Figure 9.  L'axe d'oscillation est choisi de façon que le poids qui est fixé au 
câble et le  câble lui-même aient un mouvement latéral d'amplitude minimale au cours de 
l'essai.   

Les échantillons de dispositifs de commande à  câble méplat sont montés de manière que le 
grand axe de la  section du câble soit parallèle  à  l'axe d'oscillation.  Chaque câble souple 
passant par l'ouverture d'entrée est lesté avec un  poids de 1  kg.  On fait circuler dans chaque 
âme conductrice soumise à  l'essai un courant égal à  celui qu'elle conduit lorsque le dispositif 
fonctionne à  la  tension assignée,  la  tension appliquée entre les âmes étant la  tension 
assignée maximale.  La tête oscillante est animée d'un mouvement de va-et-vient sur 90° (45° 
de part et d'autre de la  verticale) ,  et le nombre total de flexions (mouvements de 90°)  est de  
5 000,  à  raison de 60 à  la  minute.  

1 1 .7. 1 . 2.2  Après cet essai,  l’échantillon ne doit présenter aucune détérioration au sens de la  
présente norme.  Pendant l'essai,  il ne doit se produire ni interruption du courant ni court-
circuit entre les conducteurs individuels,  et les brins câblés cassés ne doivent pas percer 
l'isolation jusqu'à  la  surface extérieure de l'accessoire.  Un court-circuit entre les conducteurs 
individuels est considéré comme s'étant produit si le  courant atteint le double de la  valeur du 
courant d'essai.  

1 1 .7. 1 . 2.3  Il est admis qu'un maximum de 10 %  du nombre total des conducteurs de câble 
souple doit s’être  rompu.  

 D ispositi fs  d ’arrêt de  traction  et de  torsion  1 1 .7.2

1 1 .7.2. 1  Les  disposi ti fs  de  commande  au tres  que  les  d isposi ti fs  i n tégrés  et  incorporés  
destinés  à  recevoir des  câbles  souples  fixés  à  demeure  do ivent comporter les  d ispos i ti fs  
d 'arrêt de  traction  et de  tors ion  te ls  que  les  conducteurs  soien t protégés  con tre  l es  efforts  de  
traction ,  y compris  de  torsion ,  à  l 'endroi t  où  i l s  son t raccordés  aux bornes,  et  te ls  que  l es  
gaines  soient protégées  con tre  l 'abras ion .  La  façon  prévue  de  réal iser l a  protection  contre  l a  
traction  et l a  protection  con tre  l a  tors ion  doi t  être  faci l e  à  reconnaître.  

1 1 .7.2.2  Les  d isposi ti fs  d 'arrêt de  traction  et de  tors ion  pour l es  d isposi ti fs  de  commande 
de  l a  classe  I I  do ivent être  en  matière  i solan te  ou ,  s ' i l s  sont en  méta l ,  séparés  des  parties  
métal l i ques  accessibles  ou  d 'une  feu i l l e  méta l l i que  sur des  surfaces  access ib les  non  
métal l i ques,  par une  i solation  conforme aux exigences  de  l ' i solation  supplémentai re .  

1 1 .7.2.3  Les  d ispos i ti fs  d 'arrêt de  traction  et de  tors ion  pour dispositi fs  de  commande  
au tres  que  ceux de  l a  classe  I I  d oiven t être  en  matière  isolante,  ou  mun is  d 'une  enveloppe 
isolante,  s i  un  panne  d ' i solation  sur l e  câble  peu t rendre  l es  parties  métal l i ques  accessib l es  
actives.  Le  revêtement i solant  éventuel  doi t  ê tre  fixé  au  d ispos i ti f d 'arrêt de  traction  et  de  
tors ion  à  moins  qu ' i l  ne  s 'ag isse  d 'une  traversée  faisan t partie  du  d ispos i ti f de  protection  des  
câbles  prévue  pour satisfa i re  aux exigences  de  1 1 . 7 . 1 .  

1 1 .7.2.4  Les  d isposi ti fs  d 'arrêt de  traction  et de  tors ion  doiven t être  conçus  de  façon  que:  
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– l e  câble  ne  pu isse  en trer en  con tact avec des  vis  de  serrage  de  ces  d isposi ti fs  s i  ces  vis  
son t des  parties  méta l l i ques  accessib les ;  

– l e  câble  ne  soi t  pas  main tenu  par une  vis  métal l i que  qu i  appu ie  d i rectement sur l e  câble;  

– pour l es  fixations  du  type  X  e t  d u  type M ,  au  moins  une  partie  soi t fixée  de  façon  sûre;  

– pour l es  fixations  du  type  X  et  du  type M ,  l e  remplacement du  câble  ne  nécess i te  pas  
d 'outi l  spécial ;  

– pour l es  fixations  du  type  X,  i l s  soient  efficaces  pour les  d i fféren ts  types  de  câbles  qu i  
peuven t être  raccordés;  

– pour l es  fixations  du  type X,  i l s  soient conçus  et d isposés  de  façon  que  l e  remplacement 
du  câble  souple  pu isse  être  effectué  faci l emen t.  

1 1 .7.2.5  Pour l es  fixations  au tres  que  cel les  du  type Z ,  l es  procédés  de  fortune  te ls  que  l a  
fixation  du  câble  par un  nœud  ou  la  fixation  des  extrém ités  par une  ficel le  ne  doiven t pas  être  
employés.  

1 1 .7.2.6  Les  presse-étoupe ne  doiven t pas  être  u ti l i sés  comme d isposi ti fs  d 'arrêt de  traction  
et de  tors ion  pour les  d isposi ti fs  de  commande i ntercalés  dans  un  câble  souple  ayan t des  
fixations  du  type X,  à  moins  que  ne  soient prévus  des  moyens  permettan t l e  serrage  de  tous  
les  types  et tou tes  l es  sections  de  câble  mentionnés  en  1 0 . 1 . 4.  

1 1 .7.2.7  Les  vis  éven tuel l es  qu i  doivent être  manœuvrées  l ors  du  remplacement du  câble  ne  
doivent pas  servi r à  fixer d 'autres  é léments  sauf s i ,  l orsqu 'el les  sont oubl i ées  ou  remplacées  
de  façon  i ncorrecte,  l e  disposi ti f  ne  fonctionne  p lus  ou  est  man i festement i ncomplet,  ou  s i  
l ' é lémen t destiné  à  être  fixé  par ces  vis  ne  peu t être  en levé  sans  l 'a i de  d 'un  outi l  l ors  du  
remplacement du  câble  souple.  

1 1 .7.2.8  La  conformité aux spécifications de 11 . 7. 2. 1  à  1 1 . 7. 2. 7 inclus est vérifiée par 
examen et par les essais de  11 . 7. 2. 9 à  11 .7. 2. 15 inclus.  Les dispositifs de commande 
incorporés  et intégrés qui sont destinés au raccordement de câbles souples sont soumis à  
essai conformément à  la  norme applicable pour le matériel dans lequel ils sont intégrés où 
incorporés.  

1 1 .7.2.9  Le dispositif de commande  est muni d'un câble souple et les conducteurs sont 
introduits dans les bornes,  les vis éventuelles des bornes étant serrées juste assez pour que 
les conducteurs ne puissent pas aisément changer de position.  Le dispositif d'arrêt de traction 
et de torsion est utilisé de la  manière prévue,  les vis étant serrées avec un couple égal aux 
deux tiers de  celui spécifié en 19. 1 .  

1 1 .7.2. 1 0  Après cette préparation,  il ne  doit pas être possible de repousser le  câble à  
l'intérieur du dispositif au point que le câble ou les parties internes puissent être 
endommagés,  ou que les parties internes du dispositif soient gênées de façon que la  
conformité à  la  présente norme soit affectée.  

1 1 .7.2. 1 1  Le  câble est ensuite soumis à  des tractions dont la  valeur et le nombre sont 
indiqués dans le Tableau 9.  Les tractions sont appliquées dans la  direction la  plus 
défavorable,  sans secousse,  chaque fois pendant 1  s.  

1 1 .7.2. 1 2  Immédiatement après,  le  câble est soumis pendant 1  min à  un couple de torsion 
dont la  valeur est indiquée dans le  Tableau 9.  
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Tableau  9  (1 1 .7.2  de  l ’éd i tion  3)  – Valeurs  de  couple  de  torsion  et  de  traction   

Disposi ti f de  commande  Force  de  traction  a  
N  

Couple  de  torsion  a  
Nm  

Nombre de  tractions  a  

Disposi ti fs  de  commande  séparés  
et  d i sposi ti fs  de  commande  à  
montage  indépendan t:  

   

J usqu 'à  1  kg  i ncl us   30  0 , 1  25  

Au-dessus  de  1  kg ,  j usqu 'à  4  kg  
i ncl us   

60  0 , 25  25  

P l us  de  4  kg  1 00  0 , 35  25  

Disposi ti fs  i n tercal és  dans  un  
câble  souple:  (à  l ' excl us ion  des  
disposi ti fs  séparés )  

90  0 , 25  1 00  

a  Certa ines  normes  parti cu l i ères  du  matérie l  peuvent imposer des  val eu rs  d i fférentes.  

 
1 1 . 7.2. 1 3  Pour la  fixation du type X,  les essais sont d'abord effectués avec le câble le plus 
léger admissible  de la  plus petite section mentionnée en 10. 1 . 4,  puis avec le câble le plus 
voisin de la  plus forte section mentionnée.  Pour les fixations du type M,  du type Y ou du 
type Z,  seul le câble déclaré ou monté est utilisé.  

1 1 .7.2. 1 4  Pendant les essais,  le  câble  ne doit pas être endommagé.  Après les essais,  on ne 
doit pas constater un déplacement longitudinal du câble de plus de 2 mm,  les conducteurs ne 
doivent pas s'être déplacés dans les bornes sur une distance de plus de 1  mm et il ne  doit 
pas y avoir de contrainte notable à  la  connexion.  Les lignes de fuite  et distances dans l'air 
ne  doivent pas être réduites au-dessous des valeurs spécifiées à  l'Article 20.  

1 1 .7.2. 1 5  Pour mesurer le  déplacement l ong i tud inal  on  fai t  avant l es  essais  une  marque  sur 
l e  câble  soum is  à  l a  traction  à  une  d istance  d 'envi ron  20  mm  du  d isposi ti f d 'arrêt de  traction  et  
de  tors ion .  Après  les  essais,  on  mesure  l e  déplacement de  l a  marque  sur l e  câble  par rapport 
au  d ispos i ti f d 'arrêt de  traction  et  de  torsion ,  le  câble  étan t main tenu  tendu .  

 D imensions  des  câbles  souples  fixés  à  demeure  1 1 .8

1 1 .8. 1  Les  câbles  souples  fixés  à  demeure  n e  doiven t pas  être  pl us  l égers  que  l es  câbles  
sous  ga ine  ord inai re  de  caou tchouc (désignation  I EC  60245 53)  ou  l es  câbles  sous  gaine  
l égère  de  pol ych lorure  de  vi n yle  (dés ignation  I EC  60227  53) .  L'u ti l i sation  d 'un  câble  souple  
p lus  léger est adm issib le  s i  e l le  est au torisée  dans  la  norme particu l ière  du  matériel  ou  pour 
l a  connexion  à  des  d isposi ti fs  TBTS  externes  (capteurs/un i tés).  

La conformité est vérifiée  par examen.  

1 1 .8.2  Les  dispositi fs  de  commande  équ ipés  de  câbles  souples  fixés  à  demeure  do ivent 
l 'être  avec des  câbles  dont les  conducteurs  on t des  sections  au  moins  égales  aux valeurs  du  
Tableau  1 0 .  
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Tableau  1 0  (1 1 .8.2  de  l ’ éd i tion  3)  – Valeurs  du  conducteur de  câble  min imal   

Courant dans  l e  ci rcu i t  appl i cable  a  
A 

Sections  nominales  b  
mm 2  

J usqu 'à  6  i ncl us  c  0 , 75  

au -dessus  de  6,  j usqu 'à  1 0  i ncl us  1  

au -dessus  de  1 0 ,  j usqu 'à  1 6  i n cl us  1 , 5  

au -dessus  de  1 6 ,  j usqu 'à  25  i n cl us  2 , 5  

au -dessus  de  25,  j usqu 'à  32  i n cl us  4  

au -dessus  de  32 ,  j usqu 'à  40  i n cl us  6  

au -dessus  de  40,  j usqu 'à  63  i n cl us  1 0  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

b  Aux États-Un is ,  d 'au tres  sections  de  conducteu rs  son t  appl i cables.  

c Les  sections  i n férieures  à  0 , 75  mm 2  son t  adm ises  pour l es  disposi ti fs  de  l a  classe  I I I  ou  s i  l a  norme  
parti cu l i ère  du  matérie l  ou  d ' i n stal l ati on  au tori se  de  te l l es  sections.  

La conformité  est vérifiée par examen.  

1 1 .8.3  Dans  les  disposi ti fs  de  commande ,  l 'espace i n térieur prévu  pour le  l ogement des  
câbles  souples  doi t  être  su ffisant  pour que  leur i n troduction  et l eur connexion  soient  faci les,  
l es  capots  éventuels  devan t pouvoi r être  refermés  sans  risque  d e  dommage pour les  
conducteurs  ou  l eurs  gaines  isolan tes.  I l  doi t  être  poss ib le  de  véri fier l e  montage  correct des  
conducteurs  avan t l a  rem ise  en  place  du  capot .  

La conformité est vérifiée par examen et par un essai de montage de la  plus forte section de 
conducteur mentionnée en 10. 1 . 4.  

 Entrées  1 1 .9

1 1 .9. 1  Les  en trées  de  câbles  souples  externes  doivent être  conçues  et profi l ées  ou  doivent 
être  mun ies  de  traversées  de  te l l e  façon  que  le  revêtement du  câble  pu isse  être  i n trodu i t  sans  
risque  d e  détérioration .  

1 1 .9. 1 . 1  Les  en trées  de  condu i t et l es  parties  défonçables  des  dispositi fs  de  commande à  
montage indépendant  do ivent être  conçues  ou  s i tuées  de  te l le  man ière  que  l a  pénétration  
de  l 'embou t de  condu i t,  ou  de  ses  accessoires  n 'affecte  pas  l a  protection  con tre  l es  chocs  
é lectriques  n i  ne  rédu ise  les  l ignes  de  fu i te  ou  d istances  dans  l 'ai r  en  dessous  des  valeurs  
spéci fiées  à  l 'Article  20.  

La conformité  est vérifiée par examen.  

1 1 .9.2  En  l 'absence  d 'une  traversée,  l 'en trée  du  câble  doi t  être  en  matière  isolante.  

1 1 .9.3  Lorsque  l 'en trée  est  équ ipée  d 'une  traversée,  cel le-ci  doi t être  en  matière  isolante  et  

– doi t être  de  forme te l le  qu 'el l e  ne  pu isse  endommager l e  câble,  

– doi t  être  fixée  de  façon  sûre,  

– ne  doi t  pas  pouvoi r être  en levée  sans  l 'a i de  d 'un  outi l ,  

– ne  doi t  pas  fa i re  partie  i n tégran te  du  câble  s i  une  fixation  de  type X  est u ti l i sée.  

1 1 .9.4  Une  traversée ne  doi t pas  être  en  caou tchouc,  sauf dans  l e  cas  des  fixations  du  
type  M ,  du  type Y  e t  du  type Z  pour l es  d ispositi fs  de  commande des  classes  0 ,  0 I  ou  I  où  
l e  caou tchouc est adm is  s i  l a  traversée fa i t  partie  i n tégran te  d 'une  ga ine  en  caoutchouc 
nature l .  

La conformité aux spécifications de 11 . 9. 1  à  11 . 9. 4 inclus est vérifiée par examen et par un 
essai manuel.   
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1 1 .9.5  Les  enveloppes  des  disposi ti fs  de  commande à  montage indépendant  prévus  pour 
être  re l iés  en  permanence au  câblage  fixe  do iven t avoi r des  entrées  de  câble,  des  en trées  
de  condu i t,  des  entrées  défonçables  ou  des  presse-étoupe qu i  permettent la  connexion  du  
condu i t,  du  câble  ou  du  câble  souple  appropriés.  

 Socles  de  connecteurs  et prises  1 1 . 1 0

1 1 . 1 0.1  Les  socles  et l es  prises  desti nés  à  être  u ti l i sés  par l 'uti l i sateur  pour 
l ' i n terconnexion  des  dispositi fs  de  commande  e t  des  matérie ls  associés  doivent être  conçus  
de  man ière  à  rendre  improbable  leur engagement mutuel  ou  avec des  socles  et des  prises  
destinées  à  établ i r des  connexions  avec d 'au tres  systèmes ,  s i  un  te l  engagement représente  
un  risque  d ' i ncend ie ,  de  b lessure  ou  de  choc é lectrique  pour l es  personnes  ou  un  dommage 
pour l e  matérie l  ou  son  envi ronnement.  

La conformité est vérifiée  par examen.  

1 1 . 1 0.2  Les  dispositi fs  de  commande intercalés  dans  un  câble  souple  mun is  d 'un  socle  
ou  d 'une  prise  doivent avoir des  caractéristiques  assignées  ou  doiven t être  protégés  de  façon  
à  évi ter une  surcharge  accidentel le  du  dispositi f,  des  socles  ou  des  prises  en  usage normal .  

La conformité est vérifiée  par examen.  

1 1 . 1 0.3  Les  disposi ti fs  de  commande  équ ipés  de  broches,  l ames  ou  au tres  moyens  de  
branchement/adaptation ,  desti nés  à  être  i n trodu i ts  dans  des  prises  fixes  doiven t être  
conformes  aux exigences  du  système de  prise  approprié .  

S i  des  dispositi fs  de  commande i ntercalés  dans  un  câble  souple  mun is  d 'une  fiche  et d 'un  
socle  de  prise  de  couran t,  dans  l esquels  la  fiche  peu t être  connectée  à  un  socle  de  couran t  
de  charge  ass igné  supérieur à  celu i  du  dispositi f de  commande ,  l e  disposi ti f de  
commande  d o i t  être  pourvu  d 'un  fus ib le  i ncorporé  ou  d 'un  d ispos i ti f de  protection  pour l im i ter 
l e  courant à  l a  va leur assignée du  disposi ti f de  commande .  Les  essais  de  la  fonction  de  
protection  son t fa i ts  dans  l a  séquence d 'essais  se lon  27 .5.  

La  partie  socle-prise  de  courant du  dispositi f de  commande  do i t  être  conforme à  l a  norme 
appropriée  pour l e  système de  prise  et socle  de  prise  de  courant.  La  partie  commande  d o i t  
être  conforme à  l a  présente  norme.  

NOTE  Cet arti cl e  n 'est  pas  appl i cabl e  au  Canada  et  aux É tats-Un is .  

La conformité est vérifiée  par examen et par les essais basés sur les circuits spécifiés pour le  
système de socles de connecteurs.  

 Exigences  pendant l e  montage  et  l es  opérations  de  main tenance et  d 'entretien  1 1 . 1 1

 Capots  et l eurs  fixations  1 1 . 1 1 .1

1 1 . 1 1 .1 . 1  Pour l es  dispositi fs  de  commande autres  qu ' intégrés ,  l e  fai t  d 'en lever un  capot  
ou  un  couvercle ,  i ncl uant l e  capot  d u  compartiment de  p i l e,  prévu  pour être  en levé  l ors  du  
montage  ou  pendan t l es  opérations  de  maintenance et d 'entretien  du  dispositi f  ou  de  
l 'apparei l  par l 'u ti l i sateur  n e  doi t pas  changer l es  réglages  i n i tiaux s i  ce la  ri sque  d 'affecter l a  
conform ité  à  l a  présente  norme.  

1 1 . 1 1 .1 . 2  La  fixation  de  ces  capots  d o i t  ê tre  te l l e  qu ' i l s  ne  pu issen t être  n i  déplacés  n i  
remontés  de  façon  i ncorrecte  s i  ce la  pouvai t  indu i re  en  erreur l 'uti l isateur  ou  affectai t l a  
conform i té  à  l a  présente  norme.  La  fixation  des  capots  prévus  pour être  en levés  pour 
montage  ne  doi t pas  servi r à  main ten i r des  é léments  au tres  que  les  organes  de  manœuvre  
ou  des  j o in ts .  

La  conformité  à  11 . 11 . 1 . 1  et 11 . 11 . 1 . 2 est vérifiée par examen.  
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NOTE  1  Au  Canada  et  aux États-Un is ,  un  capot  fi xé  sans  vi s  d émontabl e  sans  l 'a i de  d 'un  outi l  e t  qu i  d onne  
accès  à  des  parties  acti ves  d o i t  subi r l es  essais  su ivan ts :  

Un  capot  n e  doi t  pas  se  décrocher sous  l 'effet  d 'u ne  traction  d i recte  de  60  N .  Pou r cet  essa i ,  l e  capot  est  sa i s i  en  
deux poi n ts  convenabl ement  chois i s .  L 'essai  d oi t  être  effectué  avant  et  après  1 0  démontages  et  remontages  du  
capot.  

Un  capot  d oi t  rés i ster à  des  chocs  de  1 , 35  Nm  sur tou tes  ses  faces  accessibles  (un  choc par face)  sans  
dépl acement et  sans  dommages  pour l es  parti es  i n ternes  du  disposi ti f de  commande  n i  perturbation  de  son  
fonctionnement  à  l a  su i te  de  l ' essai .  Le  rayon  de  l a  b i l l e  à  employer pour cet  essai  d oi t  être  d 'au  moins  25, 4  mm.  

NOTE  2  Au  Canada  et  aux États-Un is ,  l a  con ti nu i té  é l ectri que  de  ci rcu i ts  de  m ise  à  l a  terre  pou r des  capots  fi xés  
sans  vi s  doi t  être  conforme aux exigences  de  9 . 3  et  9 . 5.  

1 1 . 1 1 . 1 . 3  Capots  des  enveloppes  

NOTE  Au  Canada  et  aux É tats-Un is ,  i l  y  a  des  exigences  supplémentai res  pour l es  portes  et  l es  capots  d es  
enveloppes  permettan t  l 'accès  aux fus ibles  ou  à  n ' importe  quel  d i sposi ti f de  protection  con tre  l es  su rcharges  don t  
l e  fonctionnement normal  exi ge  l e  remplacement,  ou  s ' i l  est  nécessai re  d 'ouvri r l e  capot  en  rapport  avec l e  
fonctionnement  normal  du  d i spos i ti f de  protection  contre  l es  surcharges.  

1 1 . 1 1 . 1 .4 Vi tre  recouvrant une ouverture  

NOTE  Au  Canada  et  aux É tats-Un is ,  i l  y a  des  exigences  supplémentai res  pou r l es  matériaux en  verre  ou  
s im i l a i res  recouvrant  une  ouvertu re  d 'observation .  

1 1 . 1 1 . 1 .5  Parties  non  détachables  

Les  parties  non  détachables  fourn issan t l e  degré  de  protection  nécessai re  contre  l es  chocs  
é lectriques,  l ' hum id i té  ou  l e  con tact avec l es  p ièces  mobi les  doiven t être  fi xées  de  façon  sû re  
et  doiven t rés ister aux efforts  mécan iques  se  produ isant  en  usage  normal .  

Les  d ispos i ti fs  encl i quetables  u ti l i sés  pour l a  fixation  des  parties  non  détachables  doiven t 
avoi r une  posi tion  verrou i l l ée  éviden te.  Les  propriétés  de  fixation  des  d ispos i ti fs  
encl iquetables  u ti l i sés  dans  les  p ièces  susceptibles  d 'être  démontées  pendan t l ' i nsta l lation  ou  
l ’entretien  ne  doivent  pas  se  dégrader.  

La conformité  est vérifiée  par les essais de 11 . 11 . 1 . 5. 1  à  1 1 . 11 . 1 . 5. 3.  

1 1 . 1 1 . 1 .5. 1  Les pièces susceptibles d'être démontées pendant l'installation ou l’entretien  
sont démontées et remontées 10 fois avant d'effectuer l'essai.  

NOTE  L’entretien  i ncl u t  l e  changement  du  câbl e  souple  d 'a l imentation .  

1 1 . 1 1 . 1 .5.2  Pour les essais de 1 1 . 11 . 1 . 5. 3,  le  dispositif de commande  doit être à  
température ambiante.  Cependant,  dans les cas où la  conformité peut être affectée par la  
température,  l'essai est aussi effectué aussitôt après que le dispositif de commande  ait 
fonctionné dans les conditions spécifiées à  l'Article 14.  

1 1 . 1 1 . 1 .5.3  Une force est appliquée sans secousse dans la  direction la  plus défavorable  
pendant 10 s,  aux zones du capot ou de la  pièce susceptibles d'être faibles.  La  force à  
appliquer doit être comme suit:  

– Force de poussée 50 N 

– Force de traction:  

a)  Si la  forme de la  pièce est telle que le  bout des doigts   
ne  peut pas glisser facilement 50 N 

b)  Si la  partie dépassant de la  pièce pour la  saisir est   
inférieure à  10 mm dans la  direction de démontage  30 N 
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La force de poussée est appliquée au moyen d'un doigt d'essai rigide aux dimensions 
semblables à  celles du doigt d'essai normalisé  de  la  Figure 2.  

La  force de traction est appliquée par tout moyen convenable (par exemple,  une ventouse)  
qui n'affecte  pas les résultats d'essai.  

Pendant que l'essai de traction de a)  ou de b)  est exécuté,  l'ongle d'essai de  la  Figure 3 est 
inséré dans toutes les ouvertures ou jointures avec une force de 10 N.  L'ongle d'essai est 
ensuite poussé latéralement avec une force de 10 N;  il n'est ni tourné ni utilisé comme levier.  

Si la  forme de la  pièce est telle qu'une traction axiale est improbable,  aucune traction n'est 
appliquée mais l'ongle d'essai de la  Figure 3 est inséré dans toutes les ouvertures ou 
jointures avec une force de 10 N,  il est ensuite tiré pendant 10 s au moyen de la  boucle avec 
une force de  30 N dans la  direction du démontage.  

Si le capot ou la  pièce est susceptible d'être soumis à  une torsion,  un couple comme détaillé 
ci-dessous doit être  appliqué en même temps que la  traction ou la  poussée:  

– pour des dimensions maximales inférieures ou égales à  50 mm  2 Nm 

– pour des dimensions maximales supérieures à  50 mm   4 Nm 

Le  couple est aussi appliqué quand l'ongle d'essai est tiré  au moyen de la  boucle.  

Si la  partie dépassant de la  pièce pour la  saisir est inférieure à  10 mm,  le couple ci-dessus 
est réduit de 50 % de sa  valeur.  

1 1 . 1 1 .1 .5.4  Pendant et après les essais de 1 1 . 11 . 1 . 5. 3,  les pièces ne doivent pas se 
séparer et doivent rester en position  verrouillée,  sinon elles sont jugées être  des pièces 
amovibles.  

1 1 . 1 1 .1 .6  U n  capot ,  qu i  peu t être  ôté  à  l a  main ,  ne  doi t pas  se  séparer quand  une  force  
d 'écrasement ne  dépassan t pas  45  N  combinée  à  une  force  de  l 'essai  de  traction  ne  
dépassant pas  1 5  N  est  appl i quée  en  deux poin ts  quelconques  séparés  au  maximum  par 
1 25  mm,  mesurée  par une  bande  tendue  fermement sur cette  portion  de  l a  surface  du  capot  
qu i  peut  être  en tourée  par la  paume de  la  main .  L'essai  est  effectué  avan t et  après  1 0  
démontages  et remon tages.  

 Moyens  de  fixation  du  capot  1 1 . 1 1 .2

Les  vis  de  fixation  des  capots  ou  des  couvercles  q u i  doiven t être  en levées  l ors  du  mon tage  
et pour l es  opérations  de  maintenance ou  d 'entretien  par l 'u ti l i sateur  d o iven t être  
imperdables.  

La conformité est vérifiée par examen.  

NOTE  Cette  exi gence  est  considérée  comme sati sfai te  s i  l es  vi s  en  question  son t  mun ies  de  rondel l es  serran tes  
de  carton  ou  d 'u ne  matière  ana logue.  Voi r 1 9 . 1 . 5.  

 Organe de  manœuvre  1 1 . 1 1 .3

1 1 . 1 1 .3. 1  Le  montage  et l 'en lèvement de  l 'organe de  manœuvre  d 'un  disposi ti f de  
commande  conformément à  l a  méthode  prévue  ne  doivent  causer aucun  dommage.  

1 1 . 1 1 .3.2  S i  l es  l im i tes  supérieure  et i n férieure  de  l a  p lage  de  réglage  à  l a  d ispos i tion  du  
fabricant ou  de  l 'u ti l i sateur d 'une  action  de  type 2  son t matéria l isées  par des  moyens  
mécan iques  associés  à  un  organe de  manœuvre ,  ce  dern ier ne  doi t  pas  être  démontable  
sans  l 'ai de  d 'un  outi l .  
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1 1 . 1 1 .3.3  S i  u n  organe  de  manœuvre  d 'un  dispositi f de  commande  à  action  de  type 1  
comportant une  posi ti on  "ARRÊT"  ou  un  organe de  manœuvre  d 'un  dispositi f  q ue lconque à  
action  de  type 2  est u ti l i sé  pour i nd iquer l 'état du  disposi ti f,  i l  ne  doi t  pas  être  poss ib le  de  
monter cet  organe  de  manœuvre  d ans  une  posi ti on  i ncorrecte.  

La conformité aux spécifications de 11 . 11 . 3. 1  à  11 . 11 . 3. 3 inclus est vérifiée par examen et,  
pour les organes de manœuvre  qui ne nécessitent pas d'outil pour leur démontage,  par 
l'essai de 18. 9.  

NOTE  Des  normes  parti cu l i ères  d u  matéri e l  peuvent  exi ger qu ' i l  soi t  impossib le  d e  monter d 'une  man ière  
i ncorrecte  l 'organe  de  manœuvre  q u i  est  u ti l i sé  pou r i nd iquer l 'état  du  disposi ti f.  

 Parties  qu i  servent d ' isolation  supplémentai re  ou  d ' isolation  renforcée  1 1 . 1 1 .4

Les  parties  des  disposi ti fs  de  commande  qu i  serven t d ' i solation  supplémentaire  ou  
d ' i solation  renforcée  e t  qu i  son t susceptib les  d 'être  oubl i ées  l ors  du  remontage  du  d isposi ti f 
après  des  opérations  de  maintenance ou  d 'entretien  par l 'u ti l isateur,  doiven t être  fixées  de  
te l l e  man ière  qu ' i l  soi t  impossib le  de  les  en lever sans  dommages  sérieux,  ou  conçues  de  tel l e  
man ière  qu ' i l  so i t  impossible  de  l es  remonter dans  une  pos i tion  i ncorrecte  et que  l eur 
om ission  rende  l e  disposi ti f  i nopéran t ou  man i festement i ncomplet.  

La conformité est vérifiée  par examen.  

NOTE  Une  enveloppe  métal l i que  recouverte  d 'u ne  couche  de  vern i s  ou  d 'u n  revêtement du  même genre  
s 'en levant a i sément  par g rattage  n 'est  pas  considérée  comme sati sfai san t  à  cette  exi gence.  

 Manchons  u ti l i sés  comme i solation  supplémentai re   1 1 . 1 1 .5

Des  manchons  i solan ts  u ti l i sés  comme isolation  supplémentai re  sur des  conducteurs  
in tégrés  d o ivent  être  main tenus  en  pos i ti on  par des  moyens  sûrs .  

La conformité est vérifiée  par examen et par un  essai manuel.  

NOTE  Un  manchon  est  cons i déré  comme étan t  fi xé  par d es  moyens  sû rs  s i  on  ne  peut  l 'en lever qu 'en  l e  cassant 
ou  l e  coupant,  ou  s ' i l  est  serré.  

 Cordons  de  traction  1 1 . 1 1 .6

Un  cordon  de  traction  d o i t  être  i so lé  des  parties  actives  et  l e  dispositi f de  commande  do i t  
être  conçu  de  te l le  man ière  qu ' i l  soi t  poss ib le  de  monter ou  de  remplacer le  cordon  de  
traction  sans  que  l es  parties  actives  d eviennen t accessib les .  

La  conformité  est vérifiée par examen.  

 Revêtements  i solants  1 1 . 1 1 .7

Les  revêtements  et cl o isons  i solants  et au tres  é léments  analogues  doivent avoi r une  
rés istance  mécan ique  adéquate  et doivent être  fixés  de  façon  sûre.  

La  conformité  est vérifiée par examen.   

 D ispositi fs  de  commande uti l i sant des  log iciels  1 1 . 1 2

Voi r Annexe H .  
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 D i sposi ti fs  de  commande de  protection  et  éléments  consti tuants  des  systèmes  1 1 . 1 3
de commande  de  protection  

 Dispositi fs  de  commande de  protection  1 1 . 1 3.1

Les  dispositi fs  de  commande  de protection  d o iven t  

– être  conçus  et constru i ts  pour être  sûrs  et aptes  pour l 'usage  auquel  i l s  son t desti nés,  et  
prendre  en  compte  l es  spéci fications  d 'en tretien  et d 'essais  des  apparei ls,  quand  c'est  
poss ib le,  

– être  i ndépendants  des  au tres  fonctions,  sauf s i  l eur fonction  de  sécuri té  ne  peu t être  
affectée  par aucune  des  au tres  fonctions,  

– être  conformes  aux règ les  appropriées  de  conception  en  vue  d 'obten i r une  protection  sûre  
et  efficace.  

Ces  règ les  comprennen t,  en  particu l i er,  l es  modes  de  sécuri té  i n tri nsèque,  l a  redondance,  l a  
d i vers i té,  et  l 'au tod iagnostic.  

Les  d ispositi fs  de  commande de  fonctionnement  ne  doiven t pas  être  u ti l i sés  comme des  
dispositi fs  de  commande de  protection .  

La conformité est vérifiée par les essais appropriés spécifiés dans la  présente norme et dans 
la  partie  2 concernée.  

 D i spositi fs  l imiteurs  de  pression  1 1 . 1 3.2

Ces d isposi ti fs  doiven t être  conçus  de  façon  que  l a  pression  dans  l 'appl i cation  commandée  
n 'excède  pas  l a  press ion  maximale  adm ise;  cependant,  une  surpression  de  courte  durée  de  
1 0  %  de  la  press ion  maximale  adm ise  est acceptable,  dans  les  cas  où  cela  est poss ib le ,  ou  
lorsqu 'e l le  n 'est pas  spéci fiée  dans  l a  norme appropriée  re lati ve  à  l 'appl ication  commandée.  

 D i sposi ti fs  de  survei l l ance de  l a  température  1 1 . 1 3.3

Ces  d isposi ti fs  doiven t avoi r un  temps  de  réponse  approprié  pour l es  aspects  sécuri té  et  
cohérent avec l a  fonction  de  mesure.  

1 1 . 1 3.4  Pi les  

1 1 . 1 3.4. 1  Les  dispositi fs  de  commande  comportant des  p i les  doiven t  être  conçus  pour 
rédu i re  l e  risque  d ’ i ncend ie,  d ’explosion  et de  fu i tes  de  produ i ts  ch im iques  en  cond i tions  
normales  et après  une  panne  s imple  dans  l e  dispositi f de  commande .  Pour l es  p i l es  
remplaçables  par l ’uti l i sateur,  l a  conception  doi t  rédu ire  l a  probabi l i té  d ’ i nversion  de  polari té  
si  ce la  risque  d ’engendrer un  danger.  

1 1 . 1 3.4.2  Les  ci rcu i ts  de  p i l e  conçus  pour une  capaci té  tota le  de  p i l e  >  1  000  mAh  doiven t  
être  conçus  de  sorte  que:  

– l es  caractéristiques  de  sortie  d ’un  ci rcu i t de  charge  de  p i le  soient compatib les  avec sa  p i l e  
rechargeable  (voir l ’Annexe V) ;  et  

– pour l es  p i l es  non  rechargeables,  un  rég ime  de  décharge  supérieur aux recommandations  
du  fabricant  de  pi l e  et une  charge  non  i n ten tionnel l e  soient  évi tés;  et  

– pour l es  p i les  rechargeables  (voir l ’Annexe V) ,  un  rég ime de  charge  et de  décharge  
supérieur aux recommandations  du  fabricant  de  pi l e ,  et  u ne  charge  i nversée,  so ien t 
évi tés;  et  

– l es  p i l es  remplaçables  doiven t:   

avoi r des  contacts  qu i  ne  peuvent pas  être  m is  en  court-ci rcu i t  avec l e  doig t  d ’épreuve 
(Figure  2 );  ou  
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être  i n tri nsèquement protégées  pour empêcher d ’engendrer un  danger  au  sens  de  la  
norme.  

NOTE  Une  i nversi on  de  charge  d ’ une  pi l e  rechargeabl e  se  produ i t  l orsque  l a  pol ari té  du  ci rcu i t  de  charge  est  
i nversée  et  favori se  l a  d écharge  de  l a  p i l e.  

1 1 . 1 3.4.3    Lorsqu ’une  pi l e  d ’une  capaci té  >  1  000  mAh  contien t de  l ’ é lectrol yte  l i qu ide  ou  en  
gel ,  un  bac support  de  p i les  doi t  être  fourn i  et  capable  de  conten i r tou te  éven tuel le  fu i te  de  
l i qu ide  résu l tan t de  l ’ accumu lation  de  press ion  i n terne  dans  la  p i le .  L ’exigence  de  fourn i ture  
d ’un  bac support de  p i les  ne  s ’appl i que  pas  s i  l a  construction  de  la  p i l e  rend  peu  probable  une  
fu i te  de  l ’ é lectrol yte.  

NOTE  Un  exemple  de  construction  de  pi l e  rendant  peu  probabl e  une  fu i te  d ’é lectrol yte  est  l e  type  de  cel lu le  à  
soupape  étanche  ou  de  dégazage.  

1 1 . 1 3.4.3. 1    S i  un  bac support  de  p i les  est exigé,  sa  capaci té  doi t  être  au  moins  égale  au  
volume de  l ’é lectrol yte  de  tous  l es  cel lu les  d e  l a  pi l e  ou  au  volume d ’une  seu le  cel lu le  s i  l a  
conception  de  la  p i l e  rend  peu  probable  une  fu i te  s imu l tanée  de  p l us ieurs  cel lu les .  

NOTE  S i  un  boîti er s imple  contien t  p l us ieurs  cel lu les  (par exemple,  l es  s i x cel lu les  d ans  un  accumu lateu r au  
plomb  1 2  V ) ,  sa  cassure  ri sque  d ’en traîner un  p l us  g rand  vol ume  de  fu i te  q ue  cel u i  généré  par une  cel lu le  s imple.  

1 1 . 1 3.4.4    La conformité aux spécifications de 1 1 . 13. 4. 1  à  11 . 13. 4. 3. 1  est vérifiée par 
examen et évaluation des données fournies par le fabricant de matériel  et le  fabricant de 
pile.  

En l’absence de données appropriées,  la  conformité est vérifiée par les essais de 1 1 . 13. 4. 4. 1  
à  11 . 13. 4. 4. 4 et 1 1 . 13. 4.5.  Cependant,  les piles à  sécurité intrinsèque dans les conditions 
spécifiées ne sont pas soumises à  essai dans ces conditions.  Les piles de consommation 
courante,  carbone/zinc ou alcalines non rechargeables sont considérées comme sûres en 
conditions de court-circuit.  Elles ne sont par conséquent pas soumises à  un essai de 
décharge ni à  un essai d’étanchéité dans des conditions de stockage.  La pile  utilisée pour les 
essais suivants est une pile non rechargeable neuve ou fournie ou recommandée par le  
fabricant pour utilisation avec le  dispositif de commande.  

1 1 . 1 3.4.4. 1   Mise en charge non intentionnelle  d’une pile non rechargeable.  La pile est 
chargée tout en faisant l’objet d’une rapide simulation d’une défaillance  de  composant 
susceptible de se produire dans le  circuit de charge et de donner lieu à  une mise en charge 
non intentionnelle de la  pile.  Pour réduire au minimum la  durée de l’essai,  la  défaillance  
retenue est celle qui provoque le courant de charge le plus élevé.  La pile est ensuite chargée 
pendant une seule période de 7 h  en maintenant la  défaillance  simulée.  

1 1 . 1 3.4.4.2    Régime de décharge excessif.  La  pile est soumise à  une décharge rapide en 
mettant en circuit ouvert ou en court-circuit tout composant limiteur de courant ou de tension 
dans le  circuit de charge de  la  pile en essai.  

NOTE  Certains  des  essais  spéci fi és  peuvent être  dangereux pour l es  personnes  chargées  de  l es  réal i ser;  i l  
convi en t  donc de  prendre  tou tes  l es  mesures  appropriées  pour protéger l e  personnel  contre  d ’éven tue l s  dangers  
d ’ ord re  ch im ique  ou  d ’ explosi on .  

1 1 . 1 3.4.4.3  Voir Annexe V.  

1 1 . 1 3.4.4.4  Ces essais ne doivent en aucun cas donner lieu aux résultats suivants:  

– fuites de produits chimiques dues à  des fissures,  ruptures ou éclatement de l’enveloppe 
de la  pile,  si ces fuites risquent d’affecter l’isolation exigée; ou 

– débordement de liquide provenant de tout limiteur de pression dans la  pile,  à  moins que 
ce débordement ne soit contenu par le dispositif de commande  sans risque  de  
dommage à  l’isolation ou dommage  pour l’utilisateur;  ou 

– explosion de la  pile,  si cette explosion risque de blesser un utilisateur;  ou 
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– émission de flamme ou éjection de métal fondu vers l’extérieur de  l’enveloppe du 
dispositif de commande.  

1 1 . 1 3.4.5  À l’issue des essais,  l’équipement est soumis aux essais de rigidité diélectrique de 
13. 2.  

1 1 . 1 3.5  D isposi ti fs  de  commande activés  in tel l igents  

1 1 . 1 3.5. 1  U n  dispositi f de  commande activé  in tel l igent  do i t  être  conçu  de  sorte  que  les  
s i gnaux de  commun ication  externe  (données  ou  pu issance appelée)  ne  remplacent pas  de  
man ière  i nvolontai re  l es  paramètres  de  fonctionnement d ’un  d ispositi f de  commande à  
action  de  type  2 ,  n i  ne  perturben t aucune  fonction  de  protection  du  dispositi f de  
commande .  

I l  est adm is  qu ’un  disposi ti f de  commande activé  i n tel l igent  mod i fi e  l es  paramètres  de  
fonctionnement d ’ un  disposi ti f de  commande  d e  type  2  dans  des  l im i tes  défin ies  tan t que  
l es  fonctions  de  protection  demeuren t i n tactes.  

1 1 . 1 3.5.2  U n  dispositi f de  commande activé  in tel l i gent  q u i  i n tègre  des  fonctions  
d ’exploi tation  et de  protection  doi t  être  évalué  comme étant  un  disposi ti f de  commande de  
protection .   

1 1 . 1 3.5.3  Tou t transmetteur ou  modu le  de  communication  externe  au  dispositi f de  
commande  e t  qu i  sert  d ’ i n terface  entre  le  dispositi f de  commande  et  l e  réseau  de  
té lécommunication  doi t satisfai re  à  l a  CEI  621 51  ou  l a  CEI  62368-1 .  Les  mesures  visan t à  
assurer la  protection  con tre  l es  chocs  électri ques  défin ie  dans  l a  présente  norme (par 
exemple,  Annexe  T)  doiven t néanmoins  être  satisfai tes.  

1 1 . 1 3.5.4  Tout transmetteur ou  modu le  de  communication  fa isant partie  i n tégrante  du  
dispositi f de  commande activé  in tel l igent doi t satisfai re  aux exigences  de  la  présente  
norme.   

1 1 . 1 3.5.5  La conformité  de 11 . 13. 5 est vérifiée par évaluation du dispositif de commande  
conformément aux exigences de H.27. 1  et aux autres exigences pertinentes de la  présente  
norme.  

1 2  Résistance à  l 'humidi té  et à  la  poussière  

 Protection  contre  la  pénétration  de  l 'eau  et de  la  poussière  1 2 . 1

1 2. 1 . 1  Les  dispositi fs  de  commande  d o ivent  procurer l e  degré  de  protection  con tre  l a  
pénétration  de  l 'eau  et de  l a  pouss ière  approprié  à  l eur classi fication  I P  l orsqu ' i ls  sont mon tés  
ou  u ti l i sés  de  l a  man ière  déclarée.  

1 2 . 1 .2  La vérification de la  conformité consiste d'abord à  préparer le dispositif de 
commande  de la  manière indiquée de 12. 1 . 3 à  12. 1 . 6,  puis à  effectuer l'essai approprié 
spécifié dans l’IEC 60529.  Immédiatement après l'essai approprié,  le dispositif doit satisfaire 
à  l'essai diélectrique de 13. 2 et un examen doit montrer que l'eau qui pourrait avoir pénétré  
dans le dispositif ne peut avoir de conséquences néfastes: en particulier,  il ne doit pas y 
avoir de traces d'eau,  sur les isolations,  qui pourraient entraîner une réduction des lignes de 
fuite  et des distances dans l'air en dessous des valeurs spécifiées à  l'Article  20.  

1 2. 1 .3  Les dispositifs de commande  sont placés pendant 24 h  dans une salle  d'essai à  
atmosphère normale  avant d'être soumis à  l'essai approprié.  

1 2. 1 .4  Les dispositifs de commande  munis de câbles souples amovibles  sont équipés 
d'un socle de connecteur et d'un câble souple appropriés; les dispositifs de commande  
munis de câbles souples fixés à demeure  ayant des fixations du type X sont équipés des 
conducteurs appropriés de la  plus petite section spécifiée en 10. 1 . 4.  Les dispositifs de 
commande  munis de câbles souples fixés à demeure  ayant des fixations du type M,  du 
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type Y ou du type Z sont soumis à  essai avec les câbles déclarés dans les instructions du 
fabricant ou livrés avec les échantillons.  

1 2. 1 .5  Les parties amovibles  sont enlevées et soumises,  s'il y a  lieu,  en même temps que 
la  partie  principale,  aux essais correspondants.  

1 2. 1 .6  Les bagues d'étanchéité des presse-étoupe et les autres moyens éventuels 
permettant d'assurer l'étanchéité sont vieillis dans une atmosphère qui a  la  composition et la  
pression de l'air ambiant,  en  les suspendant librement dans une étuve à  air chaud renouvelé 
par tirage naturel.  Ils sont maintenus pendant 10 jours (240 h)  dans l'étuve à  une température 
de (70 ± 2)  °C.  

NOTE  Aux É tats-Un is ,  i l  exi ste  des  exigences  supplémentai res  re lati ves  aux j o i n ts ,  presse-étoupe  et  pâtes  
d 'étanchéi té  u ti l i sés  pour évi ter l 'en trée  néfaste  d 'eau  et  aux produ i ts  adhési fs  u ti l i sés  pou r l a  fi xation  desd i ts  j o i n ts  
à  une  enve loppe  ou  couvercle  su r des  disposi ti fs  d esti nés  à  être  i nstal l és  dans  des  endroi ts  où  i l s  son t  exposés  
à  l a  p l u ie,  et  fonctionnant  à  ou  en  dessous  de  60  °C.  

1 2. 1 .6. 1  Vacan t 

1 2. 1 .6.2  Immédiatement après le traitement de vieillissement,  les pièces sont retirées de  
l'étuve et laissées au repos,  à  la  température de l'air ambiant et à  l'abri de la  lumière du jour,  
pendant au moins 16 h  avant d'être réassemblées.  Les presse-étoupe et les autres moyens 
d'assurer l'étanchéité sont alors serrés avec un couple égal aux deux tiers de celui donné 
dans le  Tableau 20.  

 Protection  contre  les  condi tions  d 'humid i té   1 2 .2

1 2.2. 1  Tous  les  dispositi fs  de  commande  d o ivent rés ister aux cond i tions  d 'hum id i té  
susceptib les  de  se  produ ire  en  usage  normal .  

Voi r aussi  l 'Annexe  J .  

1 2 .2.2  La  conformité est vérifiée par la  séquence d'essais décrite en 12. 2. 3 après l'épreuve 
hygroscopique décrite  de  12. 2. 5 à  12. 2. 9 inclus.  

1 2.2.3  Pour les dispositifs de commande  intercalés dans un câble souple,  les 
dispositifs de commande séparés  et les dispositifs de commande à montage 
indépendant,  l'essai de 13. 2 est effectué immédiatement après l'épreuve hygroscopique.  
Pour les dispositifs de commande incorporés et intégrés,  l'essai de  13. 2 est effectué 
immédiatement après l'épreuve hygroscopique.  Ces essais doivent être  effectués de telle  
sorte qu'il ne se produise pas de condensation sur une surface quelconque des échantillons 
d'essai.   

1 2.2.4  Le  dispositif de commande  ne  doit présenter aucun dommage qui compromettrait la  
conformité à  la  présente  norme.  

1 2.2.5  Les entrées de conducteurs,  s'il en existe,  et les trous d'écoulement sont laissés 
ouverts.  Si un dispositif classé IPX7 comporte un trou d'écoulement,  ce dernier est ouvert.  

1 2.2.6  Les parties amovibles  sont enlevées et soumises,  s'il y a  lieu,  en même temps que 
la  partie  principale  à  l'épreuve hygroscopique.  

1 2.2.7   Avant d'être placé dans l'enceinte humide,  l'échantillon est porté à  une température 
comprise entre t et (t + 4)  °C.  L'échantillon est alors maintenu dans l'enceinte humide 
pendant:  

– 2 jours (48 h)  pour les dispositifs de commande  IPX0; 

– 7 jours (168 h)  pour tous les autres dispositifs de commande.  
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1 2.2.8  L'épreuve hygroscopique est effectuée dans une enceinte humide contenant de l'air 
avec une humidité relative comprise entre 91  %  et 95 %.  La température de l'air,  en tout 
endroit où les échantillons peuvent être placés,  est maintenue,  à  1  K près,  à  une valeur 
appropriée (t)  comprise entre 20 °C et 30 °C.  

1 2.2.9  Après ce traitement,  les essais de l'Article 13 sont effectués soit dans l'enceinte 
humide,  soit dans un local où les dispositifs ont été entreposés pour les porter à  la  
température spécifiée après le remontage des parties amovibles éventuelles.  

NOTE  1  Pour porter l 'échanti l l on  à  l a  température  spéci fi ée,  on  peu t,  dans  l a  p l upart  d es  cas,  l e  l a i sser séjou rner 
à  cette  température  pendant 4  h  au  moins  avant  l ' épreuve  hyg roscopi que.  

NOTE  2  Une  hum id i té  re l ati ve  comprise  en tre  91  %  et  95  %  peu t  être  obtenue  en  pl açan t dans  l 'encei n te  hum ide  
une  sol u ti on  satu rée  dans  l 'eau  de  su l fate  de  sod i um  (Na 2SO4)  ou  d e  n i trate  de  potassium  (KNO3)  cette  sol u ti on  
ayan t u ne  su rface  de  contact  avec l ' a i r su ffi samment  étendue.  I l  est  importan t  de  vei l l er à  ce  que  l 'échanti l l on  en  
essai  ne  so i t  pas  soum is  à  l a  condensation  ou  à  d 'au tres  agen ts  de  contam ination  de  l a  sol u ti on  sal i ne  ou  d 'une  
parti e  quelconque  de  l ' apparei l  d 'essai .  

NOTE  3  Les  cond i ti ons  imposées  pour l 'encein te  hum ide  exigen t  un  brassage  constant  d e  l 'a i r à  l ' i n térieu r et,  en  
général ,  une  i solati on  therm ique  de  l ' encei n te.  

1 2.3  Pour l es  disposi ti fs  de  commande intercalés  dans  un  câble  souple  e t  pour l es  
dispositi fs  de  commande séparés ,  un  échanti l l on  est soum is  à  l 'essai  de  1 2. 3 . 1  à  1 2. 3. 7  
i nclus  avant de  subir l es  au tres  essais  de  l 'Article  1 2 .   

Les  d ispositi fs  de  commande de  l a  classe  I I I  ne  son t pas  soum is  aux essais  de  ces  
paragraphes.  

NOTE  Dans  l es  pays  membres  du  CENELEC,  1 2 . 3  n 'est  pas  appl i cable.  

1 2.3. 1  Le  dispositif de commande  est relié à  une tension d'alimentation égale à  1 , 06 fois 
la  tension assignée.  L'essai est effectué avec le  courant assigné maximal et à  la  température 
ambiante déclarée maximale.  

1 2.3.2  Le  courant de fuite  est mesuré entre les parties indiquées en 13. 3. 1 .   

1 2.3.3  Les circuits de  mesure pour les dispositifs de commande  utilisant différentes 
sources d'alimentation sont décrits dans les figures mentionnées ci-dessous.  

– pour un dispositif de commande  monophasé de tension assignée ne dépassant pas 
250 V,  ou pour un dispositif de commande  triphasé utilisé comme un dispositif de 
commande  monophasé,  s'il est de la  classe II,  voir Figure 25; s'il est d'une classe autre 
que la  classe II,  voir Figure 26;  

– pour un dispositif de commande  monophasé de tension assignée dépassant 250 V,  ou 
pour un dispositif de commande  triphasé inapte à  être  utilisé  comme un dispositif de 
commande  monophasé,  s'il est de la  classe II,  voir Figure 27; s'il s'agit d'un dispositif de 
commande  d'une classe autre que la  classe II,  voir Figure 28;  

– pour un dispositif de commande  diphasé de tension assignée ne dépassant pas 250 V et 
d'une classe autre que la  classe II,  voir Figure 29 ou 30,  selon l'usage.  

Les dispositifs de commande  pour les matériels monophasés de tension assignée 
supérieure à  250 V doivent être reliés à  deux conducteurs de phase,  le conducteur de phase  
restant n'étant pas utilisé.  

Un circuit de  mesure approprié est présenté  à  l'Annexe E.   

1 2.3.4  Pendant les mesures,  tous les circuits de commande  doivent être fermés.  
Cependant,  pour les dispositifs de commande  soumis à  essai conformément aux  
Figures 26,  29 et 30,  les courants de fuite  doivent être vérifiés avec l'interrupteur S1  en 
position ouverte et en  position fermée.  
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Il est admis de court-circuiter des points de  contact pour simuler des circuits fermés.  

1 2.3.5  Le circuit de mesure doit avoir une impédance totale de (1  750 ±  250)  Ω  et doit être 
shunté par un condensateur tel que la  constante de temps du circuit soit de  (225 ±  15)  µs.  

1 2.3.6  Le circuit de mesure ne doit pas avoir une erreur de mesure dépassant 5 % pour un 
courant de fuite indiqué de 0, 75 mA et doit avoir une précision de 5 % pour toutes les 
fréquences de la  gamme 20 Hz à  5 kHz.  

1 2.3.7  Le courant de fuite  maximal,  après stabilisation de la  température du dispositif de 
commande,  ne doit pas dépasser les valeurs données en 13. 3. 4.  

1 3  Résistance d 'isolement et rig idi té  d iélectrique  

 Résistance  d ’ isolement  1 3. 1

La rés istance  d ' i solement des  dispositi fs  de  commande  in tercalés  dans  un  câble  souple ,  
séparés  et  à montage  indépendant  do i t  être  adéquate.  

1 3. 1 . 1  La  conformité est vérifiée par l'essai de 13. 1 . 2 à  13. 1 . 4 inclus.  Cet essai est effectué 
lorsqu'il est spécifié  à  l'Article 12.  

1 3. 1 .2  Lorsqu'on mesure l'isolation renforcée  ou l'isolation supplémentaire  des parties 
autres que métalliques,  chaque surface appropriée de l'isolation est recouverte d'une feuille  
métallique de manière à  fournir une électrode pour l'essai.  

1 3. 1 .3  On mesure la  résistance d'isolement sous une tension continue de 500 V environ,  la  
mesure étant effectuée après 1  min  d'application de la  tension.  

1 3. 1 .4  La  résistance d'isolement ne doit pas être inférieure à  celle  indiquée dans le  
Tableau 11 .  

Tableau  1 1  (1 3. 1  de  l ’ éd i tion  3)  – Résistance d ’ isolement m in imum  

I solation  à  soumettre  à  essai  Résistance  d ' i solemen t  
MΩ  

I solation  fonctionnel le  – 

I solation  principale  2  

I solation  supplémentai re  5  

I solation  renforcée  7  

 

 Rig id i té  d iélectrique  1 3.2

La  rig id i té  d ié lectrique  de  tous  les  dispositi fs  de  commande  do i t  être  adéquate.  

1 3.2. 1  La  conformité est vérifiée par l'essai suivant de 13.2. 2 à  13. 2. 4 inclus,  à  l’aide des 
tensions d’essai d’isolation ou de déconnexion du Tableau 12.  Cet essai est effectué lorsqu'il 
est spécifié à  l'Article 12 et à  l'Article 17.  
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Tableau  1 2  (1 3.2  de  l ’ éd i tion  3)  – Tensions  d ’essai   
d ’ i solation  ou  de  déconnexion  a  (1  sur 2)   

 

I solation  ou  déconnexion  à  
soumettre  à  essai  c d   

Tension  d 'essai  en  fonction  de  l a  tension  de  service  (U )  b  q  

TBTS  e  
Tension  de  service   

≤  50  V  f  

Tension  de  service  f  

50  V <  U ≤  690  V  

I solation  fonctionnel le  g  1 00  1 00  2  ×  U 

I solation  principale  h  i  500   1  250  1  200  +  U 

I solation  supplémentai re  h  i  j  k  l  – 1  250  1  200  +  (U)   

I solation  renforcée  h  i  j  k  l  – 2  500  2  400  +  (2  ×  U)   

Coupure  totale  o  N/A 1  250  1  200  +  U 

Microcoupure  o  1 00  1 00  2  ×  U 

Coupure  électron ique  m n  1 00  1 00  – 

Micro-in terruption  p  – – – 

NOTE  1  Un  poten tiel  en  cou ran t conti nu  équ i val an t  à  1 , 41 4  foi s  l a  tension  d ’ essai  spéci fi ée  dans  l e  Tableau  1 2  
peut  être  appl i qué.   

NOTE  2  Pou r l es  disposi ti fs  de  commande  d esti nés  à  être  i ncorporés  dans  un  apparei l  ou  à  être  u ti l i sés  
con joi n tement avec d ’ au tres  matéri e l s ,  l es  val eu rs  d ’ essai  d e  ri g i d i té  d i é l ectri q ue  p l us  é l evées  de  l a  norme de  
matérie l  peuvent  être  pri ses  en  considération .  
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a  Vacant  
b  Le  transformateur de  hau te  tension  u ti l i sé  pour cet  essai  doi t  être  conçu  de  façon  que  l orsque  l es  bornes  de  

sorti e  son t  en  court-ci rcu i t  après  l 'a j ustement d e  l a  tension  de  sorti e  à  l a  tension  d 'essai ,  l e  couran t d e  sorti e  
soi t  au  moins  éga l  à  200  mA.  Le  rel ai s  à  maximum  de  cou ran t ne  do i t  pas  déclencher à  u n  couran t de  sorti e  
de  moins  de  1 00  mA.  La  valeur effi cace  de  l a  tens ion  d 'essai  doi t  être  mesurée  à  ±3  %  près.  Voi r aussi  
l 'Annexe  H .  

c  Les  composants  spéciaux suscepti bles  d 'empêcher l 'exécu ti on  de  l ’ essai  te l s  que  l es  parti es  é l ectron iques,  
l es  l ampes  au  néon ,  l es  bobi nes  ou  l es  enrou l ements  doi ven t  être  déconnectés  su r un  pô le  ou  shun tés  selon  
l ' i solation  soum ise  à  l ’ essai .  Les  condensateu rs  doi vent  être  shun tés,  sauf pour l es  essais  pou r l ' i solation  
fonctionnel l e  l orsqu ’un  pôle  est  déconnecté.  S i  cette  façon  de  procéder se  révè le  i nappl i cable,  l es  essais  
des  Arti cl es  1 5  à  1 7  son t  consi dérés  comme su ffi sants.  

d  Pour l es  disposi ti fs  de  commande des  classes  I  e t  0I  e t  pou r l es  disposi ti fs  de  commande  desti nés  à  
des  apparei l s  de  cl asse  I ,  une  atten tion  parti cu l i ère  doi t  être  accordée  au  main ti en  d ’ une  distance  dans  l ’ ai r  
su ffi san te  en tre  l a  feu i l l e  métal l i que  et  l es  parti es  métal l i ques  access ibles  pou r évi ter d e  dépasser l es  l im i tes  
adm issib les  pou r l ' i solati on  en tre  l es  parties  actives  e t  l es  parti es  métal l i ques  m ises  à  l a  terre.  

e  Pas  d 'exi gences  j usqu 'à  u ne  tension  de  24  V en  val eur effi cace  en  cou rant  a l ternati f s i  l e  ci rcu i t  est  i solé  de  
l 'a l imentation  par u ne  double  i solation  ou  u ne  i solation  renforcée  (peu t  être  m i s  à  l a  terre) .  

f  S 'appl i que  aux disposi ti fs  de  commande  ga l van i quement re l i és  à  l 'a l imentati on .  
g  L ’ i solation  fonctionnel le  d es  cartes  imprimées  soum ise  en  usage normal  à  une  tensi on  i n féri eu re  ou  égale  

à  50  V n 'est  pas  soum ise  aux essais  de  1 3 . 2 .  
h  Voi r 1 3. 3. 1 .  

i  Toute  p ièce  métal l i q ue  en  con tact  avec une  pi èce  métal l i que  access ible  est  également  considérée  comme 
accessible.  

j  Pour l es  essais  d 'une  i solation  supplémentai re  ou  renforcée ,  l a  feu i l l e  métal l i que  est  appl i quée  de  tel l e  
man ière  q ue  tou te  matière  de  rempl i ssage  éven tuel l e  soi t  soum ise  à  l ’ essai  effi cacement su r des  surfaces  
i solantes  access ibl es.  

k  Pour l es  parties  accessibles  q u i  sont  protégées  au  moyen  d 'une  impédance  de  protecti on ,  l es  essais  sont  
effectués  l es  composants  étant  déconnectés,  l e  poin t  m i l i eu  des  deux impédances  étan t  cons idéré  comme 
une  parti e  métal l i q ue  i n terméd iai re.  

l  Pour l es  disposi ti fs  de  commande  q u i  comportent  u ne  i solation  ren forcée  e t  une  double  i solation ,  i l  
convi ent  de  vei l l er à  ce  que  l a  tension  appl i quée  à  l ' i solation  renforcée  ne  dépasse  pas  l es  l im i tes  
adm issib les  pou r l ' i solation  principale  ou  l es  p i èces  suppl émentai res  qu i  consti tuent  l a  double  i solation .  

m  Le  d i sposi ti f q u i  effecti vement  provoque  l a  coupu re  est  d 'abord  reti ré  du  ci rcu i t.  S i  nécessai re,  tou te  en trée  
du  disposi ti f de  commande  es t  connectée  de  façon  q ue  l e  d i sposi ti f provoque  l a  coupu re.  La  tension  d 'essai  
est  a l ors  appl i quée  aux bornes  et  connexions  d u  d i sposi ti f q u i  est  traversé  par l e  couran t d e  charge.  

n  Voi r Arti cl e  H . 28.   
o  Pour l 'essai  d es  coupures  totales  e t  des  microcoupures ,  l es  con tacts  son t  ouverts  au tomatiquement  ou  

manuel l ement,  et  soum is  à  essai  dès  que  possib l e  après  l 'ouvertu re  pour véri fi er que  l a  séparati on  des  
con tacts  et  l e  comportement d u  support  i sol an t  son t  sati sfai sants.   

 Dans  l e  cas  des  disposi ti fs  de  commande thermosensibles ,  i l  peu t  être  nécessai re  de  fourn i r des  
échanti l l ons  parti cu l i ers  spéci a lement cal i brés  pou r ouvri r en tre  1 5  °C  et  25  °C  afi n  de  permettre  l a  
réa l i sation  de  cet  essai  à  l a  température  ambian te  imméd iatement  après  l eu r retrai t  d e  l 'étuve  hum id i fi an te.   

p  I l  n ' y a  pas  d 'exi gence  de  ri g i d i té  d i é lectri que  pou r l es  micro-in terruptions ,  d ans  l a  mesure  où  l a  
sati sfaction  aux essais  des  Arti cl es  1 5  à  1 7  i ncl us  est  considérée  comme suffi san te.  De  p l us ,  pour u n  
disposi ti f de  commande  q u i  ne  présente  aucune  microcoupure  d ans  u ne  posi ti on  de  son  organe  de  
manœuvre  e t  des  micro-in terruptions  d ans  l es  au tres  posi ti ons,  l es  posi ti ons  correspondant  aux micro-
in terruptions  ne  fon t  l 'ob jet  d 'aucune  exigence  de  ri g i d i té  d i é lectri q ue.  

q  Tou tes  l es  tensi ons  a l ternati ves  sont  des  tensions  effi caces  à  une  fréquence  de  50  Hz à  60  Hz.  

1 3.2.2  Lorsqu'on mesure l'isolation renforcée  ou l'isolation supplémentaire  des parties 
autres que métalliques,  chaque surface appropriée de l'isolation est recouverte d'une feuille  
métallique de manière à  fournir une électrode pour l'essai.  

1 3.2.3  L'isolation est soumise à  une tension pratiquement sinusoïdale  de fréquence 50 Hz 
ou 60 Hz.  La tension dont la  valeur est indiquée dans le Tableau 12 est appliquée pendant  
1  min  à  l'isolation ou à  la  coupure figurant dans ce même tableau.  

1 3.2.4  Au début de l'essai,  la  tension appliquée ne dépasse pas la  moitié  de la  valeur 
spécifiée,  puis elle est amenée rapidement à  la  pleine valeur.  Il ne doit se produire ni 
contournement ni avarie.  Des décharges luminescentes sans chute de tension sont négligées.  
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 Essais  complémentai res  pour d isposi ti fs  de  commande intercalés  dans  un  câble  1 3.3
souple  et d ispositi fs  de  commande  séparés  

Pour l es  d ispositi fs  de  commande i ntercalés  dans  un  câble  souple  e t  pour l es  d ispositi fs  
de  commande séparés ,  après  l es  essais  de  1 3 . 1  ou  1 3 .2 ,  se lon  ce  qu i  convien t,  l 'échan ti l l on  
qu i  a  été  soum is  aux essais  de  1 2 . 3  doi t subir les  essais  de  1 3. 3 . 1  à  1 3 .3 . 4  i nclus.  

Les  d ispositi fs  de  commande de  l a  classe  I I I  ne  son t pas  soum is  aux essais  de  ces  
paragraphes.  

1 3.3. 1  Une tension d'essai,  continue pour les dispositifs de commande  pour le courant 
continu seulement et alternative pour tous les autres dispositifs de commande,  est 
appliquée entre toutes parties actives  et 

– les parties métalliques accessibles;  

– une feuille métallique avec une surface ne dépassant pas 20 cm ×  10 cm en contact avec 
les surfaces accessibles  en  matière  isolante,  reliées entre elles.  

Les mesures doivent être faites individuellement ainsi que collectivement lorsque les surfaces 
sont accessibles simultanément d'une surface à  l'autre.  

Lorsqu'une surface est inférieure à  20 cm ×  10 cm,  la  feuille  métallique est tenue d’avoir la  
même dimension que la  surface.  La feuille métallique n’est pas tenue de rester en place 
suffisamment longtemps pour affecter la  température du dispositif de commande.  

Si le dispositif de commande  est pourvu d'une broche ou d'un conducteur de terre,  le  
conducteur de terre est à  déconnecter à  la  source d'alimentation.  

1 3.3.2  La  tension est égale à  

– 1 , 06 fois la  tension assignée,  ou 1 , 06 fois la  limite supérieure de la  plage de tensions 
assignées,  pour les dispositifs de commande  pour courant continu seulement,  pour les 
dispositifs de commande  monophasés et pour les dispositifs de commande  triphasés 
qui conviennent aussi à  une alimentation monophasée,  si la  tension assignée ou la  limite 
supérieure de la  plage de tensions assignées ne dépasse pas 250 V;  

– 1 , 06 fois la  tension assignée,  ou 1 , 06 fois la  limite supérieure de la  plage de tensions 
assignées,  divisée par 3 ,  pour les autres dispositifs de commande .  

1 3.3.3  Le  courant de fuite  est mesuré dans les 5 s qui suivent l'application de  la  tension 
d'essai.  

1 3.3.4  Le courant de fuite  maximal vers les parties métalliques accessibles et la  feuille 
métallique ne  doit pas dépasser les valeurs suivantes:  

– pour les dispositifs de commande des classes 0,  0l   0, 5 mA,  

– pour les dispositifs de commande de la  classe l   0, 75 mA,  et 

– pour les dispositifs de commande de classe II   0, 25 mA.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  valeurs  pour l es  di sposi ti fs  de  commande  a l imentés  en  250  V ou  moins  
sont  l es  su ivan tes:   

– pou r l es  disposi ti fs  de  commande  des  classes  0 ,  0I  e t  I    0 , 5  mA;  

– pou r l es  disposi ti fs  de  commande de  classe  I I     0 , 25  mA.  

1 4 Échauffements  

1 4. 1  Les  dispositi fs  de  commande  e t  l eurs  supports  ne  doivent  pas  atteindre  des  
températures  excessives  en  usage normal .  
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1 4. 1 . 1  La  conformité  est vérifiée par l'essai de 14. 2 à  14. 7 inclus.  

1 4. 1 .2  Pendant cet essai,  les températures ne doivent pas dépasser les valeurs spécifiées 
dans le  Tableau 13 et les dispositifs de commande  ne doivent subir aucune modification 
telle que la  conformité à  la  présente norme et en particulier aux Articles 8,  13 et 20 soit 
compromise.  

1 4.2  Les bornes et les connexions  destinées au raccordement des conducteurs externes  
autres que ceux des câbles fixés à demeure  ayant des fixations du type M,  du type Y ou 
du type Z doivent être équipées de conducteurs de la  section intermédiaire correspondant au 
type de conducteur et aux caractéristiques assignées utilisés en 10. 1 . 4.  

1 4.2. 1  Si les fixations du type M,  du type Y ou du type Z sont utilisées,  le câble déclaré 
par le  fabricant ou livré  avec le dispositif de commande doit être  utilisé  pour l'essai.  

1 4.2.2  Si une borne est conçue aussi bien pour des câbles souples que pour des 
conducteurs fixes,  le câble souple approprié  est utilisé.  

1 4.2.3  Les bornes non destinées au raccordement des conducteurs externes  doivent être 
équipées de conducteurs de la  section minimale spécifiée en 10. 2. 1  ou de conducteurs 
spéciaux si ceux-ci sont déclarés en 7. 2.  

1 4.3  Les dispositifs de commande intercalés  dans un câble souple  sont montés ou 
posés sur une surface de  contreplaqué peinte en noir mat.  

1 4.3. 1  Les dispositifs de commande à montage indépendant sont montés comme en 
usage normal.  

1 4.4  Les dispositifs de commande  doivent être reliés à  une alimentation ayant la  tension 
la  plus défavorable comprise entre 0, 94 VR  et 1 , 06 VR.  Les circuits non sensibles à  la  tension 
peuvent être reliés à  une tension inférieure (mais non inférieure de 10 % à  VR  et chargés de 
façon telle que le  courant le plus défavorable compris entre 0, 94 et 1 , 06 fois le courant 
assigné circule dans le circuit) .  

NOTE  Aux É tats-Un is ,  l 'essai  est  effectué  aux tensi ons  spéci fi ées  en  1 7 . 2 . 3. 1  et  1 7 . 2 . 3 . 2 .   

1 4.4. 1  Les circuits et les contacts qui ne sont pas destinés aux charges externes doivent 
être spécifiés par le  fabricant.  

1 4.4.2  Les organes de manœuvre  sont placés dans la  position la  plus défavorable.  

1 4.4.3  Les contacts devant être initialement fermés pour les besoins de l'essai sont fermés 
avec le  courant et la  tension assignés du circuit.  

1 4.4.3. 1  Pour les dispositifs de commande thermosensibles ,  l'élément sensible  est 
chauffé ou refroidi à  une température qui diffère de (5 ± 1 )  K de la  température de 
fonctionnement mesurée dans les conditions du présent article,  de manière que les contacts 
associés soient en position  fermée.  

1 4.4.3.2  Pour tous les autres types de dispositifs sensibles,  l'élément sensible  doit être 
maintenu dans des conditions telles que les contacts soient fermés,  mais aussi près que 
possible  du point d'ouverture.  

1 4.4.3.3  Il peut être nécessaire d'élever ou d'abaisser,  suivant le  cas,  la  valeur de 
fonctionnement de la  grandeur de manœuvre  au-delà de la  valeur de fonctionnement de  
façon à  faire fonctionner des contacts,  puis de ramener la  valeur de la  grandeur de 
manœuvre  au niveau requis.  
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1 4.4.3.4  Pour les autres dispositifs de commande automatiques ,  la  séquence ou partie de 
la  séquence de fonctionnement  la  plus difficile  doit être  choisie.  

1 4.4.4  Si le  dispositif de commande  commence à  fonctionner pendant l'essai,  il est réglé 
de manière que ses contacts restent constamment fermés.  

1 4.4.4. 1  Si un réglage pour refermer les contacts s'avère difficile,  l'essai est arrêté.  Une  
nouvelle  valeur de fonctionnement est déterminée pour recommencer l'essai.  

1 4.5  Les dispositifs de commande  sont soumis à  essai dans une enceinte de chauffage 
et/ou de réfrigération permettant d'obtenir les conditions ambiantes de  14. 5. 1  et 14. 5. 2.  

Sauf dans le cas des dispositifs de commande  soumis aux essais dans ou avec les 
appareils,  l'essai doit être effectué dans un environnement protégé des courants d'air.  La  
convection naturelle est autorisée.  

1 4.5. 1  La  température de la  tête de commande  est maintenue entre Tmax  et soit  
(Tmax  +  5)  °C,  soit 1 , 05 fois Tmax,  suivant la  valeur la  plus élevée.  La  température des 
surfaces de montage est maintenue entre Ts  max  et soit (Ts  max  +  5)  °C,  soit 1 , 05 fois Ts  max  
suivant la  valeur la  plus élevée si Ts  max  diffère de Tmax.  

1 4.5.2  Les dispositifs de commande intercalés  dans un câble souple,  les dispositifs de 
commande à  montage indépendant et les parties des dispositifs de commande intégrés 
et incorporés  qui sont accessibles lorsque le  dispositif est monté en position d'usage 
normal doivent être maintenus à  une température comprise entre 15 °C et 30 °C,  les 
températures résultantes mesurées étant corrigées pour une température ambiante de 
référence de 25 °C.  

1 4.6  Les températures spécifiées pour la  tête de commande,  les surfaces de montage et 
l'élément sensible  doivent être atteintes en 1  h  environ.   

1 4.6. 1  Les conditions électriques et thermiques sont maintenues pendant 4 h  ou 1  h  après 
l'obtention d'un état de régime suivant la  période la  plus courte.   

1 4.6.2  Pour les dispositifs de commande  à  fonctionnement limité à  des courtes périodes 
ou à  fonctionnement intermittent,  la  ou les périodes de repos déclarées au Tableau 1 ,  
exigence 34 doivent être incluses dans la  période de 4 h.  

1 4.7  La  température du milieu dans lequel se situe la  tête de commande  et la  valeur de la  
grandeur de manœuvre  à  laquelle l'élément sensible  est exposé doivent être mesurées 
aussi près que possible  du centre de l'espace occupé par les échantillons à  une distance 
d'environ 50 mm du dispositif de commande.  

1 4.7. 1  La  température des parties et des surfaces indiquées dans le Tableau 13 doit être 
déterminée à  l'aide de couples thermoélectriques à  fil fin ou par des moyens équivalents 
choisis et disposés de façon à  réduire au minimum leur influence sur la  température de la  
partie  en  essai.  

1 4.7.2  Les couples thermoélectriques employés pour déterminer la  température des 
surfaces sont fixés sur la  face intérieure de plaquettes en cuivre ou laiton noirci,  de 15 mm de 
diamètre et 1  mm d'épaisseur et encastrés de niveau avec la  surface.  Autant qu'il est 
possible,  la  position du dispositif de commande  est choisie telle que les parties susceptibles 
d'atteindre les températures les plus élevées soient en  contact avec les plaquettes.  

1 4.7.3  Pour la  détermination des températures des organes de manœuvre  et autres 
poignées,  boutons,  manettes et organes analogues,  sont prises en  considération les autres 
parties qui sont saisies en usage normal et,  pour les parties en matière non métallique,  les 
parties en  contact avec du métal chaud.  
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1 4.7.4  La  température de l'isolation électrique,  autre que celle des enroulements,  est 
déterminée à  la  surface de l'isolation,  aux endroits où une défaillance  pourrait provoquer:  

– un court-circuit;  

– un danger d'incendie;  

– un effet néfaste sur la  protection contre les chocs électriques;  

– l'établissement d'un contact entre les parties actives  et des parties métalliques 
accessibles;  

– un  contournement de l'isolation;  

– une réduction des lignes de fuite  ou des distances dans l'air en dessous des valeurs 
spécifiées à  l'Article 20.  

Tableau  1 3  (1 4. 1  de  l ’ éd i tion  3)  – Températures  de  chauffage  maximum (1  sur 4)  

Parties  
Température  

maximale  admissible  
°C  

Broches  des  socles  de  connecteurs  et  d es  d i sposi ti fs  enfi chab les  a :   

–  pou r cond i ti ons  très  chaudes   1 55  

–  pou r cond i ti ons  chaudes   1 20  

–  pou r cond i ti ons  froides    65  

Enrou lements  b  c  d  e  e t  tôl es  de  noyau  en  contact  avec ceux-ci ,  s i  l ' i solation  des  
enrou l ements  est:  

 

–  en  matière  de  l a  cl asse  A  1 00  [90]  

–  en  matière  de  l a  cl asse  E   1 1 5  [1 05]  

–  en  matière  de  l a  cl asse  B   1 20  [1 1 0]  

–  en  matière  de  l a  cl asse  F   1 40  

–  en  matière  de  l a  cl asse  H   1 65  

Bornes  et  connexions  pou r conducteurs  externes  a  f g    85  

Au tres  bornes  et  connexions  a  h    85  

Envel oppe  i sol an te  en  caoutchouc ou  en  polych lorure  de  vi nyl e  des  conducteu rs:  a   

–   s i  des  fl exi ons  se  produ isent  ou  sont  susceptib l es  de  se  produ i re    60  

–  s i  des  fl exi ons  ne  se  produ isen t  pas  ou  ne  son t  pas  suscepti b l es  de  se  produ i re    75  

–  avec i nd icati on  de  température  ou  valeur ass ignée  de  l a  température  val eu r i nd iquée  

Gaine  de  câble  u ti l i sée  comme i solation  supplémentai re  i    60  

Caou tchouc au tre  que  synthéti que  employé  pour l es  bagues  d 'étanchéi té  ou  au tres  
parti es  don t  l a  détéri oration  pourrai t  rédu i re  l a  conform i té  à  l a  présente  norme:  

 

–  l orsqu ' i l  est  u ti l i sé  comme i solation  supplémentai re  ou  comme i solation  renforcée    65  

–  dans  l es  au tres  cas    75  

Mati ères  u ti l i sées  pou r l ' i sol ati on  au tres  q ue  cel l es  u ti l i sées  pour l es  fi l s  i  j  k:   

–   texti l es ,  papi er ou  carton  imprégnés  ou  vern i s    95  

–  s trati fi és  agg lomérés  avec:   

 rés ines  mélam ine-formaldéhyde,  phénol -formaldéhyde  ou  phénol -furfural   1 1 0  [200]  

 rés ines  à  base  d 'u rée-formaldéhyde    90  [1 75]  

– Mati ères  mou lées  j   

 phénol -formaldéhyde  à  charge  cel l u l os i que   1 1 0  [200]  

 phénol -formaldéhyde  à  charge  m inérale   1 25  [225]  

 mélam ine-formaldéhyde   1 00  [1 75]  

 u rée-formaldéhyde    90  [1 75]  

 pol yester renforcé  de  fi bre  de  verre   1 35  

 m ica  pur et  matériaux en  céram ique  fortement  fri ttés  l orsque  ces  produ i ts  son t  
u ti l i sés  comme i solation  supplémentai re  ou  comme i solation  renforcée  

 425  

 au tres  matières  thermodurcissables  et  tou tes  l es  matières  thermoplasti q ues  l  –  

Toutes  surfaces  accessibles  à  l 'exception  de  cel l es  d es  organes  de  manœuvre ,  d es  
poignées,  des  boutons,  des  manettes  et  des  organes  anal ogues  

  85  
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Tableau  1 3  (2 sur 4)  

Parties  
Température  

maximale  admissible  
°C  

Surfaces  accessibles  des  poi gnées,  des  bou tons,  des  manettes  et  des  organes  
anal ogues  u ti l i sés  pou r l e  transport  d u  disposi ti f:  

 

– en  métal  55  

– en  porcel aine  ou  matière  vi tri fi ée  65  

– en  matière  mou lée  caoutchouc  ou  bo is  75  

Surfaces  accessibles  des  organes  de  manœuvre  ou  d 'au tres  poignées,  manettes  et  
organes  ana logues  q u i  ne  sont  tenus  que  pendant d e  courtes  périodes:  

 

– en  métal  60  

– en  porcel aine  ou  matière  vi tri fi ée  70  

– en  matière  mou lée  caoutchouc  ou  bo is  85  

Bois  en  général  90  

Surfaces  en  con trepl aqué  pe in tes  85  

P ièces  en  cu i vre  ou  en  l a i ton  desti nées  à  condu i re  l e  cou ran t  a  m  n  230  

P ièces  en  acier condu isan t  l e  courant  a  400  

Autres  pi èces  condu isant  l e  couran t a  m  –  

a  Pour ces  parti es,  l es  essais  d e  1 4 . 7  est  répété  après  l es  essa is  de  l 'Arti cl e  1 7 .   

b  La  classi fi cation  est  conforme  à  l ’ I EC 60085.  

 Comme exemples  de  matières  de  l a  cl asse  A,  on  peu t  ci ter:  l e  coton ,  l a  soie  natu rel l e,  l a  so ie  arti fi cie l l e  et  l e  
papi er imprégnés,  l es  émaux o léo-rés i neux,  ou  à  base  de  rés i nes  pol yam ide.   

 Comme exemples  de  matières  de  l a  cl asse  B ,  on  peut  ci ter:  l a  fi bre  de  verre,  l es  rés ines  mélam ine-
formaldéhyde  et  phénol -formal déhyde.  

 Comme exemples  de  matières  de  l a  cl asse  E ,  on  peu t  ci ter:   

  – l es  rés ines  mou lées  à  charge  cel l u l os ique,  l es  s trati fi és  coton  et  l es  strati fi és  papier agg l omérés  avec 
des  rés i nes  mélam ine-formaldéhyde,  phénol -formaldéhyde  ou  phénol -fu rfu ral ;     

  – l es  rés ines  pol yester à  chaînes  transversales,  l es  fi lms  de  tri acétate  de  cel l u l ose,  l es  fi lms  de  
téréphtal ate  de  po lyéthylène;  

  – l es  to i l es  vern i es  à  base  de  téréphtalate  de  pol yéthylène  agg l omérées  avec des  vern i s  à  base  de  rés ines  
a l kydes  mod i fi és  à  l 'hu i l e ;  

  – l es  émaux à  base  de  rés i nes  formol -pol yvinyl e,  pol yu réthanne  ou  époxyde.  

 Des  essais  de  viei l l i ssement  accéléré  p l us  importan ts  et,  en  ou tre,  des  essais  de  compati b i l i té  son t  exi gés  
pou r des  systèmes  d ' i solati on  de  l a  cl asse  B  et  d es  cl asses  de  températu res  p l us  é l evées.  

 Pour l es  moteurs  fermés  u ti l i sant  des  matières  des  cl asses  A,  E  et  B ,  l es  températu res  peuvent être  
augmentées  de  5  K.  Un  moteur fermé  est  un  moteur constru i t  de  façon  à  empêcher l a  ci rcu lati on  de  l 'a i r 
en tre  l ' i n térieur et  l ' extéri eu r de  l 'enveloppe,  mais  non  su ffi samment en fermé pou r être  considéré  comme 
hermétique  (étanche  à  l ' a i r) .  

c  Pour ten i r compte  du  fa i t  que  l a  températu re  des  enrou l ements  des  moteurs  un iversel s ,  des  re lai s ,  des  
solénoïdes,  etc.  est  généra lement  i n férieure  à  l a  moyenne  aux poin ts  accessib les  aux couples  
thermoélectri q ues,  l es  valeurs  qu i  ne  son t  pas  en tre  crochets  sont  appl i cab les  quand  l a  méthode  de  l a  
rés i stance  est  employée  et  l es  valeurs  en tre  crochets  s 'app l i quent  l orsque  des  thermocouples  sont  u ti l i sés.  
Pour l es  en rou lements  des  vi breurs  et  des  moteurs  à  couran t a l ternati f,  l es  valeurs  q u i  ne  son t  pas  en tre  
crochets  s 'app l i q uent  dans  l es  deux cas.  
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Tableau  1 3  (3 sur 4)  

d  La  valeur de  l 'échauffement  d 'un  enrou lement  en  cu ivre  est  calcu lée  à  parti r de  l a  formu le:  

( ) ( )121
1

12 234,5 ttt
R

RR
t −−+

−
=Δ�

 

 où    

 Δt est l 'échauffement;  

 R1  est  l a  rés i stance  au  début  d e  l 'essai ;  

 R2  est  l a  rés i stance  à  l a  fi n  de  l 'essai ;  

 t1  es t  l a  températu re  ambiante  de  service  au  début  de  l 'essai ,  à  rég ler su r Tmax
;  

 t2  es t  l a  températu re  ambian te  de  service  à  l a  fi n  d e  l 'essai ;  

 Au  début  de  l ' essai ,  l es  en rou l ements  sont  tenus  de  se  trouver à  T
max

.  

 I l  est  recommandé  de  déterm iner l a  rés i stance  des  enrou l ements  à  l a  fi n  de  l 'essai  en  effectuant  l es  mesures  
de  rés i stance  aussi tôt  q ue  poss ible  après  l 'ouverture  du  ci rcu i t,  pu i s  à  des  i n terval l es  rapprochés,  de  façon  à  
pouvoi r tracer une  cou rbe  de  variati on  de  l a  rés i stance  en  fonction  du  temps  pour déterm iner l a  rés i stance  
au  moment  de  l 'ouvertu re  d u  ci rcu i t.   

 La  températu re  maximale  atte i n te  pour l es  besoins  de  l 'Arti cl e  1 4  est  obtenue  en  a j ou tant  l 'échauffement  à  
T
max

.  

e  Pour l es  peti ts  en rou lements  dont  l a  section  n 'a  pas  de  p l us  fa i ble  d imension  supéri eure  à  5  mm,  l a  
températu re  maximale  perm ise,  mesurée  par l a  méthode  de  l a  rés i stance,  est:  

 

 Classe  °C   

 A 1 05  

 E 1 20  

 B 1 30  

 F 1 55  

 H  1 80  

 

f  Pour l es  disposi ti fs  de  commande  q u i  sont  soum is  aux essais  montés  dans  ou  su r d es  matéri e l s ,  seu les  l es  
températu res  des  bornes  pour conducteu rs  fi xes  sont  véri fi ées,  car de  tel s  apparei l s  ne  son t  généralement  
pas  l i vrés  avec des  conducteurs  externes .  Pou r l es  matéri el s  mun is  de  bornes  au tres  que  cel l es  pou r 
conducteurs  fi xes,  on  re l ève  l a  température  de  l ' i sol ation  des  conducteurs  externes  au  l i eu  de  l a  
températu re  des  bornes.  

 Aux É tats-Un is ,  l a  températu re  maximale  au tori sée  est  d e  75  °C.  Des  températures  supérieu res  son t 
au tori sées  s i  l e  disposi ti f de  commande  porte  l a  marque  T  obl i gatoi re  représentant  l a  caractéri sti que  
ass ignée  des  conducteurs  externes .  

g   Pour l es  disposi ti fs  de  commande  in tégrés  e t  i ncorporés ,  aucune  l im i te  de  températu re  n 'est  appl i cable  
mais  l 'atten tion  est  atti rée  su r l e  fa i t  q ue  l a  p l upart  d es  normes  de  matérie l s  l im i tent  l a  températu re  des  
bornes  des  matériel s  fi xes  à  85  °C,  q u i  est  l a  températu re  maximale  adm ise  pou r l es  câbl es  i solés  au  PVC 
ord inai re.  I l  convi en t  q ue  l a  températu re  maximale  enreg i strée  ne  dépasse  pas  l a  va l eur déclarée  au  
Tableau  1 ,  exi gence  21 .  

 S i  un  di sposi ti f de  commande  est  i ncorporé/i n tégré  dans  un  apparei l ,  l es  bornes  des  conducteurs  
externes  seron t,  en  tan t  que  parti es  de  l 'apparei l ,  soum ises  aux essais  spéci fi és  par l a  norme  de  l 'apparei l  
et  l eu r conform i té  véri fi ée  selon  l es  l im i tes  de  températu re  de  cette  norme.  

h  La  température  mesurée  ne  doi t  pas  dépasser 85  °C,  à  moins  qu 'une  valeur p l us  é l evée  n 'a i t  été  d éclarée  
par l e  fabrican t.  

i  Les  va leu rs  de  températu re  i n d iquées  qu i  dépendent  des  matières  u ti l i sées  peuvent être  dépassées  s ' i l  est  
reconnu  par l ' expérience  que  l es  matières  u ti l i sées  présenten t  des  propriétés  parti cu l i ères  de  rés i stance  à  l a  
chaleu r.  
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Tableau  1 3  (4 sur 4)  

j  Les  val eu rs  en tre  crochets  s 'appl i quent  aux parti es  d 'un  matéri au  u ti l i sées  pour d es  organes  de  manœuvre ,  
des  poi gnées,  des  bou tons,  d es  manettes  et  des  organes  analogues  et  qu i  son t  en  con tact  avec d u  métal  
chaud  mais  ne  son t  pas  access ibles.  

k  Lorsqu 'une  p i èce  métal l i que  est  en  contact  avec une  parti e  en  matière  i sol an te,  on  suppose  que  l a  
températu re  de  l a  matière  i solan te  au  poi n t  de  con tact  est  l a  même que  cel l e  de  l a  parti e  métal l i que.  

l  Les  températu res  maximales  adm iss ibles  ne  doi ven t  pas  ê tre  supéri eu res  aux températures  acceptabl es  
démontrées  pour l es  matéri aux en  questi on .  Ces  températu res  doi vent  être  en reg istrées  en  vue  des  essais  
de  l 'Arti cl e  21 .  

m  Les  températu res  maximales  adm issib les  ne  doi vent  pas  être  supéri eu res  aux températures  acceptabl es  
démontrées  pou r l es  matéri aux en  question .  

n  Des  températures  pl us  é l evées  sont  perm ises  pou r des  a l l i ages  cu ivre  spéci fi ques  s i  e l l es  sont  j usti fi ées  par 
des  i n formations  su r l es  essais  l i és  à  une  norme  reconnue  de  l a  métal l u rg ie,  fourn ies  par l e  fabrican t 
d 'a l l i age.  Voi r égal ement note  de  bas  de  tab leau  m .  

 

1 5  Tolérances  de  fabrication  et dérive  

1 5. 1  Les  parties  des  d isposi ti fs  de  commande  qu i  participen t à  une  action  de  type 2  
do ivent répondre  à  des  tolérances  de  fabrication  su ffisamment étroi tes  en  ce  qu i  concerne  
l eurs  valeurs ,  temps  et  séquences  de  fonctionnement  déclarés.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l es  tolérances  de  fabrication  e t  l a  dérive  son t  exprimées  sous  forme de  
to lérances  séparées  appl i cables  à  l a  val eur de  foncti onnement  d éclarée.  Pou r certa i ns  disposi ti fs  de  
commande  à  action  de  type  2 ,  l es  valeurs  de  tolérances  de  fabrication  e t  d e  dérive  adm issib les  sont  
précisées.  La  cohérence  est  ensu i te  déterm inée,  à  l ' a i de  de  l 'appare i l  spéci fi é ,  par mesure  de  l a  valeur de  
fonctionnement  d e  l ' échanti l l on  et  comparaison  à  l a  valeur de  fonctionnement  d éclarée.  

1 5.2  La conformité est vérifiée  par les essais appropriés de cet article .  

1 5.3  Pour les dispositifs de commande  dont le fonctionnement normal se traduit par leur 
destruction complète ou partielle,  les essais des paragraphes appropriés de l'Article 17 sont 
considérés comme suffisants.  

1 5.4  Pour les dispositifs de commande  dont le  fonctionnement dépend de la  méthode de 
montage sur un appareil ou de l'incorporation dans un appareil,  les tolérances de 
fabrication  et la  dérive  doivent être déclarées séparément sous la  forme de valeurs 
comparatives.  Il convient d'exprimer la  tolérance de fabrication  sous la  forme d'une plage ou 
d'une fourchette (par exemple 10 K)  et la  dérive  sous la  forme d'une variation (par exemple,  
±  10 K ou +5 K,  –10 K) .  

1 5.5  L'étroitesse (ou la  cohérence)  doit être déterminée de la  manière suivante:  

1 5.5. 1  L'appareil d'essai doit être tel que le dispositif de commande  soit monté de la  
manière déclarée par le  fabricant.  

1 5.5.2  Pour les dispositifs de commande sensibles,  l'appareil d'essai doit de préférence 
être commandé par le  fonctionnement normal du dispositif.  

1 5.5.3  Cependant,  la  nature exacte de l'appareil d'essai n'est pas déterminante car il est 
destiné à  fournir des valeurs comparatives,  et non des valeurs de réponse.  Il convient,  
cependant,  qu'il stimule aussi exactement que possible les conditions de  service normal du 
dispositif de commande.  
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1 5.5.4  L'essai doit normalement être effectué dans les conditions électriques suivantes:  
tension assignée maximale  (VR max)  et courant assigné maximal (IR max)  à  moins que des 
valeurs différentes aient été déclarées à  l'exigence 41  du Tableau 1 .  

Cependant,  le  fonctionnement du dispositif de commande  doit être provoqué par un 
dispositif convenable avec un courant lu ne dépassant pas 0, 05 A .  

1 5.5.5  Pour les dispositifs de commande sensibles ,  la  vitesse de variation de la  grandeur 
de manœuvre  doit être quelconque,  à  moins qu'une valeur particulière n'ait été déclarée à  
l'exigence 37 du Tableau 1 .  

1 5.5.6  Les valeurs de fonctionnement,  le  temps de fonctionnement ou la  séquence de 
fonctionnement approprié doivent être relevés pour chaque échantillon.  Entre deux 
échantillons quelconques,  la  différence de valeur relevée ne doit en aucun cas dépasser la  
tolérance de fabrication  déclarée.  

1 5.5.7  Les valeurs relevées sont également utilisées comme valeurs de référence pour 
chaque échantillon lors de la  répétition des essais correspondants après les essais 
d’environnement de l'Article 16 et les essais d'endurance de l'Article 17 pour permettre de 
déterminer la  dérive.  

1 5.6  Pour les dispositifs de commande  dont le fonctionnement ne  dépend pas de la  
méthode de montage sur un matériel ou d'incorporation dans un matériel (par exemple les 
minuteries,  les dispositifs sensibles  au courant,  les dispositifs sensibles  à  la  tension,  les 
régulateurs d'énergie  ou le  courant de relâchement des dispositifs à fonctionnement 
électrique) ,  l'étroitesse des tolérances doit être déterminée de la  manière suivante:  

1 5.6. 1  Les tolérances de fabrication  et/ou la  dérive  peuvent être exprimées sous la  forme 
d'une valeur absolue.  Dans ce cas,  une déclaration unique couvrant à  la  fois les tolérances 
de fabrication  et la  dérive  peut être effectuée.  

1 5.6.2  La  valeur de fonctionnement,  le  temps de fonctionnement ou la  séquence de 
fonctionnement approprié doivent être initialement mesurés pour tous les échantillons et 
doivent être compris dans les limites déclarées par le  fabricant.  

1 5.6.3  L'appareil d'essai doit simuler les conditions d'usage normal les plus sévères 
déclarées.  

1 5.6.4  Si une valeur de la  dérive  a  été déclarée séparément au Tableau 1 ,  exigence 42,  les 
valeurs mesurées pour chaque échantillon doivent être relevées pour servir de valeurs de 
référence lors de la  répétition des essais après les essais d’environnement de l'Article  16 et 
les essais d'endurance de l'Article  17,  pour permettre de déterminer la  dérive.   

1 5.7  Voi r Annexe J .  

1 5.8  Voir Annexe  J .  

1 6  Contraintes  cl imatiques  

 Transport et  stockage  1 6. 1

Les  dispositi fs  de  commande  sens ibles  aux contra in tes  cl imatiques  de  température  doiven t 
pouvoi r supporter sans  i nconvén ien t l e  n iveau  de  contrain te  approprié  susceptib le  de  se  
produ ire  pendant l e  transport ou  l e  s tockage.  
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1 6. 1 . 1  La  conformité est vérifiée par les essais appropriés de 16. 2 qui sont effectués en 
maintenant le  dispositif de commande  dans des conditions identiques aux conditions de  
transport déclarées.  En l'absence de telles déclarations,  le dispositif est soumis à  essai avec 
son organe  ou sa  liaison de manœuvre  dans la  position la  plus défavorable.  

 Contrainte  cl imatique  de  température  1 6.2

1 6.2. 1  L'effet de la  température est vérifié de la  manière suivante:  

– Le  dispositif complet doit être  maintenu à  une température de (–10 ± 2)  °C pendant une 
période de  24 h.  

– Le  dispositif complet doit être ensuite maintenu à  une température de (60 ±  5)  °C 
pendant une période de 4 h.  

NOTE  En  F in l ande,  en  Norvège  et  en  Suède,  des  valeurs  d i fféren tes  de  températu re  et  de  temps  peuvent être  
exi gées.   

1 6.2.2  Pendant ces deux périodes,  le  dispositif n'est pas mis sous tension.  

1 6.2.3  Après chaque essai,  un dispositif comportant un organe  ou une liaison de 
manœuvre  doit pouvoir être manœuvré correctement et assurer le  type de coupure déclaré 
pour autant que cela puisse être  déterminé sans démontage du dispositif.  Cet essai est 
effectué à  la  température ambiante normale.  

Le dispositif de commande  est maintenu à  température ambiante pendant 8 h  avant d'être 
manœuvré.  

1 6.2.4  De plus,  pour les dispositifs de commande  à  action de type 2,  l'essai approprié de 
l'Article 15 doit être répété après chacun des essais mentionnés ci-dessus.  Pour un même 
échantillon,  la  différence entre les valeurs relevées au cours de ces essais et la  valeur 
relevée au cours de l'essai de l'Article 15 ne doit pas dépasser la  dérive  déclarée à  
l'exigence 42 du Tableau 1 .  

1 7  Endurance  

 Exigences  générales  1 7. 1

1 7. 1 . 1  Les  disposi ti fs  de  commande ,  y compris  l es  d ispos i ti fs  qu i  sont soum is  aux essais  
montés  sur ou  dans  un  matérie l ,  doivent supporter l es  con train tes  mécan iques ,  é l ectri ques  et 
therm iques  susceptib les  de  se  produ i re  en  usage  normal .  

1 7. 1 .2  Les  d ispositi fs  de  commande  à  action  de  type 2  d o iven t fonctionner de  façon  que  
toute  valeur,  tou t temps ou  séquence de  fonctionnement  ne  varient  pas  d 'une  quan ti té  
supérieure  à  la  dérive  déclarée.  

1 7. 1 .2. 1  La  conformité  à  17. 1 . 1  et 17. 1 . 2 est vérifiée par les essais de 17. 1 . 3,  comme 
indiqué en 17. 16.  

1 7. 1 .3  Séquence  et condi tions  d 'essais   

1 7. 1 .3. 1  En général,  la  séquence d'essais est la  suivante:  

– un essai de vieillissement selon 17. 6 (cet essai ne s'applique qu'aux actions de type 1 .M 
ou 2.M);  

– un essai de surtension pour action automatique  accélérée selon 17.7 (Aux États-Unis,  au 
Canada et dans tous les pays qui utilisent un essai de surcharge,  cet essai est remplacé 
par un  essai de surcharge. ) ;  
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– un essai de fonctionnement pour action automatique  accélérée selon 17. 8;  

– un essai de fonctionnement pour action automatique  à  faible vitesse selon 17. 9 (cet 
essai n'est applicable qu'aux actions automatiques à  fermeture ,  ouverture lentes) ;  

– un essai de surtension pour action manuelle  à  vitesse accélérée selon 17. 10.  (Aux États-
Unis,  au Canada et dans tous les pays qui utilisent un essai de surcharge,  cet essai est 
remplacé par un essai de surcharge. ) ;  

– un essai de fonctionnement pour action manuelle  à  faible vitesse selon 17. 11 ;  

– un essai de fonctionnement pour action manuelle  à  vitesse élevée selon 17. 12 (cet essai 
est applicable uniquement pour les actions multipolaires,  et lorsqu'une inversion de  
polarité se produit pendant le  fonctionnement) ;  

– un essai de fonctionnement pour action manuelle  à  vitesse accélérée selon 17. 13.  

1 7. 1 .3.2  Pendant l'essai,  les conditions électriques,  thermiques et mécaniques doivent être,  
en  général,  celles spécifiées en  17.2,  17. 3 et 17. 4.  Les exigences générales d'essai sont 
données de 17. 6 à  17. 14 inclus.  Les exigences particulières d'essai sont données dans la  
partie  2 correspondante.  

1 7. 1 .3.3  Pour une action manuelle  faisant partie  d'une action automatique,  les essais 
correspondants sont normalement spécifiés au paragraphe applicable à  l'action 
automatique.  Cependant,  dans le cas où ces essais ne sont pas spécifiés,  17. 10 à  17. 13 
inclus sont applicables à  de  telles actions manuelles.  

1 7. 1 .3.4  Après  tous  les  essais  spéci fiés ,  l es  échan ti l l ons  doiven t satisfa i re  aux exigences  de  
1 7 . 1 4 ,  sauf spéci fication  con trai re  dans  l a  partie  2  appropriée.  

1 7. 1 .4  Voi r Annexe H .  

 Cond itions  électriques  pour l es  essais  1 7.2

1 7.2. 1  Chaque circuit d'un dispositif de commande  doit être chargé conformément aux 
valeurs assignées déclarées par le fabricant.  Les circuits et les contacts qui ne sont pas 
destinés à  commander des charges externes sont mis en fonctionnement avec les charges 
indiquées.  Certains circuits inverseurs peuvent nécessiter un essai séparé de chaque partie  
du circuit si le  fabricant le déclare dans ses instructions,  particulièrement si les valeurs 
assignées pour une partie du circuit inverseur dépendent du courant qui circule dans l'autre  
partie.  

1 7.2.2  Dans tous les pays qui utilisent un essai de surtension,  les charges électriques sont 
spécifiées au Tableau 14 à  la  tension assignée VR,  cette tension étant augmentée à  1 , 15 VR,  
pour l'essai de surtension de 17.7 et 17. 10.  L'essai de surtension n'est pas utilisé au Canada 
et aux États-Unis.  

1 7.2.3  Au  Canada,  aux États-Un is  et  d ans  tous  l es  pays  qu i  u ti l i sent  un  essai  d e  su rcharge,  l es  cond i ti ons  
spéci fi ées  au  Tableau  1 5  et  au  Tab leau  1 6  s 'appl i q uent.  Les  essais  de  su rcharge  son t  effectués  sur un  seu l  pôle  
ou  débattement,  l es  au tres  pôl es  ou  débattements  étant  à  l a  charge  normale.  

1 7.2.3. 1  Au  Canada,  aux É tats-Un is  et  dans  tous  l es  pays  qu i  u ti l i sen t  un  essai  de  su rcharge,  l es  tensi ons  
d 'essai  (VT)  sont:   

– 1 20  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  1 1 0  V  et  1 20  V;   

– 240  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  220  V  et  240  V;   

– 277  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  254  V  et  277  V;   

– 480  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  440  V  et  480  V;   

– 600  V pou r l es  d isposi ti fs  de  commande  ayant  une  tension  assignée  comprise  en tre  550  V  et  600  V.  
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1 7.2.3.2   Si la  valeur assignée du dispositif de commande  ne  se situe pas à  l'intérieur des 
plages de tensions indiquées,  il est soumis à  essai sous sa tension assignée.  

1 7.2.4  Quand il existe un système de neutre à  la  terre,  l'enveloppe doit être reliée par un 
fusible  calibré à  3 A  au conducteur de protection  du circuit,  et pour les autres systèmes,  
l'enveloppe doit être reliée à  travers un fusible de ce calibre au pôle de phase qui risque le  
moins d'être  mis à  la  terre.  

1 7.2.5  Pour les actions de type 1 .G ou 2 G et les autres actions à  vide,  des interrupteurs 
auxiliaires sont utilisés pour simuler le fonctionnement prévu pendant l'essai.  
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Tableau  1 4  (1 7.2 .1  de  l ’ éd i tion  3)  – Conditions  électriques  pour l 'essai  de  surtension   
(ce  tabl eau  s 'app l i que  à  tous  l es  pays  à  l ' exception  d u  Canada  et  d es  É tats-Un i s)  

Type  de  ci rcu i t   C i rcu i t al ternati f  Circu i t  continu  

selon  classi fication  
de  6.2  

Opération  V  A  Facteur de  pu i ssance  
(±0, 05)  a  

V  A  Constan te  de  temps  (±1  ms)  

Charge  prati q uement 
rés i sti ve  (classée  en  

6. 2 . 1 )  

Fermeture  et  
ouverture  

VR  

 

IR  0 , 95  VR  IR  

 

Non  i nducti ve  

Charge  rés i sti ve  ou  
i nducti ve  (classée  en  

6. 2 . 2)  

Fermeture  b  VR  6 , 0  IX   
ou  IR  

se lon  l a  p l us  g rande  
val eu r ari thmétique  

0 , 6  
0 , 95  

VR  2 , 5  IX   
ou  IR  

se lon  l a  p l us  g rande  val eu r 
ari thmétique  

7, 5  

 Ouvertu re  VR  IX   
ou  IR  

se lon  l a  p l us  g rande  
val eu r ari thmétique  

0 , 95   IX   
ou  IR  

se lon  l a  p l us  g rande  val eu r 
ari thmétique  

Non  i nducti ve  

Charge  spéci fi q ue  
déclarée  (classée  en  

6 . 2 . 3)  

Fermeture  et  
ouvertu re  

VR  Selon  charge  VR  Se lon  charge  

Charge  20  mA 
(classée  en  6 . 2 . 4 )  

Fermeture  et  
ouvertu re  

VR  20  mA 0 , 95  VR  20  mA Non  i nducti ve  

Charge  par moteur 
déclarée  (classée  en  

6 . 2 . 5)  

Fermeture  et  
ouvertu re  

VR  Se lon  déclaration  VR  Se lon  déclaration  

Charge  par mode 
pi lote  (cl assée  en  

6 . 2 . 6)  

Fermeture  b  

Ouvertu re  

VR  

VR  

1 0  VA/ VR  

VA/ VR  

0 , 35  

0 , 95  

 c  

a  Les  rés i stances  et  l es  i nductances  ne  son t  pas  rel i ées  en  para l l è l e,  sauf s ’ i l  est  fa i t  usage  d ’ une  i nductance  à  a i r,  auquel  cas  une  rés i stance  absorbant envi ron  1  %  du  couran t  
traversan t l ' i nductance  est  re l i ée  en  para l l è l e  avec cette  i nductance  à  a i r.  Les  i nductances  à  noyau  de  fer peuvent être  u ti l i sées  s i  l e  couran t est  prati quement s i nusoïdal .  Pou r l es  
essais  en  tri phasé,  l es  i nductances  à  noyau  tri phasé  son t  u ti l i sées.  

b   Les  cond i ti ons  de  fermeture  spéci fi ées  sont  main tenues  pendant une  période  comprise  en tre  50  ms  et  1 00  ms  avant  d 'être  rédu i tes  aux cond i ti ons  d 'ouvertu re  spéci fi ées  au  moyen  
d 'un  i n terrupteur auxi l i a i re.  Dans  n ' importe  l equel  des  essais  du  présent arti cl e,  s i  l ' ouvertu re  du  con tact  se  produ i t  moins  de  2  s  après  sa  fermeture,  l es  cond i ti ons  spéci fi ées  pou r 
l a  fermeture  son t  égal ement  u ti l i sées  pour l ' ouverture.   

c  Ces  va leu rs  ne  son t  pas  appl i cables.  
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Tableau  1 5  (1 7.2 .2  de  l ’ éd i tion  3)  – Conditions  électriques  pour les  essais  de  surcharge  de  1 7.7  et  1 7.1 0  
(Ce  tabl eau  s 'appl i que  au  Canada,  aux É tats-Un is  et  à  tous  l es  pays  q u i  u ti l i sent  u n  essai  d e  su rcharge)  

Type  de  ci rcu i t  Opération  Ci rcu i t  al ternati f Ci rcu i t  continu  

V A Facteur de  
pu issance  

V A 

Charge  prati q uement  
rés i sti ve  (classée  en  6. 2 . 1 )  

Fermeture  et  ouvertu re  VT  1 , 5IR  1 , 0  VT  1 , 5IR  

I nducti ve  
(au tre  q ue  par moteur)  

Fermeture  et  ouvertu re  VT  1 , 5IX  0 , 75-0, 8  VT  1 , 5IX  

Charge  par moteur déclarée  
(classée  en  6 . 2 . 5)  

Fermeture  et  ouvertu re  VT  6Im  
ou  sel on  décl aration  

0 , 4-0, 5  
ou  selon  
déclaration  

VT  1 0Im  
ou  selon  décl aration  

Charge  par mode pi lote  Fermeture  1 , 1  VT  1 1  VA/ VT  0 , 35  maximum  
ou  selon  
déclaration  

 

(cl assée  en  6 . 2 . 6)  Ouvertu re  1 , 1  VT  1 , 1  VA/ VT  
ou  selon  décl aration  

Selon  déclaration  

Les  abréviati ons  su i vantes  on t  été  u ti l i sées:   

VR  es t  l a  tens ion  ass ignée,  VT  est  l a  tension  d 'essai  (voi r 1 7. 2 . 3 . 1 ) .  U n  ci rcu i t  d ans  l equel  l a  tension  en  ci rcu i t  fermé est  1 00  %  à  1 1 0  %  de  VT  est  acceptabl e  pour l es  essais .  

Im  es t  l e  couran t assi gné  dans  l e  cas  d 'une  charge  par moteur,  IR est l e  couran t assigné  dans  l e  cas  d 'une  charge  rés i sti ve,  IX  est  l e  couran t assigné  dans  l e  cas  d 'u ne  charge  
i nducti ve.  

A des  fi ns  d 'essai ,  u ne  charge  par mode pi lote  se  compose  d 'un  é l ectro-a imant représentan t  l e  bobi nage  de  l ' a imant à  commander.  Le  cou rant  normal  est  cel u i  qu i  est  d éterm iné  à  
parti r d es  val eu rs  assignées  de  tension  et  de  vol tampères  de  l ’ é l ectro-aimant.  Le  cou rant  d 'essai  est  l e  cou rant  normal  et,  pou r un  courant  a l ternati f,  l e  facteur de  pu i ssance  doi t  
être  de  0 , 35  ou  moins  et  l e  courant  d 'appel  do i t  être  d e  1 0  foi s  l e  couran t normal .  Le  con tacteu r d ’ essai  do i t  être  l i bre  de  fonctionner,  c’ est-à-d i re  ne  pas  être  b l oqué  soi t  en  
posi ti on  ouverte,  soi t  en  posi ti on  fermée.  

Une  valeur ass ignée  par mode  pi lote  à  courant  a l ternati f peu t  être  déterm inée  pou r u n  di sposi ti f de  commande  ayan t  été  soum is  à  essai  pou r l a  commande  d 'un  moteu r à  cou ran t 
a l ternati f su r l es  bases  su i vantes:  

– pendant  l ' essai  de  su rcharge,  on  a  fai t  établ i r et  couper par l e  disposi ti f,  pendant  50  cycles  à  une  cadence  de  6  cycles  par m inu te,  u n  courant  d ’ une  val eur équ ivalen te  à  s i x foi s  
l e  courant  d u  moteur à  p l e i ne  charge  à  un  facteur d e  pu i ssance  de  0 , 5  ou  moins,  et  

–  l e  courant assigné d 'appel  par mode pi lote  (1 0  foi s  l e  couran t  normal )  ne  doi t  pas  être  de  p l us  de  67  %  de  l a  val eur normale  de  l ' essai  de  su rcharge  décri t  ci -dessus.  

Pour l es  disposi ti fs  de  commande  q u i  peuvent  fermer un  ci rcu i t  moteur en  cond i ti ons  de  rotor b l oqué  mais  auxquel s  on  ne  demande  j amais  d 'ouvri r l e  ci rcu i t  dans  de  te l l es  
cond i ti ons,  ce  qu i  su i t  s 'appl i q ue:  

–  au  Tableau  1 5:  

 a)  1 00  %  VT  en  a l ternati f et  0 , 5  VT  en  courant  con ti nu  pou r 1 , 5  foi s  l e  courant  assigné  

 b)  1 00  %  VT  pou r l e  courant  d e  rotor b l oqué  (fermeture  seu lement)  

–  au  Tableau  1 6:  

 1 00  %  VT  en  a l ternati f et  0 , 5  VT  en  couran t conti nu .  

Un  i n terrupteur non  prévu  d 'ori g i ne  pou r fermer et  ouvri r l e  couran t d u  moteu r d ans  l es  cond i ti ons  de  rotor b l oqué,  mais  qu i  a  u n  moyen  de  rég lage  ou  de  régu l ation  manuel  q u i  peu t  
l u i  permettre  d 'être  u ti l i sé  a i ns i ,  doi t  sati sfai re  aux exigences  de  1 7 . 7  pour un  essai  de  rotor b l oqué.  

Pour u n  i n terrupteu r prévu  pour foncti onner en  cou rant  con ti nu ,  l e  nombre  de  fonctionnements  d oi t  être  de  ci nq  (5),  menés  à  i n terva l l es  d e  30  s  et  l ' apparei l  d oi t  aussi  sati sfai re  
aux exigences  du  poin t  a)  ci -dessus.  
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Tableau  1 6  (1 7.2 .3  de  l ’ éd i tion  3)  – Condi tions  électriques  pour les  essais  de  surcharge  de  1 7.8,  1 7.9,  1 7 .1 1 ,  1 7.1 2  et  1 7. 1 3  
(Ce  tabl eau  s 'appl i que  au  Canada,  aux É tats-Un is  et à  tous les pays qui utilisent un essai de surcharge)  

  C i rcu i t  al ternati f  Circu i t  continu  

Type de  ci rcu i t  Opération  V  A  Facteur de  
pu issance  

V  A  

Charge  prati q uement 
rés i sti ve  

(classée  en  6 . 2 . 1 )  

Fermeture  et  ouvertu re  VT  IR  1  VT  IR  

I nducti ve  
(au tre  q ue  par moteu r)  

Fermeture  et  ouvertu re  VT  IX  0 , 75-0, 8  VT  IX  

Charge  par moteur déclarée  
(classée  en  6. 2 . 5)  

Fermeture  et  ouvertu re  VT  Im  
ou  selon  charge  

0 , 75-0, 8  
ou  selon  
déclaration  

VT  Im  

Charge  par mode pi lote  Fermeture  1 , 1  VT  1 0  VA/ VT  0 , 35  maximum   

(cl assée  en  6 . 2 . 6)  Ouvertu re  1 , 1  VT  VA/ VT  ou  selon  
déclaration  

ou  selon  
déclarati on  

Selon  déclaration  

Les  abréviati ons  su i van tes  on t  été  u ti l i sées:   

VR  est  l a  tension  assignée,  VT  est  l a  tens ion  d 'essai  (voi r 1 7 . 2 . 3. 1 ).  

Im  est  l e  courant  ass igné  dans  l e  cas  d 'une  charge  par moteur,  IR est  l e  courant  ass igné  dans  l e  cas  d 'une  charge  rés i sti ve,  IX  est  l e  courant  assigné  dans  l e  cas  d 'une  charge  
i nducti ve.  

NOTE  A des  fi ns  d 'essai ,  u ne  charge  par mode pi lote  se  compose  d 'un  é l ectro-aimant  représentan t  l e  bobi nage  de  l 'a imant à  commander.  Le  couran t normal  est  cel u i  qu i  est 
déterm iné  à  parti r des  val eu rs  ass ignées  de  tension  et  de  vol tampères  de  l ’ é l ectro-aimant.  Le  cou rant  d 'essai  est  l e  courant  normal  et,  pour un  cou ran t a l ternati f,  l e  facteur de  
pu i ssance  doi t  être  d e  0 , 35  ou  moins  et  l e  courant d 'appel  d oi t  être  d e  1 0  fo i s  l e  courant  normal .  Le  con tacteur d ’essai  d oi t  être  l i bre  de  fonctionner,  c’ est-à-d i re  ne  pas  être  b loqué  
soi t  en  posi ti on  ouverte,  soi t  en  posi ti on  fermée.  

Une  valeur assignée  par mode  pi lote  à  courant  a l ternati f peu t  être  déterm inée  pou r u n  di sposi ti f de  commande  ayan t  été  soum is  à  essai  pou r l a  commande  d 'un  moteu r à  cou ran t 
a l ternati f su r l es  bases  su i vantes:  

– pendant  l ' essai  de  su rcharge,  on  a  fa i t  établ i r et  couper par l e  disposi ti f,  pendant  50  cycles  à  une  cadence  de  6  cycl es  par m inu te,  u n  courant  d ’ une  val eur équ ivalente  à  s i x foi s  
l e  courant  d u  moteur à  p l ei ne  charge  à  un  facteur d e  pu i ssance  de  0 , 5  ou  moins,  et  

–  l e  courant assigné  d 'appel  par mode pi lote  (1 0  foi s  l e  cou rant  normal )  ne  doi t  pas  être  de  p l us  de  67  %  de  l a  va leu r normale  de  l 'essai  d e  surcharge  décri t  ci -dessus.  
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 Cond i tions  thermiques  pour l es  essais   1 7.3

1 7.3. 1  Les exigences suivantes sont applicables à  toutes les parties du dispositif de 
commande  à  l'exception d'un élément thermosensible:  

– les parties qui sont accessibles lorsque le dispositif de commande  est monté selon les 
instructions du fabricant doivent être exposées à  la  température ambiante normale (voir 
4. 1 ) ;  

– la  surface de  montage du dispositif de commande doit être maintenue entre Ts  max,  et soit 
(Ts  max  +  5)  °C,  soit 1 , 05 fois Ts  max,  suivant la  valeur la  plus élevée;  

– le reste de la  tête de commande  doit être maintenu entre Tmax  et soit (Tmax  +  5)  °C,  soit 
1 , 05 fois Tmax,  suivant la  valeur la  plus élevée.  Si Tmin  est inférieure à  0 °C,  des essais 
complémentaires doivent être effectués avec la  tête de commande  maintenue entre Tmin  
et (Tmin  –  5)  °C.  

1 7.3.2  Pour les essais de  17. 8 et 17. 13,  les températures de  17.3. 1  sont applicables à  la  
seconde moitié de chaque essai.  Pour la  première moitié,  la  tête de commande  est 
maintenue à  la  température ambiante.  

Des échantillons supplémentaires seront nécessaires si les essais doivent être effectués aux 
deux températures (Tmax  et Tmin ) .  

 Cond i tions  manuel les  et mécan iques  des  essais   1 7.4

1 7.4. 1  Pour toutes les actions manuelles ,  chaque cycle de manœuvre  doit comprendre un  
mouvement de l'organe de manœuvre  tel que le dispositif de commande  prenne 
successivement toutes les positions correspondant à  cette action avec retour à  la  position 
initiale,  sauf si plusieurs positions ARRÊT du dispositif de commande  ont été prévues,  
auquel cas chaque action manuelle  doit comprendre un mouvement d'une position ARRÊT 
à  la  position ARRÊT suivante.  

1 7.4.2   L'organe de manœuvre  doit être  déplacé aux vitesses suivantes:  

– pour l'essai à  faible vitesse:  

 (9 ±  1 )° par s pour les mouvements rotatifs;  

 (5 ±  0, 5)  mm/s pour les mouvements linéaires;  

– pour l'essai à  grande vitesse: 

 l'organe de manœuvre  doit être déplacé à  la  main aussi vite que possible.  Si un 
dispositif de commande  n'est pas muni d'un organe de manœuvre ,  l'autorité 
responsable des essais doit l'équiper d'un organe de manœuvre  convenable;  

– pour l'essai à  vitesse accélérée:  

 (45 ± 5)° par s pour les mouvements rotatifs;  

 (25 ± 2, 5)  mm/s pour les mouvements linéaires.  

1 7.4.3  Pendant l'essai à  faible  vitesse de 17. 4. 2:  

il faut prendre soin que l'appareil d'essai actionne l'organe de manœuvre,  sans jeu excessif 
entre l'appareil d'essai et l'organe de manœuvre.  

1 7.4.4  Pendant l'essai à  vitesse accélérée de 17. 4. 2:  

– il faut prendre soin que l'appareil d'essai détermine le  libre déplacement de l'organe de 
manœuvre  de façon à  ne pas entraver le  fonctionnement normal du mécanisme;  

– pour les dispositifs  de commande  dans lesquels les mouvements de l'organe de 
manœuvre  sont limités:  
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•  il doit y avoir une pause d'au moins 2 s  à  chaque changement de sens;  

•  un couple (pour les dispositifs de commande  rotatifs)  ou une force (pour les 
dispositifs de commande non rotatifs)  doit être appliqué(e)  à  l'extrémité de chaque 
mouvement pour vérifier la  bonne tenue mécanique des butées.  Le couple exercé doit 
avoir une valeur de cinq fois le couple normal de commande ou 1 , 0 Nm suivant la  
valeur la  plus faible avec un minimum de 0, 2 Nm.  La  force appliquée doit avoir une 
valeur de cinq fois la  force normale de commande ou 45 N,  suivant la  valeur la  plus 
faible avec un minimum de 9 N.  Si le  couple normal de commande dépasse 1 , 0 Nm ou 
si la  force normale de commande dépasse 45 N,  le couple ou la  force appliqué(e)  doit 
être égal(e)  au couple ou à  la  force normal(e)  de commande; 

– pour les dispositifs de commande  rotatifs dont le mouvement n'est pas limité  dans les 
deux sens,  les trois quarts du nombre de cycles de manœuvre  de chaque essai doivent 
être effectués dans le sens des aiguilles d'une montre,  les autres cycles étant effectués 
en sens inverse;  

– pour les dispositifs de commande  unidirectionnels,  l'essai doit être effectué dans le sens 
spécifié  pour autant que les couples mentionnés ci-dessus ne permettent pas de faire 
tourner l'organe de manœuvre  dans le  sens opposé.  

1 7.4.5  Le dispositif de commande ne doit pas faire l'objet d'une lubrification supplémentaire  
au cours de ces essais.  

 Exigences  concernant  l a  rig id i té  d iélectrique  1 7.5

1 7.5. 1  Après tous les essais du présent article,  les exigences de 13. 2 doivent s’appliquer,  
mais les échantillons ne sont pas soumis à  l'épreuve hygroscopique avant l'application de la  
tension d'essai.  Les tensions d'essai doivent être de 75 %  des valeurs correspondantes de 
13. 2.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l a  tension  d ’essai  d oi t  être  d e  l a  val eu r spéci fi ée  en  1 3 . 2 .  

 Essai  de  viei l l i ssement  1 7.6

1 7.6. 1  Au cours de cet essai,  l'élément sensible  doit être maintenu à  la  valeur de la  
grandeur de manœuvre  qui a  été déterminée et utilisée à  l'Article  14.  Les autres parties du 
dispositif de commande doivent être maintenues aux températures indiquées en 17. 3.  Le 
dispositif de commande  est chargé électriquement comme décrit en 17. 2 pour les conditions 
de coupure applicables.  La durée de l'essai est de (100 + 0, 02 y)  h,  y étant la  valeur déclarée 
en 7. 2.  Cet essai s'applique aux dispositifs de commande  aux actions de  type 1 .M ou 2.M.  

1 7.6.2  Si au cours de cet essai,  l'action se déclenche,  la  valeur de la  grandeur de 
manœuvre  est augmentée ou diminuée de façon à  provoquer l'action inverse,  puis ramenée à  
une valeur différant d'une valeur «x»  de la  première pour permettre la  reprise de l'essai.  Cette 
opération peut être répétée autant de fois qu'il est nécessaire pour terminer l'essai ou jusqu'à  
ce que les limites de la  dérive  déclarée de 7. 2 soient dépassées,  lors de  la  répétition de  la  
procédure applicable de l'Article 15.  La valeur de «x»  est donnée dans la  partie 2 
correspondante.   

 Essai  de  surtension  (ou  essai  de  surcharge  au  Canada,  aux États-Un is  et  dans  1 7.7
tous  l es  pays  qu i  u ti l i sent un  essai  de  surcharge)  pour action  automatique  
accélérée  

1 7 .7. 1  Les conditions électriques doivent être celles spécifiées en 17. 2 pour une surtension 
(ou pour les conditions de surcharge) .  

1 7.7.2  Les conditions thermiques doivent être  celles spécifiées en 17. 3.  
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1 7.7.3  Méthode opératoire et vitesse de fonctionnement:  

– pour les actions de type 1 ,  la  vitesse de fonctionnement et la  méthode opératoire 
doivent faire l'objet d'un accord entre l'autorité  responsable des essais et le fabricant;  

– pour les actions de type 2,  la  méthode de fonctionnement doit être celle qui résulte de 
la  conception du dispositif.  Pour les actions de type 2 basées sur la  détection d'une 
grandeur,  le  taux de fonctionnement peut être augmenté,  soit à  l'accélération des cycles 
déclarée dans le Tableau 1 ,  ou soit les taux de changement de quantité  d’activation ne 
dépassent pas alpha2 et beta2 déclarées dans ce même paragraphe 

NOTE  1  La  méthode  opératoi re  cons iste  par exemple  à  remplacer l e  capi l l a i re  d 'u n  système hyd rau l i que  par un  
d i sposi ti f pneumatique,  ou  à  remplacer l e  moteur primaire  par un  moteu r à  vi tesse  d i fféren te.  

– Les dispositifs de commande  de type 2 sont soumis aux essais avec la  valeur 
d'ouverture la  plus défavorable déclarée au Tableau 1 ,  exigence 48.  

NOTE  2  Pou r l es  disposi ti fs  de  commande  fonctionnant à  l a  températu re  et  à  l a  press ion ,  i l  s 'ag i t  normalement 
de  l a  val eu r maximale.  

1 7.7.4  Pour les actions de type 2 basées sur la  détection d'une grandeur,  le dépassement à  
chaque cycle de fonctionnement doit être compris dans les limites déclarées en 7. 2.  

1 7.7.5  Pour une action basée sur la  détection d'une grandeur,  on peut augmenter la  pente 
de variation de  la  grandeur de manœuvre,  et pour les autres actions de type 1 ,  on peut 
inhiber le moteur primaire  entre les cycles de fonctionnement,  pour autant que cela  
n'affecte pas sensiblement les résultats de l'essai.  

1 7.7.6  Le nombre de cycles automatiques que comporte le présent essai est un dixième du 
nombre déclaré en 7. 2 ou 200 suivant la  valeur la  plus faible.  

1 7.7.7  Pendant l'essai,  les organes de manœuvre  sont placés dans leur position la  plus 
défavorable.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l e  nombre  de  cycles  es t  l im i té  à  50.  

 Essai  d 'action  automatique  accélérée  1 7.8

1 7.8. 1  Les conditions électriques doivent être celles spécifiées en 17. 2.   

1 7.8.2  Les conditions thermiques doivent être celles spécifiées en 17. 3.   

1 7.8.3  La  méthode opératoire et la  vitesse de fonctionnement doivent être celles utilisées 
au cours de  l’essai de 17.7.3.  

1 7.8.4  Le nombre de cycles automatiques (sauf pour les actions automatiques à fermeture 
et ouverture lentes,  comme indiqué plus loin)  doit être celui qui est déclaré en 7. 2 diminué 
du nombre de cycles effectivement exécutés au cours de l'essai de 17. 7.  Pendant cet essai,  
les organes de manœuvre  doivent être placés dans leur position la  plus défavorable.  
Pendant l'essai,  la  défaillance  d'un composant quelconque d'une action de type 1  qui n'est 
pas déterminante au regard des exigences de l'essai et que l'on peut,  selon toute  
vraisemblance,  attribuer à  l'accélération de l'essai,  ne doit pas constituer une cause de rejet,  
à  condition que le composant soit réparable ou remplaçable,  ou que l'essai puisse être 
poursuivi d'une manière différente et convenue,  de sorte que le nombre total de cycles 
automatiques spécifié  en  7. 2 puisse être  accompli.   
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1 7.8.4. 1  Pour les actions automatiques à fermeture et ouvertures lentes ,  le  nombre de  
cycles automatiques spécifiés en 17. 8. 4 et effectués au cours du présent essai est limité à  
75 %.  Les 25 %  restants correspondent à  l'essai de 17. 9.  

NOTE  Au  Canada  et  aux É tats-Un is ,  l e  nombre  de  cycles  pou r l es  actions  de  type  2  e t  certa i nes  actions  de  
type  1  est  spéci fi é.  

 Essai  d 'action  automatique  l ente  1 7.9

1 7.9. 1  Les actions automatiques à fermeture et ouverture lentes  doivent être soumises à  
essai par l'exécution du 25 %  restant de nombre de cycles automatiques spécifiés en 17. 8.  

1 7.9.2  Les conditions électriques et thermiques doivent être celles spécifiées en 17. 2 et 
17. 3.  

1 7.9.3  La  méthode opératoire consiste soit à  imposer une variation à  la  grandeur de 
manœuvre  que détecte l'élément sensible ,  soit à  agir sur le moteur primaire.  Pour les 
dispositifs de commande sensibles,  les pentes de variation de la  grandeur de manœuvre  
doivent être les valeurs α1  et β1  déclarées en 7. 2.  Pour un dispositif de commande 
sensible,  il est admis de changer la pente de variation de la  grandeur de manœuvre;  et pour 
un dispositif de commande automatique,  il est admis d'inhiber le moteur primaire  entre 
deux fonctionnements ,  à  condition que cela n'affecte pas sensiblement les résultats.  Pour 
les dispositifs de commande sensibles,  le  dépassement à  chaque fonctionnement  doit 
être compris entre les valeurs déclarées en 7. 2.  Pour l'application de cet essai à  une action 
de type 2,  il est essentiel de surveiller de manière continue et d'enregistrer la  valeur de 
fonctionnement,  les dépassements ou les séquences de fonctionnement.  

1 7.9.3. 1  Cette surveillance est également recommandée pour les autres types de dispositif 
de commande  de façon à  déterminer la  cohérence des essais.  

1 7.9.4  Si seulement la  fermeture,  ou l'ouverture,  est une action automatique  lente,  il est 
admis,  par suite d'accord intervenu entre l'autorité responsable des essais et le fabricant,  
d'accélérer le reste de l'action à  laquelle  les dispositions de 17. 8 sont applicables.  

 Essai  de  surtension  (ou  essai  de  surcharge au  Canada,  aux États-Un is  et  dans  1 7. 1 0
tous  l es  pays  qu i  u ti l i sent l 'essai  de  surcharge)  pour action  manuel le  accélérée  

1 7. 1 0. 1  Les conditions électriques doivent être celles spécifiées en 17. 2 pour une surtension 
(ou pour les conditions de surcharge) .  

1 7. 1 0.2  Les conditions thermiques doivent être  celles spécifiées en 17. 3.   

1 7. 1 0.3  La  méthode opératoire doit être celle  spécifiée en 17. 4 pour l’essai à  vitesse 
accélérée.  Le nombre de cycles de manœuvre  doit être un dixième du nombre déclaré en 7. 2 
ou 100,  suivant la  valeur la  plus faible.  Pendant l'essai,  les éléments sensibles  sont 
maintenus à  des valeurs appropriées de la  grandeur de manœuvre  et les moteurs 
primaires  sont disposés de manière que la  manœuvre  produise le  fonctionnement désiré.  

1 7. 1 0 .4  Au  Canada  et  aux États-Un i s  où  l 'essai  de  surcharge  est  appl i cable,  l e  nombre  de  cycl es  est  l im i té  à  
50.   

 Essai  d 'action  manuel le  à  faible  vi tesse  1 7. 1 1

1 7. 1 1 . 1  Les conditions électriques doivent être celles spécifiées en 17. 2.  

1 7. 1 1 .2  Les conditions thermiques doivent être  celles spécifiées en  17.3.  

1 7. 1 1 .3  La  méthode opératoire  doit être celle  spécifiée en 17. 4 pour l’essai à  faible  vitesse.  
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1 7. 1 1 .4  Le nombre de cycles de manœuvre  doit être un  dixième du nombre déclaré en 7. 2 
ou 100,  suivant la  valeur la  plus faible.  Pendant l'essai,  les éléments sensibles  sont 
maintenus à  des valeurs appropriées de la  grandeur de manœuvre  et les moteurs 
primaires  sont disposés de manière que la  manœuvre  produise le  fonctionnement désiré.  

 Essai  d 'action  manuel le  à  grande vi tesse  1 7. 1 2

NOTE  Cet essai  est  app l i cab le  u n iquement pou r l es  actions  mu l ti pola i res ,  et  l orsqu 'une  i nvers ion  de  pol ari té  se  
produ i t  pendant  cette  acti on .  

1 7. 1 2. 1  Les conditions électriques sont spécifiées en 17. 2.  

1 7. 1 2 .2  Les conditions thermiques sont celles spécifiées en 17. 3.  

1 7. 1 2 .3  La  méthode opératoire  est celle  spécifiée en 17. 4 pour l’essai à  grande vitesse.   

1 7. 1 2 .4  Le nombre de  cycles de manœuvre  est 100.  Pendant les essais,  les éléments 
sensibles  sont maintenus à  des valeurs appropriées de la  grandeur de manœuvre  et les 
moteurs primaires  sont disposés de manière que la  manœuvre  produise le fonctionnement 
désiré.  

1 7. 1 2 .5  Au  Canada  et  aux États-Un i s  où  l 'essai  de  surcharge  est  appl i cable,  l e  nombre  de  cycl es  est  l im i té  à  
50.   

 Essai  d 'action  manuel le  à  vi tesse  accélérée  1 7. 1 3

1 7. 1 3.1  Les conditions électriques sont celles spécifiées en 17. 2.  

1 7. 1 3.2  Les conditions thermiques sont celles spécifiées en 17. 3.  

1 7. 1 3.3  La  méthode opératoire  est celle  spécifiée en 17. 4 pour l'essai à  vitesse accélérée.  

1 7.1 3.4  Le nombre de cycles de manœuvre  est égal au nombre déclaré en 7. 2 diminué du 
nombre de cycles effectués au cours des essais de 17. 10,  17. 11  et 17. 12.  Pendant l'essai,  les 
éléments sensibles  sont maintenus à  des valeurs appropriées de la  grandeur de manœuvre  
et les moteurs primaires  sont disposés de  manière que la  manœuvre  produise le 
fonctionnement désiré.  

1 7.1 3.5  Pendant l'essai,  la  défaillance  d'un composant quelconque d'une action de type 1  
autre qu’un dispositif de commande de protection  qui n'est pas déterminante au regard des 
exigences de l'essai ne constitue pas une cause de rejet à  condition que le composant soit 
réparable ou remplaçable ou que l'essai puisse être poursuivi d'une manière différente et 
convenue telle  que le  nombre total de cycles de manœuvre  spécifié  puisse être accompli.  

 Évaluation  de  l a  conformité  1 7 . 1 4

Après l'exécution de tous les essais applicables de 17. 6 à  17. 13 inclus,  modifiés selon la  
partie  2 correspondante,  le dispositif de commande  doit être considéré comme conforme:  

– si toutes les actions automatiques et manuelles fonctionnent de la  manière prévue selon 
les termes de la  présente norme;  

–  si les exigences de l'Article 14 concernant les points désignés à  la  Note de bas de tableau 
a  du Tableau 13,  c'est-à-dire les bornes,  les parties transportant le  courant et les surfaces 
de support,  sont encore satisfaites;  

– si les exigences des Articles et Paragraphe 8,  17. 5 et 20 sont toujours satisfaites.  Pour les 
essais de 17. 5 et de l'Article 20,  les dispositifs de commande  pour lesquels des 
échantillons spéciaux ont été  soumis à  l'Article  13 sont soumis à  essai dans une condition 
adéquate pour s'assurer que les contacts sont ouverts;  
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– si,  pour les actions de type 2,  lors de la  répétition de l'essai applicable de l'Article 15,  la  
valeur de fonctionnement,  le  temps de fonctionnement ou la  séquence de 
fonctionnement se trouve,  selon le cas déclaré,  soit à  l'intérieur de la  plage des valeurs 
de la  dérive,  soit l'intérieur de la  plage des valeurs d'une combinaison de la  dérive  et des 
tolérances de fabrication;  

– si les coupures de circuit déclarées pour chaque action manuelle  peuvent encore être 
obtenues;  

– s'il n'y a  aucune trace de pannes  électriques transitoires entre  les parties actives  et les 
parties métalliques mises à  la  terre,  les parties métalliques accessibles ou les organes de 
manœuvre.  

Voi r auss i  l 'Annexe  H .  

 Vacant 1 7. 1 5

 Essai  pour l es  d ispositi fs  à  usages  particu l iers  1 7 . 1 6

Les essais applicables pour les dispositifs de commande  à  usages particuliers sont 
spécifiés dans la  partie 2 correspondante.  

1 7. 1 7  à  1 7.1 8  Voi r Annexe  J .  

1 8  Résistance mécanique 

 Exigences  générales  1 8. 1

1 8. 1 . 1  Les  disposi ti fs  de  commande  d o ivent être  constru i ts  de  man ière  à  pouvoi r 
supporter l es  contrain tes  mécan iques  susceptib les  de  se  produ ire  en  usage  normal .  

1 8. 1 .2  Les  organes  de  manœuvre  d es  dispositi fs  de  commande des  classes  I  et  I I  ou  
des  dispositi fs  d esti nés  à  des  apparei ls  des  classes  I  et  I I  doiven t avoi r une  rés istance  
mécan ique  suffisan te  ou  être  constru i ts  de  façon  qu 'une  protection  adéquate  con tre  les  chocs  
é lectriques  soi t  main tenue  en  cas  de  rupture  de  l 'organe de  manœuvre .  

1 8. 1 .3  Les  d ispositi fs  de  commande intégrés  et  incorporés  n 'on t pas  à  subir l es  essais  
de  1 8. 2  car l eur rés istance  aux chocs  sera  soum ise  à  essai  se lon  l a  norme particu l i ère  de  
l 'apparei l .  

1 8. 1 .4  La  conformité est vérifiée  par les essais applicables de  18. 2 à  18.8 inclus effectués 
séquentiellement sur un échantillon.  

1 8. 1 .5  Après les essais appropriés,  le dispositif de commande  ne  doit présenter aucun 
dommage qui compromettrait la  conformité à  la  présente norme et en particulier aux 
exigences des Articles 8,  13 et 20.  On ne doit pas constater de décollement des revêtements,  
barrières ou autres éléments d'isolation.  

Il doit encore être possible d'enlever et de replacer les parties amovibles et autres parties 
externes,  telles que  les capots,  sans que ces parties ou leurs revêtements ne  se brisent.  

Après cet essai,  le  dispositif de commande  doit pouvoir être manœuvré dans toutes les 
positions qui correspondent à  une coupure totale  ou à  une microcoupure  de circuit.  

En cas de doute,  l'isolation supplémentaire  ou l'isolation renforcée  est soumise à  un essai 
de rigidité  diélectrique selon les exigences de l'Article  13.  

Une détérioration de la  peinture,  de faibles renfoncements qui ne réduisent pas les lignes de 
fuite  ou les distances dans l'air au-dessous des valeurs spécifiées à  l'Article 20 et de  
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petites ébréchures qui n'affectent pas la  protection contre les chocs électriques ou l'humidité 
ne sont pas retenus.  Des fissures non visibles à  l'œil nu et des fissures superficielles dans 
des matières moulées en fibre renforcée et matières analogues sont négligées.  Si une 
enveloppe  décorative est doublée par une enveloppe  intérieure,  il n'est pas tenu compte du 
bris de l'enveloppe  décorative,  si l'enveloppe  intérieure satisfait à  l'essai après l'enlèvement 
de l'enveloppe  décorative.  

1 8. 1 .6  Au  Canada  et  aux États-Un is ,  s i  l es  fi l ets  pour l e  branchement  d ' un  condu i t  métal l i que  son t  taraudés  sur 
l a  total i té  d ' un  trou  dans  une  paro i  d 'une  envel oppe  ou  s i  une  construction  équ i val ente  est  u ti l i sée,  i l  ne  doi t  pas  y 
avoi r d 'arête  vi ve,  pas  moins  de  troi s  n i  p l us  de  ci nq  fi l ets  complets  dans  l e  métal  et  l a  construction  d u  d i sposi ti f 
doi t  être  tel l e  qu 'une  dou i l l e  de  condu i t  appropri ée  pu i sse  être  fi xée  correctement.  

1 8. 1 .6. 1  Au  Canada  et  aux États-Un is ,  s i  l es  fi l ets  pou r l e  branchement  d 'un  condu i t  métal l i que  ne  sont  pas  
taraudés  su r l a  tota l i té  d 'un  trou  dans  une  paroi  d ' une  enveloppe,  l e  manchon  d 'un  condu i t  ou  é l ément anal ogue,  i l  
doi t  y avoi r au  moins  3 , 5  fi l ets  complets  dans  l e  métal ;  ce  taraudage  sera  doté  d ' une  bu tée  de  condu i t  et  au ra  un  
trou  d 'en trée  l i sse  b ien  arrond i  d 'u n  d i amètre  i n terne  approximativement  égal  à  cel u i  d u  condu i t  métal l i que  ri g i de  
de  ta i l l e  correspondante  qu i  d oi t  procu rer u ne  protection  aux conducteurs  équ i va len te  à  cel l e  procurée  par u ne  
dou i l l e  d e  condu i t  s tandard .  

1 8. 1 .6.2   Aux États-Un is ,  une  envel oppe  fi l etée  pou r supporter un  condu i t  métal l i que  ri g i de  doi t  présenter au  
moins  ci nq  fi l ets  complets  pour l ' i nserti on  d u  condu i t.  

La conformité  à  18. 1 . 6,  18. 1 . 6. 1  et 18. 1 . 6. 2 est vérifiée par examen.  

1 8. 1 .6.3  Au  Canada  et  aux É tats-Un is ,  un  manchon  de  condu i t  ou  manchon  fi l eté  fi xé  à  l ' envel oppe  par 
serti ssage  ou  par u n  moyen  s im i l a i re  doi t  pouvoi r rés i ster sans  arrachement  aux essais  su i van ts :  

– traction  d i recte  de  890  N  pendant 5  m in .  Pour cet  essai ,  l e  d i sposi ti f est  tenu  d ’être  supporté  par un  condu i t  
ri g i de  de  l a  man ière  prévue  et  de  supporter un  poids  suspendu  de  90, 8  kg ;  

– l e  d i spos i ti f est  tenu  d ’être  supporté  de  façon  ri g i de  par u n  moyen  au tre  que  l es  raccords  de  condu i t.  Une  force  
de  fl exion  de  67, 8  Nm  est  à  appl i quer pendant 5  m in  au  condu i t  perpend icu la i rement à  son  axe  et  l e  bras  de  
l evi er à  mesurer d e  l a  paroi  de  l 'enve loppe  sur l aque l l e  l e  manchon  est  s i tué  au  poin t  d 'app l i cation  de  l a  force  
de  fl exion ;  

– un  couple  de  67, 8  Nm  est  à  appl i q uer au  condu i t  pendant  5  m in  dans  l e  sens  d u  serrage  de  l a  connexion  et  l e  
bras  de  l evier à  mesurer à  part i r du  centre  du  condu i t.  

I l  peu t  s 'en  su i vre  une  déformation  de  l 'enve loppe  en  essai .  Cette  déformation  ne  consti tue  pas  une  défai l l ance .  

 Résistance  aux chocs  1 8.2

1 8.2. 1  A  l'exception des dispositions de 18. 4,  les dispositifs de commande  intercalés  
dans un câble souple,  séparés  et à montage indépendant sont vérifiés en appliquant des 
coups à  l'échantillon au moyen de l'appareil prévu dans l’IEC 60068-2-75.  

1 8.2.2  Toutes les surfaces qui sont accessibles lorsque le dispositif de commande  est 
monté  comme en usage normal sont soumises à  essai avec l'appareil de choc.  

1 8.2.3  Les dispositifs de commande  sont maintenus en contact avec une plaque carrée de 
175 mm de côté de contreplaqué de 8 mm d'épaisseur sans aucun renfort métallique,  montée 
verticalement sur un bâti rigide fixé à  un mur massif de brique,  de béton ou matériau 
analogue.  

1 8.2.4  Des coups sont appliqués à  toutes les surfaces accessibles,  y compris les organes 
de manœuvre,  sous des angles quelconques,  l'appareil d'essai étant étalonné pour délivrer 
une énergie de (0, 5 ± 0, 04)  Nm.  

1 8.2.4. 1  Les dispositifs de commande  au pied doivent être soumis au même essai,  mais 
en utilisant un  appareil d'essai étalonné pour délivrer une énergie de choc de (1 , 0 ±  0, 05)  Nm.  

1 8.2.5  Pour toutes les surfaces,  trois coups sont appliqués en chaque point qui est 
susceptible de présenter une faiblesse.  
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1 8.2.5. 1  Il faut veiller à  ce que les conséquences de chaque série  de trois  coups n'aient pas 
d'influence sur la  série suivante.  

1 8.2.5.2  Si l'on se doute qu'un défaut a  été favorisé par l'application des coups précédents,  
ce défaut est négligé et le groupe de trois coups qui a  entraîné le défaut est appliqué au 
même endroit sur un nouvel échantillon,  qui doit alors satisfaire à  l'essai.  

1 8.2.6  Les lampes de signalisation et leurs capots  ne sont soumis à  cet essai que s'ils font 
saillie par rapport à  l'enveloppe de plus de 10 mm ou si leur surface dépasse 4 cm² à  moins 
qu'ils ne fassent partie  d'un organe de manœuvre,  auquel cas ils doivent être soumis à  essai 
de la  même manière qu'un organe de manœuvre.  

 Vacant  1 8.3

 Variante  de  conformité  – Résistance aux chocs  1 8.4

NOTE  Au  Canada  et  aux États-Un is ,  l es  épaisseurs  m in imales  de  l a  feu i l l e  d e  métal  ou  de  l 'envel oppe  métal l i que  
i nd i quées  dans  l es  Tabl eaux 1 7  et  1 8  sont  consi dérées  comme sati sfai san t  aux exi gences  de  1 8. 2  et  l es  essais  
spéci fi és  ne  sont  pas  requ is .  

Tableau  1 7  (1 8.4.1  de  l ’ éd i tion  3)  – Épaisseur min imale  de  l a  feu i l le  métal l ique  pour l es  
enveloppes  en  acier au  carbone ou  en  acier inoxydable  

Sans  cadre  de  support a  Avec cadre  de  support ou  renforcement 
équ ivalent a  

Épaisseur m in imale  en  pouces  
(mm)  

Largeur maximale  b  

en  pouces  (cm)  
Longueur 
maximale  c  

en  pouces  (cm)  

Largeur maximale  b  

en  pouces  (cm)  
Longueur 
maximale  c  

en  pouces  (cm)  

Non  recouvert  Recouvert de  
métal  

 4 , 0  (1 0 , 2)  Non  l im i tée   6 , 25  (1 5, 9)  Non  l im i tée  0 , 020  d  (0 , 51 )  0 , 023  d  (0 , 58)  
 4 , 75  (1 2 , 1 )   5 , 75  (1 4, 6)   6 , 75  (1 7, 1 )   8 , 25   (21 , 0)    
 6 , 0  (1 5, 2)  Non  l im i tée   9 , 5  (24, 1 )  Non  l im i tée  0 , 026d  (0 , 66)  0 , 029  d  (0 , 74)  

 7 , 0  (1 7, 8)   8 , 75  (22, 2)   1 0 , 0  (25, 4)   1 2 , 5  (31 , 8)    

 8 , 0  (20, 3)  Non  l im i tée   1 2 , 0  (30, 5)  Non  l im i tée  0 , 032  (0 , 81 )  0 , 034  (0, 86)  
 9 , 0  (22 , 9)   1 1 , 5   (29, 2)   1 3, 0  (33, 0)   1 6, 0  (40, 6)    
 1 2 , 5  (31 , 8)  Non  l im i tée   1 9, 5  (49, 5)  Non  l im i tée  0 , 042  (1 , 07)  0 , 045  (1 , 1 4)  

 1 4 , 0  (35, 6)   1 8 , 0   (45, 7)   21 , 0  (53, 3)   25, 0  (63, 5)    
 1 8 , 0  (45, 7)  Non  l im i tée   27, 0  (68, 6)  Non  l im i tée  0 , 053  (1 , 35)  0 , 056  (1 , 42)  
 20 , 0  (50, 8)   25, 0   (63, 5)   29, 0  (73, 7)   36, 0  (91 , 4)    

 22 , 0  (55, 9)  Non  l im i tée   33, 0  (83, 8)  Non  l im i tée  0 , 060  (1 , 52)  0 , 063  (1 , 60)  
 25, 0  (63, 5)   31 , 0   (78, 7)   35, 0  (88, 9)   43, 0  (1 09, 2 )    

 25, 0  (63, 5)  Non  l im i tée   39, 0  (99, 1 )  Non  l im i tée  0 , 067  (1 , 70)  0 , 070  (1 , 78)  

 29, 0  (73, 7)   36, 0   (91 , 4)   41 , 0  (1 04, 1 )   51 , 0  (1 29, 5)    
 33 , 0  (83, 8)  Non  l im i tée   51 , 0  (1 29, 5)  Non  l im i tée  0 , 080  (2 , 03)  0 , 084  (2 , 1 3)  
 38, 0  (96, 5)   47 , 0   (1 1 9, 4)   54, 0  (1 37, 2 )   66, 0  (1 67, 6)    

 42 , 0  (1 06, 7)  Non  l im i tée   64, 0  (1 62, 6)  Non  l im i tée  0 , 093  (2 , 36)  0 , 097  (2 , 46)  
 47 , 0  (1 1 9, 4)   59, 0   (1 49, 9)   68, 0  (1 72, 7)   84, 0  (21 3, 4)    
 52 , 0  (1 32, 1 )  Non  l im i tée   80, 0  (203, 2 )  Non  l im i tée  0 , 1 08  (2 , 74)  0 , 1 1 1  (2 , 82)  

 60 , 0  (1 52, 4)   74 , 0   (1 88, 0)   84, 0  (21 3, 4)   1 03, 0  (261 , 6)    
 63 , 0  (1 60, 0)  Non  l im i tée   97, 0  (246, 4)  Non  l im i tée  0 , 1 23  (3 , 1 2 )  0 , 1 26  (3, 20)  

 73, 0  (1 85, 4)   90 , 0   (228, 6)   1 03, 0  (261 , 6)   1 27, 0   (322, 6)    
a  En  référence  aux Tableaux 1 7  et  1 8,  un  cadre  support  est  une  s tructu re  d 'ang le  ou  u ne  gou l otte  ou  u ne  section  ri g i de  

pl i ée  de  feu i l l e  métal l i q ue,  fi xée  de  façon  ri g i de  à  l a  su rface  enve loppe  et  ayant  approximativement  l es  mêmes  d imensions  
extérieures;  i l  a  u ne  ri g i d i té  en  tors ion  su ffi sante  pour rés i s ter aux moments  de  tors ion  q u i  peuvent  être  appl i q ués  par 
l ' i n terméd iai re  d e  l a  su rface  enveloppe  l orsqu 'e l l e  est  tordue.  Une  construction  consi dérée  comme ayant u n  renforcement 
équ i va len t  peu t  être  réal i sée  par d es  conceptions  offrant  u ne  structure  auss i  ri g i de  qu 'une  s tructu re  constru i te  avec un  
cadre  angu lai re  ou  des  gou l ottes.  Les  constructions  considérées  comme ne  comportant  pas  de  cadre  support  sont:  a )  une  
feu i l l e  s imple  avec fl asques  s imples  préformés  ou  bords  préformés,  b)  une  feu i l l e  s imple  ondu lée  ou  stri ée,  c)  une  surface  
enveloppe  attachée  de  façon  l âche  à  un  support,  par exemple  par des  cl i ps  à  ressort.  

b   La  l argeur est  l a  p l us  peti te  d imension  d 'u ne  feu i l l e  d e  métal  rectangu lai re  q u i  fa i t  parti e  de  l 'enve loppe.  Les  surfaces  
ad jacentes  d ' une  envel oppe  peuvent  avoi r des  supports  communs  et  être  fa i tes  dans  une  feu i l l e  s imple.  

c   «Non  l im i tée»  ne  s 'appl i q ue  q ue  s i  l e  bord  de  l a  su rface  es t  un  fl asque  d 'au  moins  0 , 5  i n  (1 2 , 7  mm)  ou  est  fi xé  à  des  
surfaces  ad j acentes  qu i  n e  son t  pas  en levées  en  usage  normal .  

d   La  feu i l l e  d 'acier pour une  enveloppe  desti née  à  u n  usage  à  l 'extéri eu r ne  doi t  pas  avoi r une  épa isseur i n férieu re  à  0 , 034  
i n  (0 , 86  mm)  s i  e l l e  est  recouverte  de  zi nc et  i n féri eure  à  0 , 032  i n  (0 , 81  mm)  s i  e l l e  n 'est  pas  recouverte.  
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Tableau  1 8  (1 8.4.2  de  l ’ éd i tion  3)  – Épaisseur min imale  de  l a  feu i l le  métal l ique  pour l es  
enveloppes  en  alumin ium,  cu ivre  ou  l ai ton  

Sans  cadre  de  support a  Avec cadre  de  support ou  renforcement équ ival ent a  

Largeur maximale  b  

en  pouces  (cm)  
Longueur maximale  c  

en  pouces  (cm)  
Largeur maximale  b  

en  pouces  (cm)  
Longueur maximale  c  

en  pouces  (cm)  
Épaisseur maximale  
en  pouces  (mm) 

 3 , 0  (7, 6)  Non  l im i tée   7 , 0  (1 7, 8)  Non  l im i tée  0 , 023  d  (0 , 58)  
 3 , 5  (8 , 9)  4 , 0  (1 0 , 2 )   8 , 5  (21 , 6)  9 , 5   (24, 1 )   
 4 , 0  (1 0 , 2)  Non  l im i tée   1 0 , 0  (25, 4)  Non  l im i tée  0 , 029   (0 , 74)  

 5 , 0  (1 2 , 7)  6 , 0  (1 5, 2 )   1 0 , 5  (26, 7)  1 3, 5   (34, 3)   
 6 , 0  (1 5, 2)  Non  l im i tée   1 4 , 0  (35, 6)  Non  l im i tée  0 , 036   (0 , 91 )  

 6 , 5  (1 6, 5)  8 , 0  (20, 3)   1 5, 0  (38, 1 )  1 8 , 0   (45, 7)   

 8 , 0  (20, 3)  Non  l im i tée   1 9 , 0  (48, 3)  Non  l im i tée  0 , 045   (1 , 1 4)  
 9 , 5  (24, 1 )  1 1 , 5  (29, 2)   21 , 0  (53, 3)  25, 0   (63, 5)   
 1 2 , 0  (30, 5)  Non  l im i tée   28, 0  (71 , 1 )  Non  l im i tée  0 , 058   (1 , 47)  

 1 4 , 0  (35, 6)  1 6 , 0  (40, 6)   30 , 0  (76, 2)  37, 0   (94, 0)   
 1 8, 0  (45, 7)  Non  l im i tée   42 , 0  (1 06, 7)  Non  l im i tée  0 , 075   (1 , 91 )  
 20, 0  (50, 8)  25, 0  (63, 4)   45, 0  (1 1 4, 3)   55, 0   ( 1 39, 7)   

 25, 0  (63, 5)  Non  l im i tée   60 , 0  (1 52, 4)  Non  l im i tée  0 , 095   (2 , 41 )  
 29, 0  (73, 7)  36, 0  (91 , 4)   64 , 0  (1 62, 6)   70 , 0   ( 1 98, 1 )   

 37, 0  (94, 0)  Non  l im i tée   87, 0  (221 , 0)  Non  l im i tée  0 , 1 22   (3 , 1 0)  

 42 , 0  (1 06, 7)  53, 0  (1 34, 6)   93 , 0  (236, 2 )   1 1 4, 0   (289, 6)   
 52 , 0  (1 32, 1 )  Non  l im i tée   1 23, 0  (31 2, 4)  Non  l im i tée  0 , 1 53   (3 , 89)  
 60, 0  (1 52, 4)  74, 0  (1 88, 0)   1 30, 0  (330, 2 )  1 60, 0   (406, 4)   
a  En  référence  aux Tabl eaux 1 7  et  1 8 ,  un  cad re  support  est  une  structure  d 'ang le  ou  une  gou lotte  ou  u ne  section  ri g i de  p l i ée  
de  feu i l l e  métal l i que,  fi xée  de  façon  ri g i de  à  l a  su rface  d 'enve loppe  et  ayan t approximati vement l es  mêmes  d imensions  
extérieures;  i l  a  u ne  ri g i d i té  en  tors i on  su ffi sante  pour rés i ster aux moments  de  tors ion  qu i  peuvent être  appl i q ués  par 
l ' i n terméd iai re  de  l a  surface  enve loppe  l orsqu 'e l l e  est  tordue.  Une  construction  consi dérée  comme ayant  un  renforcement 
équ i va len t  peu t  être  réal i sée  par d es  conceptions  offrant  u ne  structure  aussi  ri g i de  q u 'une  structure  constru i te  avec un  
cadre  angu la i re  ou  des  gou lottes.  Les  constructions  cons idérées  comme ne  comportant  pas  de  cadre  support  sont:  a)  une  
feu i l l e  s imple  avec fl asques  s imples  préformés  ou  bords  préformés,  b)  une  feu i l l e  s imple  ondu l ée  ou  stri ée,  c)  une  surface  
enveloppe  attachée  de  façon  l âche  à  un  support,  par exemple  par des  cl i ps  à  ressort.  

b  La  l argeu r est  l a  p l us  peti te  d imension  d 'u ne  feu i l l e  de  métal  rectangu l ai re  qu i  fa i t  parti e  d e  l ' envel oppe.  Les  su rfaces  
ad jacentes  d ' une  envel oppe  peuvent  avoi r des  supports  communs  et  être  fai tes  dans  une  feu i l l e  s imple.  

c   «Non  l im i tée»  ne  s 'appl i que  q ue  s i  l e  bord  de  l a  su rface  est  un  fl asque  d 'au  moins  0 , 5  i n  (1 2 , 7  mm)  ou  est  fi xé  à  d es  
su rfaces  ad j acentes  qu i  n e  son t  pas  en levées  en  usage  normal .  

d  Les  feu i l l es  d 'a l um in ium ,  de  cu ivre  ou  de  l a i ton  pour une  envel oppe  desti née  à  un  u sage  à  l ' extéri eu r (étanche  ou  
imperméable)  ne  doi ven t  pas  avoi r une  épaisseu r i n féri eu re  à  0 , 029  i n  (0 , 74  mm).  

 

1 8.4. 1  Le  métal  forgé  doi t  avoi r une  épaisseur d 'au  moins  3  mm  et  d 'au  p lus  6  mm  aux 
endroi ts  destinés  aux trous  fi letés  pour l es  condu i ts .  Tou tefois ,  l e  métal  «mou lé»  peu t avoir 
une  épaisseur d 'au  moins  1 , 6  mm  sur une  surface  au  p lus  égale  à  1 50  cm ² et n 'ayan t pas  de 
d imension  supérieure  à  1 50  mm  aux au tres  endroi ts  que  ceux prévus  pour les  trous  fi l etés  
pour l es  condu i ts,  et  peut avoi r une  épaisseur de  2 , 4  mm  au  moins  pour les  surfaces  p l us  
l arges.  

 D i spositi fs  de  commande séparés  1 8 .5

1 8.5. 1  Les dispositifs de commande séparés  doivent en plus être vérifiés par l'essai de 
18. 5. 2 et 18. 5. 3 à  l'aide de l'appareil représenté à  la  Figure 4.  

1 8.5.2  Deux mètres de  câble souple du type le plus léger spécifié  en  10. 1 . 4 doivent être 
raccordés aux bornes d'entrée et fixés de la  manière prévue.  Les dispositifs de commande  
destinés à  être utilisés avec un  câble souple  raccordé aux bornes de sortie doivent de même 
être équipés de 2 m du type de câble le plus léger prévu,  raccordés et disposés de la  manière 
illustrée à  la  Figure 4.  

L'échantillon doit être posé ou placé sur une surface de verre,  comme illustré,  et le câble 
souple doit être soumis à  une traction progressive ne dépassant pas la  valeur indiquée au 
Tableau 9.  Si l'échantillon bouge,  il est tiré aussi lentement que possible  sur la  surface de 
verre jusqu'à ce  qu'il tombe sur le bois dur recouvert de  béton.  
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La hauteur de la  surface de verre au-dessus de la  surface de bois est de 0, 5 m.  Les 
dimensions du bois dur recouvert de béton doivent être suffisantes pour que le dispositif de 
commande  y reste après sa  chute.  

Cet essai est répété trois fois.  

1 8.5.3  Après les essais,  l'échantillon doit être évalué comme indiqué en 18. 1 . 5.  

 D isposi ti fs  de  commande intercalés  dans  un  câble  souple  1 8.6

1 8.6. 1  Les dispositifs de commande intercalés  dans un câble souple  autres que les 
dispositifs de commande séparés  doivent en plus être soumis à  un essai de chutes 
répétées dans le  tambour rotatif de  la  Figure 5.  La largeur du tambour ne doit pas être 
inférieure à  200 mm et doit être suffisante pour permettre la  chute libre du dispositif équipé 
des câbles comme spécifié en 18.6. 2.  

1 8.6.2  Les dispositifs de commande  à  câbles fixés à demeure  ayant des fixations de 
type X doivent être équipés du ou des câbles souples de la  plus petite  section spécifiée en 
10. 1 . 4,  avec une longueur libre d'environ 50 mm.  Les bornes sont serrées avec un couple 
égal aux deux tiers du couple spécifié en 19. 1 .  Les dispositifs  à  câbles fixés à demeure  
ayant des fixations du type M,  du type Y et du type Z doivent être soumis à  essai avec le(s)  
câble(s)  souple(s)  déclaré(s)  ou fourni(s)  avec les échantillons,  ce(s)  câble(s)  étant coupé(s)  
de  manière à  dépasser d'environ 50 mm du dispositif.  

1 8.6.3  L'échantillon tombe d'une hauteur de 50 cm sur une plaque d'acier de 3 mm 
d'épaisseur,  le  nombre de chutes étant:  

– de 1  000 si la  masse de l’échantillon sans câble  ne dépasse pas 100 g;  

– de  500 si la  masse de l’échantillon  sans câble est comprise entre 100 g et 200 g.  

1 8.6.4  Les dispositifs de commande intercalés  dans un câble souple  dont la  masse 
dépasse 200 g ne sont pas soumis à  l'essai de chutes répétées dans le tambour rotatif mais 
doivent être soumis à  l'essai de 18. 5.  

1 8.6.5  La  vitesse de rotation du tambour est cinq tours par min,  ce qui correspond à  10 
chutes par minute.  

1 8.6.6  Après cet essai,  le  dispositif de commande  doit être évalué comme indiqué en 
18. 1 . 5.  Une attention spéciale est portée aux connexions du (des)  câble(s)  souple(s)  

 D i spositi fs  de  commande à  cordon  de  traction  1 8.7

1 8.7. 1  Les dispositifs de commande à cordon de traction  doivent être en plus soumis à  
essai de  la  manière décrite  en  18. 7.2 et 18. 7. 3.  

1 8.7.2  Le  dispositif de commande doit être  monté conformément aux déclarations du 
fabricant et le cordon doit être soumis à  une traction constante,  sans secousses,  pendant  
1  min dans la  direction normale  de manœuvre,  puis pendant 1  min dans la  direction la  plus 
défavorable,  mais ne  dépassant pas 45° de la  direction normale.  

1 8.7.3  Les forces de traction applicables sont données dans le  Tableau 19.  
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Tableau  1 9  (1 8.7  de  l ’ éd i tion  3)  – Valeurs  d ’essai  des  forces  de  cordon  de  traction   

 
Couran t assigné  

Force  
N  

A Direction  normale  Direction  l a  plus  défavorable  

J usqu 'à  4  i ncl us  50  25  

P l us  de  4  1 00  50  

 

1 8.7.4  Après cet essai,  le  dispositif de commande  doit être évalué comme indiqué en 
18. 1 . 5.  

 D i sposi ti fs  de  commande au  p ied  1 8.8

1 8.8. 1  Les dispositifs de commande  au pied doivent en plus être soumis à  essai de la  
manière suivante:  

1 8.8.2  Le dispositif est soumis à  une force appliquée au moyen d'une plaque de pression 
circulaire en  acier d'un diamètre de 50 mm.  La  force est augmentée progressivement d'une 
valeur initiale d'environ 250 N à  une valeur finale de 750 N en 1  min,  après quoi elle est 
maintenue à  cette  valeur pendant 1  min.  

1 8.8.3  Le  dispositif de commande  équipé d'un câble souple approprié est placé sur un 
support horizontal plat en acier.  La  force est appliquée trois fois sur l'échantillon occupant 
des positions différentes parmi les positions plus défavorables.  

1 8.8.4  Après l'essai,  le  dispositif de commande  doit être  évalué comme indiqué en 18. 1 . 5.  

 Organe de  manœuvre  et l iaisons  de  manœuvre  1 8.9

1 8.9. 1  Les dispositifs de commande  équipés ou destinés à  être équipés d'organes de 
manœuvre  doivent être soumis à  essai de la  manière suivante.  

– Tout d'abord,  une traction axiale  doit être appliquée pendant 1  min pour essayer 
d'arracher l'organe de manœuvre  du dispositif.  

– Si la  forme est telle que l'application d'une traction axiale n'est pas possible en usage 
normal,  le  premier essai n'est pas applicable.  

–  Si l'organe de manœuvre  a  une forme telle que l'application d'une traction axiale est 
improbable en  usage normal,  la  force d'essai est de 15 N.  

– Si la  forme est telle  que l'application d'une traction axiale est probable,  la  force d'essai est 
de  30 N.  

– Ensuite,  une pression axiale de 30 N est appliquée pendant 1  min à  chaque organe de 
manœuvre.  

1 8.9.2  Pour un dispositif de commande  destiné à  fonctionner avec un organe de 
manœuvre,  mais soumis aux essais sans cet organe,  ou pour un dispositif destiné à  
comporter un organe de manœuvre  facilement amovible,  une traction et une pression de 
30 N sont appliquées à  la  liaison de manœuvre.  

NOTE  Les  matières  de  rempl i ssage  et  l es  matières  analogues,  au tres  que  l es  rés ines  du rci ssan t à  l 'a i r,  ne  son t  
pas  considérées  comme sati sfai san tes  pou r évi ter l e  d esserrage.  

1 8.9.3  Pendant et après chacun de ces essais,  le dispositif de commande ne doit 
présenter aucun dommage et un  organe de manœuvre  ne doit pas se  déplacer de manière à  
compromettre la  conformité  à  la  présente norme.  
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1 9  Pièces  fi letées  et connexions  

 P i èces  fi letées  déplacées  lors  du  montage  et  des  opérations  d 'entretien  1 9. 1

1 9. 1 . 1  Les  p ièces  fi l etées,  é lectri ques  ou  au tres,  qu i  sont susceptib les  d 'être  manœuvrées  
l ors  du  montage  ou  de  l 'entretien  d u  dispositi f de  commande  d o iven t  être  capables  de  
rés ister aux efforts  mécan iques  qu i  se  produ isent  en  usage  normal .   

NOTE  Les  pi èces  fi l etées  qu i  sont  manœuvrées  l ors  du  montage  ou  de  l 'entretien  d u  disposi ti f de  commande  
comprennent  l es  vi s  des  bornes,  l es  vi s  des  d i spos i ti fs  d 'arrêt  de  traction  et  de  tors ion ,  l es  vi s  de  fi xation  et  d e  
montage,  l es  écrous,  l es  bagues  taraudées  et  l es  vi s  d e  fi xati on  des  couvercles  et  d es  capots.  

1 9. 1 . 2  Ces  pièces  doiven t être  faci l es  à  remonter après  qu 'e l l es  on t été  dévissées  
complètement.  

NOTE  Les  constructions  q u i  empêchent  l ' en l èvement  complet  d 'une  pi èce  fi l etée  sont  considérées  comme 
rempl i ssan t cette  exigence.  

1 9. 1 .3  Ces  p ièces  fi l etées  doiven t avoir un  fi l etage  métri que  I SO  ou  un  fi l etage  d 'efficaci té  
équ ivalente.  

NOTE  Provisoi rement,  l es  fi l e tages  S I ,  BA et  Un i fi és  son t  considérés  comme ayant u ne  effi caci té  équ i val ente  aux 
fi l etages  métri ques  I SO.  Un  essai  d 'équ i val ence  d 'effi caci té  est  à  l 'étude.  En  attendant  q u ' i l  soi t  ag réé,  tou tes  l es  
val eu rs  de  coupl e  appl i cables  à  des  fi l etages  au tres  q ue  I SO (métri ques),  S I ,  BA,  et  Un i fi és  son t  augmentées  de  
20  % .  

1 9. 1 .4  S i  une  tel l e  partie  fi l etée  est une  vis  et qu 'el l e  créé  un  fi l etage  dans  une  autre  partie ,  
e l l e  ne  doi t  pas  être  du  type  à  fi let  coupant.  E l l e  peu t être  du  type  autotaraudeuse.  I l  n 'existe  
pas  d 'exigence  pour l e  type  de  fi l et  a i ns i  produ i t.  

1 9. 1 .5  Ces  vis  peuvent  être  du  type  à  fi l et gros  à  cond i ti on  qu 'el les  soien t pourvues  d 'un  
d ispos i ti f approprié  empêchant l e  desserrage.  

NOTE  Les  d i spos i ti fs  appropriés  empêchant  l e  d esserrage  des  vi s  à  fi l et  g ros  comprennent  des  écrous  é lasti ques  
et  au tres  é l éments  d 'él asti ci té  anal ogues  ou  un  fi l etage  en  matière  é l asti que.  

1 9. 1 .6  Ces  pièces  fi letées  ne  doiven t pas  être  en  matière  non  métal l i que  s i  l eur 
remplacement par une  vis  métal l i que  de  d imensions  s im i la i res  peu t compromettre  l a  
conform i té  aux exigences  des  Articles  1 3  ou  20.  

1 9. 1 .7  Ces  vis  ne  doiven t pas  être  en  métal  tendre,  ou  su j et  au  fluage,  te l  que  l e  zi nc  ou  
l 'a lum in ium .  

Cette  exigence ne  s 'appl ique  pas  aux p ièces  u ti l i sées  soi t comme capot  pour l im i ter l 'accès  
aux moyens  de  rég lage  so i t  comme moyen  de  réglage  te l  que  le  rég lage  de  pression  ou  de  
débi t  des  dispositi fs  de  commande  de  gaz.  

1 9. 1 .8  Les  vis  s 'engagean t dans  un  fi letage  en  matière  non  métal l i que  doivent  avoi r une  
forme te l l e  que  l ' in troduction  correcte  de  la  vis  dans  l a  partie  correspondante  soi t  assurée.  

NOTE  L'exigence  concernan t l ' i n troduction  correcte  d 'u ne  vi s  métal l i que  dans  un  fi l etage  en  matière  non  
métal l i que  est  sati sfai te  s i  l ' i n troduction  en  b ia i s  est  évi tée,  par exemple  au  moyen  d 'un  gu i dage  prévu  su r l a  vi s  ou  
l a  parti e  à  fi xer par u n  retra i t  d ans  l e  fi l etage  de  l ' écrou  ou  par l 'emploi  d 'une  vi s  don t  l e  début  du  fi l et  a  été  en levé.  

1 9. 1 .9  Ces  p ièces  fi l etées,  quand  e l les  son t u ti l i sées  dans  l es  disposi ti fs  de  commande 
intercalés  dans  un  câble  souple ,  s i  e l les  sont desti nées  à  transmettre  l a  pression  de  
con tact,  et s i  e l l es  on t un  d iamètre  nom inal  i n férieur à  3  mm,  doiven t se  visser dans  une  
partie  méta l l i que.  S i  e l l es  son t en  matière  non  métal l i que,  e l les  doivent  avoir un  d iamètre  
nom inal  d 'au  moins  3  mm  et ne  doiven t être  u ti l i sées  pour aucune  l i a ison  é lectriq ue.  
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1 9. 1 . 1 0  La  conformité à  19. 1 . 1  à  19. 1 . 9 inclus est vérifiée par examen et par l'essai de 
19. 1 . 11  à  19. 1 . 15 inclus.  

1 9 . 1 . 1 1  Les pièces filetées sont serrées et desserrées:  

– 10 fois si l'une des pièces filetées est en matériau non métallique,  ou 

– cinq fois si les deux pièces sont en matériau métallique.  

1 9. 1 . 1 2  Les vis s'engageant dans un filetage en matière non métallique sont à  chaque fois 
retirées complètement et engagées à  nouveau.  Pour l'essai des vis et écrous de bornes,  un 
conducteur de la  plus forte section spécifiée en 10. 1 . 4 ou de la  section nominale  spécifiée en 
10. 2. 1  est placé dans la  borne.  

1 9. 1 . 1 3  Il convient d'adapter la  forme du tournevis à  la  tête de la  vis à  soumettre à  essai.   

1 9. 1 . 1 4  Le conducteur est déplacé après chaque desserrage de la  pièce filetée.  Pendant 
l'essai,  on ne doit constater aucune détérioration qui nuirait à  l'emploi ultérieur des pièces 
filetées,  telle  que rupture des vis ou dommages aux têtes à  fente ou aux rondelles.  

1 9. 1 . 1 5  L 'essai est effectué à  l'aide d'un tournevis ou une clef appropriée en appliquant le  
couple de torsion,  sans secousses,  indiqué dans le Tableau 20.  

Tableau  20  (1 9 .1  de  l ’ éd i tion  3)  – Valeurs  d ’essai   
du  couple  de  torsion  des  pièces  fi letées   

Diamètre  nominal  de  fi l etage  
mm 

Couple  de  torsion  
Nm  

I  I I  I I I  

J usqu 'à  1 , 7  i ncl us  0 , 1  0 , 2  0 , 2  
au -dessus  de  1 , 7,  j usqu 'à  2 , 2  i ncl us   0 , 1 5  0 , 3  0 , 3  
au -dessus  de  2 , 2 ,  j usqu 'à  2 , 8  i ncl us   0 , 2  0 , 4  0 , 4  
au -dessus  de  2 , 8,  j usqu 'à  3 , 0  i ncl us   0 , 25  0 , 5  0 , 5  

au -dessus  de  3, 0,  j usqu 'à  3 , 2  i ncl us   0 , 3  0 , 6  0 , 6  
au -dessus  de  3, 2 ,  j usqu 'à  3 , 6  i ncl us   0 , 4  0 , 8  0 , 6  
au -dessus  de  3, 6,  j usqu 'à  4 , 1  i ncl us   0 , 7  1 , 2  0 , 6  

au -dessus  de  4 , 1 ,  j usqu 'à  4 , 7  i ncl us   0 , 8  1 , 8  0 , 9  
Au -dessus  de  4 , 7 ,  j usqu 'à  5, 3  a  i ncl us  0 , 8  2 , 0  1 , 0  
P l us  de  5 , 3  a  –  2 , 5  1 , 25  

U ti l i ser l a  colonne  I  – pou r l es  vi s  métal l i ques  sans  tête  qu i  ne  fon t  pas  sai l l i e  par rapport  à  l ' écrou  
après  serrage  complet  ou  q u i  l im i ten t  l a  l argeu r du  tournevis  au  d iamètre  
extérieur de  l a  vi s .  

U ti l i ser l a  colonne  I I   – pou r l es  au tres  vi s  métal l i ques  et  pou r l es  écrous:  
•  à  tête  cyl i nd ri que  avec u n  évi dement  pour ou ti l  spécial  d on t  l e  d i amètre  du  

cercle  ci rconscri t  dépasse  l e  d i amètre  extéri eu r du  fi l etage;   
•  à  tête  à  fen te  s imple  ou  en  croi x,  ayant  u ne  l ongueur d épassant 1 , 5  fo i s  l e  

d i amètre  extérieur du  fi l etage.  

 – pou r l es  vi s  non  métal l i ques  à  tête  hexagonal e  don t  l e  d i amètre  du  cercle  i nscri t  
dépasse  l e  d i amètre  extérieu r du  fi l etage.  

U ti l i ser l a  colonne  I I I  – pou r l es  au tres  vi s  en  matière  non  métal l i que.  

a  Les  écrous  et  l es  bagues  taraudées  d 'un  d iamètre  supérieur à  4 , 7  mm  qu i  sont  u ti l i sés  pour u n  montage  à  
manchon  s imple  son t  soum is  à  essai  avec un  coupl e  de  1 , 8  Nm ,  à  l 'excepti on  des  disposi ti fs  de  commande  
à  manchons  s imples  u ti l i sant  des  matériaux thermoplasti q ues  et  sur l esquels  on  n 'exerce  pas  de  couple  au  
montage  pour l e  rég lage  ou  l e  nouveau  rég lage  (c’ est-à-d i re  pour coupe-ci rcu i t  thermiques ),  pou r l esquels  
l e  fi l et  pou r l e  montage  est  soum is  à  essai  au  couple  maximal  décl aré  par l e  fabrican t  qu i ,  en  aucun  cas,  n e  
doi t  être  i n féri eu r à  0 , 5  Nm .  

 Connexions  transportant l e  courant  1 9.2

1 9.2. 1  Les  connexions  transportan t l e  couran t qu i  n 'on t pas  été  i n terrompues  l ors  du  
montage  ou  de  l 'entretien  d u  d ispos i ti f de  commande,  et  dont l 'efficaci té  et  l a  sécuri té  
dépenden t de  l a  pression  d 'une  vis ,  d 'une  p ièce  fi l etée,  d 'un  ri vet ou  d 'un  é lément analogue  
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doivent être  capables  de  supporter l es  contra in tes  mécan iques,  therm iques  et é lectriques  qu i  
se  produ isen t en  usage normal .  

1 9.2.2  Les  connexions  transportant l e  courant qu i  son t également soum ises  à  des  efforts  de  
tors ion  en  usage normal  (c'est-à-d i re  les  connexions  fa isan t partie  i n tégran te  des  bornes  à  
vis  ou  rel iées  de  façon  rig ide  à  de  te l l es  bornes ,  etc. )  do iven t comporter un  b l ocage  adéquat 
empêchant tout mouvement susceptib le  d 'affecter la  conform ité  aux exigences  des  Articles  1 3  
ou  20.  

NOTE  1  L'exi gence  concernant  l e  b l ocage  des  é l éments  d ' une  connexi on  transportant  l e  courant  n ' impl i q ue  pas  
l ' i n terd icti on  de  tou te  rotati on  ou  dépl acement,  mais  l a  l im i tation  convenable  de  ces  mouvements  de  man ière  q u ' i l s  
ne  pu i ssent  affecter l a  conform i té  du  d i spos i ti f de  commande  aux exigences  de  l a  présente  norme.  

NOTE  2  Les  connexi ons  réa l i sées  au  moyen  d 'une  seu le  vi s ,  d 'un  ri vet  ou  d 'u n  é l ément analogue  sont  su ffi san tes  
s i  l e  mouvement des  p ièces  est  convenabl ement l im i té  par u ne  i n teracti on  mécan i que  des  p i èces  en tre  e l l es  ou  par 
des  rondel l es  é l asti ques  ou  des  moyens  anal ogues.  

NOTE  3  On  considère  que  cette  exigence  est  sati sfai te  s i  l a  connexi on  est  réal i sée  au  moyen  d 'un  ri vet  à  t i ge  non  
ci rcu la i re  ou  échancrée  passant dans  des  trous  de  forme  correspondante  des  parti es  transportan t  l e  couran t.  Les  
connexi ons  réal i sées  avec p l us ieu rs  vi s  ou  ri vets  sati sfont  auss i  à  cette  exi gence.  

NOTE  4  Les  matières  de  rempl i ssage  peuvent être  u ti l i sées  s i  l es  parti es  avec l esquel l es  e l l es  sont  en  contact  ne  
sont  soum ises  à  aucune  con tra in te  en  usage  normal .  

1 9.2.3  Les  connexions  transportan t l e  courant doivent être  conçues  de  man ière  que  la  
con tinu i té  du  ci rcu i t ne  soi t  pas  main tenue  par une  press ion  transm ise  par l ' i n terméd iai re  des  
matières  non  métal l i ques  au tres  que  céram ique  ou  des  matières  non  métal l i ques  présentant 
des  caractéristi ques  au  moins  équ ivalen tes,  sauf s i  un  retrai t éven tuel  ou  une  déformation  de  
l a  matière  non  métal l i que  est  susceptib le  d 'être  compensé  par une  é lastici té  su ffisan te  des  
parties  métal l i ques.  

NOTE  La  possib i l i té  d ' u ti l i ser une  matière  non  métal l i q ue  est  cond i ti onnée  par sa  stab i l i té  d imensionnel l e  dans  l a  
p l age  de  températures  appl i cable  au  disposi ti f de  commande .  

1 9.2.4  Les  connexions  transportant l e  courant ne  doivent pas  fai re  usage  de  vis  à  fi l et gros,  
sauf s i  ces  vis  serrent d i rectement les  parties  transportant l e  couran t l ' une  con tre  l 'au tre  et 
son t pourvues  d 'un  d isposi ti f de  b locage  approprié.  

1 9.2.4. 1  Les  vis  à  fi let gros  peuvent être  u ti l i sées  pour assurer l a  continu i té  de  l a  m ise  à  l a  
terre  à  cond i ti on  que  deux vis  au  moins  soien t u ti l i sées  pour chaque connexion .  

NOTE  Au  Canada  et  aux États-Un is ,  pou r réa l i ser l a  conti nu i té  d e  terre,  l 'u ti l i sation  d 'une  seu le  vi s  est  perm ise  s i  
deux fi l ets  complets  au  moins  sont  engagés.  S i  d eux vi s  son t  u ti l i sées,  chacune  d 'e l l es  doi t  s 'engager su r u n  fi l et  
complet  au  moins.  

1 9.2.5  Les  connexions  transportan t l e  courant peuvent  fa i re  usage  de  vi s  au totaraudeuses  
par en lèvement de  matière  s i  ces  vis  donnent naissance  à  un  fi letage  normal .  

1 9.2.5. 1  Les  vis  au totaraudeuses  par en lèvement de  matière  peuvent  être  u ti l i sées  pour 
assurer l a  continu i té  de  l a  m ise  à  la  terre  à  cond i ti on  que  deux vis  au  moins  soient u ti l i sées  
pour chaque  connexion .  

NOTE  Au  Canada  et  aux États-Un is ,  pou r réa l i ser l a  conti nu i té  d e  terre,  l 'u ti l i sation  d 'une  seu le  vi s  est  perm ise  s i  
deux fi l ets  complets  au  moins  sont  engagés.  S i  d eux vi s  son t  u ti l i sées,  chacune  d 'e l l es  doi t  s 'engager su r u n  fi l et  
complet  au  moins.  

1 9.2.6  Lorsque  dans  une  connexion  transportant l e  couran t,  l a  conti nu i té  é lectrique  dépend  
de  l a  press ion  exercée  sur l es  p ièces  en  contact,  tou tes  leurs  surfaces  doivent avoir une  
rés istance  à  l a  corros ion  au  moins  égale  à  cel l e  du  l a i ton .  Cette  exigence  ne  s 'appl ique  pas  
aux é léments  don t l es  caractéristiques  essen tie l les  risqueraien t d 'être  a l térées  par l a  
présence  d 'un  revêtement nu is ible  à  l eur fonctionnement,  te ls  que  l es  b i l ames  qu i ,  
l orsqu 'e l les  ne  sont pas  protégées  par un  revêtement,  doiven t être  serrées  contre  des  p ièces  
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don t la  rés istance  à  l a  corros ion  est adéquate.  La  rés istance  à  l a  corros ion  peu t être  obtenue  
par l 'appl ication  d 'un  revêtement ou  par un  tra i tement s im i l a i re.   

1 9.2.7  La  conformité à  19. 2. 1  à  19. 2. 6 inclus est vérifiée par examen.  De plus,  la  conformité 
à  19. 2. 3 et 19. 2. 6 est vérifiée par examen des parties métalliques élastiques après que les 
essais de  l'Article 17 ont été effectués.  

20  Lignes  de  fu i te,  d istances  dans  l 'ai r et d istances  à  travers  l ' isolation  sol ide  

Les  dispositi fs  de  commande  do ivent être  constru i ts  de  façon  que  l es  l ignes  de  fu i te ,  l es  
distances  dans  l 'ai r  et  l es  d is tances  à  travers  l ' i solation  sol i de  soient  appropriées  à  la  
rés istance  aux contra in tes  é lectri ques  qu i  peuvent  être  attendues.  

Les  cartes  de  ci rcu i ts  imprimés  conformes  à  tou tes  l es  exigences  des  revêtements  de  type  2  
comme spéci fié  dans  l ’ I EC  60664-3  doivent  répondre  aux exigences  m in imales  de  20. 3  pour 
l ' i solation  sol i de.  L ’espacement entre  l es  conducteurs  p lacés  avant l a  protection  ne  doi t pas  
être  in férieur aux valeurs  ind iquées  au  Tableau  1  de  l ’ I EC  60664-3: 2003.  Voir également 
l 'Annexe Q.  

Les  l ignes  de  fu i te  et l es  distances  dans  l 'ai r  en tre  bornes  pour l a  connexion  des  
conducteurs  externes  ne  doivent pas  être  i n férieures  à  2  mm  ou  à  l a  l im i te  spéci fi ée,  se lon  
l a  p lus  grande  de  ces  valeurs.  Cette  exigence ne  s 'appl ique  pas  à  de  te l les  bornes  s i  e l l es  
son t seu lement u ti l i sées  pour l a  fixation  en  us ine  des  conducteurs  ou  s i  e l l es  sont u ti l i sées  
pour l e  raccordement de  ci rcu i ts  TBT .  

Les  l ignes  de  fu i te ,  distances  dans  l ’ air  e t  d is tances  à  travers  l ’ i solation  sol i de  dans  l es  
a l imentations  en  mode de  commutation  et au tres  ci rcu i ts  de  commutation  hau te  fréquence où  
l a  fréquence fondamentale  est supérieu re  à  30  kHz et i n férieure  à  1 0  MHz doivent être  
d imensionnées  conformément à  l ’ I EC 60664-4.  

Les  valeurs  tabu lées  de  l ’Article  20  sont des  valeurs  m in imales  absolues  qu i  doivent être  
main tenues  pendant toutes  les  cond i tions  de  fabrication  et pendant  tou te  l a  durée  de  vie  du  
matérie l .  

La conformité  est vérifiée par examen,  par des mesures et par les essais de cet article.  

NOTE  1  Les  exigences  et  l es  essais  sont  basés  su r l ’ I EC 60664-1  où  des  i n formations  complémentai res  peuvent 
être  obtenues.  

NOTE  2  Une  l i gne  de  fu i te  n e  peu t  être  i n féri eu re  à  l a  di stance dans  l 'ai r  associée.  La  p l us  peti te  l i gne  de  fu i te  
possib le  est  égal e  à  l a  di stance dans  l 'ai r  exi gée.   

NOTE  3  Voi r l ’Annexe  S  à  ti tre  d ' i n d ication .  

 D i stances  dans  l ’ai r 20. 1

Les  distances  dans  l 'ai r  n e  doiven t pas  être  i n férieures  aux va leurs  données  par l e   
Tableau  22  dans  l e  cas  A,  en  tenant compte  du  degré de  pol lu tion  et  de  l a  tension  
assignée  de  choc  nécessaire  pour satisfa i re  aux catégories  de  surtens ion  du  Tableau  21 ,  
excepté  que,  pour l ' isolation  principale  et  l ' isolation  fonctionnel le ,  des  d istances  
i n férieures  peuvent être  u ti l i sées  s i  l e  dispositi f de  commande  sati sfai t à  l 'essai  de  
rés istance  en  surtens ion  de  20. 1 . 1 2  et s i  l es  parties  son t rig i des  ou  tenues  par mou lage  ou  s i  
l a  construction  est tel l e  qu ' i l  n 'est pas  envisageable  que  l es  d istances  soient rédu i tes  par 
d istors ion  ou  par déplacement des  parties  (par exemple  en  fonctionnement  ou  en  cours  
d 'assemblage)  mais  en  aucun  cas  l es  distances  dans  l 'ai r  ne  doivent être  i n férieures  aux 
valeurs  du  cas  B .  

La  conformité est vérifiée par examen,  par des mesures et,  si nécessaire,  par l'essai de 
20. 1 . 12.  
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NOTE  1  I l  est  attendu  que  l es  d isposi ti fs  de  commande  sati sfassent  aux exi gences  de  l a  catégorie  de  
surtension  d u  matérie l  dans  l equel  i l s  sont  u ti l i sés  à  moins  que  des  ci rconstances  spécia l es  déterm inen t d 'au tres  
catégories  correspondantes.  Des  i nd icati ons  son t  fou rn i es  à  l 'Annexe  L.  

NOTE  2  Les  disposi ti fs  de  commande  constru i ts  selon  l es  d imensions  m in imales  du  Tableau  22,  cas  A,  n 'on t  
pas  besoi n  d 'être  soum is  à  l 'essai  de  choc é lectri q ue  de  20. 1 . 1 2.  Pour p l us  d ' i n formation  sur l es  cas  A et  B ,  voi r 
5. 1 . 3. 2  et  5 . 1 . 3 . 3  de  l ’ I EC 60664-1 : 2007.  

Les parties amovibles sont enlevées.  Les distances dans l'air sont mesurées avec les 
parties mobiles et les parties telles que des écrous hexagonaux qui peuvent être assemblées 
dans différentes orientations sont placées dans la  position  la  plus défavorable.  

Une force est appliquée aux conducteurs nus et aux surfaces accessibles  de façon à  tenter 
de réduire les distances dans l'air en faisant la  mesure.  

Cette force est de:  2 N pour les conducteurs nus;    
   30 N pour les surfaces accessibles.  

La force est appliquée au moyen du doigt d'épreuve de la  Figure 2.  Les ouvertures sont 
supposées être couvertes par une pièce métallique plate.  

NOTE  Les  distances  dans  l 'ai r  son t  mesurées  comme spéci fi é  à  l 'Annexe  B .  

Tableau  21  (20.1  de  l ’ éd i tion  3)  – Tension  assignée de  choc pour l es  matériels  al imentés  
d i rectement  par l e  réseau  (provenant  de  l ’ IEC  60664-1 : 2007,  Tableau  F. 1 )  

Tension  nominale  du  réseau  
d 'al imentation  basée  sur 

l ’ IEC  60038  a  b  

V 

Tension  phase-
neutre  dédu i te  

selon  l es  tensions  
nominales  c.a.  ou   

Tension  assignée  de  choc requ ise  selon  l a  
catégorie  de  surtension  c  

V 

Système triphasé  
à  quatre  fi l s  a  

Systèmes  
monophasés  d  

c.c.  ju sques  et y 
compris   

V 

I  I I  I I I  IV 

  50  330  500  800  1  500  

  1 00  500  800  1  500  2  500  

 1 20/240  1 50  800  1  500  2  500  4  000  

230/400  

277/480  

 300  1  500  2  500  4  000  6  000  

400/690   600  2  500  4  000  6  000  8  000  

a   La  prem ière  val eur énumérée  est  l a  tensi on  phase-neu tre  ou  tens ion  phase-terre,  l a  deuxième  val eu r est  
l a  tension  en tre  phases.  

b  Pour l es  disposi ti fs  de  commande  capabl es  de  générer une  surtension  aux bornes  du  disposi ti f,  par 
exemple  des  d i spos i ti fs  de  commutation ,  l a  tension  assignée  de  choc  impl i que  q ue  l e  disposi ti f de  
commande  ne  doi t  pas  générer u ne  su rtension  supérieure  à  cette  valeur l ors  d 'une  u ti l i sation  sel on  l a  
norme  correspondante  et  se lon  l es  i nstructions  d u  fabrican t.  

c   Voi r l ’Annexe  L  pour u ne  expl i cati on  re l ati ve  aux catégories  de  surtension  e t  l ’Annexe  M  à  ti tre  
d ’ i n d ication .  La  catégori e  de  surtension  peu t  être  spéci fi ée  dans  une  parti e  2  ou  dans  l a  norme fi nale  de  
l ’ équ ipement.  

d   Voi r l ’Annexe  K pou r d 'au tres  systèmes  d 'a l imentation  (par exemple,  noter q ue  certai ns  systèmes  de  
câblage  tri phasés  à  troi s  fi l s  d emandent  une  tension  assignée  de  choc  supérieu re  à  cel l e  des  systèmes 
tri phasés  à  quatre  fi l s  de  tens ion  s im i l a i re).  
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Tableau  22  (20.2  de  l ’ éd i tion  3)  – Distances  dans  l 'ai r pour la  coord ination   
de  l ' isolement  (provenant de  l ’ IEC  60664-1 : 2007,  Tableau  F.2)  

Tension  
assignée  
de  choc 

du  
Tableau  

21  a  

Distances  dans  l 'ai r jusqu 'à  2  000  m  au -dessus  du  n iveau  de  l a  mer b  
mm 

Cas  A  Cas  B  
(essai  de  choc él ectrique  exigé  – voi r 20. 1 . 1 2)  

Degré  de  pol lu tion  c   Degré  de  pol lu tion  c   

kV 1  2  3  4  1  2  3  4  

0, 33  0 , 01  

0 , 20  
0 , 8  

1 , 6  

0 , 01  

0 , 2  

0 , 8  
1 , 6  

0 , 50  0 , 04  0 , 04  

0 , 80  0 , 1 0  0 , 1  

1 , 5  0 , 5  0 , 5  0 , 3  0 , 3  

2 , 5  1 , 5  1 , 5  1 , 5  0 , 6  0 , 6  

4 , 0  3  3  3  3  1 , 2  1 , 2  1 , 2  

6 , 0  5, 5  5 , 5  5 , 5  5, 5  2  2  2  2  

8 , 0  8  8  8  8  3  3  3  3  

NOTE  Pour l es  fa ibl es  valeu rs  de  distances  dans  l 'ai r,  l ' un i form i té  du  champ é l ectri q ue  peu t  se  dégrader en  
présence  de  pol lu tion ,  rendant nécessai re  l 'accroissement des  val eu rs  des  distances  dans  l 'ai r  au -dessus  de  
cel l es  du  cas  B .  

a  Pour l ' i solation  fonctionnel l e ,  l a  tension  assignée  de  choc  est  donnée  par l a  va leur de  l a  colonne  3  d u  
Tableau  21  qu i  couvre  l es  tensions  mesurées  à  travers  l a  distance  dans  l 'ai r  sau f d éclarati on  et  j usti fi cation  
d i fférentes  d u  fabrican t.  S i  l 'en rou lement  secondai re  d u  transformateur abaisseur est  m is  à  l a  terre,  ou  s ' i l  y  a  
un  écran  m is  à  l a  terre  en tre  l es  enrou l ements  primai re  et  secondai re,  l a  référence  pour l a  tension  assignée  
de  choc  pou r l es  distances  dans  l 'ai r  d e  l ' i solation  principale  d u  côté  d u  secondai re  doi t  être  un  n i veau  en  
dessous  de  cel l e  q u i  couvre  l a  tens ion  d 'en trée  assignée  d u  côté  primai re  d u  transformateu r.  

 L 'u ti l i sati on  d 'un  transformateur d ' i solement sans  un  écran  de  protection  m is  à  l a  terre  n 'au tori se  pas  une  
d im inu tion  de  l a  tension  assignée  de  choc .  

b  Pour l es  a l ti tu des  de  p l us  de  2  000  m  au-dessus  d u  n i veau  de  l a  mer,  l es  valeurs  de  di stance  dans  l ’ ai r  
d oi ven t  être  mu l ti pl i ées  par l e  facteur de  correction  i n d iqué  dans  l ’ I EC 60664-1 : 2007,  Tabl eau  A. 2 .  

c Voi r l ’Annexe  N  pour u ne  exp l i cation  des  degrés  de  pol lu tion .  

 

20. 1 . 1  Les  distances  dans  l 'ai r  d e  l ' i solation  principale  d o iven t être  su ffisantes  pour 
rés ister aux surtens ions  susceptib les  de  se  produ ire  en  u ti l i sation ,  en  prenant en  compte  la  
tension  assignée de  choc .  Les  valeurs  du  Tableau  22 ,  cas  A s 'appl iquen t à  l 'exception  de  ce  
qu i  est perm is  par 20 . 1 . 7 .  

La conformité est vérifiée par des mesures.  

20. 1 . 1 . 1   S i  l e  dispositi f de  commande  est a l imenté  par une  p i l e  déd iée  ne  d isposant pas  
d ’un  moyen  de  charge  par une  a l imentation  réseau  externe,  l a  tension  assignée  de  choc  
do i t  être  supposée égale  à  71  V crête.  

20. 1 .2  Pour l ' i solation  fonctionnel le ,  l e  Tableau  22,  cas  A s 'appl ique  

−  à  l 'exception  de  ce  qu i  est perm is  par 20. 1 . 7 ;  

ou  

−  excepté  que  l es  d istances  dans  l 'ai r  pour l es  dispositi fs  de  commande  électron iques  
ne  son t pas  spéci fi ées  s i  l es  exigences  de  H . 27. 1 . 1 . 3  son t respectées  avec l es  distances 
dans  l 'ai r  court-ci rcu i tées.  
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20. 1 .3  La  conformité avec 20. 1  est vérifiée par des mesures en utilisant les méthodes de 
mesure données à  l'Annexe B et la  Figure 17.  

20. 1 .3. 1  Pour les dispositifs de commande  équipés avec une entrée de matériel ou un  
socle de prise,  les mesures sont faites deux fois,  une fois avec un connecteur ou une fiche 
approprié  inséré,  et une fois sans fiche ou connecteur inséré.  

20. 1 .3.2  Pour les bornes prévues pour le raccordement de conducteurs externes,  les 
mesures de telles bornes sont faites deux fois,  une fois équipées de conducteurs de la  
section maximale utilisée en 10. 1 . 4,  et une fois sans être équipées de  conducteurs.  

20. 1 .3.3  Pour les bornes prévues pour le raccordement de conducteurs internes,  les 
mesures de telles bornes sont faites deux fois,  une fois équipées de conducteurs de la  
section minimale utilisée en  10.2. 1 ,  et une fois sans être équipées de conducteurs.  

20. 1 .4  Les distances à  travers les fentes et les ouvertures des surfaces de matériau isolant 
sont mesurées avec une feuille métallique en contact avec la  surface.  La  feuille est poussée 
dans les coins et endroits analogues au moyen du doigt d'épreuve normalisé représenté à  la  
Figure 2,  mais n'est pas pressée dans les ouvertures.   

20. 1 .5  Le doigt d'épreuve normalisé est appliqué aux ouvertures comme spécifié en 8. 1 ,  la  
distance à  travers l'isolation entre parties actives  et la  feuille métallique ne doit pas alors 
être réduite en  dessous des valeurs spécifiées.  

20. 1 .6  Si nécessaire,  une force est appliquée à  un point quelconque des parties actives  
nues qui sont accessibles avant que le dispositif de commande  soit monté,  et à  l'extérieur 
des surfaces qui sont accessibles après que le dispositif de commande  est monté,  dans une 
tentative de réduire les distances dans l'air,  les lignes de fuite  et les distances à  travers 
l'isolation lors de la  prise des mesures.  

20. 1 .6. 1  La  force est appliquée au moyen du doigt d'épreuve normalisé et a  une valeur de:  

– 2 N pour les parties actives  nues;  

– 30 N pour les surfaces accessibles.  

La  conformité  est vérifiée par des mesures et par un essai si nécessaire.  

20. 1 .7  Pour l ' i solation  principale  e t  l ' isolation  fonctionnel le ,  d es  d i stances  i n férieures  
peuven t être  u ti l i sées  s i  l e  disposi ti f de  commande  satisfa i t  à  l 'essai  de  rés istance  au  choc 
é lectrique  de  20. 1 . 1 2  et s i  l es  parties  sont ri g ides  ou  tenues  par mou lage  ou  s i  l a  construction  
est te l l e  qu ' i l  n 'est pas  probable  que  les  d istances  soien t rédu i tes  par d is torsion ,  déplacement 
des  parties  ou  en  cours  d 'assemblage,  mais  en  aucun  cas  l es  distances  dans  l 'ai r  ne  doiven t 
être  i n férieu res  aux va leurs  du  cas  B.  

La conformité est vérifiée par l'essai de 20. 1 . 12.  

Lors  de  l a  véri fication  de  l ' isolation  fonctionnel le ,  l a  tens ion  de  choc est  appl iquée  à  l a  
distance dans  l ’ai r.  

NOTE  Lors  de  l 'exécu tion  de  l 'essai  d e  choc él ectri q ue,  i l  peu t  être  nécessai re  de  déconnecter l es  parti es  ou  l es  
é l éments  consti tuan ts  d u  d isposi ti f de  commande .  

20. 1 .7. 1  Pou r l es  microcoupures  et  l es  micro-interruptions ,  i l  n 'est  pas  spéci fié  de  
d istance  m in imale  pour l es  distances  dans  l 'ai r  en tre  l es  contacts  et  entre  les  parties  
transportan t le  couran t pour l esquel les  les  distances  dans  l ’ air  varient avec l e  mouvement 
des  con tacts.  
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20. 1 .7.2  Pour l es  coupures  totales  de  ci rcu i t,  l es  valeurs  spéci fi ées  au  Tableau  22,  cas  A,  
s 'appl i quent aux parties  séparées  par l 'é l ément de  commutation  comprenant l es  contacts,  
quand  les  con tacts  sont  dans  l a  pos i ti on  d 'ouverture  complète.  

20. 1 .8  Les  distances  dans  l 'ai r  pour l ' i solation  supplémentai re  ne  doiven t pas  être  
i n férieures  à  cel les  spéci fiées  pour l ' i solation  principale  au  Tableau  22 ,  cas  A.  

La conformité est vérifiée  par des mesures.  

20. 1 .9  Les  distances  dans  l 'ai r  pour l ' i solation  renforcée  n e  doivent pas  être  i n férieures  à  
cel les  du  Tableau  22,  cas  A,  mais  en  u ti l i sant comme référence  l e  n i veau  supérieur su ivan t 
pour l a  tension  assignée  de  choc .  

NOTE  Pour l a  double  i sol ation ,  quand  i l  n ' y a  pas  de  parti e  conductri ce  i n terméd iai re  en tre  l ' i sol ation  
principale  e t  l ' i sol ation  supplémentai re ,  l es  distances  dans  l 'ai r  son t  mesurées  en tre  l es  parties  acti ves  e t  l a  
surface  accessible  ou  l es  parti es  métal l i ques  accessib les .  Le  système d ' i solation  est  tra i té  comme une  i solation  
renforcée .  

La conformité  est vérifiée par des mesures.  

20. 1 . 1 0  Pour les  disposi ti fs  de  commande  ou  l es  portions  de  disposi ti fs  de  commande  
a l imentés  par transformateur à  double  i solation ,  l es  distances  dans  l 'ai r  d e  l ' isolation  
fonctionnel le  et  de  l ' isolation  principale  du  côté  secondaire  sont basées  sur l a  tens ion  du  
secondaire  du  transformateur qu i  est u ti l i sée  comme tens ion  nom inale  du  Tableau  21 .   

NOTE  1  L' u ti l i sation  d ' un  transformateu r à  en rou lements  séparés  seu l  n 'au tori se  pas  un  changement de  l a  
catégorie  de  surtension .  

Dans  l e  cas  de  tens ions  d 'a l imentation  dérivées  de  transformateurs  sans  enrou lements  
séparés,  l a  tension  assignée de  choc  d o i t  être  déterm inée  à  parti r du  Tableau  21  basée  sur 
l a  tension  primaire  de  transformateurs  abaisseurs  et basée sur l a  valeur efficace  maximale  
mesurée  de  la  tens ion  secondai re  des  transformateurs  abaisseurs.  

D 'au tres  cri tères  peuvent être  spéci fiés  par des  parties  2  pour certa ines  s i tuations,  par 
exemple  les  sources  d 'a l l umage  hau te  tension .  

Le  Tableau  F .2  de  l 'Annexe F  de  l ’ I EC 60664-1 : 2007  donne l a  va leur des  d istances  dans  
l 'ai r  pour des  tensions  de  tenue  supérieures.  

NOTE  2  Voi r éga lement l es  références  à  l ’Arti cl e  24.  

La conformité  est vérifiée par des mesures ou par un essai si nécessaire.  

20. 1 . 1 1  Pour l es  ci rcu i ts  TBT  déri vés  de  l 'a l imentation  au  moyen  d 'une  impédance de  
protection ,  l es  distances  dans  l 'ai r  d e  l ' isolation  fonctionnel le  son t déterm inées  à  parti r 
du  Tableau  21  basées  sur l a  va leur maximale  mesurée  de  l a  tension  de  service  d u  ci rcu i t  
TBT .  

20. 1 . 1 2  L 'essai  de  tens ion  de  choc,  s i  nécessai re,  est appl i qué  se lon  6 . 1 . 2. 2. 1  de  
l ’ I EC 60664-1 : 2007.  

Les  cond i tions  d 'essai  d 'envi ronnement peuvent être  spéci fi ées  dans  une  partie  2 .  

La tension de choc est appliquée entre les parties actives  et les parties métalliques 
séparées par une isolation principale  ou fonctionnelle.  

NOTE  Dans  l e  cas  de  l ’ i sol ation  fonctionnel le ,  i l  peu t  être  nécessai re  de  déconnecter l es  parti es  ou  l es  
é l éments  consti tuan ts  d u  disposi ti f de  commande .  
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20. 1 . 1 3  S i  l e  secondai re  d 'un  transformateur est m is  à  l a  terre  ou  s ' i l  y a  un  écran  m is  à  l a  
terre  entre  l es  enrou lements  primaire  et secondai re,  l es  distances  d ' isolement  d e  l ' i solation  
principale  d u  côté  secondaire  ne  doiven t pas  être  i n férieures  à  cel l es  spéci fiées  au  
Tableau  22  mais  u ti l i sant l a  va leur de  l a  tension  assignée de  choc imméd iatement i n férieure  
comme référence.  

NOTE  L'u ti l i sati on  d 'un  transformateur d ' i solement  sans  écran  de  protection  m is  à  l a  terre  ou  secondai re  m is  à  l a  
terre  ne  permet  pas  une  d im inu tion  de  l a  tension  assignée  de  choc .  

Pour l es  ci rcu i ts  a l imen tés  avec une  tension  i n férieure  à  l a  tens ion  ass ignée,  par exemple  sur 
l e  secondaire  d 'un  transformateur,  l es  distances  d ' isolement  d e  l ' i solation  fonctionnel le  
son t basées  sur l a  tension  de  service ,  l aquel le  est u ti l i sée  comme tens ion  assignée pour l e  
Tableau  21 .  

20. 1 . 1 4  Voi r Annexe  J .  

20. 1 . 1 5  Voi r Annexe  H .  

 Lignes  de  fu i te  20.2

20.2. 1  Les  disposi ti fs  de  commande  d o iven t être  constru i ts  de  façon  te l l e  que  l es  l ignes  
de  fu i te  d e  l ' isolation  principale  ne  soien t pas  i n férieures  à  cel l es  spéci fi ées  au  Tableau  23  
pour l a  tension  ass ignée  en  tenan t compte  du  groupe  de  matériau  et d u  degré de  pol lution .  

Les  l ignes  de  fu i te  ne  son t pas  spéci fiées  pour l es  dispositi fs  de  commande électroniques  
s i  l es  exigences  de  H . 27. 1 . 1 . 3  sont rempl ies  avec l es  l ignes  de  fu i te  court-ci rcu i tées.  

La conformité est vérifiée  par examen et par des mesures.  

Les parties amovibles  sont enlevées.  Les lignes de fuite  sont mesurées avec les parties 
mobiles et les parties qui peuvent être assemblées dans différentes orientations sont placées 
dans la  position la  plus défavorable.  

Une force est appliquée aux conducteurs nus et aux surfaces accessibles  de façon à  tenter 
de réduire les lignes de fuite  lors de la  mesure.  

Cette force est de:  2 N pour les conducteurs nus;    
  30 N pour les surfaces accessibles.  

La force est appliquée au moyen du doigt d'épreuve de la  Figure 2.  Les ouvertures sont 
supposées être couvertes par une pièce métallique plate.  

NOTE  Les  l i gnes  de  fu i te  son t  mesurées  comme spéci fi é  à  l 'Annexe  B .  

20.2.2  Les  disposi ti fs  de  commande  d o iven t être  constru i ts  de  façon  te l l e  que  l es  l ignes  
de  fu i te  pour l ' isolation  fonctionnel le  ne  soien t pas  i n férieures  à  ce l l es  spéci fi ées  au  
Tableau  24  pour la  tension  de  service  en  tenan t compte  du  degré de  pol lution  et  d u  groupe  
de  matériaux.  

D 'au tres  cri tères  peuvent être  spéci fi és  par des  parties  2  pour certa ines  s i tuations,  par 
exemple  les  sources  d 'a l l umage  hau te  tension .  

La conformité est vérifiée  par examen et par des mesures.  

Les parties amovibles sont enlevées.  Les lignes de fuite  sont mesurées avec les parties 
mobiles et les parties qui peuvent être assemblées dans différentes orientations sont placées 
dans la  position  la  plus défavorable.  
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Une force est appliquée aux conducteurs nus et aux surfaces accessibles  de façon à  tenter 
de réduire les lignes de fuite  lors de la  mesure.  

Cette force est de:  2 N pour les conducteurs nus;    
  30 N pour les surfaces accessibles.  

La  force est appliquée au moyen du doigt d'épreuve de la  Figure 2.  Les ouvertures sont 
supposées être couvertes par une pièce métallique plate.  

NOTE  1  Les  l i gnes  de  fu i te  son t  mesurées  comme spéci fi é  à  l 'Annexe  B .  

NOTE  2  La  re lati on  en tre  l es  g roupes  de  matériaux et  l a  va l eur d es  i nd ices  de  rés i stance  au  chem inement  ( I RC)  
est  donnée  en  6. 1 3.  

Les  val eu rs  d ' IRC ci -dessus  se  réfèrent  aux val eu rs  obtenues  selon  l ’ I EC  601 1 2  et  soum ises  à  essai  avec l a  
sol u ti on  A.  

Les  matériaux don t  l a  va leu r d ' I RC a  précédemment sati sfai t  à  ces  g roupes  de  matériaux son t  acceptables  sans  
au tre  essai .  

NOTE  3  Pou r l e  verre,  l es  céram iques  et  l es  au tres  matéri aux i sol an ts  non  organ i ques  q u i  n 'on t  pas  de  
chem inement,  l es  l i gnes  de  fu i te  n ' on t  pas  besoi n  d 'être  supérieures  aux distances  dans  l 'ai r  correspondantes  
pou r l a  coord inati on  de  l ' i sol ement.  

Tableau  23  (20.3  de  l ’ éd i tion  3)  – Lignes  de  fu i te  min imales  pour l ' i solation  principale  

 
Tension  

Lignes  de  fu i te  a  

mm  
assignée  Degré  de  pol lu tion  
jusques  et  
y compris   

Matériau  de  
câblage  imprimé b  

 
1  

 
2  

 
3  

 
4  

 Degré  de  pol lu tion   Groupe de  matéri aux  Groupe de  matéri aux  Groupe de  matéri aux  

V  1 c  2  d   I  I I  I I I  e  I  I I  I I I  e  I  I I  I I I  e  

50  0 , 025  0 , 04  0 , 2  0 , 6  0 , 9  1 , 2  1 , 5  1 , 7  1 , 9  2 , 0  2 , 5  3 , 2  

1 25  0 , 1 6  0 , 25  0 , 3  0 , 8  1 , 1  1 , 5  1 , 9  2 , 1  2 , 4  2 , 5  3 , 2  4 , 0  

250  0 , 56  1  0 , 6  1 , 3  1 , 8  2 , 5  3 , 2  3 , 6  4 , 0  5 , 0  6 , 3  8, 0  

400  1  2  1 , 0  2 , 0  2 , 8  4 , 0  5, 0  5, 6  6 , 3  8 , 0  1 0, 0  1 2 , 5  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5, 0  6 , 3  7 , 1  8 , 0  1 0, 0  1 2 , 5  1 6, 0  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8, 0  9 , 0  1 0 , 0  1 2 , 5  1 6, 0  20, 0  

800  2 , 4  4  2 , 4  4 , 0  5 , 6  8, 0  1 0, 0  1 1 , 0  1 2 , 5  1 6, 0  20, 0  25, 0  

a  Les  conducteu rs  émai l l és  pou r en rou lements  sont  cons idérés  comme des  conducteurs  nus  mais  i l  n 'est  pas  
exi gé  que  l es  l i gnes  de  fu i te  soi en t  supérieu res  aux d istances  dans  l 'ai r  associées  spéci fi ées  au   
Tableau  22.  

b   Lorsque  l es  cartes  de  ci rcu i ts  imprimés  sont  revêtues  sel on  l 'Annexe  P  ou  sel on  l 'Arti cl e  Q. 1  et  que  l e  
revêtement  a  un  I RC d 'au  moins  1 75,  l es  val eu rs  spéci fi ées  pou r l e  degré  de  pol lu tion  1  sont  au tori sées.  
L ' IRC doi t  être  mesuré  sel on  l ’ I EC 601 1 2.  

c  Groupes  de  matériaux I ,  I I ,  I I I a  et  I I I b .  

d  Groupes  de  matériaux I ,  I I  et  I I I a .  

e  Groupe  de  matériaux I I I  comprend  I I I a  et  I I I b .  Le  g roupe  de  matériaux I I I b  n 'est  pas  au tori sé  pou r u ti l i sation  en  
degré  de  pol lu tion  4  ou  pour u ti l i sation  à  p l us  de  630  V.  

 

La conformité  est vérifiée par des mesures.  
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Tableau  24 (20.4  de  l ’ éd i tion  3)  – Lignes  de  fu i te  min imales  pour l ' i solation  fonctionnel le  

 
Valeur 
effi cace  

Lignes  de  fu i te  b  c  

mm  

de  l a  
tension  

Degré  de  pol lu tion  

de  service  a  Matériau  de  
câblage  imprimé  d  

1  2  3  4  

V Degré  de  pol lu tion   Groupe de  matéri aux  Groupe de  matéri aux  Groupe  de  matéri aux  

 1  e  2  f   I  I I  I I I  I  I I  I I I  g  I  I I  I I I  g  

1 0  0 , 025  0 , 04  0 , 08  0 , 40  0 , 40  0 , 40  1  1  1  1 , 6  1 , 6  1 , 6  

1 2 , 5  0 , 025  0 , 04  0 , 09  0 , 42  0 , 42  0 , 42  1 , 05  1 , 05  1 , 05  1 , 6  1 , 6  1 , 6  

1 6  0 , 025  0 , 04  0 , 1  0 , 45  0 , 45  0 , 45  1 , 1  1 , 1  1 , 1  1 , 6  1 , 6  1 , 6  

20  0 , 025  0 , 04  0 , 1 1  0 , 48  0 , 48  0 , 48  1 , 2  1 , 2  1 , 2  1 , 6  1 , 6  1 , 6  

25  0 , 025  0 , 04  0 , 1 25  0 , 5  0 , 5  0 , 5  1 , 25  1 , 25  1 , 25  1 , 7  1 , 7  1 , 7  

32  0 , 025  0 , 04  0 , 1 4  0 , 53  0 , 53  0 , 53  1 , 3  1 , 3  1 , 3  1 , 8  1 , 8  1 , 8  

40  0 , 025  0 , 04  0 , 1 6  0 , 56  0 , 8  1 , 1  1 , 4  1 , 6  1 , 8  1 , 9  2 , 4  3  

50  0 , 025  0 , 04  0 , 1 8  0 , 6  0 , 85  1 , 2  1 , 5  1 , 7  1 , 9  2  2 , 5  3 , 2  

63  0 , 04  0 , 063  0 , 2  0 , 63  0 , 9  1 , 25  1 , 6  1 , 8  2  2 , 1  2 , 6  3 , 4  

80  0 , 063  0 , 1  0 , 22  0 , 67  0 , 95  1 , 3  1 , 7  1 , 9  2 , 1  2 , 2  2 , 8  3 , 6  

1 00  0 , 1  0 , 1 6  0 , 25  0 , 71  1  1 , 4  1 , 8  2  2 , 2  2 , 4  3  3 , 8  

1 25  0 , 1 6  0 , 25  0 , 28  0 , 75  1 , 05  1 , 5  1 , 9  2 , 1  2 , 4  2 , 5  3 , 2  4  

1 60  0 , 25  0 , 4  0 , 32  0 , 8  1 , 1  1 , 6  2  2 , 2  2 , 5  3 , 2  4  5  

200  0 , 4  0 , 63  0 , 42  1  1 , 4  2  2 , 5  2 , 8  3 , 2  4  5  6 , 3  

250  0 , 56  1  0 , 56  1 , 25  1 , 8  2 , 5  3 , 2  3 , 6  4  5  6 , 3  8  

320  0 , 75  1 , 6  0 , 75  1 , 6  2 , 2  3 , 2  4  4 , 5  5  6 , 3  8  1 0  

400  1  2  1  2  2 , 8  4  5  5 , 6  6 , 3  8  1 0  1 2 , 5  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5  6 , 3  7 , 1  8  1 0  1 2 , 5  1 6  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8  9  1 0  1 2 , 5  1 6  21  

800  2 , 4  4  2 , 4  4  5 , 6  8  1 0  1 1  1 2 , 5  1 6  20  25  

a   Pour d es  tensions  de  service  supérieu res,  l es  valeurs  d u  Tableau  F . 4  de  l ’ I EC 60664-1 : 2007  s 'appl i quent.  

b  Pour l e  verre,  l es  céram iques  et  l es  au tres  matériaux non  organ i ques  qu i  n 'on t  pas  de  chem inement,  l es  
l i gnes  de  fu i te  n 'on t  pas  besoi n  d 'être  supéri eu res  aux distances  dans  l 'ai r  associées.  

c  I l  n 'y a  pas  d 'exi gences  pou r l a  micro-in terruption  au tres  que  cel l es  en tre  l es  bornes  et  connexions .  En tre  
l es  bornes  et  l es  connexions ,  l es  exi gences  sont  te l l es  q ue  spéci fi ées  dans  l e  présent  tab leau .  

d  Lorsque  l es  cartes  de  ci rcu i ts  imprimés  sont  revêtues  selon  l 'Annexe  P  ou  sel on  l 'Arti cl e  Q. 1  et  q ue  l e  
revêtement a  un  I RC d 'au  moins  1 75,  l es  val eu rs  spéci fi ées  pou r l e  degré  de  pol lu tion  1  son t  au tori sées.  
L ' I RC doi t  être  mesuré  sel on  l ’ I EC 601 1 2 .  

e   Groupes  de  matériaux I ,  I I ,  I I I a  et  I I I b.  

f  Groupes  de  matériaux I ,  I I  e t  I I I a .  

g  G roupe  de  matériaux I I I  comprend  I I I a  et  I I I b.  Le  g roupe  de  matériaux I I I b  n 'est  pas  au tori sé  pou r u ti l i sati on  
en  degré  de  pol lu tion  4  ou  pour u ti l i sation  à  p l us  de  630  V.  

 

La  conformité est vérifiée  par examen.  

20.2.3  Les  l ignes  de  fu i te  d e  l ' i solation  supplémentai re  ne  doivent pas  être  i n férieures  
aux l i gnes  de  fu i te  correspondan tes  pour l ' i solation  principale  en  tenant  compte  du  g roupe  
de  matériaux et  du  degré  de  pol lution .  

La  conformité  est vérifiée par examen et par des mesures.  
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20.2.4  Les  l ignes  de  fu i te  d e  l ' i solation  renforcée  n e  doiven t pas  être  i n férieures  au  
double  des  l i gnes  de  fu i te  correspondantes  pour l ' isolation  principale  en  tenan t compte  du  
groupe  de  matériaux et  du  degré de  pol lution .  

La conformité est vérifiée  par examen et par des mesures.  

20.2.5  Voi r Annexe J .  

 I solation  sol ide  20.3

L' isolation  sol i de  doi t ê tre  capable  de  supporter durablement auss i  b ien  l es  contrain tes  
mécan iques  et é lectriques  que  l es  i n fl uences  therm iques  ou  l i ées  à  l 'environnement 
susceptib les  de  se  produ i re  pendan t l a  durée  de  vie  espérée  du  matérie l .  

20.3. 1  I l  n ' y a  pas  d ’exigence concernan t l 'épaisseur de  l ' i solation  principale  ou  l ' isolation  
fonctionnel le .   

20.3.2  La  d istance  à  travers  l ' i so lation  pour les  i solations  supplémentai res  et  renforcées ,  
pour les  tensions  de  service  j usqu 'à  300  V i nclus,  entre  p ièces  méta l l i ques,  ne  doi t pas  être  
i n férieure  à  0 , 7  mm.  

NOTE  Cel a  n ' impl i q ue  pas  q ue  cette  d i stance  est  à  être  d ans  l e  matéri au  i sol ant  seu l .  Cette  i sol ation  peu t  être  
consti tuée  d 'un  matériau  sol i de  et  d ’ une  ou  de  p l us ieurs  couches  d 'ai r.  

Pour l es  disposi ti fs  de  commande  ayan t des  parties  avec double  isolation  où  i l  n ' y a  pas  
de  méta l  entre  l ' isolation  principale  et  l ' isolation  supplémentai re ,  l es  mesures  son t fa i tes  
comme s' i l  y avai t  une  feu i l l e  de  méta l  entre  l es  deux couches  d ' isolation .  

20.3.2. 1  L 'exigence de  20 . 3. 2  ne  s 'appl ique  pas  s i  l ' i so lation  est appl iquée  sous  forme d 'une  
feu i l l e  m ince,  au tre  que  du  m ica  ou  un  au tre  matériau  en  l amel les  s im i la i re.   

– Pour l ' i solation  supplémentaire ,  e l l e  cons iste  en  au  moins  deux couches,  sous  réserve  
que  chacune des  couches  rés iste  à  l 'essai  de  ri g i d i té  d ié lectri que  de  1 3. 2  pour l ' i solation  
supplémentai re .  

– Pour l ' isolation  renforcée ,  e l l e  cons iste  en  au  moins  trois  couches,  sous  réserve  que  
deux couches  ensemble  rés isten t à  l 'essai  de  ri g i d i té  d iélectrique  de  1 3. 2  pour l ' i solation  
renforcée .  

La conformité est vérifiée par examen et par essai.  

20.3.2.2  L 'exigence  de  20. 3. 2  ne  s 'appl i que  pas  s i  l ' isolation  supplémentai re  ou  l ' i solation  
renforcée  est  i naccess ib le  et  répond  à  l 'un  des  cri tères  su ivan ts.  

– La  température  maximale  déterm inée  pendant l es  essais  des  Articles  27  et H . 27  ne  
dépasse  pas  la  va leur perm ise  spéci fi ée  au  Tableau  1 3.  

– L' isolation ,  après  un  cond i tionnement de  1 68  h  dans  une  étuve  main tenue  à  une  
température  dépassant de  25  K l a  température  maximale  déterm inée  pendant l es  essais  
de  l 'Article  1 4,  rés iste  à  l 'essai  de  ri g id i té  d ié lectrique  de  1 3 .2 ,  cet  essai  étant fa i t  sur 
l ' i solation  à  l a  température  de  l 'étuve  et après  refroid issement à  approximativement l a  
température  ambiante.  

Pour les  optocoupleurs,  l a  procédure  de  cond i ti onnement est effectuée  avec une  température  
dépassant de  25  K l a  température  maximale  mesurée  sur l 'optocoupleur pendan t l es  essais  
des  Articles  1 4 ,  27  et H . 27,  l 'optocoupleur étant manœuvré  dans  l es  cond i ti ons  l es  p l us  
défavorables  se  produ isant pendant ces  essais .  

La conformité est vérifiée  par examen et par essai.  
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21  Résistance à  la  chaleur,  au  feu  et aux courants  de  cheminement 

 Exigences  générales  21 . 1

Toute  partie  non  métal l i que  d 'un  disposi ti f de  commande  do i t  résister à  l a  chaleu r,  au  feu  et 
aux courants  de  chem inement.  

La conformité est vérifiée par les essais de 21 . 2,  sauf pour les dispositifs de commande à  
montage indépendant qui sont vérifiés par les essais de 21 . 3.  

Il n'existe pas d'exigence pour les petites parties telles que définies en 3. 1  de 
l’IEC 60695-2-11 :2000.  

NOTE  Aux É tats-Un is ,  l a  conform i té  est  véri fi ée  par l a  procédure  décri te  à  l 'Annexe  D.   

 D i sposi ti fs  de  commande intercalés  dans  un  câble  souple,  in tégrés  et  incorporés  21 .2

Les  séquences  d 'essais  su ivantes  doiven t être  exécu tées  su ivant l a  pos i ti on  ou  fonction  de  la  
partie  non  méta l l i que  et d 'après  l es  températures  déclarées  de  l 'essai  à  l a  b i l l e  et  de  l 'essai  
au  fi l  i ncandescent.  

NOTE  Les  disposi ti fs  de  commande  peuvent  être  u ti l i sés  dans  des  appl i cati ons  fi nales  l argement d i fféren tes.  
Le  choi x des  n i veaux d 'essai  à  parti r des  exi gences  ci -après  peut  être  i n fl uencé  par l a  pri se  en  cons idérati on  des  
exi gences  de  l a  norme d 'app l i cation  fi nale.  

21 .2. 1  Pour les parties qui sont accessibles lorsque le dispositif de commande  est monté 
dans les conditions d'utilisation prévues,  et dont la  détérioration peut rendre le  dispositif de 
commande  dangereux:  

–  l'essai à  la  bille  1  de G. 5. 1 ;  

–  l'essai au fil incandescent de l'Article  G.2 réalisé à  550 °C.  

21 .2.2  Pour les parties qui maintiennent en position les parties transportant le courant,  
autres que les connexions électriques:  

–  l'essai à  la  bille 2 de G. 5. 2;  

–  l'essai au fil incandescent de l'Article G. 2 réalisé à  550 °C.  

NOTE  Les  essais  ne  sont  pas  appl i cabl es  aux parti es  q u i  main ti ennent  en  posi ti on  l es  parti es  transportan t  l e  
courant  dans  l es  ci rcu i ts  à  basse  pu i ssance  te l s  q ue  défi n i s  en  H . 27. 1 . 1 . 1 .  

21 .2.3  Pour les parties qui maintiennent ou retiennent en position les connexions 
électriques,   

–  l'essai à  la  bille 2 de G. 5. 2 ,  

suivi de l'essai au fil incandescent à  la  température appropriée à  l'application et telle que 
déclarée pour le dispositif de commande:  

NOTE  1  Pou r p l us  d ' i n formations,  voi r l ’Annexe  F .  

Essai au fil incandescent à  650 °C  

– l'essai au fil incandescent de  l'Article G. 2 réalisé à  650 °C.  

Essai au fil incandescent à  750 °C 

– l'essai au fil incandescent de  l'Article G. 2 réalisé à  750 °C.  

Essai au fil incandescent à  850 °C  

–  l'essai au fil incandescent de  l'Article G. 2 réalisé à  850 °C.  
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Les  essais  ne  sont pas  appl icables  aux parties  qu i  main tiennent en  pos i ti on  l es  parties  
transportan t l e  couran t dans  les  ci rcu i ts  à  basse  pu issance te ls  que  défin is  en  H . 27. 1 . 1 . 1 .  

NOTE  2  Les  disposi ti fs  de  commande  peuvent être  u ti l i sés  dans  des  appl i cati ons  fi nales  l argement d i fféren tes.  
Le  choi x des  n i veaux d 'essai  à  parti r des  exi gences  ci -après  peut  être  i n fl uencé  par l a  pri se  en  cons idérati on  des  
exi gences  de  l a  norme d 'app l i cation  fi nale.  

NOTE  3  Pou r l es  disposi ti fs  de  commande  d esti nés  à  être  i ncorporés  dans  des  apparei l s  re levant  du  domaine  
d 'appl i cation  de  l ’ I EC 60335-1 ,  l es  parti es  s i tuées  à  3  mm  au  maximum  des  connexions  é lectri ques  peuvent devoi r 
être  évaluées  selon  30. 2  de  l a  norme en  questi on .  

21 . 2.4  Pour toutes les autres parties (à  l'exception des garnitures décoratives,  boutons,  etc. )  

–  l'essai au fil incandescent de l'Article G. 2 réalisé à  550 °C.  

doit être  effectué.  

NOTE  Sauf i nd ication  contra i re  dans  l a  parti e  2 ,  l es  d i aphragmes,  j o i n ts  et  pâtes  d 'étanchéi té  d es  presse-étoupe  
ne  son t  pas  soum is  aux essais  de  21 . 2 . 4.  

21 .2.5 Vacant  

21 .2.6  Vacant  

21 .2.7  Résistance  aux courants  de  cheminement 

Toutes  l es  parties  non  métal l i ques  pour l esquel les  une  l igne de  fu i te  est spéci fiée  en  20. 2  
doivent  avoi r une  résistance  aux courants  de  chem inement comme déclaré.  

NOTE  1  Les  val eu rs  spéci fi ées  pou r l a  rés i stance  aux couran ts  de  chem inement  sont  données  soi t  dans  l es  
parti es  2  de  l ’ I EC 60730  ou  dans  l a  norme  correspondante  d u  matériel  concerné.  

Les  disposi ti fs  de  commande  prévus  pour un  fonctionnement en  TBT  ne  son t pas  soum is  
à  un  essai  de  rés istance  aux courants  de  chem inement.  

NOTE  2  A l ' i n téri eur d 'u n  disposi ti f de  commande ,  d i fférentes  parti es  peuvent  avoi r des  val eu rs  d i fférentes  de  
IRC (degré  de  protection  contre  l e  chem inement)  se l on  l e  microenvi ronnement  d e  l a  parti e.  

La conformité est vérifiée par les essais de l'Article G. 4 réalisés à  l'une des valeurs d'IRC 
suivantes telles que déclarées à  l’exigence 30 du Tableau 1 :  

– 100 V;  

– 175 V;  

– 250 V;  

– 400 V;  

– 600 V.  

NOTE  3  Pou r l es  besoi ns  de  21 . 2 . 7,  on  ne  considère  pas  q ue  l a  proxim i té  des  con tacts  d 'arc augmente  l e  dépôt  
de  matière  conductri ce  externe,  étant  donné  que  l es  essais  d 'endu rance  de  l 'Arti cl e  1 7 ,  su ivi s  par l es  essais  de  
ri g i d i té  d i é l ectri q ue  de  l 'Arti cl e  1 3 ,  son t  cons idérés  comme suffi san ts  pour d éterm iner l 'effet  de  l a  pol lu tion  
provenant de  l ' i n térieur d u  disposi ti f de  commande .  

 D i sposi ti fs  de  commande à  montage  indépendant  21 .3

La séquence  d 'essais  de  21 . 2 . 1  à  21 . 2. 7  s 'appl ique,  précédée du  précond i ti onnement de  
21 . 3. 1 .  
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 Préconditionnement 21 .3. 1

Le préconditionnement doit être effectué dans une étuve comme suit:  

–  sans indication de T: 1  ×  24 h  à  (80 ±  2)  °C,  le circuit de la  partie commutateur et le 
mécanisme d'entraînement n'étant pas reliés,  les couvercles  amovibles étant retirés;  

–  avec indication de T pour des températures ne dépassant pas 85 °C: 1  ×  24 h  à  
(80 ± 2)  °C,  la  partie commutateur du dispositif de commande  et le  mécanisme 
d'entraînement n'étant pas reliés et sans couvercles  et ensuite 6 ×  24 h  à  (Tmax  ±  2)  K 
avec couvercles,  les circuits de la  partie commutation et le  mécanisme d'entraînement 
étant reliés;  

–  avec indication de T pour des températures dépassant 85 °C: 6 ×  24 h  à  (Tmax  ±  2)  K avec 
couvercles,  le  circuit de commutation et le  mécanisme d'entraînement étant reliés.  

   D ispositi fs  avec in terrupteur au  mercure  21 .4

Les  disposi ti fs  u ti l i sant un  in terrupteur au  mercure  destinés  à  être  branchés  à  un  ci rcu i t sous  
tension  de  service,  te l  que  défin i  en  2 . 1 . 3,  doivent fonctionner de  façon  acceptable  l orsqu ' i ls  
son t soum is  à  essai  en  série  avec un  fusib le  à  cartouche non  réarmable  standard  sur un  
ci rcu i t  en  couran t con tinu  présentan t l a  tension  spéci fiée  pour l 'essai  de  1 7. 1 . 1 ,  mais  on  peut 
employer du  courant a l ternati f sous  une  charge  non  i nductive  s i  l e  d ispos i ti f est desti né  à  être  
u ti l i sé  un iquement en  couran t a l ternati f.  Le  cal i bre  nom inal  du  fus ib le  et l a  capaci té  du  ci rcu i t  
d 'essai  doiven t être  conformes  aux i nd ications  du  Tableau  25.  

L'enveloppe et toute autre partie métallique exposée sont à  mettre  à  la  masse et du coton est 
à  placer autour de toutes les ouvertures de  l'enveloppe.  

Il ne doit pas y avoir allumage du coton ou de l'isolant des conducteurs du circuit ni émission 
de flamme ou de métal en fusion à  l'exception de mercure provenant de l'enveloppe 
contenant l'interrupteur.  Le câblage fixé au dispositif,  à  l'exception des câbles du tube,  ne doit 
pas être endommagé.  Des manœuvres  successives sont à  effectuer en fermant tour à  tour 
l'interrupteur à  mercure sur le  court-circuit,  puis le court-circuit sur le tube à  mercure au 
moyen d'un dispositif de  commutation approprié.  

NOTE  Dans  l es  pays  membres  du  CENELEC,  21 . 4  n 'est  pas  appl i cable.  

Tableau  25  (21 .4  de  l ’ éd i tion  3)  – Condi tions  appl icables   
au  court-circu i t de  l ' in terrupteur à  mercure  

V Cal ibre  maximal  a  Courant de  
court-ci rcu i t  

A 

Cal ibre  m in imal  du  fusibl e  b  c  

   0–1 25  1 26–250  251 –660  

0–250  2  000  VA 1  000  20  1 5  – 

0–250  30  A 3  500  30  30  – 

0–250  63  A 3  500  70  70  – 

251 –660  63  A 5  000  – – 30  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

b  Le  cal i bre  m in imal  du  fus ibl e  doi t  être  au  moins  égal  à  l ' ampérage  assigné  de  l ' i n terrupteu r ou  du  fus ib le  
standard  l e  p l us  proche,  sans  dépasser q uatre  foi s  l 'ampérage  assigné  à  p l ei ne  charge  d u  moteur,  et  i l  ne  d oi t  
en  aucun  cas  être  i n férieur à  l a  val eur i nd i quée.  

c  Pour l e  présent  essai ,  l es  ampérages  assignés  des  fus ib les  son t  1 5,  20 ,  25,  30,  35,  40,  45,  50,  60,  70,  80,  90,  
1 00,  1 1 0,  1 25,  1 50,  1 75,  200,  225,  250.  Des  fus ibles  de  ta i l l e  i n terméd ia i re  peuvent  être  u ti l i sés.  

 

Le  coton  u ti l i sé  doi t  être  te l  que  spéci fi é  à  l 'Annexe C.  
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Il n'est pas nécessaire que l'interrupteur soit en  état de marche après les essais.  

22  Résistance à  la  corrosion  

 Résistance  à  la  rou i l l e  22. 1

22. 1 . 1  Les  parties  en  métaux ferreux,  y compris  l es  capots  e t  l es  enveloppes,  doivent être  
protégées  contre  l a  corrosion  s i  ce l l e-ci  peut affecter l a  conform ité  à  la  présen te  norme.  

22. 1 .2  Cette  exigence  n 'est pas  appl icable  aux éléments  thermosensibles  n i  aux au tres  
composan ts  don t l es  caractéristi ques  de  fonctionnement seraien t affectées  par un  tra i tement 
de  protection .  

22. 1 .3  La  conformité  est vérifiée par l'essai suivant.  

22. 1 .4  Les parties à  soumettre à  essai sont maintenues pendant 14 jours à  une humidité 
relative de 93 % à  97 % et à  une température de  (40 ± 2)  °C.  

22. 1 .5  Après un  séchage de 10 min dans une étuve à  une température de (100 ± 5)  °C,  les 
surfaces des parties ne doivent présenter aucune trace de corrosion susceptible d'affecter la  
conformité aux exigences des Articles 8,  13 et 20.  

22. 1 .6  On ne prend pas en considération des traces de rouille sur les arêtes ni un voile 
jaunâtre disparaissant par simple frottement.  

NOTE  1  Les  parti es  émai l l ées,  ga l van isées,  shérard i sées ,  p l aquées  ou  tra i tées  d 'une  man ière  de  protecti on  
reconnue  équ i val en te  son t  considérées  comme étan t  conformes  à  cette  exi gence.  

NOTE  2  Pou r de  peti ts  ressorts  hél i coïdaux et  organes  anal ogues,  et  pou r l es  parti es  exposées  à  l 'abrasi on ,  une  
couche  de  grai sse  peut  consti tuer une  protection  su ffi sante  con tre  l a  rou i l l e.  De  te l l es  parti es  ne  sont  soum ises  à  
l 'essai  que  s ' i l  y  a  d ou te  au  su jet  de  l 'effi caci té  de  l a  couche  de  grai sse  et  l 'essai  est  a l ors  effectué  sans  
dég raissage  préalable.  

23  Exigences  de  compatibi l i té  électromagnétique (CEM)  – Émission  

Voir aussi l'Article H. 23.  

23. 1  Les  d ispositi fs  de  commande séparés  et à montage indépendant ,  qu i  accompl issent 
des  cycles  en  fonctionnement  normal ,  doivent être  constru i ts  de  façon  à  ne  pas  générer des  
i n terférences  rad io  excessives.  Les  dispositi fs  de  commande intégrés  e t  l es  dispositi fs  de  
commande i ncorporés  ne  sont pas  soum is  aux essais  de  23. 1  car l e  résu l tat de  ces  essais  
peu t être  affecté  par l ' incorporation  du  dispositi f de  commande  d ans  l e  matérie l .  I l s  peuven t,  
cependant,  être  effectués  sur demande du  fabricant.  

I l  convient que  les  matériels  u ti l i san t des  disposi ti fs  de  commande incorporés  ou  i n tégrés  
soient conformes  à  l eur norme produ i t CEM  correspondante.  Les  disposi ti fs  de  commande 
incorporés  e t  in tégrés  son t soum is  à  essai  dans  l e  matériel  en  configuration  d 'u ti l i sation  
fina le .  

La conformité  est vérifiée par l'une des méthodes suivantes:  

a)  Essais selon la  CISPR 14-1 ,  avec la  modification suivante et/ou la  CISPR 22,  classe B.  En 
4. 2. 3. 3 de la  CISPR 14-1 :2005,  la  valeur de 200 ms est remplacée par 20 ms.  

b)  Essais tels que détaillés en 23. 1 . 1  et 23. 1 . 2,  ayant pour conséquence une durée 
d'émission de fréquences radio de 20 ms.  Quand de tels dispositifs de commande  ont 
une cadence des claquements supérieure à  5,  la  méthode a)  doit être suivie.  
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c)  Examen et/ou essais pour montrer que la  durée minimale entre le fonctionnement  des 
contacts en fonctionnement  normal ne peut être inférieure à  10 min.  

La  conformité avec les méthodes b)  ou c)  montre  qu'il y a  conformité avec la  méthode a) .   

23. 1 . 1  Cond i tions  d 'essai  

Un échantillon pécédemment non soumis à  l’essai est soumis à  l’essai.  

Les conditions électriques et thermiques sont comme spécifié en 17. 2 et 17. 3 excepté ce qui 
suit:  

–  pour les dispositifs de commande sensibles,  le  taux de changement des grandeurs de 
manœuvre est α1  et β 1 ;  

–  pour les dispositifs de commande non sensibles,  le  fonctionnement des dispositifs de 
commande  est provoqué à  la  plus faible vitesse de manœuvre possible des contacts en 
fonctionnement normal;  

– pour les dispositifs de commande  déclarés pour utilisation avec des charges inductives,  
le  facteur de puissance est 0, 6,  sauf déclaration contraire à  l'exigence 7 du Tableau 1 .  
Pour les dispositifs de commande  déclarés pour utilisation avec des charges purement 
résistives,  le  facteur de puissance est 1 , 0.  

23. 1 .2  Procédure  d 'essai  

Le dispositif de commande  est mis en fonction pendant cinq cycles de fonctionnement par 
contact.  

La  durée d'interférence radio est mesurée par un oscilloscope relié  au dispositif de 
commande  de  façon à  mesurer la  chute de tension dans les contacts.  

NOTE  Pour cet  essai ,  une  i n terférence  rad io  est  tou te  fl uctuation  de  tension  observée  dans  l es  con tacts  se  
superposant sur l ' onde  de  l 'a l imentation  comme résu l tat  d u  fonctionnement  d es  contacts.  

23.2  Les  d ispositi fs  de  commande  d esti nés  aux matériels  I SM  ( i ndustriel ,  scienti fique  et  
méd ical )  e t l es  dispositi fs  de  commande  séparés ,  à  montage indépendant  et  in tercalés  
dans  un  câble  souple  d esti nés  à  être  u ti l i sés  avec des  matérie ls  I SM  doiven t satisfai re  aux 
exigences  de  l a  CISPR 1 1 .  

NOTE  Voi r aussi  l e  Tab leau  1 ,  exigence  89.  

24 Éléments  consti tuants  

24. 1  Les  transformateurs  destinés  à  a l imenter un  ci rcu i t TBTS  ou  un  ci rcu i t  TBTP doiven t 
être  du  type  i solant de  sécuri té  et doivent être  conformes  aux exigences  correspondantes  de  
l ’ I EC 61 558-2-6.   

Les  condensateurs  re l iés  entre  deux conducteurs  de  phase  ou  entre  un  conducteur de  phase  
et l e  neu tre,  ou  en tre  des  parties  actives  dangereuses  e t  l a  terre  de  protection ,  doivent être  
conformes  à  l ’ I EC  60384-1 4  et  doiven t être  u ti l i sés  conformément à  leurs  va leurs  ass ignées.  

Les  fus ib les  doivent répondre  aux exigences  de  l ’ I EC 601 27-1  ou  de  l ’ I EC  60269-1 ,  selon  
cel le  qu i  correspond .  

24.1 . 1  Les  dispositi fs  de  commande  auxquels  est i ncorporé  un  transformateur de  sécuri té  
comme source  d 'a l imen tation  d 'un  ci rcu i t TBTS  ou  TBTP sont soum is  à  un  essai  de  sortie  
avec le  primaire  a l imenté  à  l a  p le ine  tens ion  ass ignée comme ind iqué  en  1 7. 2 .2 ,  1 7. 2. 3. 1  et 
1 7 . 2 . 3. 2.  
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Les  a l imentations  en  mode de  commutation  ou  l es  transformateurs  u ti l i sés  dans  des  
convertisseurs  doivent satisfai re  aux exigences  de  l ’ I EC 61 558-2-1 6.  

Dans  des  cond i ti ons  quelconques  de  charge  non  capaci ti ve  (depu is  une  charge  nu l l e  j usqu 'au  
court-ci rcu i t  de  n ' importe  l aquel le  ou  de  tou tes  l es  bornes  de  câblage  secondai res  
d ' instal lation  TBTS  ou  TBTP)  et sans  perturber l es  connexions  i n ternes,  l a  tens ion  de  sortie  
ne  doi t  pas  être  p l us  grande  que  cel l e  qu i  est  défi n ie  en  2 . 1 . 5.  

S i  un  convertisseur ou  une  a l imentation  en  mode  de  commutation  est u ti l i sé  comme source  
d 'al imentation  d 'un  ci rcu i t  TBTS  ou  TBTP,  l es  d isposi ti ons  de  l 'Article  T. 3  s 'appl iquen t.  

La  pu issance de  sortie  secondaire  aux bornes  d 'un  ci rcu it  secondaire  l imité  i solé  ne  doi t  
pas  être  supérieure  à  1 00  VA et l e  couran t de  sortie  secondai re  ne  doi t  pas  être  supérieur à  
8  A,  après  1  m in  de  fonctionnement  avec l a  protection  con tre  l es  surin tensi tés ,  s i  e l l e  existe,  
court-ci rcu i tée.  

24.2  Les  composants  au tres  que  ceux ci tés  en  24. 1  son t véri fi és  en  effectuant l es  essais  de  
l a  présente  norme.  

24.2. 1  Cependan t,  pou r l es  composants  qu i  ont préalablement satisfai t à  une  norme de  
sécuri té  I EC correspondante,  pour une  réduction  des  essais  nécessaires,  l 'évaluation  est  
l im i tée  à  ce  qu i  su i t:  

a)  l 'appl ication  du  composant dans  l e  dispositi f de  commande  est véri fi ée  pour s 'assurer 
qu ' i l  est couvert  par des  essais  préalables  correspondan ts  à  l a  norme de  sécuri té  I EC;  

b)  l es  essais,  se lon  la  présente  norme,  de  toutes  les  cond i tions  qu i  ne  son t pas  prévues  par 
l es  essais  préalables  de  l a  norme de  sécuri té  I EC.  

Voi r auss i  l 'Annexe  J .  

24.3  L 'Annexe  U  ne  s 'appl ique  pas  aux re lais  u ti l i sés  en  tan t que  composants  dans  un  
dispositi f de  commande .  

24.4  Les  a l imentations  en  mode  de  commutation  non  couvertes  par 24. 2. 1 ,  y compris  leurs  
ci rcu i ts  périphériques,  u ti l i sées  dans  l es  disposi ti fs  de  commande électron iques  d o ivent 
satisfa i re  aux essais  de  24. 4. 1  et à  tou tes  les  exigences  appl icables  de  l a  présente  norme.   

NOTE  Les  cri tères  de  conform i té  pour l es  essais  sont  d onnés  en  24. 4 . 1 . 1 1 .  

24.4. 1  Essais  de  surcharge  pour l es  al imentations  en  mode de  commutation  

24.4. 1 . 1  Chaque enroulement de sortie,  ou section d’un enroulement à  gradins,  est 
surchargé un à  la  fois tandis que les autres enroulements sont maintenus à  l’état chargé ou 
non chargé,  selon la  condition de charge en usage normal  qui représente le cas le plus 
défavorable.  

24.4. 1 .2  La surcharge est réalisée en raccordant une résistance variable (ou une charge 
électronique)  par l’enroulement ou la  sortie redressée.  La résistance est réglée le plus 
rapidement possible et de nouveau réglée,  si nécessaire,  au bout de 1  min afin de maintenir 
la  surcharge applicable.  Aucun autre  réajustement n’est ensuite  autorisé.  

24.4. 1 .3  Pour cet essai,  tout dispositif de protection tel qu’un fusible,  protecteur de circuit à 
réarmement manuel,  protecteur thermique,  etc.  est autorisé  à  rester dans le  circuit.  

24.4. 1 .4  Si une protection contre les surintensités est assurée par un  disjoncteur,  le  courant 
d’essai de  surcharge correspond au courant maximal que le  dispositif de protection contre les 
surintensités peut supporter pendant 1  h.  Si cette valeur ne peut pas être obtenue de la  
spécification,  elle doit être établie  par essai.  
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24.4. 1 .5  En l’absence de protection contre les surintensités,  la  surcharge maximale  
correspond à  la  puissance utile maximale que peut fournir l’alimentation.  

24.4. 1 .6  En cas de repli de tension,  la  surcharge est augmentée lentement jusqu’au point 
qui provoque la  chute de la  tension de sortie de 5 %.  La  surcharge est ensuite établie au 
point de  reprise de la  tension de  sortie  et maintenue pendant la  durée de l’essai.  

24.4. 1 .7  La durée de l’essai est de  1  h  ou jusqu’à l’obtention des résultats finaux.  

24.4. 1 .8  La tension maximale en circuit ouvert de chaque enroulement (directement au 
niveau de l’enroulement du transformateur)  et le courant maximal de charge sont mesurés et 
enregistrés afin  de pouvoir déterminer la  puissance de sortie maximale.  

24.4. 1 .9  Les mesures de la  tension maximale  en circuit ouvert doivent être réalisées 
pendant le  fonctionnement normal et en  condition d’une défaillance  de composant,  voir 
Tableau H. 24.  

24.4. 1 . 1 0  Pour les applications TBTS,  pour lesquelles la  tension maximale en circuit ouvert 
mesurée directement à  l’enroulement secondaire du transformateur dépasse les limites 
spécifiées en 2. 1 . 5,  la  mesure de la  tension maximale de sortie  de chaque enroulement peut 
être réalisée après certaines impédances de protection .  Dans ce cas,  les limites doivent 
être conformes à  H. 8. 1 . 10. 1 .   

24.4. 1 . 1 1  A la  suite de chaque essai (toujours en condition chaude) ,  le  transformateur est à  
soumettre à  l’essai de rigidité diélectrique de  13. 2.  

24.4. 1 . 1 2  La conformité doit s’appliquer selon les points a) ,  b) ,  c) ,  d) ,  e)  et f)  de  H.27. 1 . 1 . 3.  

24.5 L’Annexe  J  ne  s ’appl i que  pas  aux thermistances  u ti l i sées  dans  un  ci rcu i t qu i  satisfai t à  
tou tes  l es  exigences  su ivan tes:  

– dispositi f de  commande  d e  type  1  te l  que  spéci fié  dans  l e  Tableau  1 ,  exigence 39;   

– raccordement à  un  ci rcu i t  TBTS /TBTP te l  q ue  spéci fi é  à  l 'Article  T. 1 ;  

– ci rcu i t de  fa ib le  pu issance  te l  que  spéci fié  en  H . 27. 1 . 1 . 1 ;  

– l e  dispositi f de  commande  ou  l ’ équ ipement term inal  est conforme à  l 'Article  H . 27  l orsque  
l a  thermistance  est  ouverte  ou  en  court-ci rcu i t;  

– dispositi f de  commande  avec fonctions  de  commande de  classe A  te l  que  spéci fi é  
dans  l e  Tableau  1 ,  exigence  92 .  

25 Fonctionnement normal  

 Général i tés  25. 1

Voir Annexe  H .  

 Essai  de  surtension  et de  manque de  tension  25.2

Un  dispositi f de  commande  à  é lectroaimant i ncorporé  doi t fonctionner comme prévu  à  tou te  
tens ion  dans  l a  plage  comprise  en tre  85  %  de  l a  tens ion  ass ignée  m in imale  et  1 1 0  %  de  l a  
tens ion  ass ignée maximale.  

La conformité est vérifiée en soumettant le dispositif de commande  aux essais suivants 
dans les conditions de fonctionnement maximales et minimales annoncées,  à  l'exception du 
fait que seul un dispositif de commande  ayant une valeur Tmin  inférieure à  0 °C est vérifié à  
Tmin:   

Le  dispositif de commande  est soumis à  1 , 1  VR max  jusqu'à  ce que la  température 
d'équilibre soit atteinte et son fonctionnement est alors immédiatement vérifié à  1 , 1  VR max  
et à  la  tension assignée.  
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Le dispositif de commande  est aussi soumis à  0, 85 VR min  jusqu'à ce  que la  température 
d'équilibre soit atteinte  et son fonctionnement est alors immédiatement vérifié  à   
0, 85 VR min.  

26  Exigences  de  compatibi l i té  électromagnétique (CEM)  – Immunité  

Voi r l 'Article  H . 26.  

NOTE  En  général ,  l es  essai s  de  l 'Arti cl e  H . 26  ne  son t  pas  appl i cables  aux d isposi ti fs  de  commande  n on  
é l ectron iques  à  cause  de  l eu r tolérance  à  de  te l l es  pertu rbati ons.  Les  essais  appropri és  pour l es  types  spéci fi q ues  
de  disposi ti fs  de  commande  non  é l ectron i ques  peuvent  être  i ncl us  d ans  d 'au tres  arti cl es  de  l a  parti e  2  
appropri ée.  

27  Fonctionnement anormal  

27. 1  Voi r Annexe H  et  Annexe J .  

27.2  Essai  de  brû lure  

Les  disposi ti fs  de  commande  avec des  é lectroaimants  i ncorporés  doivent rés ister aux effets  
de  blocage  du  mécan isme du  d ispositi f de  commande .  

La conformité est vérifiée par les essais de 27. 2. 1  et 27. 2. 2.  

NOTE  Pour l es  re l a i s  et  l es  con tacteu rs,  l a  conform i té  à  cette  exigence  est  considérée  comme sati sfai te  par 
l 'accompl i ssement  des  essais  de  l 'Arti cl e  1 7.  

27.2. 1  Le mécanisme du dispositif de commande  est bloqué dans la  position présumée 
dans laquelle  le  dispositif de commande  n'est pas alimenté.  Le dispositif de commande  
est alors alimenté à  la  fréquence assignée et à  la  tension assignée comme indiqué en 17.2. 2,  
17. 2. 3. 1  et 17. 2. 3. 2.  

La  durée de  l'essai est soit 7 h  soit jusqu'à ce que le dispositif de protection interne éventuel 
se déclenche,  ou jusqu'à la  brûlure,  suivant ce qui a  lieu en  premier.  

27.2.2  Après cet essai,  le  dispositif de commande  doit être considéré comme conforme si:  

– il n'y a  pas d'émission de flammes ou de métal fondu et qu'il n'y a  pas à  l'évidence 
d'endommagement du dispositif de commande  qui pourrait compromettre la  conformité à  
la  présente norme;  

– les exigences de 13. 2 sont encore satisfaites.  

NOTE  Le  disposi ti f de  commande  n ’ a  pas  besoin  d ’ être  fonctionnel  à  l a  su i te  de  l ’ essai .  

27.2.3  Essai  de  sortie  mécanique  bloquée (essai  de  température  anormale)  

Les  disposi ti fs  de  commande  comprenant des  moteurs ,  te ls  que  les  actionneurs  é lectri ques,  
doivent rés ister aux effets  d 'une  sortie  b loquée sans  dépasser l es  températures  i nd iquées  au  
Tableau  26.  Les  températures  sont mesurées  par la  méthode spéci fiée  en  1 4. 7 . 1 .  Cet essai  
n 'est pas  réal isé  sur l es  disposi ti fs  de  commande  comprenant des  moteurs  te ls  que  les  
actionneurs  é lectriques  pour qu i ,  lorsqu ' i l s  son t soum is  à  essai  en  cond i ti on  de  sortie  b loquée 
pendant 7  h ,  tou t  d isposi ti f de  protection ,  s i  fourn i ,  ne  cycle  pas  en  cond i ti ons  b loquées  et qu i  
ne  dépassent  pas  les  l im i tes  de  température  du  Tableau  1 3.  

27.2.3. 1  Les dispositifs de commande  comprenant des moteurs,  tels que les actionneurs 
électriques,  sont soumis à  essai pendant 24 h  avec la  sortie  bloquée sous la  tension assignée 
et avec une température ambiante dans la  plage de 15 °C à  30 °C,  la  température mesurée 
résultante étant corrigée par rapport à  une valeur de référence de 25 °C.  
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NOTE  Au  Canada  et  aux É tats-Un is ,  l 'essai  est  effectué  sous  l es  tensions  i nd iquées  en  1 7 . 2 . 3 . 1  et  1 7 . 2 . 3 . 2 .  

Pour l es  disposi ti fs  de  commande  comprenant des  moteurs  déclarés  fonctionnant en  
tri phasé,  i l  fau t réal iser l 'essai  avec une  quelconque  des  phases  déconnectée.  

Tableau  26  (27.2 .3  de  l ’ éd i tion  3)  – Température  maximale   
des  enrou lements  (pour l 'essai  en  condition  de  sortie  mécan ique bloquée)  

Condi tion  Température  de  l ' i solan t par classe
 

°C  

 A E  B  F  H  200  220  250  

 

S i  impédance  protégée:  

 

S i  protégée  par d es  d i sposi ti fs  de  
protection :  

 

Pendant l a  prem ière  heure  

   – va leur maximale  

 

Après  l a  prem ière  heure  

   – va leur maximale   

   – moyenne  ari thmétique   

 

1 50  

 

 

 

 

200  

 

 

 

1 75  

1 50  

 

1 65  

 

 

 

 

2 1 5  

 

 

 

1 90  

1 65  

 

1 75  

 

 

 

 

225  

 

 

 

200  

1 75  

 

1 90  

 

 

 

 

240  

 

 

 

21 5  

1 90  

 

21 0  

 

 

 

 

260  

 

 

 

235  

21 0  

 

230  

 

 

 

 

280  

 

 

 

255  

230  

 

250  

 

 

 

 

300  

 

 

 

275  

250  

 

280  

 

 

 

 

330  

 

 

 

305  

280  

 

27.2.3.2  La  température  moyenne  doi t  être  à  l ' i n térieur des  l im i tes  à  l a  fo is  pendant  l a  
deuxième heure  et pendant la  vingt  quatrième heure  de  l 'essai .  

NOTE  La  températu re  moyenne  d 'un  enrou l ement  est  l a  moyenne  ari thmétique  des  val eu rs  m in imale  et  maximale  
de  l a  températu re  de  l 'enrou l ement  pendant une  d u rée  de  1  h .  

27.2.3.3  Pendant l 'essai ,  le  moteur doi t  être  constamment sous  tens ion .  

27.2.3.4  Imméd iatement après  l 'achèvement de  l 'essai ,  l e  moteur doi t être  capable  de  
satisfa i re  à  l 'essai  de  ri g i d i té  d ié lectrique  spéci fié  à  l 'Article  1 3,  sans  réal isation  préalable  de  
l 'épreuve  h ygroscopique  de  1 2 .2 .  

27.3  Essai  de  surtension  et  de  manque  de  tension  

Vacant.  

27.4  Voi r Annexe H .  

27.5  Essais  de  surcharge  

27.5. 1  Général i tés  

Les essais sont effectués comme suit.  

– Les dispositifs de commande  tels que spécifiés sans dispositif de protection et sans 
fusible  incorporé sont chargés pendant 1  h  avec le  courant conventionnel de 
déclenchement pour le  fusible  qui dans l'installation protége le  dispositif de commande.  

– Les dispositifs de commande  protégés par des dispositifs de  protection (y compris les 
fusibles)  sont chargés de  façon telle  que le courant à  travers le  dispositif de commande  
soit 0, 95 fois le courant avec lequel le dispositif de protection se libère au bout de 1  h .  
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L'échauffement est mesuré après qu'un état établi a  été atteint ou au bout de 4 h,  suivant 
le temps le plus court des deux.  

– Les dispositifs de commande  protégés par des fusibles incorporés conformes à  
l’IEC 60127-1  doivent remplacer ces fusibles par des liaisons d'impédance négligeable et 
doivent être chargés de façon telle que le courant à  travers ces liaisons doit être de 2, 1  
fois le courant assigné du fusible.  L'échauffement est mesuré après que le dispositif de 
commande  a  été chargé pendant 30 min.  La valeur 2, 1  fois peut être réduite de 0, 5 %/K,  
si l’essai de surcharge est effectué à  une température supérieure à  la  température 
ambiante normale.   

– Les dispositifs de commande  protégés par des fusibles incorporés et par des dispositifs 
de protection sont chargés soit comme décrit ci-dessus avec les fusibles incorporés,  soit 
avec un  autre  dispositif de protection,  en  choisissant l'essai qui exige la  charge la  plus 
faible.  

– Les dispositifs de commande  protégés par des dispositifs de  protection qui court-
circuitent seulement en cas de  surcharge doivent être soumis à  essai à  la  fois comme des 
dispositifs de commande  avec dispositifs de protection et comme dispositifs de 
commande  sans dispositif de  protection.   

27.5.2   Essais  de  surcharge  effectués  sur des  d ispositi fs  de  commande in tercalés  
dans  un  câble  souple  tels  qu ' ind iqués  en  1 1 . 1 0.2  et équ ipés  d 'une prise  de  
courant 

Les essais conformes à  27. 5. 1  doivent être effectués.  

La  température ne doit pas dépasser les valeurs indiquées au Tableau 13.  

27.5.3  Pour l es  d ispositi fs  de  commande  non  couverts  par 27.5.2  

Les essais conformes à  27. 5. 1  doivent être effectués à  une température ambiante de 
(20 ±  5)  °C.  Si l’exigence 97 du Tableau 1  l’indique,  l’essai n’est pas effectué pour les 
dispositifs de commande  incorporés et les  dispositifs de commande intégrés .  

La  conformité aux points a)  à  g)  de H.27. 1 . 1 . 3,  le  cas échéant,  est vérifiée.  

27.6   Essai  de  court cicu i t  de  pi le  

Pour les dispositifs de commande  équipés de piles pouvant être retirées sans l’aide d’un  
outil et disposant de bornes pouvant être court-circuitées par une barre rectiligne mince,  les 
bornes de la  pile  sont court-circuitées avec la  pile  totalement chargée.  

La  durée de l’essai peut être de 1  h  ou jusqu’à l’obtention d’une condition finale,  selon ce qui 
se produit en premier.  

27.6. 1  A l’issue de cet essai,  le  dispositif de commande  doit être considéré comme 
satisfaisant si:  

– il n'y a  pas d'émission de flammes ou de métal fondu et qu'il n'y a  pas à  l'évidence 
d'endommagement du dispositif de commande  qui pourrait compromettre la  conformité à  
la  présente norme; 

– les exigences de  13. 2 sont encore satisfaites.  

NOTE  Le  disposi ti f de  commande  n ’ a  pas  besoin  d ’ être  fonctionnel  à  l a  su i te  d e  l ’ essai .  
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28  Guide sur l 'uti l isation  des  coupures  électroniques  

Voi r Annexe H .  

Dimensions en millimètres  

 
20  4  1 5    0  –0,1  

 ∅
3  
0
 

–0
,0
5 

 

 ∅
25
 ±
 0
,2
 

∅
10
 

 ∅
4 0

 –0
,0
5 

IEC   2475/13 
 

 

Figure 1  – Broche d 'essai  
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Dimensions linéaires en millimètres  
 

Manche 

Garde 

Matière 
isolante 

Articulations 

Plaque 
d’arrêt 

Chanfreiner 
toutes les arrêtes 

∅75  

∅50  

(1
0)
 

(2
0)
 

30
 

60
 

80
 

18
0 

∅1 2  

20
 ±
 0
,2
 

5 
± 
0,
5 

1 4°  
37°  

A A 

B B 

R4 ± 0,05 
Cyl indrique 
R2 ± 0,05 

Sphérique 

Section A-A 

Section B-B 

IEC   2476/13 

 
 

Tolérances  des  d imensions  sans  i nd icati on  de  tolérance:  

 su r l es  ang les  
0
1 0−
°  

 su r l es  d imensions  l i néai res:  

  j usqu 'à  25  mm:  
0
050 ,−

 

  au -dessus  de  25  mm:  ±0, 2  

Matéri au  d u  do ig t:  par exemple ,  acier trempé.  

Les  deux arti cu l ations  du  doig t  peuvent  être  p l i ées  sous  un  ang le  de  90°  mais  dans  une  seu le  et  même d i rection .  

L 'emploi  d e  l a  sol u ti on  poi n te-rainu re  n 'est  q u 'une  des  sol u ti ons  possib les  pou r l im i ter l 'ang l e  de  pl i age  à  90° .  Pou r 
cette  rai son ,  l es  d imensions  et  tol érances  de  ces  détai l s  ne  son t  pas  i n d iquées  su r l e  d ess in .  La  conception  réel l e  
doi t  assurer un  ang l e  de  pl i age  de  90° ,  avec une  to l érance  de  0°  à  +1 0° .  

Figure 2  – Doigt  d 'épreuve normal isé  
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Figure  3  – Ong le  d 'essai  
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Traction donnée 
par le Tableau  9 

23 mm 

500 mm 

Câble souple 
de sortie 2 m 

Spécimen 

Surface de verre 

Béton 
(épaisseur) 250 mm 

Bois dur 
(épaisseur) 

Câble souple 
d’entrée 2 m 

IEC   2478/13 

 

Figure 4  – Essai  de  chute  pour d ispositi fs  de  commande séparés  

Dimensions en millimètres  

 

B 

B 

200 min.  

Compteur automatique 
ajustable pour 
l ’enregistrement du  
nombre de chutes et 
arrêtant la rotation  du  
tambour après le nombre 
voulu  de révolutions 

Entraînement du  tambour 
par courroie trapézoïdale 
ou  toute transmission  
équivalente 

Face garnie d’un  
matériau  à faible 
coefficient de 
frottement 

Aggloméré de 1 9 mm 
d’épaisseur ou  équivalent 

Surface de 
chute en  acier 
de 3 mm 

Fenêtres transparentes 
d’observation.  Peuvent 
être amovibles pour 
le chargement 

Centre 
de l ’axe 

Selon  largeur 
du  tambour 

Tambour tournant dans 
le sens des aigui l les 

d ’une montre 

Aggloméré de 1 9 mm 
d’épaisseur ou  équivalent.  
Peut être démontable 
pour le  remplacement 
des plaques d’impact 

425 

380 
375 

275 
A 

A 

10
 

17
5
 

50
0
 

15
0
 

45°  

17
5
 

IEC   2479/13 

 

Figure 5  – Apparei l  pour essai  de  chutes  répétées  
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R 2,5 mm 
Sphérique 

Echanti l lon 

IEC   2480/13 
 

Figure 6  – Apparei l  pour l 'essai  à  l a  bi l l e  

Figure  7  – Vacant 

Dimensions en millimètres  

 

1 0 

48 r/min 

60
 

450 entres axes 

Guide 

Barre acier doux 
1 5 ×  5 

Curseur 

Spécimen 

Crochet pour peson 
Rondel les en laiton 
60 ×  2,5 

Feutre à pol ir dur,  blanc 
65 ×  7,5 

Papil lon 
IEC   2481/13 

 

Figure 8  – Apparei l  pour véri fier l ' indélébi l i té  des  marquages  
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Dimensions en millimètres  

 

45°  45°  

Echanti l lon 

Dispositif de fixation 
de l ’échanti l lon 

X 

Axe d’osci llation 

Angles bien  arrondis 

Guide 
40 

15
 

R7,5 

Forme du  passage 
dans le guide 

Poids 

25
0 

IEC   2482/13 

 

Figure 9  – Apparei l  d 'essai  de  flexion  
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Vis  ne  nécessi tan t  pas  de  rondel l e ,  de  p l aquette  ou  de  
d i sposi ti f empêchant l e  conducteur ou  ses  bri ns  de  
s 'échapper  

Vis  nécess i tant  une  rondel l e ,  une  p l aquette  ou  un  
d i spos i ti f empêchant  l e  conducteur ou  ses  bri ns  de  
s 'échapper  

 
Facultatif 

D A 

Facultatif 
 

Facultatif 
 

Facultatif 
 

Facultatif 
 

Facultatif 
 

A 

C D 

D 

B 

A E 

C 

A E D 

D 

C 

A 

A 

B 

D 

Bornes à serrage sous tête de vis 

Bornes à goujon fi leté 

e e 

e 

e 

e 

e 
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A   parti e  fi xe  

B    rondel l e  ou  pl aquette  

C    d i sposi ti f empêchant l e  conducteu r ou  ses  bri ns  d e  s 'échapper 

D    l ogement d u  conducteu r 

E    gou jon  

Figure 1 0  – Bornes  à  serrage  sous  tête  de  vis  et bornes  à  gou jon  fi leté  (1  sur 2)  
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Dimensions en millimètres 

Courant ci rcu lan t dans  l a  
borne  a  

Diamètre  
m in imal  du  
logement du  
conducteur  

Écartement 
maximal  
en tre  

Couple  m in imal  
Nm  

Pour 
conducteur  

Pour 
conducteur  

pièces  de  
maintien  du  

Vis  à  fen te  Autres  vi s  

souple  rig ide  conducteur  Une  vis  Deux vis  Une vis  Deux vis  
A A  D e g g   

0 -6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

– 

32-40  

40-63  

0-6  

0-6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

32-40  

40-63  

1 , 4  

1 , 7  

2 , 0  

2 , 7  

3 , 6  

4 , 3  

5 , 5  

7 , 0  

1 , 0  

1 , 0  

1 , 5  

1 , 5  

1 , 5  

2 , 0  

2 , 0  

2 , 0  

0 , 4  

0 , 5  

0 , 8  

1 , 2  

2 , 0  

2 , 0  

2 , 0  

2 , 0  

– 

– 

– 

0 , 5  

1 , 2  

1 , 2  

1 , 2  

2 , 0  

0 , 4  

0 , 5  

0 , 8  

1 , 2  

2 , 0  

2 , 0  

2 , 0  

3 , 0  

– 

– 

– 

0 , 5  

1 , 2  

1 , 2  

1 , 2  

2 , 0  

La  p ièce  q u i  reti en t  l e  conducteur en  p l ace  peu t  être  en  matière  i so lan te  à  cond i ti on  de  ne  pas  parti ciper à  l a  
transm ission  de  l 'effort  d e  serrage.  

Les  dessins  ne  préj ugent  pas  d es  détai l s  non  cotés.  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

 

Figure 1 0  – Bornes  à  serrage  sous  tête  de  vis  et bornes  à  gou jon  fi leté  (2 sur 2)  
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e 
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Borne sans 
plaquette 

Borne avec plaquette 
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Dimensions en millimètres 

Courant ci rcu lan t dans  l a  
borne  a  

Diamètre  
m in imal   

du  logement 
du  

conducteur  

Écartement 
maximal   

entre  pièces  
de  maintien  

du  
conducteur  

Distance  
m in imale  entre  

l a  vis  de  
serrage  

Couple  m in imal  
Nm  

Pour 
conducteur 

souple  

Pour 
conducteur 

rig ide  

et l 'extrémi té  
du  conducteur 
engagé à  fond  

Vis  sans  tête  Vis  à  fen te  
 

Au tres  vi s  

A A D e  Une 
vis  

g  

Deux 
vis  

g  

Une  
vis  

 

Deux 
vis  

 

Une 
vis  

 

Deux 
vis  

 

Une 
vis  

 

Deux 
vis  

 

0 -1 0  

1 0-1 6  

1 6-25  

25-32  

-  

32-40  

40-63  

0-6  

6-1 0  

1 0-1 6  

1 6-25  

25-32  

32-40  

40-63  

2 , 5  

3 , 0  

3 , 6  

4 , 0  

4 , 5  

5, 5  

7 , 0  

0 , 5  

0 , 5  

0 , 5  

0 , 6  

1 , 0  

1 , 3  

1 , 5  

1 , 5  

1 , 5  

1 , 8  

1 , 8  

2 , 0  

2 , 5  

3 , 0  

1 , 5  

1 , 5  

1 , 5  

1 , 5  

1 , 5  

2 , 0  

2 , 0  

0 , 2  

0 , 25  

0 , 4  

0 , 4  

0 , 7  

0 , 8  

1 , 2  

0 , 2  

0 , 2  

0 , 2  

0 , 25  

0 , 25  

0 , 7  

0 , 7  

0 , 4  

0 , 5  

0 , 8  

0 , 8  

1 , 2  

2 , 0  

2 , 5  

0 , 4  

0 , 4  

0 , 4  

0 , 5  

0 , 5  

1 , 2  

1 , 2  

0 , 4  

0 , 5  

0 , 8  

0 , 8  

1 , 2  

2 , 0  

3 , 0  

0 , 4  

0 , 4  

0 , 4  

0 , 5  

0 , 5  

1 , 2  

1 , 2  

La  parti e  d e  l a  borne  q u i  conti en t  l e  trou  taraudé  et  l a  parti e  contre  l aquel l e  l e  conducteu r est  serré  par l a  pression  de  l a  vi s  
peuvent être  des  pi èces  d i sti nctes,  comme dans  l e  cas  d 'une  borne  à  étri er.  

La  forme du  l ogement du  conducteu r n 'est  pas  nécessai rement cel l e  des  fi gures,  à  cond i ti on  de  pouvoi r con ten i r u n  cercle  
i nscri t  d 'u n  d iamètre  égal  à  l a  va l eu r m in imale  de  D .  

La  d i stance  m in imale  en tre  l a  vi s  et  l 'extrém i té  du  conducteur engagé  à  fond  ne  s 'appl i que  que  pour l es  bornes  don t  l e  
l ogement  d e  conducteu r est  borgne.  

Les  dess ins  ne  préjugen t pas  des  détai l s  non  cotés.  

a  Des  exigences  pour l es  app l i cations  supérieures  à  63  A son t  à  l ’ étude.  

Figure 1 1  – Bornes  à  trou  
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A A 

D D 
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A   parti e  fi xe  

D    l ogement  d u  conducteu r 

 

Le  fond  du  l ogement du  conducteur doi t  être  l égèrement arrond i ,  d e  façon  à  obten i r une  
connexi on  sûre.  

Tai l l e  de  l a  borne  Diamètre  m in imal  du  
logement du  conducteur a  

 
mm  

Distance min imale  entre  l a  
parti e  fi xe  et  l 'extrémi té  du  
conducteur engagé  à  fond  

mm 

0  1 , 4  1 , 5  

1  1 , 7  1 , 5  

2  2 , 0  1 , 5  

3  2 , 7  1 , 8  

4  3 , 6  1 , 8  

5  4 , 3  2 , 0  

6  5 , 0  2 , 5  

7  7 , 0  3 , 0  

8  8 , 5  4 , 0  

a  La  valeur du  couple  de  tors ion  à  appl i q uer est  cel l e  spéci fi ée  dans  l e  Tabl eau  20.  

 

Figure 1 2  – Bornes  à  capot taraudé  
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D D 
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A plaquette  

B  parti e  fi xe  

C  gou jon  

D  l ogement  du  conducteu r 

a)  Bornes  à  p laquette  

 
A 

B 

E E 

B 

A 

g g g g 

F 
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A d i sposi ti f de  b l ocage  

B  cosse  ou  barrette  

E  parti e  fi xe  

F  gou j on  

b)  Bornes  à  cosse   

F igure  1 3  – Bornes  pour plaquette  et cosse  
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1 0°  à 50° 

b3  b1  b2  

I5  

I4  
I3  

I2  
I1  

t 

I6  

Extrémité profi lée pour faci l iter 
l ’ introduction du réceptacle 

IEC   2488/13 
 

Dimensions en millimètres 
 

Dimension  pour l es  
F igures  1 4 et 1 5  a  

Tai l le  de  raccord  
2,8  4, 8  6, 3  9, 5  

I1  (m in . )  
b  7 , 7  6 , 9  8, 6  1 4, 0  

I2  (m in ).  
b  7 , 0  6 , 2  7 , 9  1 2 , 0  

I3  (max. )  
c  3 , 0  5 , 2  6 , 7  8, 2  

I4  1 , 0  ±  0 , 2  2 , 5  ±  0 , 25  3 , 2  ±  0 , 3  4 , 2  ±  0 , 3  
I5  (max. )  0 , 7  1 , 2  1 , 3  1 , 7  
I6  (max. )  0 , 7  1 , 2  1 , 3  1 , 7  
b1  ( fen te)  a  

1 , 2
10

0
,+
 1 , 4

20
0

,+
 1 , 6  

02
0

,+ d  2 , 1
02

0
,+
 d  

b1  ( fen te)  a  
1 , 2

10
0

,+
 1 , 4

20
0

,+
 1 , 6 10

0
,+  2 , 1

20
0

,+
 

b2  
2 , 8  ±  0 , 1  4 , 75  ±  0 , 2  6 , 3

1 50
10
,
,

+
−  9 , 5

1 50
10
,
,

+
−  

b3  (m in . )  
e  2 , 0  2 , 0  2 , 5  2 , 5  

t  

f  0 , 5  ±  0 , 025  0 , 8  ±  0 , 03  0 , 8  ±  0 , 03  1 , 2  ±  0 , 03  
p  (max. )  g  0 , 8  1 , 2  1 , 2  1 , 7  
k  

– 0 , 7
0
10 ,−  1 , 0

0
10 ,−  1 , 5

0
10 ,−  

x  – 1 , 0  ±  0 , 2  1 , 0  ±  0 , 2  1 , 4  ±  0 , 2  
NOTE  Les  dess ins  ne  préjugen t pas  des  détai l s  non  cotés.  
a  Les  l anguettes  peuvent avoi r en  opti on  un  encl i quetage  pour l e  verrou i l l age.  Les  fossettes  rondes,  

rectangu l a i res  et  l es  trous  d 'encl i quetage  doi vent  être  s i tués  dans  l a  surface  dél im i tée  par l es  d imensions  b 1 ,  
l3  et  l4  su r l a  l i gne  méd iane  de  l a  l anguette .  

 Les  l anguettes  peuvent être  consti tuées  de  pl us  d ' une  couche  de  matéri au ,  pou rvu  q ue  l a  l anguette  en  
résu l tan t  soi t  conforme  à  l a  présente  norme.  

 Les  déta i l s  pou r d es  l anguettes  pourvues  de  bossages  ou  de  cavi tés  son t  à  l ' étude.  
b  Pour ménager u ne  distance  dans  l ’ ai r  su ffi san te  pou r l es  réceptacles  d esti nés  à  ê tre  pou rvus  d 'un  

manchon ,  i l  peu t  être  nécessa i re  d 'augmenter cette  d imension  de  0 , 5  mm  pour être  sûr q ue  l e  d i sposi ti f d e  
rég lage  fonctionne  correctement.  

c  I l  fau t  que  l a  l ongueu r d e  l a  fen te  (l3 -l4)  soi t  au  moins  égal e  à  sa  l argeur (b 1 ).  d  Ces  tolérances  son t  cho is ies  pour permettre  aux l anguettes  d 'être  u ti l i sées  comme une  parti e  d 'u ne  borne  à  
vi s .  

e  Sur l a  su rface  q uad ri l l ée,  l 'épaisseu r ne  doi t  pas  être  supérieu re  à  l a  l im i te  supéri eu re  de  l 'épaisseur 
spéci fi ée  pou r l e  matéri au .  

f  A l 'excepti on  d ' un  creux ou  d 'un  trou  et  de  l a  su rface  i nd iquée  par l a  d imension  b ,  l 'épai sseur t  doi t  être  
main tenue  su r tou te  l a  surface  de  connexion .  La  conform i té  doi t  être  véri fi ée  par des  mesures  su r tou te  
secti on  de  (3, 2  ±  0 , 2)  mm 2  dans  une  su rface  ci rcu la i re.  De  p l us,  l a  p l anéi té  total e  doi t  avoi r une  tol érance  de  
0 , 03  mm.  

g  Cette  d imension  ne  s 'app l i q ue  qu 'au  côté  l evé  de  l a  l anguette :  d e  l 'au tre  côté,  l a  tol érance  de  pl anéi té  
s 'appl i que  à  tou te  l a  l argeu r de  l a  l anguette .  

Figure 1 4 – Languettes   
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Pour les dimensions,  voir Figure 14  
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x  
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x  
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Figure  1 5  – Languettes  pour des  raccords  non  réversibles  
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Dimensions en millimètres 

Dimension  
Tai l le  de  raccord  

2,8 4,8 6,3 9,5 

b  (max. ) 4 6  8  1 2 , 5  

e  (max. )  1 2  1 2  1 5  20  

h  (max. )a  1  2  2 , 5  3 , 2  

l  (max. )  1 8  1 8  22  27  

s  (m in . )  4 , 5  5  6  1 0  

x  (m in . )b  -  0 , 9  1 , 2  1 , 7  

y  (max. )  0 , 5  0 , 5  0 , 5  1 , 0  

z  (max. )  1 , 5  1 , 5  2 , 0  2 , 0  

Les  d imensions  cotées  s 'en tendent pou r l es  connexions  serti es.  

Les  d imensions  pou r l es  réceptacles  équ i pés  d 'un  manchon  et  pou r l es  réceptacles  ayan t  un  fou rreau  pré-
i solé  sont  à  l ' étude.  

Les  dess ins  ne  préjugent  pas  des  détai l s  non  cotés.  

a  Écartement  maximal  par rapport  à  l a  l i g ne  méd iane  de  l a  l ame de  l a  l anguette .  
b  Ne s 'appl i que  qu 'aux réceptacles  pour raccords  non  réversibles.  

 

Figure 1 6  – Réceptacles  
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4 

2 3 
a 

Elément métal l ique 
isolé 

Partie active 
 a  +  b  = 1  

5 

Dispositif de montage 
intégral  (métal) 

Surface de montage 

Enveloppe métall ique 
(capot) 

Revêtement isolant 

Isolant 
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1   =   en tre  parti es  actives  e t  au tres  parti es  métal l i ques  (y compris  l es  parti es  métal l i q ues  nues  é lectri quement 
i solées)  

2   =   en tre  parties  acti ves  d evan t  être  i sol ées  l es  unes  des  au tres  ( i solation  fonctionnel l e ),  à  l 'exception  des  
con tacts  

3   =   en tre  parties  actives  séparées  par l 'action  d u  d isposi ti f de  commande  (même polari té )   
a  coupure  totale  de  ci rcu i t   
b  ces  d i stances  ne  s 'appl i q uent  pas  en tre  l es  bornes  pour câblages  fi xes  

4   =   en tre  parties  acti ves  e t  envel oppe  métal l i q ue  des  d isposi ti fs  de  commande  à  boîti er fermé (ces  d i s tances  
ne  s 'app l i q uent  pas  au  boîti er,  au  châssis  n i  aux moyens  de  fi xation  i n tégraux d 'un  d isposi ti f de  commande  
q u i  est  desti né  à  être  monté  à  l ' i n térieu r d ' une  envel oppe  de  l ' apparei l  commandé).  

5   =   en tre  l es  parti es  actives  en  retrai t  d es  disposi ti fs  de  commande séparés  e t  l a  su rface  de  montage.  Cette  
d i stance  peu t  être  rédu i te  par l ' ad jonction  de  j o i n ts  ou  de  cl oi sons  appropri és.  

 

Figure 1 7  – Mesure des  l ignes  de  fu i te  et des  d istances  dans  l 'ai r 
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Figures  1 8  à  24  Vacant  

 

b  a  
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1  
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Légende  

C ci rcu i t  de  l a  F i gu re  E . 1  

1  parti e  accessible  

2  parti e  métal l i que  i naccess ible  

3  i solation  principale  

4  i solation  supplémentai re  

5  double  i solation  

6  i solation  renforcée  

 

Figure  25  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime  
pour connexion  monophasée des  d isposi ti fs  de  commande de  l a  classe  I I  
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b  a  

C 
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Légende  

C ci rcu i t  de  l a  F i gu re  E . 1  

Figure 26  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime pour 
connexion  monophasée  des  d isposi ti fs  de  commande  autres  que ceux de  l a  classe I I  
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Légende  

C ci rcu i t  de  l a  F i gu re  E . 1  

1  parti e  accessible  

2  parti e  métal l i que  i naccess ible  

3  i solation  principale  

4  i solation  supplémentai re  

5  double  i solation  

 

Connexions  et al imentations  

L1 ,  L2 ,  L3 ,  N  tension  d ’al imentati on  avec neu tre  

 

Figure 27  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime  
pour connexions  triphasées  des  d ispositi fs  de  commande de  l a  classe  I I  
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Légende  

C ci rcu i t  de  l a  F i gu re  E . 1  

 

Connexions  et al imentations  

L1 ,  L2 ,  L3 ,  N  tension  d ’al imentati on  avec neutre  

 

Figure 28  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime pour 
connexions  triphasées  des  d ispositi fs  de  commande  autres  que ceux de  l a  classe I I  

 

mA 

S1  

1 20 V 

240 V 
1 20 V 

IEC   2496/13 
 

Figure  29  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime pour 
connexion  monophasée  des  d isposi ti fs  de  commande  autres  que ceux de  l a  classe I I  
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mA 

S1  

1 20 V 

240 V 
1 20 V 

Neutre à la terre 

IEC   2497/13  

Figure  30  – Schéma pour l a  mesure du  courant de  fu i te  à  la  température  de  rég ime pour 
connexion  d iphasée  des  d isposi ti fs  de  commande  à  un  réseau  à  trois  conducteurs  avec 

neutre  mis  à  l a  terre  au tres  que ceux de  l a  classe  I I  
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Annexe A  
(normative)  

 
Indélébi l i té  des  marquages  et indications  

 

A.1  Les  marques  apposées  sur l es  dispositi fs  de  commande  d oivent  être  su ffisamment 
i ndélébi les  pour la  sécuri té  et  fon t donc l 'obj et d 'un  classement selon  l es  exigences  re lati ves  
à  l eur indélébi l i té:  

A.1 . 1  Marques  facu l tati ves  dans  le  cadre  des  exigences  de  la  présente  norme.  

A.1 .2  Marques  ob l igatoi res  dans  l e  cadre  des  exigences  de  l a  présente  norme,  mais  
i naccess ib les  à  l 'uti l i sateur  fi na l ,  après  l e  mon tage  ou  l ' i n tégration  du  disposi ti f de  
commande  dans  le  matériel .  

I l  fau t que  ces  marques  soient suffisamment i ndélébi l es  pour rés ister aux man ipu lations  dans  
l es  ate l iers  du  fabricant du  d isposi ti f de  commande  après  l e  con trôle  fi nal ,  à  l 'embal l age,  
au  transport vers  l es  ate l iers  du  fabricant du  matériel ,  et  aux man ipu lations  en  cours  de  
montage  ou  d ' i n tégration .  Les  marques  doivent en  ou tre  rester l i s i b les  au  cas  où  e l les  
sera ient exposées  à  des  vapeurs  de  solvan ts  ou  au tres  produ i ts  agress i fs.  

A.1 .3  Marques  obl i gatoi res  dans  l e  cadre  des  exigences  de  la  présente  norme et  
access ib les  à  l 'uti l i sateur  fi na l  après  l e  montage  ou  l ' i n tégration  du  dispositi f de  commande  
dans  l e  matérie l  comme en  usage  normal .  

En  p lus  d 'une  rés istance  aux man ipu lations  et aux produ i ts  mentionnés  en  A. 1 . 2 ,  ces  
marques  nécessi ten t également de  pouvoi r rester l i s ib les  malgré  l es  man ipu lations  et l es  
frottements  qu i  décou lent de  l 'usage  normal  d u  matérie l .  Les  i nd ications  portées  sur l es  
bou tons  et au tres  commandes  doivent être  particu l ièrement rés istan tes  aux manœuvres  
manuel l es  conti nuel l es  de  l 'u ti l i sateur.  I l  convien t que  l es  au tres  marques  rés isten t aux 
nettoyages,  pol issages,  etc.  

A.1 .4  La  conformité aux exigences d'indélébilité de  A. 1 . 2 et A . 1 . 3 est vérifiée par 
l'application des essais de l'Article  A. 2 ou A. 3 à  l'aide de l'appareil de la  Figure 8.  

La  partie principale de cet appareil est un disque de feutre à  polir de qualité dure et de 
couleur blanche dont le diamètre est 65 mm et l'épaisseur 7, 5 mm.  Ce disque est immobilisé 
en rotation et frotte sur la  surface à  soumettre à  essai avec une force mesurable,  sur une 
course de 20 mm.  L'essai normalisé doit consister en 12 allers et retours (soit 12 tours de 
l'excentrique)  effectués en 15 s environ.  

Pendant l'essai,  la  surface portante du disque de feutre est recouverte d'un tissu absorbant 
blanc,  côté pelucheux à  l'extérieur.  

Les solvants utilisés sont: 

– un détergent liquide neutre  obtenu par mélange d'un alkyl sulfonate de  benzène et de  
détergents non ioniques ou une solution à  2 %  de solvant dans de  l’eau désionisée 
(distillée)  où le solvant se compose:  

•  de 70 % (en volume)  de dodécylbenzylsulfonate de sodium (Isomère) ,  formule:  
C18H29NaO3S,  CAS-No.  25155-30-0,  et 

•  de 30 % (en volume)  de glycérine (autres appellations: glycérol,  1 , 2, 3-Propantriol,  
Propantriol,E 422) ,  formule: C3H8O3,  CAS-No.  56-81 -5;  
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– du n-hexane (solvant d'hexane aliphatique ayant une teneur maximale en aromates de 
0, 1  % en volume,  un point d'ébullition initiale d'environ 69 °C et une masse volumique 
spécifique d'environ 0, 66 g/cm3,  CAS-No.  110-54-3) ;  et 

– de l'eau désionisée (distillée) .  

A.2  La  conformité aux exigences de l'indélébilité des marques entrant dans la  classe de 
A. 1 . 2 est vérifiée par les essais suivants:  

A.2. 1  Les marques doivent résister pendant 4 h  à  l'action de gouttes de détergent déposées 
sur la  surface marquée.  A  la  fin  de cette période,  les «auréoles»  de détergent doivent être 
enlevées avec de l'eau chaude à  (40 ± 5)  °C finement pulvérisée ou en frottant avec un  
chiffon humide.  

A.2.2  On doit laisser complètement sécher l'échantillon à  la  température ambiante de  
(25 ± 5)  °C.  

A.2.3  L'échantillon ainsi traité  doit ensuite être  soumis à  un essai de frottement exécuté 
avec l'appareil de la  Figure 8,  en utilisant un tissu sec et un poids de 250 g mesuré comme 
indiqué.  

A.2.4  L'échantillon doit ensuite être soumis à  un essai de frottement avec un tissu imbibé 
d'eau et un  poids de 250 g.  

A.2.5  Si la  forme ou la  position de la  marque ne permet pas d'employer l'appareil pour 
blanchir ou frotter (par exemple,  si elle se trouve sur une surface en creux) ,  les essais de 
A. 2. 3 et A . 2. 4 ne sont pas effectués.  

A.2.6  Après ces traitements,  la  marque doit rester lisible.  

A.3  La  conformité aux exigences de l'indélébilité des marques entrant dans la  classe de 
A. 1 . 3 est vérifiée par les essais suivants:  

A.3. 1  La  marque doit être soumise à  un essai de  frottement à  sec exécuté avec l'appareil de 
la  Figure 8,  en utilisant un tissu sec et un poids de 750 g.  

A.3.2  La  marque doit ensuite être soumise à  un essai de frottement avec un tissu imbibé 
d'eau et un  poids de 750 g.  

A.3.3  Le marque doit résister pendant 4 h  à  l'action de gouttes de détergent déposées sur la  
surface marquée.  A  la  fin  de cette période,  les «auréoles»  de détergent doivent être  enlevées 
avec de  l'eau chaude à  (40 ± 5)  °C finement pulvérisée ou en frottant avec un chiffon humide.  

A.3.4  Après un séchage complet de la  surface ainsi traitée,  les marques doivent être 
soumises à  un essai de frottement avec un tissu imbibé de détergent,  l'appareil étant chargé 
à  750 g.  

A.3.5  Après élimination du détergent,  l'essai de frottement doit être répété avec un  tissu 
imbibé d'essence minérale,  l'appareil étant chargé à  750 g.  

A.3.6  Pour les essais de  A. 3. 1  à  A . 3. 5,  l'épaisseur du disque de feutre peut être réduite 
progressivement à  partir de 7, 5 mm pour permettre de mieux atteindre la  marque à  contrôler.  
Cependant,  l'épaisseur minimale de feutre ne doit pas être inférieure à  2, 5 mm.  Si l'épaisseur 
du disque de polissage est réduite,  le poids de 750 g doit être  réduit proportionnellement.  

A.3.7  Après ces traitements,  la  marque doit rester lisible.  
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Annexe B   
(normative)  

 
Mesure  des  l ignes  de  fu i te  et des  d istances  dans  l ’air 

Lors de la  détermination et de la  mesure des lignes de fuite  et des distances dans l'air,  on  
part des hypothèses suivantes,  D  étant la  distance dans l'air pour les dimensions 
considérées (voir les Figures B. 1  à  B. 11  pour des exemples de méthode de mesure de la  
ligne de fuite  et des distances dans l’air) :  

– une encoche peut avoir des flancs parallèles,  convergents ou divergents;  

– une encoche à  flancs divergents est considérée comme un intervalle dans l'air si sa  
largeur minimale  est supérieure à  D/12,  si sa  profondeur dépasse D/2 et si sa largeur au 
fond est au moins D/3 (voir Figure B. 8)  mais en aucun cas inférieure à  la  valeur minimale 
de  X comme permis dans le  tableau ci-dessous;  

– tout coin dont l'angle d'ouverture est inférieur à  80° est considéré comme mis en 
dérivation par un tronçon isolant de la  plus faible des deux longueurs suivantes: D/3 ou 
1  mm,  placé dans la  position la  plus défavorable (voir Figure B. 3) ;  

– si la  distance en haut de l'encoche est supérieure à  la  plus petite des deux valeurs 
suivantes: D/3 ou 1  mm,  on considère que la  ligne de fuite  suit le  profil de  l'encoche,  sauf 
spécification contraire ci-dessus (voir Figure B. 2) ;  

– pour des pièces mobiles l'une par rapport à  l'autre,  les lignes de fuite  et les distances 
dans l'air sont mesurées dans la  position la  plus défavorable;  

– une ligne de fuite  évaluée conformément aux présentes règles ne peut être inférieure à  la  
distance dans l’air correspondante (mesurée) ;  

– une distance inférieure à  D/3 ou 1  mm suivant la  valeur la  plus faible n'est pas prise en  
considération pour l'évaluation de la  distance dans l'air totale;  

– lorsque des obstacles isolants sont rapportés,  les lignes de fuite  sont mesurées à  travers 
les joints,  sauf si les pièces en présence sont collées ou soudées de façon à  assurer 
l'étanchéité des joints à  l'humidité et aux poussières.  

Dans les exemples représentés aux Figures B. 1  à  B. 10,  on utilise  l'identification  suivante:  

. . . . . . . . . . . . . . .  est  une  l igne  de  fu i te ;  

________   est  une  distance dans  l ’ ai r.  

Pour les valeurs de X,  voir le Tableau B. 1 .  

Tableau  B.1  – Valeurs  de  X 

Degré de pollution  Largeur X des sillons:  
valeur minimales 

mm  

1   0, 25 

2  1 , 0 

3  1 , 5 

4  2, 5 

 

Si la  distance dans l'air associée est inférieure à  3 mm,  la  largeur minimale du sillon peut 
être réduite au tiers de cette  distance dans l'air.  
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 <X  

IEC   2498/13 
 

 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  encoche  de  profondeu r quelconque  et  d e  l argeur i n férieu re  à  X.  

Règ l e:  Le  chem in  de  l a  distance dans  l 'ai r  est  l e  chem in  de  l a  d i s tance  en  l i gne  d roi te.  

Figure B. 1  – Encoche  étroi te  

 
≥X 

IEC   2499/13 
 

 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  encoche  de  profondeu r quelconque  et  de  l argeur égal e  ou  
supérieu re  à  X.  

Règ l e:  Le  chem in  de  l a  distance dans  l 'ai r  es t  l e  chem in  de  l a  d i stance  en  l i gne  d roi te.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  de  l ' encoche.  

Figure  B.2  – Encoche  large  

 
 ≥X  

IEC   2500/13 

 
 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  encoche  en  V don t  l a  l argeur est  supéri eu re  ou  égale  à  X.  

Règ l e:  Le  chem in  de  l a  distance  dans  l 'ai r  est  l e  chem in  de  l a  d i s tance  en  l i gne  d roi te.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  de  l ' encoche  mais  «court-ci rcu i te»  l 'encoche  au  po in t  où  sa  
l argeu r d evi en t  égal e  à  X.  

Figure B.3  – Encoche  en  V 

  
 

Distance dans l ’air     Ligne de fuite  
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IEC   2501/13 
 

 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  nervure.  

Règ l e:  La  distance dans  l 'ai r  est  l e  chem in  dans  l 'a i r l e  p l us  cou rt  par-dessus  l e  sommet de  l a  nervu re.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  de  l a  nervu re.  

Figure B.4 – Nervure  

 

 <X <X 

IEC   2502/13  

 

 Ce  chem in  de  l i g ne  de  fu i te  comporte  une  parti e  non  col l ée  avec des  encoches  de  l argeu r i n féri eu re  à  X de  
chaque  côté.  

Règ l e:  Le  chem in  de  l a  l i gne  de  fu i te  e t  de  l a  di stance dans  l 'ai r  es t  l a  d i stance  en  l i g ne  d ro i te  comme i l l ustré.  

Figure B.5 – Partie  non  col lée  avec encoche  étroi te  

 ≥X ≥X 

IEC   2503/13 

 

 

 Ce  chem in  de  l i gne  de  fu i te  comporte  une  parti e  non  col l ée  avec des  encoches  de  l argeu r éga le  ou  
supérieu re  à  X.  

Règ l e:  Le  chem in  de  l a  distance dans  l 'ai r  es t  l a  d i stance  en  l i g ne  d ro i te  comme i l l ustré.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  des  encoches.  

Figure B.6  – Partie  non  col lée  avec encoche  large  

 

 

 

 
Distance dans l ’air     Ligne de fuite  
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 ≥X <X 

IEC   2504/13 
 

 Ce  chem in  de  l i g ne  de  fu i te  comporte  une  parti e  non  col l ée  avec une  encoche  de  l argeu r i n féri eure  à  X d 'un  
côté  et  une  encoche  de  l argeur égal e  ou  supérieure  à  X d e  l ' au tre  côté.  

Règ l e:  Le  chem in  de  l a  distance  dans  l 'ai r  e t  d e  l a  l i gne  de  fu i te  est  comme i l l ustré.  

Figure B.7  – Partie  non  col lée  avec encoche  étroi te  et encoche large  

 
>D/1 2 

≥D/2 

≥D/3 
IEC   2505/13 

 

 Ce  chem in  de  l i g ne  de  fu i te  comporte  une  encoche  à  fl ancs  d i vergents,  don t  l a  profondeur est  égale  ou  
supérieu re  à  D/2  et  d ont  l a  l argeu r est  égale  ou  supérieure  à  D/1 2  pou r l a  parti e  l a  p l us  étroi te,  et  égal e  ou  
supérieu re  à  D/3  à  l a  base.  

Règ l e:  Le  chem in  de  l a  distance  dans  l 'ai r  est  l a  d i stance  en  l i g ne  d ro i te.  

 Le  chem in  de  l a  l i gne  de  fu i te  l onge  l e  profi l  de  l ' encoche.  

 La  règ l e  de  l a  F i gure  B . 3  s 'app l i que  également aux coi ns  i n ternes  s i  l eu rs  ang l es  sont  i n férieurs  à  80° .  

Figure B.8  – Flancs  d ivergents  
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 <X 

<X  
a  

b 

≥X 

≥X  

a 

b IEC   2507/13 IEC   2506/13 
 

D i s tance  en tre  tête  de  vi s  et  paroi  d e  l ogement  trop  
fa ible  pou r être  comptée  pour  l e  chem in  de  l a  l i g ne  de  
fu i te.  

D i stance  en tre  tête  de  vi s  et  paroi  d e  l ogement  
su ffi san te  pour être  comptée  pour  l e  chem in  de  l a  l i g ne  
de  fu i te.  

Figure  B.9  – Logement étroi t  Figure  B. 1 0  – Logement l arge  

 

 

 
d C’  

≥X ≥X 
D  

C’  Partie flottante  IEC   2508/13 
 

 

La  distance dans  l ’ ai r  es t  d +  D  La  l i gne  de  fu i te  est  aussi  d +  D  

 

  

Figure B. 1 1  – Partie  flottante  conductrice  

 
 

Distance dans l ’air     Ligne de fuite  
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Annexe C   
(normative)  

 
Coton  u ti l isé  pour l 'essai  des  in terrupteurs  au  mercure  
(ne  s'appl ique  pas  dans  les  pays  membres  du  CENELEC)  

C.1  Classi fication   

Non  stéri l e.  

C.2  Exigences  générales  

Le  coton  absorban t doi t  être  fa i t  de  fibres  croisées,  b lanch ies,  exemptes  d ' impuretés  ou  de  
matériaux gras.  

C.3  Longueur des  fibres  

Au  moins  60  %  des  fibres,  en  poids,  doivent mesurer au  moins  1 2  mm  de  l ongueur;  pas  pl us  
de  1 0  %  des  fibres,  en  poids ,  peuvent  mesurer 6  mm  de  longueur ou  moins.  

C.4 Hydrophi l ie  

Un  échanti l l on  du  coton  doi t être  complètement submergé  par l 'eau  en  moins  de  1 0  s .  
L'échanti l lon  doi t  reten i r pas  moins  de  24  fois  sa  masse  d 'eau .  

C.5  Acidi té  et alcal in i té  

L'eau  extrai te  du  coton  doi t  être  neutre.  

C.6  Résidus  sur al lumage  

I l  ne  doi t  pas  y avoi r p lus  de  0 , 2  %  de  rés idus.  

C.7  Matériau  soluble  dans  l ’eau  

I l  ne  doi t  pas  y avoi r p lus  de  0 , 25  %  de  rés idus.  

C.8  Matières  grasses  

I l  ne  doi t  y avoi r aucune trace  de  cou leur b leue,  verte  ou  brunâtre  dans  l a  so lu tion  d 'éther et  
l a  quanti té  de  rés idus  ne  doi t  pas  dépasser 0, 7  %.  

C.9  Teintures  

I l  ne  doi t  y avoi r aucune trace  de  te in ture  bleue  ou  verte.  Une  l égère  trace  de  j aune  est 
adm iss ible .  
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C.1 0  Autres  matières  étrangères  

Les  p incées  de  coton  pré levées  pour déterm ination  de  l a  l ongueur des  fibres  doiven t être  
exemptes  de  taches  d 'hu i l e  ou  de  particu les  métal l i ques.  
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Annexe D   
(in formative)  

 
Chaleur,  feu  et courant de  cheminement 

L'UL  746C est appl icable  au  Canada  et aux États-Un is .  Une  révis ion  est à  l 'étude.  
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Annexe E   
(normative)  

 
Circui t de  mesure  des  courants  de  fu i te  

Un  ci rcu i t  approprié  à  l a  mesure  des  courants  de  fu i te  conformément à  H . 8. 1 . 1 0  est 
représenté  à  l a  F igure  E . 1 .  

 

Bornes d’essai  

A 

B 

C S  R  S  

R  B  U 

1  

Courant de contact pondéré 
(perception/réaction) 

U 2  
500 

=  (valeur de crête) 

U 

2  

R  1  

C 

1  

IEC   2509/13 
 

 
 RS  1  500  Ω  
 RB  500  Ω  
 CS  0 , 22  µF  

R1  1 0  000  Ω  
C1  0 , 022  µF  

 

NOTE  Cette  fi gu re  est  i ssue  de  l ’ I EC 60990: 1 999,  F i gu re  4 .  

Figure E.1  – C i rcu i t  de  mesure  des  courants  de  fu i te  
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Annexe F   
(in formative)  

 
Essais  relati fs  aux dangers  du  feu  

Les  i n formations  pour l es  dispositi fs  de  commande  à  i n tégrer ou  i ncorporer dans  des  
apparei ls  conformes  à  l a  série  I EC 60335  son t données  par référence à  l ’ I EC 60335-1 .  
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Annexe G   
(normative)  

 
Essais  de  résistance à  la  chaleur et au  feu  

G.1  Vacant 

G.2  Essai  au  fi l  incandescent 

L'essai au fil incandescent est effectué conformément à  l’IEC 60695-2-10 et à  l’IEC 60695-2-
11 .  

L'essai au fil incandescent doit être  effectué sur un dispositif de commande  complet.  Si cela 
n'est pas possible: sur des parties qui ont été retirées du dispositif de commande.  Si cela  
n'est pas possible: sur des plaques d'essai d'épaisseur similaire mais qui ne sont pas plus 
épaisses que la  partie.  

G.3  Vacant 

G.4 Essai  de  résistance et de  tenue au  cheminement 

L'essai de résistance et de  tenue au cheminement est effectué conformément à  l’IEC 60112.  

Pour les besoins de  cette  norme,  ce  qui suit s'applique:  

– A  l'Article 5 de l’IEC 60112:2003,  Eprouvette,  la  Note 3 s'applique aussi aux essais de 
résistance et de tenue au cheminement de l’Article  10 de l’IEC 60112:2003.  

– A  l'Article 7 de l’IEC 60112:2003,  Appareillage d'essai,  la  Note 1  en 7. 1  ne s'applique pas.  
On utilise la  solution d'essai A  décrite en 7. 3 de l’IEC 60112:2003,  Amendement 1 :2009.  

– En 7. 3 de l’IEC 60112:2003,  Amendement 1 :2009,  Solutions d’essai,  la  solution A  doit 
généralement être utilisée.  

– En 8. 2 de l’IEC 60112:2003 "Préparation",  la  tension indiquée dans la  dernière phrase est 
établie en 21 . 2. 7 de la  présente norme.  L'essai de résistance et de tenue au cheminement 
de  l’Article  10 de l’IEC 60112:2003 est réalisé,  cinq fois.   

G.5 Essai  à  l a  bi l le   

L'essai à  la  bille est effectué conformément à  l’IEC 60695-10-2 (voir Figure 6 pour 
l’appareillage d’essai) .   

G.5.1  Essai  à  la  bi l l e  1  

Pour les besoins de la  présente norme,  la  température dans le  four chauffant est la  plus 
grande des valeurs suivantes:  

– 20 °C ±  2 K au-dessus de la  température maximale mesurée pendant les essais de 
l'Article 14,  

– 75 °C ± 2 °C,  

– selon déclaration.  

NOTE  1  Pou r l es  disposi ti fs  de  commande  d esti nés  à  être  i ncorporés  dans  des  apparei l s  re levant  du  domaine  
d 'appl i cation  de  l ’ I EC 60335-1 ,  l a  températu re  peut  d i fférer se lon  30. 1  d e  l a  norme  ci tée.  

Le support et la  bille  doivent être  à  la  température d'essai spécifiée avant le  début de l'essai.  
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NOTE  2  Cet essai  n 'est  pas  effectué  su r l es  parti es  en  matière  céram ique  ou  en  verre.  

G.5.2  Essai  à  la  bi l l e  2  

L'essai à  la  bille est effectué comme décrit en G. 5. 1 ,  excepté que la  température dans le four 
chauffant doit être de Tb  ±  2 °C,  Tb  étant égal à  la  plus grande des valeurs suivantes:  

– 100 °C lorsque Tmax  est de  30 °C jusqu'à  55 °C non compris;  

–  125 °C lorsque Tmax  est de  55 °C jusqu'à  85 °C non compris;  

– Tmax  +  40 °C si Tmax  est de  85 °C ou plus;  

–  20 K au-dessus de la  température maximale enregistrée pendant l'essai d'échauffement 
de  l'Article 14;  

–  la  température obtenue pendant l'essai de H. 27. 1 . 1 . 3 si elle est supérieure aux valeurs 
indiquées dans les quatre tirets précédents.  

NOTE  Pour l es  disposi ti fs  de  commande  d esti nés  à  être  i ncorporés  dans  des  appare i l s  re levant  du  domaine  
d 'appl i cation  de  l ’ I EC 60335-1 ,  l a  températu re  peut  d i fférer se lon  30. 1  d e  l a  norme  ci tée.  
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Annexe H   
(normative)  

 
Exigences  pour les  d isposi ti fs  de  commande électroniques  

L'Annexe H  complète  ou  mod i fie  l es  articles  correspondants  de  la  présente  norme.  

H.2  Termes et défin i tions  

H.2.4 Défin i tions  relatives  aux coupures  et in terruptions  de  ci rcu i t  

H .2.4.2  Addition :  

NOTE  Un  disposi ti f é lectron ique  n 'assure  pas  cette  coupu re.  

H.2.4.3  Addition :  

NOTE  Un  disposi ti f é lectron ique  n 'assure  pas  cette  coupu re.  

H.2.4.4  Addition :  

NOTE  Un  disposi ti f é lectron ique  n 'assure  pas  cette  coupu re.  

Ajouter la  définition suivante:  

H.2.4.6  
coupure  électron ique  
i n terruption  d 'action  non  cycl ique  par un  dispositi f électronique  d 'un  ci rcu i t assurant une  
coupure  fonctionnel l e,  c'est-à-d i re  une  coupure  au tre  que  par des  moyens  d 'ouverture,  en  
satisfaisan t à  certa ines  exigences  é lectriques  sur au  moins  un  pôle  

Note  1  à  l ’ arti cl e:  U ne  coupure  électron ique  garan ti t  q ue,  pour tous  l es  disposi ti fs  de  commande non  
sensibles ,  l a  fonction  con trôl ée  par l a  coupu re  est  assu rée  et  q ue,  pou r tous  l es  d isposi ti fs  de  commande 
sensibles ,  l a  fonction  contrôlée  est  assurée  en tre  l es  l im i tes  de  l a  grandeur de  manœuvre  fi xées  dans  l 'exi gence  
36  d u  Tabl eau  1 .  

La  coupu re  peut  être  obtenue  par une  manœuvre  au tomatique  ou  par une  manœuvre  manuel le .  

Quel ques  disposi ti fs  de  commande  peuvent  comporter d es  ci rcu i ts  de  coupure  ayan t p l us  d 'une  confi guration .  

Une  coupure  électron ique  peu t  ne  pas  conven i r pour certa i nes  appl i cations.  Voi r l 'Arti cl e  H . 28.  

H.2.5  Défin i tions  concernant la  classification  des  d isposi ti fs  de  commande d 'après  l eur 
construction  

Ajouter les définitions suivantes:  

H.2.5.7  
d isposi ti f de  commande électron ique  
d isposi ti f de  commande  q u i  comporte  au  moins  un  disposi ti f électronique  

H.2.5.8  
d ispositi f électron ique  
d isposi ti f qu i  produ i t u n  déséqu i l i bre  d ynam ique  d 'é lectrons  

Note  1  à  l ’ arti cl e:  La  fonction  essen tie l l e  et  l a  construction  son t  basées  su r l a  technolog ie  des  d i spos i ti fs  à  sem i -
conducteurs ,  des  tubes  à  vi de  ou  des  tubes  à  d écharge  dans  un  gaz.  
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H.2.5.9  
ensemble  électron ique  
groupe de  composan ts,  don t l ' un  au  moins  est un  disposi ti f é lectronique ,  mais  dans  l equel  
des  parties  i nd ividuel l es  peuvent être  remplacées  sans  endommager l 'ensemble  

Note  1  à  l ’ arti cl e:  Un  exemple  est  consti tué  par un  g roupe  de  composants  montés  sur une  carte  imprimée.  

H.2.5. 1 0  
ci rcu i t  i n tégré  
d isposi ti f électronique  con tenu  dans  la  masse  d 'un  matériau  sem i -conducteur et  
i n terconnecté  à  l a  surface,  ou  près  de  l a  surface,  de  ce  matériau  

Note  1  à  l ’ arti cl e:   Le  matériau  sem i -conducteur est  normalement en fermé dans  un  m i l i eu  en robé.  

H.2.5. 1 1  
ci rcu i t  hybride  
ci rcu i t produ i t  en  substrat de  céram ique  au  moyen  d 'un  fi lm  épais ,  fi lm  m ince  ou  d ispos i ti f de  
montage  en  surface  (SMD),  sans  connexion  é lectri que  access ible ,  excepté  l es  poin ts  
d 'en trée/sortie,  et avec tou tes  les  connexions  i n ternes  réal isées  comme fa isant  partie  de  l a  
structu re  d i rectrice  ou  au tre  construction  i n tégrée  

H.2.7  Défin i tions  concernant la  protection  contre  les  chocs  électriques  

Ajouter la  définition suivante:  

H.2.7. 1 4  
impédance  de  protection  
impédance connectée  en tre  l es  parties  actives  e t  l es  parties  conductrices  access ib les  d 'une  
va leur te l l e  que  l e  couran t,  en  usage normal  et  dans  l es  cond i tions  probables  de  panne  d ans  
l e  matérie l ,  est  l im i té  à  une  valeur de  sécuri té  

Ajouter les définitions suivantes:  

H.2. 1 6  Défin i tions  relatives  à  l a  structure  des  d ispositi fs  de  commande uti l i sant des  
log iciels  

H .2. 1 6. 1  
deux voies  
structu re  comportant deux moyens  fonctionnels  mutuel lement indépendants  pour exécuter 
des  manœuvres  spéci fi ées  

Note  1  à  l ’ arti cl e:  Pour l es  d i sposi ti fs  de  commande  ayan t une  panne/  erreur de  mode commun ,  une  d i sposi ti on  
spécia le  peu t  être  pri se.  I l  n 'est  pas  exi gé  q ue  l es  deux voi es  soient  chacune  de  natu re  a l gori thm ique  ou  l og i que.  

H.2. 1 6.2  
deux voies  (d i fférentes)  avec comparaison  
structu re  deux voies  comportant deux moyens  fonctionnels  d i fférents  et mutuel l ement 
indépendants ,  chacun  capable  de  fourn i r une  réponse  déclarée,  et  où  est  effectuée  une  
comparaison  des  s ignaux de  sortie  pour une  reconnaissance  panne /erreur 

H.2. 1 6.3  
deux voies  (homogènes)  avec comparaison  
structu re  deux voies  comportant deux moyens  fonctionnels  i denti ques  et mutuel lement 
indépendants ,  chacun  capable  de  fourn ir une  réponse  déclarée,  et où  est  effectuée  une  
comparaison  des  s i gnaux in ternes  ou  des  s i gnaux de  sortie  pour une  reconnaissance 
panne /erreur 
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H.2. 1 6.4  
simple  voie  
structu re  dans  l aquel le  un  seu l  moyen  fonctionnel  est u ti l i sé  pour exécuter des  manœuvres  
spéci fiées  

H.2. 1 6.5  
simple  voie  avec essai  fonctionnel  
structu re  simple  voie  d ans  laquel le  une  donnée  d 'essai  est  i n trodu i te  dans  l ' un i té  
fonctionnel le  avant son  fonctionnement  

H.2. 1 6.6  
simple  voie  avec autotest périodique  
structu re  simple  voie  dans  l aquel le  les  composan ts  du  dispositi f de  commande  son t 
périod iquement soum is  à  essai  au  cours  du  fonctionnement  

H.2. 1 6.7  
simple  voie  avec autotest périodique et contrôle  
structure  s imple  voie  avec autotest périod ique  dans  l aquel le  des  moyens  indépendants ,  
capables  chacun  de  fourn ir une  réponse  déclarée,  con trôlent des  aspects  te ls  que  l es  
temporisations  de  sécuri té,  l es  séquences  et  l e  fonctionnement de  log icie ls  

H.2. 1 7  Défin i tions  relatives  à  l 'absence d 'erreur pour l es  d ispositi fs  de  commande 
uti l isant des  log iciels  

H .2. 1 7. 1  
analyse  dynamique  
méthode d 'anal yse  dans  l aquel l e  l es  en trées  d 'un  dispositi f de  commande  sont s imu lées  et 
l es  s ignaux l og iques  aux nœuds  d 'un  ci rcu i t  sont exam inés  pour s 'assurer de  l eu r valeur 
correcte  et  de  la  chronolog ie  

H.2. 1 7.2  
calcu l  du  taux de  défai l lance  
calcu l  du  nombre  théorique  de  défai l l ances  d 'une  catégorie  donnée  par un i té   

Note  1  à  l ’ arti cl e:  Par exemple,  défai l l ances  par heu re  ou  par cycle  de  fonctionnement.  

H.2. 1 7.3  
analyse  du  matériel  
procédé d 'évaluation  dans  l equel  sont exam inés  l e  fonctionnement correct,  selon  l es  
to lérances  spéci fiées  et l es  caractéristiques  ass ignées,  du  ci rcu i t et  des  composants ,  d 'un  
disposi ti f de  commande  

H.2. 1 7.4  
simulation  de  matériel  
méthode d 'anal yse  dans  l aquel le  l a  fonction  du  ci rcu i t  et  les  tolérances  des  composants  son t 
exam inées  à  l 'a i de  d 'un  modèle  i n formatisé  

H.2. 1 7.5  
inspection  
procédé d 'évaluation  dans  l equel  l a  spéci fication  du  matérie l  (schéma)  ou  du  log icie l  (code)  
est exam inée  en  déta i l  par une  personne ou  un  groupe au tre  que  l e  concepteur ou  l e  
programmeur pour i denti fi er des  erreurs  poss ib les  

Note  1  à  l ’ arti cl e:  A l a  d i fférence  d u  con trôle  col l ecti f,  l e  concepteur ou  l e  prog rammeur sont  passi fs  pendant  
cette  évaluation .  
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H.2. 1 7.6  
essai  opérationnel  
procédé d 'évaluation  dans  lequel  un  dispositi f de  commande  fonctionne  aux l im i tes  des  
cond i ti ons  de  fonctionnement prévues  (par exemple,  vi tesse  de  cycle,  température,  tensi on)  
pour déceler des  erreurs  de  conception  ou  de  construction  

H.2. 1 7.7  Analyse  statique  

H .2. 1 7.7. 1  
analyse  statique – matériel  
procédé  d 'évaluation  dans  l equel  un  modèle  de  matérie l  est systématiquement évalué  

Note  1  à  l ’ arti cl e:  L 'évaluation  peut  être  i n formati sée  et  peu t  comprend re  l 'examen  de  l a  nomenclature  et  du  tracé  
des  ci rcu i ts ,  une  ana lyse  d ' i n terface  et  d es  essais  fonctionnel s .  

H.2. 1 7.7.2  
analyse  statique – log iciel  
procédé d 'évaluation  dans  l equel  un  programme in formatique  est systématiquement évalué  
sans  nécessai rement exécuter l e  programme 

Note  1  à  l ’ arti cl e:  L 'éval uati on  peu t  être  i n formati sée  et  peu t  ord inai rement  comprendre  des  caractéri sti q ues  tel l es  
que  l og i que  du  programme,  chem ins  de  données,  i n terfaces  et  variables .  

H.2. 1 7.8  
essai  systématique  
méthode d 'anal yse  dans  l aquel l e  un  système  ou  un  programme in formatique  est évalué  pour 
exécu tion  exacte  par l ' i n troduction  de  données  d 'essai  sé lectionnées  

Note  1  à  l ’ arti cl e:  Par exemple,  voi r  essai  boîte  noi re  e t  essai  boîte  transparen te .  

H.2. 1 7.8. 1  
essai  boîte  noi re  
essai  systématique  d ans  l equel  des  données  d 'essai  dérivées  de  spéci fications  
fonctionnel les  sont i n trodu i tes  dans  une  un i té  fonctionnel l e  pour s 'assurer de  son  
fonctionnement  correct 

H.2. 1 7.8.2  
essai  boîte  transparente  
essai  systématique  dans  lequel  des  données  d 'essai  basées  sur des  spéci fications  de  
l og iciel  sont i n trodu i tes  dans  un  programme pour s 'assurer du  fonctionnement  correct des  
sous-programmes  

Note  1  à  l ’ arti cl e:  Par exemple,  des  données  peuvent être  sélectionnées  pour exécuter au tant  d ' i nstructions,  de  
branches,  de  sous-programmes,  etc.  que  possib le.  

H.2. 1 7.9  
contrôle  col lecti f 
procédé d 'évaluation  dans  l equel  un  concepteur ou  un  programmeur d i rige  l es  membres  d 'une  
équ ipe  d 'évaluation  dans  l 'étude  du  matérie l ,  d u  l og icie l  e t/ou  du  code  du  log icie l  que  le  
concepteur ou  l e  programmeur a  développé  pour i den ti fier de  possib les  erreurs  

Note  1  à  l ’ arti cl e:  A l a  d i fférence  de  l ' i nspection ,  l e  concepteu r ou  l e  programmeur son t  acti fs  pendant cet  
examen.  

H.2. 1 7. 1 0  
temps  de  détection  de  panne/erreur par log iciel  
période  entre  l 'occurrence d 'un  panne/erreur et l a  m ise  en  marche  d 'une  réponse  déclarée  
du  dispositi f de  commande  par l e  l og icie l  
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H.2. 1 8  Défin i tions  relatives  aux techn iques  de  contrôle  de  panne/erreur des  d ispositi fs  
de  commande  uti l i sant  des  log iciels  

H .2. 1 8. 1  Redondance  de  bus  

H .2. 1 8. 1 . 1  
redondance de  bus  complète  
techn ique  de  con trôle  de  panne/erreur dans  l aquel l e  des  données  et/ou  des  adresses  
en tièrement redondantes  sont  fourn ies  par une  structure  de  bus  redondante  

H.2. 1 8. 1 .2  
pari té  de  bus  mu l ti -bi t  
techn ique  de  contrôle  de  panne/erreur dans  l aquel l e  l e  bus  est augmenté  de  deux b i ts  ou  
p lus ,  ces  b i ts  add i tionnels  étan t u ti l i sés  pour l a  détection  d 'erreurs  

H.2. 1 8. 1 .3  
pari té  de  bus  à  bi t  un ique  
techn ique  de  contrôle  de  panne /erreur dans  laquel le  l e  bus  est augmenté  d 'un  b i t,  ce  b i t  
add i tionnel  étant u ti l i sé  pour la  détection  d 'erreurs  

H.2. 1 8.2  
sécuri té  de  code  
techn ique  de  contrôle  de  panne/erreur dans  l aquel l e  l a  protection  con tre  des  erreurs  
systématiques  et/ou  de  coïncidence des  i n formations  d 'entrée  ou  de  sortie  est assurée  par 
l ' u ti l i sation  de  l a  redondance de  données  et/ou  de  l a  redondance de  transfert  (voi r auss i  
H . 2. 1 8. 2. 1  et  H . 2. 1 8. 2. 2)  

H.2. 1 8.2. 1  
redondance de  données  
forme de  sécuri té  de  code  d ans  laquel l e  est u ti l i sé  l e  s tockage  de  données  redondantes  

H.2. 1 8.2.2  
redondance de  transfert 
forme de  sécuri té  de  code  d ans  l aquel le  des  données  sont transférées  au  moins  deux fois  à  
l a  su i te  et  ensu i te  comparées  

Note  1  à  l ’ arti cl e:  Cette  techn i que  reconnaît  d es  erreurs  i n term i ttentes.  

H.2. 1 8.3  
comparateur 
d isposi ti f u ti l i sé  pour l e  con trôle  de  panne/erreur dans  l es  structures  deux voies .  

Note  1  à  l ’ arti cl e:  Le  d i spos i ti f compare  l es  données  des  deux voi es  et  émet une  réponse  décl arée  s i  une  
d i fférence  est  d étectée.  

H.2. 1 8.4  
mode de  panne convertisseur numérique  (défaut DC)  
mode de  panne «col lé  à»  i ncorporan t des  courts-ci rcu i ts  entre  l es  l i gnes  de  s i gnaux  

Note  1  à  l ’ arti cl e:  A cause  du  nombre  de  courts -ci rcu i ts  possib les  dans  l e  d i spos i ti f en  essai ,  ne  son t  
habi tuel l ement cons idérés  que  l es  courts-ci rcu i ts  en tre  l i gnes  de  s i gnaux connexes.  Un  n i veau  de  s i gnal  l og ique  
est  défi n i  et  pers i ste  s i  l es  l i gnes  ten ten t  de  passer au  n i veau  i nverse.  

H.2. 1 8.5  
essai  de  classe  d 'équ ivalence  
essai  systématique  prévu  pour déterm iner s i  l e  décodage des  i nstructions  et l eur exécution  
son t effectués  correctement.  

Note  1  à  l ’ arti cl e:  Les  données  d 'essai  provi ennent  des  spéci fi cations  d ' i nstruction  des  u n i tés  central es  (CPU)  
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Note  2  à  l ’ arti cl e:  Des  i nstructions  s im i l a i res  son t  g roupées  et  l 'ensemble  de  données  d 'en trée  est  subd ivi sé  en  
i n terva l l es  d e  données  spéci fi ques  (cl asses  d 'équ ivalence).  Chaque  i nstruction  dans  un  g roupe  tra i te  au  moins  
d 'un  ensemble  de  données  d 'essai ,  de  façon  que  l e  g roupe  en ti er tra i te  en ti èrement l 'ensemble  de  données  
d 'essai .  Les  données  d 'essai  peuvent  être  formées  comme su i t:  

– données  de  pl age  va l i de;  

– données  de  pl age  non  val i de;  

– données  aux l im i tes ;  

– va l eu rs  extrêmes  et  l eu rs  combinaisons.  

Les  essais  sont  effectués  dans  un  g roupe  avec  d i fférents  modes  d 'ad ressage,  de  façon  q ue  tous  l es  modes  
d 'ad ressage  soient  exécu tés  par l e  g roupe  en ti er.  

H.2. 1 8.6  
moyen  de  reconnaissance  d 'erreur 
moyen  indépendant fourn i  dans  l e  bu t  de  reconnaître  l es  erreurs  i n ternes  au  système  

Note  1  à  l ’ arti cl e:  Ce  sont,  par exemple,  l es  d i sposi ti fs  de  su rvei l l ance,  l es  comparateurs  e t  l es  générateurs  de  
code.  

H.2. 1 8.7  
d istance de  Hamming  (d 'autocorrecteur)  
mesure  s tatistique  représentan t l a  capaci té  d 'un  code  à  détecter et  à  corriger des  erreurs  

Note  1  à  l ’ arti cl e:  Cette  di stance  de  Hamming  d e  deux mots  codes  est  égal e  aux nombres  de  posi ti ons  
d i fféren tes  des  deux mots  codes.  

Note  2  à  l ’ arti cl e:  Voi r H .  Hol scher et  J .  Rader;  "M icrocomputers  i n  safety techn i ques. "  Verlag  TUV Bayern .  TUV 
Rhei n land .  ( I SBN  3-88585-31 5-9).  

H.2. 1 8.8  
comparaison  d 'entrée  
techn ique  de  contrôle  de  panne /erreur dans  l aquel le  son t comparées  l es  en trées  prévues  
pour être  dans  des  tolérances  spéci fiées  

H.2. 1 8.9  
détection  d ’erreur in terne  
techn ique  de  contrôle  de  panne /erreur dans  laquel l e  sont i ncorporés  des  ci rcu i ts  spéciaux 
pour détecter ou  corriger des  erreurs  

H.2. 1 8. 1 0  Séquence  de  programme 

H .2. 1 8. 1 0. 1  
contrôle  de  fréquences  
techn ique  de  contrôle  de  panne/erreur dans  l aquel l e  l a  fréquence d 'horloge  est comparée à  
une  fréquence  fixée  indépendante  

Note  1  à  l ’ arti cl e:  C'est,  par exemple,  l a  comparaison  avec l a  fréquence  de  l a  l i g ne  d 'a l imentation .  

H.2. 1 8. 1 0.2  
contrôle  log ique de  l a  séquence  du  programme 
techn ique  de  con trôle  de  panne/erreur dans  l aquel l e  l 'exécution  l og ique  d 'une  séquence de  
programme est contrôlée  

Note  1  à  l ’ arti cl e:  C'est,  par exemple,  l ' u ti l i sation  de  programmes  de  comptage  ou  de  données  sélectionnées  du  
programme l u i -même ou  de  d i sposi ti fs  de  con trôl e  i ndépendants .  

H.2. 1 8. 1 0.3  
contrôle  log ique et créneau  de  temps  
combinaison  de  H . 2. 1 8. 1 0. 2  et H . 2. 1 8. 1 0. 4  
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H.2. 1 8. 1 0.4  
contrôle  de  créneau  de  temps  de  la  séquence du  programme 
techn ique  de  con trôle  de  panne /erreur dans  l aquel le  son t périod iquement déclenchés  des  
ci rcu i ts  temporisateurs  à  base  de  temps  indépendante  pour con trôler la  fonction  programme 
et  l a  séquence  

Note  1  à  l ’ arti cl e:  Par exemple  un  temporisateur  ch ien  de  garde.  

H.2. 1 8. 1 1  
sorties  paral lèles  mu ltiples  
techn ique  de  contrôle  de  panne /erreur dans  l aquel l e  des  sorties  para l lè les  indépendantes  
son t fourn ies  pour la  détection  d 'erreurs  opérationnel les  ou  pour des  comparateurs  
indépendants  

H.2. 1 8. 1 2  
vérification  de  sortie  
techn ique  de  con trôle  de  panne/erreur dans  laquel le  des  sorties  son t comparées  aux entrées  
indépendantes  

Note  1  à  l ’ arti cl e:  Cette  techn i que  peut  ou  peut  ne  pas  l i er u ne  erreur à  l a  sorti e  défi ci en te.  

H.2. 1 8. 1 3  
contrôle  de  vraisemblance  
techn ique  de  con trôle  de  panne /erreur dans  l aquel l e  l 'exécu tion  d 'un  programme,  des  en trées  
ou  des  sorties  sont contrôlées  pour déceler des  temporisations,  des  données  ou  des  
séquences  de  programme i nadm issib les  

Note  1  à  l ’ arti cl e:  Par exemple,  i n troduction  d 'u ne  i n terrupti on  add i ti onnel l e  après  accompl i ssement d 'un  certai n  
nombre  de  cycles  ou  contrôle  de  d i vi s ion  par zéro.  

H.2. 1 8. 1 4  
essai  de  protocole  
techn ique  de  contrôle  de  panne /erreur dans  l aquel le  des  données  son t transférées  de  et vers  
des  composan ts  de  calcu lateur pour détecter des  erreurs  dans  le  protocole  de  commun ication  
i n terne  

H.2. 1 8. 1 5  
comparaison  réciproque  
techn ique  de  contrôle  de  panne/erreur u ti l i sée  avec des  structures  deux voies  (homogènes)  
dans  l esquel les  est effectuée  une  comparaison  de  données  échangées  réciproquement entre  
deux un i tés  de  trai tement  

Note  1  à  l ’ arti cl e:  Réci proquement se  réfère  à  un  échange  de  données  s im i l a i res.  

H.2. 1 8. 1 6  
génération  de  données  redondantes  
d ispon ibi l i té  de  deux ou  p lus ieurs  moyens  i ndépendants ,  te ls  que  générateurs  de  code,  pour 
effectuer la  même tâche  

H.2. 1 8. 1 7  
contrôle  redondant 
d ispon ibi l i té  de  deux ou  p lus ieurs  moyens  indépendants ,  te ls  que  ch iens  de  garde  et  
comparateurs ,  pour effectuer l a  même tâche  
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H.2. 1 8. 1 8  
transmission  ordonnancée  
procédure  de  commun ication  dans  laquel l e  l 'envoi  de  l ' in formation  d 'un  transmetteur 
particu l i er est seu lement au torisé  vers  un  poin t  prédéfin i  en  temps  et séquence,  s i non  l e  
récepteur l e  tra i tera  comme une  erreur de  commun ication  

H.2. 1 8. 1 9  
d iversi té  des  log iciels  
techn ique  de  contrôle  de  panne/erreur dans  l aquel le  tou t un  l og icie l  ou  des  parties  d 'un  
l og iciel  son t i ncorporés  deux fo is  sous  forme de  code  l og icie l  a l terné  

Note  1  à  l ’ arti cl e:  Par exemple,  l es  formes  al ternées  de  code  l og icie l  peuvent  être  produ i tes  par des  
programmeurs  d i fférents,  d es  l angages  d i fférents  ou  des  schémas  de  compi l ati on  d i fféren ts  et  peuvent  rés i der 
dans  des  voi es  matérie l l es  d i fféren tes  ou  dans  des  zones  mémoi res  d i fférentes  dans  une  seu le  voie .  

H.2. 1 8.20  
mode de  panne col lé  à  
mode de  panne  représentant  un  ci rcu i t ouvert ou  un  n iveau  de  s ignal  i nvarian t  

Note  1  à  l ’ arti cl e:  On  s 'y réfère  habi tuel l ement par "col l é  ouvert" ,  "col l é  à  1 "  ou  "col l é  à  0" .  

H.2. 1 8.21  
essai  de  contrôle  
d isposi ti on  de  moyens  i ndépendants  te ls  que  ch iens  de  garde  et comparateurs  q u i  son t 
soum is  à  essai  au  départ  ou  périod iquement pendant l e  fonctionnement  

H.2. 1 8.22  
gabari t  d 'essai  
con trôle  testé  de  panne/erreur u ti l i sé  pour l 'essai  périod ique  des  d ispos i ti fs  d 'entrée,  de  
sortie  et  des  i n terfaces  du  dispositi f de  commande  

Note  1  à  l ’ arti cl e:  Un  gabari t  d 'essai  est  i n trodu i t  dans  l e  d i sposi ti f et  l es  résu l tats  sont  comparés  aux va leu rs  
espérées.  Pou r l ' i n troduction  du  gabari t  d 'essai  et  l ' évaluation  des  résu l tats  des  moyens  i ndépendants  son t  
u ti l i sés.  Le  gabari t  d 'essai  est  constru i t  d e  façon  à  ne  pas  i n fl uencer l e  fonctionnement  correct  du  d isposi ti f de  
commande .  

H.2. 1 9  Défin i tions  relatives  aux essais  de  mémoire  des  d ispositi fs  de  commande  
uti l isant des  log iciels  

H .2. 1 9. 1  
essai  d ’Abraham  
forme spéci fique  de  gabari t d 'essai  de  mémoire  variable  d ans  lequel  tou te  panne  «col lée  à»  
et  de  couplage  en tre  cel l u les  de  mémoire  est i den ti fié  

Note  1  à  l ’ arti cl e:  Le  nombre  d 'opérations  nécessai res  pour effectuer l ' essai  de  l a  mémoi re  en ti ère  est  d 'envi ron  
30  n ,  où  n  est  l e  nombre  de  cel l u l es  de  l a  mémoi re.  L 'essai  peu t  être  transparen t à  l ' u ti l i sation  pendant  l es  cycl es  
de  fonctionnement,  par parti t i on  de  l a  mémoi re  et  essai  de  chaque  parti t i on  en  d i fféren ts  segments  de  temps.  

Note  2  à  l ’ arti cl e:  Voi r Abraham,  J . A. ;  Thatte,  S .M. ;  "Fau l t  coverage  of test  programs  for a  m i croprocessor" ,  
Proceed ings  of the  I EEE  Test  Conference  1 979,  pp  1 8-22.  

H.2. 1 9.2  
essai  GALPAT de  mémoire  
techn ique  de  con trôle  de  panne /erreur dans  laquel l e  une  seu le  cel l u le  d 'un  champ de  ce l l u les  
de  mémoire  un i formément écri tes  est complémentée,  après  quoi  le  reste  de  l a  mémoire  en  
essai  est i nspecté  

Note  1  à  l ’ arti cl e:  Après  chaque  opération  de  l ectu re  de  l ' une  des  cel l u l es  restan tes  d u  champ,  l a  cel l u l e  écri te  
dans  l 'ord re  i n verse  est  aussi  i nspectée  et  l u e.  Ce  processus  est  répété  dans  tou tes  l es  cel l u l es  de  l a  mémoi re  en  
essai .  Un  deuxi ème  essai  est  ensu i te  exécuté  comme ci -dessus  sur l a  même plage  de  mémoi re  sans  écri tu re  dans  
l 'ordre  i n verse  de  l a  cel l u l e  d 'essai .  
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Note  2  à  l ’ arti cl e:  L 'essai  peu t  être  transparen t à  l ' u ti l i sati on  pendant  l es  cycles  de  fonctionnement,  par parti t i on  
de  l a  mémoi re  et  essai  d e  chaque  parti ti on  en  d i fféren ts  segments  de  temps  (voi r essai  GALPAT transparent) .  

H.2. 1 9.2. 1  
essai  GALPAT transparent  
essai  GALPAT de  mémoire  d ans  l equel  un  mot de  s i gnature  est d 'abord  formé pour 
représenter l e  contenu  de  l a  p lage  de  mémoire  à  soumettre  à  essai  et  ce  mot est sauvegardé  

Note  1  à  l ’ arti cl e:  La  cel l u l e  à  soumettre  à  essai  est  complémentée  et  l 'essai  est  effectué  comme ci -dessus.  
Cependant,  l e  reste  des  cel l u l es  n 'est  pas  i nspecté  i nd ivi duel l ement mais  par formation  de  e t  comparaison  avec un  
second  mot d e  s i gnatu re.  Un  deuxième  essai  est  ensu i te  effectué  comme ci -dessus  par complémentation  de  l a  
val eu r de  l a  cel l u l e  à  soumettre  à  essai  précédemment  complémentée.  

Note  2  à  l ’ arti cl e:   Cette  techn ique  reconnaît  aussi  b i en  tou tes  l es  erreu rs  de  b i t  s tati que  q ue  l es  erreu rs  
d ' i n terface  en tre  cel l u l es  de  mémoi re.  

H.2. 1 9.3  Somme de  contrôle  

H .2. 1 9.3. 1  
somme de  contrôle  modifiée  
techn ique  de  con trôle  de  panne /erreur dans  l aquel le  un  un ique  mot représentan t le  contenu  
de  tous  l es  mots  en  mémoire  est généré  et sauvegardé  

Note  1  à  l ’ arti cl e:  Pendant  l 'au totest,  une  somme de  contrôl e  est  formée  avec l e  même a lgori thme et  comparée  
avec l a  somme de  con trôle  sauvegardée.  

Note  2  à  l ’ arti cl e:  Cette  techn i que  reconnaît  tou tes  l es  erreurs  de  b i t  impai r et  q uel ques  erreurs  de  b i t  pa i r.  

H.2. 1 9.3.2  
somme de  contrôle  mul tiple  
techn ique  de  con trôle  de  panne /erreur dans  l aquel le  des  mots  séparés  représentant l e  
con tenu  de  zones  mémoire  soum ises  à  essai  sont générés  et sauvegardés  

Note  1  à  l ’ arti cl e:  Pendant  l 'au totest,  l e  même al gori thme est  u ti l i sé  pour générer une  somme de  con trôl e  qu i  est  
comparée  avec l a  somme de  con trôle  sauvegardée  pou r cette  zone.  

Note  2  à  l ’ arti cl e:  Cette  techn i que  reconnaît  tou tes  l es  erreurs  de  b i t  impai r et  q uel ques  erreurs  de  b i t  pa i r.  

H.2. 1 9.4 Contrôle  de  redondance cycl ique (CRC)  

H .2. 1 9.4. 1  
mot un ique  de  CRC  
techn ique  de  con trôle  de  panne /erreur dans  l aquel le  un  un ique  mot est généré  pour 
représenter l e  contenu  de  l a  mémoire   

Note  1  à  l ’ arti cl e:  Pendant  l ' au totest,  l e  même al gori thme est  u ti l i sé  pou r générer un  au tre  mot qu i  est  comparé  
avec l e  mot sauvegardé.  

Note  2  à  l ’ arti cl e:  Cette  techn ique  reconnaît  tou tes  l es  erreu rs  de  u n  b i t  et  un  pou rcentage  é levé  d 'erreurs  mu l ti -
bi t.  

H.2. 1 9.4.2  
mot double  de  CRC  
techn ique  de  contrôle  de  panne/erreur dans  l aquel l e  au  moins  deux mots  son t générés  pour 
représenter l e  contenu  de  l a  mémoire  

Note  1  à  l ’ arti cl e:  Pendant  l ' au totest,  l e  même a l gori thme  est  u ti l i sé  pour générer l e  même nombre  de  mots  de  
réponse  qu i  son t  comparés  avec l es  mots  sauvegardés.  

Note  2  à  l ’ arti cl e:  Cette  techn ique  reconnaît  tou tes  l es  erreurs  de  un  b i t  et  u n  nombre  é levé  d 'erreurs  mu l ti -bi t  
avec une  précis i on  pl us  g rande  qu 'avec u n  mot un ique  de  CRC .   
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H.2. 1 9.5  
mémoire  redondante  avec comparaison  
structu re  dans  laquel le  l e  con tenu  de  l a  mémoire  re lati f à  l a  sécuri té  est stocké  deux fo is  dans  
des  formats  d i fférents  dans  des  zones  séparées  de  façon  à  pouvoi r être  comparé  pour 
con trôle  d 'erreur 

H.2. 1 9.6  
essai  de  mémoire  statique  
techn ique  de  con trôle  de  panne /erreur prévue  pour détecter seu lement les  erreurs  statiques  

H.2. 1 9.6. 1  
essai  de  mémoire  damier 
essai  de  mémoire  statique  d ans  l equel  un  gabari t en  dam ier de  zéros  et de  uns  est écri t  
dans  l a  zone  mémoire  en  essai  et  où  les  cel l u les  son t i nspectées  par pa ires   

Note  1  à  l ’ arti cl e:  L 'ad resse  de  l a  prem ière  cel l u l e  de  chaque  pai re  est  variabl e  et  l 'ad resse  de  l a  d euxième  
cel l u l e  d éri ve  de  l a  prem ière  adresse  par complément  d 'un  b i t.  Dans  l a  prem ière  i nspection ,  l 'ad resse  est  d 'abord  
i ncrémentée  j usqu 'à  l a  fi n  de  l 'espace  d 'adresse  de  l a  mémoi re  pu i s  ramenée  à  sa  va leu r d 'ori g i ne.  L 'essai  est  
répété  avec l e  gabari t  en  dam ier i n verse.  

H.2. 1 9.6.2  
essai  de  mémoire  active  
essai  de  mémoire  statique  dans  lequel  une  donnée  est écri te  dans  la  zone  mémoire  en  
essai  comme en  fonctionnement  normal  

Note  1  à  l ’ arti cl e:  Chaque  cel l u l e  est  ensu i te  i nspectée  dans  l 'ord re  ascendant  et  l e  complément d 'un  b i t  est  
effectué  dans  l e  con tenu .  L ' i nspection  e t  l e  complément d ' un  b i t  son t  ensu i te  répétés  dans  l 'ord re  descendant.  
Pu i s  ce  processus  est  répété  après  avoi r d 'abord  effectué  l e  complément  d 'un  b i t  dans  tou tes  l es  cel l u l es  de  
mémoi re  en  essai .  

H.2. 1 9.7  
essai  walkpat des  mémoires  
techn ique  de  contrôle  de  panne /erreur dans  l aquel l e  un  gabari t de  données  modèle  est écri t  
dans  l a  zone  mémoire  en  essai  comme en  fonctionnement  normal  

Note  1  à  l ’ arti cl e:  Le  complément  d 'un  b i t  est  effectué  dans  l a  prem ière  cel l u l e  et  l e  reste  de  l a  zone  mémoi re  est  
i nspecté.  Pu i s  l a  prem ière  cel l u l e  est  à  nouveau  complémentée  et  l a  mémoi re  i nspectée.  Ce  processus  est  répété  
dans  tou tes  l es  cel l u l es  de  l a  mémoi re  en  essai .  U n  deuxième essai  est  effectué  par complément d 'un  b i t  d e  tou tes  
l es  cel l u l es  en  mémoi re  en  essai  et  en  procédant comme ci -dessus.  

Note  2  à  l ’ arti cl e:  Cette  techn ique  reconnaît  aussi  b i en  tou tes  l es  erreurs  de  b i t  s tati que  q ue  l es  erreu rs  
d ' i n terface  en tre  cel l u l es  de  mémoi re.  

H.2. 1 9.8  Protection  de  mot  

H.2. 1 9.8. 1  
protection  de  mot avec redondance mul ti -bi t  
techn ique  de  contrôle  de  panne/ erreur dans  l aquel le  des  b i ts  redondants  son t générés  et 
sauvegardés  pour chacun  des  mots  de  l a  zone  mémoire  en  essai  

Note  1  à  l ’ arti cl e:  A l a  l ectu re  de  chacun  des  mots  est  effectué  un  contrôl e  de  pari té.  

Note  2  à  l ’ arti cl e:  Par exemple,  u n  code  «Hamm ing»  qu i  reconnaît  aussi  b i en  tou tes  l es  erreu rs  de  un  ou  deux 
bi ts  et  certa i nes  des  erreu rs  de  troi s  b i ts  ou  mu l ti -b i t.  

H.2. 1 9.8.2  
protection  de  mot avec redondance d ’un  seu l  b i t  
techn ique  de  contrôle  de  panne/erreur dans  laquel l e  un  seu l  b i t  est a j ou té  à  chacun  des  mots  
de  la  zone  mémoire  en  essai  pu is  sauvegardé,  créan t a ins i  une  pari té  pa ire  ou  impaire  

Note  1  à  l ’ arti cl e:  A l a  l ectu re  de  chacun  des  mots  est  effectué  un  contrôl e  de  pari té.  

Note  2  à  l ’ arti cl e:  Cette  techn i que  reconnaît  tou tes  l es  erreurs  de  b i t  impai r.  
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H.2.20  Défin i tions  de  l a  terminolog ie  des  log iciels  – Général i tés  

H.2.20. 1  
erreur de  mode  commun  
erreur(s)  dans  une  structure  double  voie  ou  une  au tre  s tructure  redondante  te l le  que  chaque 
voie  ou  structure  est  affectée  s imu l tanément et  de  l a  même man ière  

H.2.20.2  
erreur de  cause commune  
erreurs  de  d i fféren ts  é lémen ts,  su i te  à  un  événement un ique,  et  n ’étan t pas  des  
conséquences  les  unes  des  au tres  

Note  1  à  l ’ arti cl e:  I l  convien t  de  ne  pas  confond re  l es  erreurs  de  cause  commune  avec  l es  erreurs  de  mode  
commun .  

H.2.20.3  
analyse  des  modes  de  défai l l ance  et de  l eurs  effets  
AMDE 
techn ique  anal ytique  dans  laquel l e  l es  types  de  défai l lance  de  chaque composant du  
matérie l  sont i den ti fi és  et  exam inés  quan t à  l eurs  effets  sur l es  fonctions  l i ées  à  l a  sécuri té  du  
dispositi f de  commande  

H.2.20.4  
indépendant 
ne pas  être  i n fluencé défavorablement par l a  ci rcu lation  des  données  du  disposi ti f de  
commande  e t  ne  pas  être  gêné  par l a  défai l lance  d 'au tres  fonctions  du  dispositi f de  
commande ,  ou  par effets  de  mode  commun  

H.2.20.5  
mémoire  invariable  
plages  de  mémoire  d 'un  système de  tra i temen t con tenant des  données  qu i  n 'est pas  prévu  
pour varier pendant  l 'exécution  du  programme 

Note  1  à  l ’ arti cl e:  Mémoire  i nvariable  peu t  comprendre  une  construction  RAM  où  i l  n 'est  pas  prévu  de  variati on  
de  données  pendant l 'exécu tion  du  programme.  

H.2.20.6  
mémoire  variable  
plages  de  mémoire  d 'un  système de  tra i tement con tenant des  données  qu i  est prévu  pour 
varier pendant  l 'exécu tion  du  programme 

H.2.21  Vacant  

H .2.22  Défin i tions  relatives  aux classes  de  fonctions  de  commande  

Pour l 'évaluation  des  mesures  de  protection  pour l a  to lérance aux pannes  et  l a  prévention  de   
dangers ,  i l  est nécessai re  de  classer les  fonctions  du  dispositi f de  commande  se lon  leur 
comportement par rapport aux pannes .  

À la  class i fication  des  fonctions  du  dispositi f de  commande ,  l eur i n tégration  dans  l e  concept 
de  sécuri té  complète  de  l 'apparei l  doi t  être  prise  en  compte.  

Note    U ne  fonction  du  disposi ti f de  commande  est  consti tuée  de  l a  boucle  en tière  commençant par l e  moyen  
sens ible  en  passant  par l e  ci rcu i t  de  tra i tement  (matéri e l  et  l og iciel  s ' i l  est  u ti l i sé)  et  comprenant l a  commande  de  
l 'actionneu r.  

Dans  le  but d 'évaluer l a  conception  d 'une  fonction  du  disposi ti f de  commande ,  l es  présentes  
exigences  reconnaissen t trois  cl asses  d isti nctes:  
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H.2.22. 1  
fonction  de  commande de  classe  A 
fonctions  du  dispositi f de  commande  non  prévues  pour fai re  partie  de  l a  sécuri té  de  
l 'appl ication  

Note  1  à  l ’ arti cl e:  Exemples:  thermostats  d 'ambiance,  d i sposi ti f de  régu l ation  de  températu re.  

H.2.22.2  
fonction  de  commande de  classe  B  
fonctions  du  disposi ti f de  commande  q u i  son t destinées  à  préven i r un  état non  sécurisé  de  
l 'apparei l  

Note  1  à  l ’ arti cl e:  La  défai l l ance  d e  l a  fonction  d u  disposi ti f de  commande  n e  condu i ra  pas  d i rectement  à  une  
s i tuation  dangereuse.  

Note  2  à  l ’ arti cl e:  Exemples:  l im i teur de  températu re,  l im i teu r de  pression .  

H.2.22.3  
fonction  de  commande de  classe  C  
fonctions  du  disposi ti f de  commande  q u i  sont destinées  à  préven i r des  dangers  spéciaux 
te ls  qu 'une  explos ion  ou  dont l a  défai l lance  est  susceptib le  d 'occasionner d i rectement un  
danger  d ans  l 'apparei l  

Note  1  à  l ’ arti cl e:  Exemples:  l es  systèmes  de  commande  d es  brû l eu rs ,  l es  coupe-ci rcu i t  thermiques  pou r l es  
systèmes  de  chauffage  de  l ' eau  en  ci rcu i t  fermé  (sans  protection  par m ise  à  l 'a i r l i bre).  

H.2.23  Défin i tions  concernant l a  sécuri té  fonctionnel le  

H .2.23. 1  
temps  de  tolérance aux pannes  
durée  en tre  l 'occurrence  d 'une  panne  e t  l 'arrêt du  matériel  commandé,  qu i  est to lérée  par 
l 'appl ication  sans  créer de  s i tuation  dangereuse   

Note  1  à  l ’ arti cl e:  D 'au tres  actions  que  l ' arrêt  d u  matéri el  commandé  son t  possibles  s i  on  peut  montrer q u 'el l es  
prévi ennent  l es  s i tuations  dangereuses.  

H.2.23.2   
temps  de  réaction  aux pannes   
durée  entre  l 'occurrence  d 'une  panne  et  l e  moment auquel  l e  disposi ti f de  commande  a  
atte in t  un  état  défin i  

H.2.23.3  
état défin i  
état d 'un  dispositi f de  commande  avec l a  caractérisation  su ivan te:  

a)  l e  disposi ti f de  commande  prend  pass ivement un  état dans  lequel  l es  bornes  de  sortie  
assurent une  s i tuation  sécurisée  en  tou tes  ci rconstances.  Lorsque  l a  cause  de  la  
trans i tion  vers  l 'état  défin i  est é l im inée,  i l  convient que  l 'appl ication  se  l ance  
conformément aux exigences  appropriées;  ou  

b)  l e  disposi ti f de  commande  exécute  activement une  action  de  protection ,  dans  l e  temps  
spéci fié  dans  l a  partie  2  appropriée,  provoquant un  arrêt ou  empêchant une  cond i tion  non  
sécurisée;  ou  

c)  l e  dispositi f de  commande  reste  en  fonctionnement ,  conti nuant à  satisfai re  à  tou tes  
exigences  fonctionnel l es  l iées  à  la  sécuri té  

 

H .2.23.4  
électronique complexe  
désignation  des  ensembles  qu i  u ti l i sen t des  composants  é lectron iques  avec les  
caractéristi ques  su ivan tes:  

a)  l e  composan t fourn i t  p l us  d 'une  sortie  fonctionnel l e;  
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b)  i l  n 'est pas  envisageable  dans  l a  prati que  ou  i l  est impossib le  de  représenter l e  mode de  
défai l lance  d 'un  te l  composant par «col lé  à»  et des  l i ens  croisés  au  n iveau  des  broches  
ou  par d 'au tres  modes  de  défai l lance  q u i  son t décri ts  dans  l e  Tableau  H . 24   

H.2.23.5  
réarmement  
action  qu i  assure  une  ré in i ti al isation  à  parti r de  l 'état de  sécuri té  pour permettre  au  système  
de  ten ter un  redémarrage  

H.2.23.6  Vacant  

H .2.23.7  
dégradation  (de  fonctionnement)  
écart non  dés iré  des  caractéristi ques  de  fonctionnement d 'un  d ispos i ti f,  d 'un  apparei l  ou  d 'un  
système  par rapport aux caractéristi ques  attendues   

Note  1  à  l ’ arti cl e:  Une  dégradation  peut  être  un  défau t  de  fonctionnement  temporai re  ou  permanent.  

[SOURCE:  I EC 60050-1 61 : 1 990,  1 61 -01 -1 9]  

H.2.23.8  Vacant  

H .2.23.9  
dommage  
blessure  phys ique  ou  atte in te  à  l a  san té  des  personnes ,  ou  atte in te  aux b iens  ou  à  
l 'envi ronnement  

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 3]  

H.2.23. 1 0  
phénomène dangereux 
danger 
source  potentie l le  de  dommage   

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 5]  

H.2.23. 1 1  
ri sque  
combinaison  de  la  probabi l i té  d 'un  dommage  e t  de  sa  gravi té   

[SOURCE:  I SO/IEC Gu ide  51 : 1 999,  3 . 2 ]  

H.2.23. 1 2  
mauvais  usage  raisonnablement prévisible  
uti l i sation  d 'un  produ i t,  procédé ou  service  dans  des  cond i tions  ou  à  des  fi ns  non  prévues  par 
l e  fourn isseur mais  qu i  peu t proven i r de  l a  conception  du  produ i t en  combinaison  avec,  ou  
su i te  à  un  comportement humain  courant   

[SOURCE:  I SO/IEC  Gu ide  51 : 1 999,  3 . 1 4  mod i fiée,  – "de  la  conception  du  produ i t en  
combinaison  avec,  ou  su i te  à  un  comportement humain  couran t"  on t  été  ajoutés. ]  

H.2.23. 1 3  
sécuri té  fonctionnel le  
sécuri té  l i ée  à  l 'appl ication  qu i  dépend  du  fonctionnement correct du  disposi ti f de  
commande  l i é  à  l a  sécuri té   
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H.2.24 Défin i tions  relatives  à  l ’ accès  à  l ’ échange  de  données  

H .2.24. 1  
numéro  de  séquence  
champ de  données  supplémenta ire  contenant un  numéro  qu i  varie  de  man ière  prédéfin ie  d ’un  
message  à  l ’ au tre   

H.2.24.2   
horodatage  
i n formation  concernant  l e  temps  de  transmission  associé  à  un  message  par l ’ émetteur  

H.2.24.3   
identi fiant de  source et  de  destination  
i denti fiant  qu i  est attribué  à  chaque  enti té  

Note  1  à  l ’ arti cl e:  Cet  i d enti fi an t  peu t  être  un  nom ,  un  numéro  ou  une  confi gu ration  b i nai re  arbi trai re.  Cet  
i denti fi an t  est  u ti l i sé  pou r l a  commun ication  re lati ve  à  l a  sécuri té.  I l  est  généralemen t a jou té  aux données  
uti l i sateur.  

H.2.24.4  
message  de  réponse  
réponse d ’un  desti natai re  à  l ’ émetteur,  via  une  voie  de  retour 

H.2.24.5  
procédure d ’ identi fication  
procédure  d ’ i denti fication  formant partie  i n tégrante  du  processus  d ’appl ication  re lati ve  à  l a  
sécuri té   

Note  1  à  l ’ arti cl e:  Deux types  de  procédure  d ’ identi fi cation  peuvent être  cons idérées:  

– i denti fi cati on  b i d i rectionnel l e  –  Dans  l aquel l e  u ne  voie  de  commun ication  de  retour est  d i spon i b le,  l ’ échange  
des  i denti fi an ts  d ’en ti té  en tre  émetteurs  et  desti natai res  des  i n formations  peu t  permettre  de  m ieux assurer q ue  
l a  commun ication  est  réel l ement établ i e  en tre  l es  parti es  i n téressées,  

– procédures  d ’ identi fi cation  d ynam iques  – Échange  dynam ique  d ’ i n formati ons  en tre  émetteu rs  et 
desti natai res,  y compris  l a  transformation  et  l a  réponse  en  retou r des  i n formations  reçues  à  l ’ émetteur.  Peu t  
permettre  de  m ieux assurer que  l es  parti es  en  commun ication  ne  revend i quent pas  seu l ement  l a  détention  de  
l a  bonne  i den ti té  mais  qu ’ el l es  se  comporten t  égal ement comme prévu .  Ce  type  de  procédure  d ’ i denti fication  
d ynam ique  peu t  être  u ti l i sé  pou r i n trodu i re  l a  transm ission  des  i n formations  en tre  l es  processus  de  
commun ication  re lati ve  à  l a  sécuri té  et/ou  i l  peu t  être  u ti l i sé  au  cours  de  l a  transm iss ion  des  i n formations  
proprement  d i te.  

H.2.24.6   
code de  sécuri té  
données  redondantes  comprises  dans  un  message  re lati f à  l a  sécuri té  permettant  à  l a  
fonction  de  transm ission  re lati ve  à  l a  sécuri té  de  détecter des  a l térations  de  données  

H.2.24.7  
techniques  de  ch iffrement  
données  de  sortie  calcu lées  par un  a lgori thme u ti l i sant comme paramètre  des  données  
d ’en trée  et  une  clé  

Note  1  à  l ’ arti cl e:  En  conna issant  l es  données  de  sorti e ,  i l  est  imposs ible  de  ca lcu ler,  d ans  un  temps  rai sonnable,  
l es  données  d ’en trée  sans  connaître  l a  cl é.  I l  est  égal ement impossible,  dans  u n  temps  ra i sonnabl e,  de  dédu i re  l a  
cl é  des  données  de  sorti e,  même s i  l es  données  d ’ en trée  son t  connues.   
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H.2.24.8  
délai  d ’attente  
déla i  entre  deux messages,  dépassant une  durée  maximale  adm ise  préalablement défin ie  

Note  1  à  l ’ arti cl e:  S i  c’ est  l e  cas,  une  erreu r peut  être  envisagée.  

H.2.24.9   
réseau  publ ic  
données  et s ignaux non  l im i tés  à  l ’ espace  physique  au  sein  du  foyer,  ou  aux emplacements  
spéci fiés  comme couverts  par l e  domaine  d ’appl ication  de  la  présente  norme  

Note  1  à  l 'arti cl e:  Les  exemples  de  réseaux publ ics  i ncl uen t,  sans  tou tefoi s  s ’ y l im i ter,  l es  appl i cati ons  
su ivantes:  

– I n ternet;  

– D i sposi ti fs  Wi -F i ;  

– B l uetooth :  d i spos i ti fs  s i tués  à  p l us  de  1 0  m .   

H.4 Général i tés  sur les  essais   

H.4. 1  Cond i tions  d 'essai  

H .4. 1 .4  Addition :  

Pour les dispositifs de commande électroniques,  les essais des Articles H. 25,  H.26 et H. 27 
sont effectués avant les essais de l'Article 21 .  

Paragraphes complémentaires:  

H.4. 1 .9  Les dispositifs de commande électroniques  doivent être soumis à  essai comme 
des dispositifs de commande électriques ,  sauf spécification contraire.  

H.4. 1 . 1 0  En appliquant la  séquence des essais aux dispositifs de commande 
électroniques ,  on doit veiller à  ce  que les résultats d'un essai ne  soient pas influencés 
défavorablement par les essais précédents effectués sur l'échantillon,  sauf si cela  est 
expressément requis dans la  norme.  Il peut être nécessaire de remplacer cet échantillon,  ou 
certaines de ses parties,  ou d'utiliser un échantillon supplémentaire.  

NOTE  Le  nombre  d 'échanti l l ons  peut  être  main tenu  au  m in imum  au  moyen  d 'une  éval uation  des  ci rcu i ts  
concernés.  

H.4. 1 . 1 1  Sauf pour l'essai spécifié  à  l'Article H. 26,  on doit veiller à  ce  que l'alimentation soit 
débarrassée de perturbations provenant de sources extérieures si elles peuvent influencer les 
résultats des essais sur les dispositifs de commande électroniques.  

H.6 Classi fication  

H.6.4 Selon  les  caractéristiques  du  fonctionnement automatique  

H.6.4.3  Paragraphe complémentaire :  

H.6.4.3.1 3  – coupure  électron ique  en  fonctionnement  (Type  1 .Y – 2 .Y)  

H.6.9  Selon  le  type  de  coupure  ou  d ' in terruption  du  ci rcu i t  

Addition:  

H.6.9.5  – coupure  électron ique  
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H.6. 1 8  Selon  l es  classes  de  fonctions  de  commande  (voi r l 'exigence  92  du  Tableau  1 )  

H .6. 1 8. 1  – Dispositi f de  commande  d e  fonctions  de  commande  de  classe  A  

H.6. 1 8.2  – Dispositi f de  commande  d e  fonctions  de  commande  de  classe  B  

H.6. 1 8.3  – Disposi ti f de  commande  d e  fonctions  de  commande  de  classe  C  

H.7  Informations  

Points complémentaires au Tableau 1  m  (1  sur 2)  

I n formation  Arti cle  ou  
paragraphe  

Méthode  

Modification :  

36  Lim i tes  de  variati on  de  l a  grandeur de  manœuvre  pour tou t  élément sensibl e  
assuran t une  microcoupure  ou  une  coupure  électron ique  

1 1 . 3. 2 ,  
H . 1 1 . 4 . 1 6,  
H . 1 7. 1 4,  
H . 1 8. 1 . 5,  
H . 27. 1 . 1 ,  H . 28  

X 

Points complémentaires au Tableau 1  

52  Les  paramètres  m in imaux des  d i spos i ti fs  de  refroid i ssement éven tuel s  (par 
exemple  rad iateur)  non  fou rn i s  avec l e  di sposi ti f de  commande  électron ique  
mais  essentiel s  à  son  fonctionnement  correct  

 

1 4  

D  

53  Type  de  l a  forme d 'onde  de  sorti e,  s i  e l l e  n 'est  pas  s i nusoïdal e  H . 25  X 

54  Détai l s  re lati fs  à  l a  forme  d 'onde  du  couran t de  fu i te  produ i t  après  une  
défai l l ance  d e  l ' i sol ation  principale  

H . 27  X 

55  Les  paramètres  caractéri sti q ues  des  disposi ti fs  électron iques  ou  au tres  
composants  de  ci rcu i t  cons idérés  comme ne  présentant  pas  de  ri sque  de  défau t  
(voi r l ' a l i néa  1  de  H . 27. 1 . 1 . 4 )  

H . 27  X 

56  Type  de  l a  ou  des  formes  d 'onde  de  sorti e  produ i tes  après  l a  défai l l ance  d 'un  
disposi ti f él ectron ique  ou  d 'u n  au tre  composant de  ci rcu i t  (voi r poin t  g )  d e  
H . 27. 1 . 1 . 3)  

H . 27  X 

57  L'effet  sur l es  sorti es  commandées  après  l a  défai l l ance  d ' un  composant de  ci rcu i t  
é l ectron ique,  s i  ce la  s 'appl i que  (poi n t  c)  de  H . 27. 1 . 1 . 3)  

H . 27  X 

58a  Pour l es  disposi ti fs  de  commande électron iques  i n tégrés  e t  i ncorporés,  s i  une  
protection  con tre  l es  pertu rbati ons  condu i tes  par l e  réseau  et  l es  pertu rbations  
magnéti ques  et  é l ectromagnéti ques  est  prévue,  l es  essais  de  H . 26  doi ven t être  
effectués,  et  l es  effets  su r l a  fonction  et  l es  s i gnaux de  sorti e  après  une  
défai l l ance  d e  fonctionnement  résu l tants  de  chaque  essai  

H . 26. 2  
H . 26. 1 5  

X 
 

58b  Pour l es  d i spos i ti fs  au tres  que  l es  disposi ti fs  él ectron iques  i n tégrés  et  
i ncorporés,  l es  effets  su r l a  fonction  et  l es  s i gnaux de  sorti e  après  u ne  défai l l ance  
de  fonctionnement  résu l tan t  des  essais  de  l 'Arti cl e  H . 26  

H . 26. 2  
H . 26. 1 5  

X 

59  Tout  composant  sur l equel  est  basée  l a  fi ab i l i té  d e  l a  coupure  électron ique  q u i  
est  déconnecté  comme requ is  par l a  note  de  bas  de  tabl eau  n  du  Tab leau  1 2   

1 3. 2  
H . 27. 1  

X 

60  Classe  d ’ i n tég rati on  ( immun i té  au  choc é l ectri q ue)  H . 26. 8. 2  
Annexe  R 

X 

66  Documentation  su r l a  séquence  du  l og icie l  m n  o  p  H . 1 1 . 1 2 . 2 . 9  X 

67  Documentation  su r l e  prog ramme m q  p  H . 1 1 . 1 2. 2 . 9  

H . 1 1 . 1 2. 2 . 1 2  

X 

68  Analyse  des  pannes  d u  l og icie l  m o  p  H . 1 1 . 1 2  
H . 27. 1 . 1 . 4  

X 

69  Classe(s)  et  s tructure  d u  l og icie l  r  

Cette  i n formation  n ’ est  pas  exi gée  pou r l es  disposi ti fs  de  commande  d e  cl asse  A 

H . 1 1 . 1 2 . 2  
H . 1 1 . 1 2 . 3  
H . 27. 1 . 2 . 2 . 1  
H . 27. 1 . 2 . 3 . 1  

D  

70  Mesu res  anal yti q ues  et  techn iques  de  contrôl e  d e  panne/erreur employées  m s  H . 1 1 . 1 2. 1 . 2  
H . 1 1 . 1 2. 2 . 2  
H . 1 1 . 1 2. 2 . 4  

X 
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71  Temps  de  détection  de  panne/erreur par log iciel  d es  disposi ti fs  de  commande  
d e  cl asse  B  ou  C  m t  

H . 2 . 1 7. 1 0  
H . 1 1 . 1 2. 2 . 6  

X 

72  Réponse(s)  d u  disposi ti f de  commande  en  cas  de  détection  de  panne/erreur m  H . 1 1 . 1 2 . 2 . 7  X 

73  Disposi ti fs  de  commande  soum is  à  une  seconde  anal yse  de  panne  e t  cond i ti on  
déclarée  résu l tant  d e  cette  seconde  panne  

H . 27. 1 . 2 . 3  X 

74  Charge  externe  et  mesures  de  l 'ém ission  du  d i spos i ti f de  commande  à  u ti l i ser pou r 
l es  essai s  

H . 23. 1 . 1  X 

 
Points complémentaires au Tableau 1  (2 sur 2)  

In formation  Arti cle  ou  
paragraphe  

Méthode  

91  Temps  de  réaction  aux pannes  
 

H . 2 . 23. 2  
H . 27. 1 . 2 . 2 . 2  
H . 27. 1 . 2 . 2 . 3  
H . 27. 1 . 2 . 3. 2  
H . 27. 1 . 2 . 3. 3  
H . 27. 1 . 2 . 4. 2  
H . 27. 1 . 2 . 4. 3  

X 

92  Cl asse  ou  cl asses  de  foncti on (s )  de  commande  H . 6 . 1 8  
H . 27. 1 . 2 . 2  
H . 27. 1 . 2 . 3  

X 

93  Nombre  maximal  d ’ actions  de  réarmement  au  cours  d ’ une  période  donnée   H . 1 1 . 1 2. 4. 3. 6  
H . 1 1 . 1 2. 4. 3. 4  
 

D  

94  Nombre  d ’ acti ons  de  réarmement  d i s tan t  H . 1 7. 1 . 4 . 3  X 

m  Pour l es  disposi ti fs  de  commande  déclarés  comme en tièrement  de  cl asse  A,  l es  exi gences  66,  67,  68,  70,  71  
et  72  sont  exemptées.  Pou r l es  disposi ti fs  de  commande  avec l og ici el s  de  cl asse  B  ou  C,  l ' i n formation  doi t  
un i quement  être  donnée  pou r l es  segments  de  l og ici e l  relati fs  à  l a  sécuri té.  Les  i n formations  sur l es  segments  
qu i  ne  son t  pas  re l ati fs  à  l a  sécuri té  d oi ven t  être  su ffi san tes  pou r étab l i r qu ' i l s  n ' i n fl uencent pas  l es  segments  
rel ati fs  à  l a  sécuri té.  

n  La  séquence  du  l og ici e l  d oi t  être  décri te  d ans  u ne  documentation  i ncl uant,  avec  l a  séquence  de  
fonctionnement  d e  l 'exi gence  46  du  Tableau  1 ,  l a  descri ption  de  l a  ph i l osoph i e  du  système de  commande ,  d u  
débi t  du  disposi ti f,  de  l a  ci rcu l ation  des  données  et  des  ch ronolog ies.  

o  Les  données  et  l es  segments  de  sécu ri té  de  l a  séquence  du  l og ici e l  dont  l es  d ysfonctionnements  pou rraien t  
causer u ne  non-conform i té  avec l es  exigences  1 7,  25,  26  et  27,  doi vent  être  i den ti fi és.  Cette  i denti fi cati on  doi t  
i ncl u re  l a  séquence  de  foncti onnement  e t  peu t,  par exemple,  prend re  l a  forme d 'une  ana l yse  d 'arbre  de  panne  
q u i  d oi t  i ncl u re  l es  pannes/erreurs  du  Tabl eau  H . 1  pouvant  résu l ter en  une  non -conform i té.  L 'anal yse  de  panne  
d u  l og i ciel  d oi t  être  rel i ée  à  l ' anal yse  de  panne  d u  matérie l  d e  l 'Arti cl e  H . 27.  

p  Exemples  d 'au tres  i n formations  pouvant  conven i r à  une  i nsertion  dans  l a  documentati on  exi gée  par l es  notes  de  
bas  de  tableau  m ,  n ,  o ,  q ,  r et  s :  

 Spéci fi cation  de  systèmes  l og i cie l s  à  i ncorporer,  par exemple :  

−  spéci fi cations  foncti onnel l es  comprenant  une  procédure  de  redémarrage  su r perte  d ’a l imentation ,  

−  é tude  de  modu le  d e  prog ramme comprenant u ne  descripti on  des  i n terfaces  de  matérie l  e t  des  i n terfaces   
uti l i sateur,  

−  é tude  déta i l l ée  comprenant  l a  descripti on  de  l ’ u ti l i sation  de  l a  mémoi re,  

−  l i s te  de  codes  comprenant l ’ i den ti fi cati on  du  l angage  de  prog rammation ,  l es  commentai res  et  l es  sous-  
programmes,  

−  spéci fi cations  d ’ essais ,  

−  manuels  d ' i nstal l ati on ,  d 'u ti l i sation  et/ou  de  main tenance.  

q  La  documentation  de  prog rammation  doi t  être  fourn ie  dans  u n  l angage  d 'étu de  de  programmation  déclaré  par l e  
fabrican t.  

r  Dans  un  disposi ti f de  commande ,  des  cl asses  d i fféren tes  de  l og ici e l s  peuvent  s 'appl i quer à  des  fonctions  de  
commande  d i fféren tes.  Des  fonctions  de  commande  pouvan t  comprendre  des  l og icie l s  de  cl asses  A à  C  son t 
par exemple  comme su i t:  

 C l asse  A – Comme exemples,  on  peut  ci ter l es  thermostats  d 'ambiance,  l es  capteurs  d 'hum id i té,  l es  d i sposi ti fs  
d 'a l l umage,  l es  tempori sateurs  et  i n terrupteu rs  tempori sés.  

 Classe  B  – Comme exemple,  on  peu t  ci ter u n  coupe-ci rcu i t  therm ique.   

 Cl asse  C  – Comme exemples,  on  peut  ci ter l es  d i sposi ti fs  au tomatiques  des  brû leurs  et  l es  coupe-ci rcu i t  
therm iques  pou r l es  systèmes  de  chauffage  de  l ' eau  en  ci rcu i t  fermé  (non  ouverts).  

s  Les  mesures  à  d éclarer son t  cel l es  choi s i es  par l e  fabrican t  dans  l es  exi gences  de  H . 1 1 . 1 2. 1 . 2  à  H . 1 1 . 1 2. 2 . 4  
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i ncl us .  

t     Cela  peut  être  exprimé  comme l e  temps  su ivant  l ' exécu tion  d 'u n  segment spéci fi que  de  l og icie l .  

 

H.8  Protection  contre  les  chocs  électriques  

H.8. 1  Exigences  générales  

Paragraphes complémentaires:  

H.8. 1 . 1 0  Les  parties  accessibles  ne  doivent pas  être  cons idérées  comme des  parties  
actives  dangereuses  l orsqu 'e l les  sont séparées  de  la  source  d 'a l imentation  par une  
impédance  de  protection .  

H.8. 1 . 1 0. 1  Lorsqu 'on  u ti l i se  une  impédance de  protection ,  l e  couran t entre  l a  ou  l es  parties  
et un  pôle  quelconque  de  la  source  d 'a l imentation  ne  doi t  pas  dépasser 0, 7  mA (va leur de  
crête)  en  couran t a l ternati f ou  2  mA en  courant conti nu ;  

– pour l es  fréquences  supérieures  à  1  kHz,  l a  l im i te  0, 7  mA (valeur de  crête)  est mu l tip l i ée  
par l a  valeur de  l a  fréquence  en  kHz mais  ne  doi t  pas  dépasser 70  mA (valeur de  crête);  

– pour l es  tensions  supérieures  à  42 , 4  V (valeur de  crête)  et  i n férieures  ou  égales  à  450  V 
(va leur de  crête) ,  l a  capaci té  ne  doi t  pas  dépasser 0 , 1  µF;  

– pour l es  tensions  supérieures  à  450  V (valeur de  crête)  et in férieures  ou  égales  à  1 5  kV 
(va leur de  crête) ,  l e  produ i t de  l a  capaci té  en  farads  par l e  potentiel  en  vol ts  ne  doi t pas  
dépasser 45  µC.  

– pour l es  tens ions  supérieures  à  1 5  kV (valeur de  crête) ,  l e  produ i t  de  la  capaci té  en  farads  
par le  carré  du  poten tie l  en  vol ts  ne  doi t pas  dépasser 350  mJ .  

La  conformité est vérifiée  par des mesures.  

Les tensions et les courants sont mesurés entre  une partie accessible  particulière (ou toute 
combinaison de ces parties)  et le conducteur de terre de protection.  Les mesurages doivent 
être effectués dans une configuration d’alimentation normale,  avec des pôles d’alimentation 
interchangeables.  

Le circuit de mesure doit avoir une impédance totale de (1  750 ± 250)  Ω  et doit être shunté 
par un  condensateur tel que la  constante de temps du circuit soit de (225 ±  15)  µs.  

Des  déta i l s  d 'un  ci rcu i t  de  mesure  approprié  sont montrés  à  l a  F igure  E. 1 .  

Le  ci rcu i t de  mesure  doi t  avoi r une  précis ion  de  5  %  pour toutes  l es  fréquences  dans  l a  
gamme de  20  Hz à  5  kHz.  Pour l es  fréquences  au-dessus  de  5  kHz,  d 'au tres  méthodes  de  
mesure  sont nécessai res.  

H.1 1  Exigences  de  construction  

H.1 1 .2  Protection  contre  l es  chocs  électriques  

Paragraphes complémentaires:  

H.1 1 .2.5  Les  impédances  de  protection  d o iven t être  consti tuées  d 'au  moins  deux 
composan ts  d ' impédance de  rés istance  équ iva len te  en  série,  l esquel l es  son t connectées  
en tre  l es  parties  actives  e t  l es  parties  accessibles .  E l l es  doivent consister en  des  
composan ts  don t l a  probabi l i té  de  d im inution  d ' impédance au  cours  de  l a  d urée  de  vie  peut 
être  i gnorée  et  dont  l a  possibi l i té  de  court-ci rcu i t est nég l igeable.  
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L’utilisation d’un seul condensateur Y1  est admise lorsqu’il est spécifié et vérifié que les 
caractéristiques de sécurité  correspondantes du condensateur sont semblables.  

NOTE Cela est conforme à  5. 3. 4 de l’IEC 61140:2001 .  

De tels composants sont:  

– Les résistances détaillées en note de bas de tableau c du Tableau H. 24.  

En variante,  les résistances doivent se conformer aux exigences de 14. 1  de 
l’IEC  60065:2001/AMD1:2005.  

– Les condensateurs.  

Les condensateurs doivent satisfaire à  la  classe Y de l’IEC 60384-14.  

Dans  ces  cond i tions,  l e  matérie l  do i t  con ti nuer à  se  conformer aux exigences  de  H . 8. 1 . 1 0.  

H.1 1 .4 Actions  

Paragraphes complémentaires: 

H.1 1 .4. 1 6  U ne  action  de  type  1 .Y ou  2 .Y doi t fonctionner pour assurer la  coupure  
électron ique .  

La  conformité  est vérifiée  par les essais de H. 11 . 4. 16.  

H.1 1 .4. 1 6. 1  L 'essai  est  effectué  avec l e  dispositi f de  commande  raccordé  à  sa  charge  
maximale  déclarée,  a l imen té  à  l a  tens ion  assignée,  et  pour la  température  Tmax.  

H.1 1 .4. 1 6.2  Le  couran t traversan t l a  coupure électron ique  ne  doi t pas  dépasser 5  mA ou  
1 0  %  du  couran t ass igné,  se lon  cel l e  des  valeurs  qu i  est  l a  p l us  basse.   

H.1 1 . 1 2  Dispositi fs  de  commande uti l i sant des  log iciels  

Les  disposi ti fs  de  commande  u ti l i sant des  log iciels  doiven t être  constru i ts  de  façon  que  le  
l og iciel  ne  compromette  pas  l a  conform i té  du  disposi ti f de  commande  aux exigences  de  l a  

présente  norme.  

La conformité est vérifiée par les essais pour les dispositifs de commande électroniques  
de la  présente norme,  par inspection  selon les exigences de H. 11 . 12 et par examen de la  
documentation requise aux exigences 66 à  72 du Tableau 1 .  

Les  paragraphes  H . 1 1 . 1 2 . 1  à  H . 1 1 . 1 2 . 4  i nclus  ne  sont appl icables  qu 'aux fonctions  de  
commande uti l isan t des  l og iciels  de  classe  B  ou  de  classe  C.  

Le  paragraphe  H . 1 1 . 1 2. 4  comporte  des  exigences  supplémentaires  re lati ves  aux fonctions  
de  commande  à  d istance .  
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H.1 1 . 1 2. 1  Exigences  relatives  à  l 'arch i tecture  

H . 1 1 . 1 2. 1 . 1  Les  fonctions  de  commande  avec l og icie ls  de  classe  B  ou  C  doivent u ti l i ser l es  
mesures  pour con trôler et  évi ter les  pannes/erreurs  log iciels  des  données  et  des  segments  
du  log icie l  l i és  à  la  sécuri té,  comme déta i l lé  de  H . 1 1 . 1 2 . 1 . 2  à  H . 1 1 . 1 2 . 3  i nclus.   

H.1 1 . 1 2. 1 . 2  Structure  des  fonctions  de  commande avec log iciels  de  classe  B  ou  C  

H.1 1 . 1 2 .1 . 2. 1  Les  fonctions  de  commande  avec l og iciels  de  classe  C  doiven t avoi r l 'une  des  
structu res  su ivantes.  

– simple  voie  avec autotest périod ique et  contrôle  (H . 2. 1 6. 7) ;  

– deux voies  (homogènes)  avec comparaison  (H . 2. 1 6. 3);  

– deux voies  (d i fférentes)  avec comparaison  (H . 2 . 1 6. 2) .  

NOTE   La  compara ison  en tre  l es  structures  deux voies  peu t  être  fa i te  par:  

– u ti l i sation  d 'u n  comparateur  (H . 2 . 1 8. 3)  ou  

– comparai son  réciproque  (H . 2 . 1 8. 1 5).  

H.1 1 . 1 2 .1 . 2.2  Les  fonctions  de  commande  avec l og iciels  de  classe  B  doiven t avoi r l 'u ne  des  
structu res  su ivantes:  

– simple  voie  avec essai  fonctionnel  (H . 2. 1 6. 5) ;  

– simple  voie  avec autotest périodique  (H . 2. 1 6. 6);  

– double  voie  avec comparaison  (H . 2 . 1 6. 1 ) .  

Une  s tructure  de  l og icie ls  de  classe  C  est aussi  acceptable  pour une  structure  de  l og iciels  de  
classe  B.  

H.1 1 . 1 2.1 .3  D 'au tres  structures  sont perm ises  s ' i l  peut être  mon tré  qu 'e l l es  fourn issent un  
n iveau  de  sécuri té  équ iva lent à  celu i  de  H . 1 1 . 1 2. 1 . 2.  

H.1 1 . 1 2.2  Mesures  pour commander l es  pannes/erreurs   

H . 1 1 . 1 2 .2 . 1  Quand  une  mémoire  redondante  avec comparaison  est  présente  à  deux 
endroi ts  du  même composant,  l es  données  d 'une  mémoire  doivent être  conservées  dans  un  
format d i fféren t de  celu i  de  l 'au tre  mémoire  (voir diversi té  log iciel le) .  

H.1 1 . 1 2.2 .2  Les  disposi ti fs  de  commande  avec l og icie ls  de  classe  C  u ti l i sant des  
structu res  deux voies  avec comparaison  doivent avoir un  moyen  de  détection  
complémentai re  de  panne/erreur (te l  q ue  des  essais  fonctionnels  périod iques ,  des  au totests  
périod iques  ou  une  su rvei l l ance  indépendante)  pour chacun  des  pannes /erreurs  non  
détectés  par l a  comparaison .  

H.1 1 . 1 2.2 .3  Les  dispositi fs  de  commande  avec log icie ls  de  classe  B  ou  C  doivent avoi r l es  
moyens  de  reconnaissance et de  contrôle  d 'erreur dans  l a  transmission  aux chem ins  de  
données  externes  l i ées  à  l a  sécuri té.  De  te ls  moyens  doiven t prendre  en  compte  l es  erreu rs  
de  données,  d 'adressage,  de  chronolog ie  de  transmission  e t  de  séquence  de  protocole.  

H.1 1 . 1 2 .2 .4  Pour l e  dispositi f de  commande  avec l og icie ls  de  classe  B  ou  C,  l e  fabrican t 
doi t fourn i r dans  l e  d isposi ti f de  commande l es  mesures  pour tra i ter l es  pannes/erreurs  dans  
les  segments  relati fs  à  l a  sécuri té  et l es  données  ind iquées  au  Tableau  H . 1  et i den ti fiées  au  
Tableau  1 ,  exigence 68.  
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Tableau  H .1  (H . 1 1 . 1 2.7  de  l ’ éd i tion  3)  – Mesures  acceptables   
de  trai tement des  pannes/erreurs  a  (1  sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
l og iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B  C  

1 .  CPU       

1 . 1       

Reg istres  Col l é  à  

panne  DC  

rq   Essai  fonctionnel ;  ou  H . 2 . 1 6. 5  

   au totest  péri od i que  u ti l i san t  soi t:  H . 2 . 1 6. 6  

   –  essai  de  mémoire  s tatique ,  ou  H . 2 . 1 9. 6  

   –  protection  de  mot avec redondance 
d ’un  seu l  bi t  

H . 2 . 1 9. 8. 2  

  rq  Comparaison  des  CPU  redondantes  par soi t:   

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur  de  matéri e l  i ndépendan t;  
ou  

H . 2 . 1 8. 3  

    détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    mémoire  redondante  avec comparaison ;  ou  H . 2 . 1 9. 5  

    au totests  périod i ques  u ti l i sant,  soi t:   

    –  essai  walkpat des  mémoires  H . 2 . 1 9. 7  

    –  essai  d ’Abraham  H . 2 . 1 9. 1  

    –  essai  GALPAT transparen t  ou  H . 2 . 1 9. 2 . 1  

    protection  de  mot avec redondance  mu l ti -
bi t,  ou  

H . 2 . 1 9. 8. 1  

    essai  de  mémoire  s tatique  e t  protection  de  
mot 

H . 2 . 1 9. 6  

    avec redondance  d ’ un  seu l  b i t  H . 2 . 1 9. 8. 2  

1 . 2       

I nstruction   Mauvais  

décodage  

et  mauvaise  
exécution  

 rq  Comparaison  des  CPU  redondantes  par soi t:   

décodage  et    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

exécution    –  comparateur  de  matéri e l  i ndépendan t;  
ou  

H . 2 . 1 8. 3  

    détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    au totest  péri od i que  u ti l i san t  un  essai  de  
classe  d 'équ ival ence  

H . 2 . 1 8. 5  

1 . 3     Essai  fonctionnel ;  ou  H . 2 . 1 6. 5  

Compteur Col l é  à  

Panne  DC  

rq   au totest  péri od i que;  ou  H . 2 . 1 6. 6  

de  prog ramme   contrôl e  de  créneau  de  temps  indépendant 
de  l a  séquence  du  programme ;  ou  

H . 2 . 1 8. 1 0. 4  

   contrôl e  log ique  de  l a  séquence du  
programme  

H . 2 . 1 8. 1 0. 2  

   Au totest  périod ique  et  con trôl e  u ti l i san t  soi t  H . 2 . 1 6. 7  

  rq  – créneau  de  temps  i ndépendant et  
contrôl e  l og ique  

H . 2 . 1 8. 1 0. 3  

    –  détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    comparaison  de  voi es  fonctionnel l es  
redondantes  par soi t:  

 

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur  de  matéri e l  i ndépendant  H . 2 . 1 8. 3  
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Tableau  H .1  (2 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
l og iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B  C  

1 . 4       

Adressage  Panne  DC   rq  Comparaison  des  CPU  redondantes  par soi t:   

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur  d e  matéri el  i ndépendant  ou  H . 2 . 1 8. 3  

    Détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    au totest  péri od i que  u ti l i sant  un  gabari t  
d 'essai ;  

H . 2 . 1 6. 7  

    d es  l i gnes  d ’adresse;  ou  H . 2 . 1 8. 22  

    redondance  de  bus  complète ,  ou  H . 2 . 1 8. 1 . 1  

    pari té  de  bus  mu l ti -bi t  H . 2 . 1 8. 1 . 2  

1 . 5       

Chem in  de  
données  

I nstruction  de  

décodage  

Panne  DC  

et  

d ’ exécu ti on  

 rq  Comparaison  des  CPU  redondantes  par soi t:   

  comparai son  réciproque ,  ou  H . 2 . 1 8. 1 5  

  comparateur  de  matéri el  i ndépendan t;  ou  H . 2 . 1 8. 3  

    Détection  d 'erreur i n terne ;  ou  H . 2 . 1 8. 9  

    au totest  péri od i que  u ti l i san t  un  gabari t  
d 'essai ;  ou  

H . 2 . 1 6. 7  

    redondance  de  données ;  ou  H . 2 . 1 8. 2 . 1  

    pari té  de  bus  mu l ti -bi t  H . 2 . 1 8. 1 . 2  

2 .       

Man ipu l ati on  

i n terrompue  et  

exécution   

Pas  
d ’ i n terrupti on  

rq   Essai  fonctionnel ;  ou  H . 2 . 1 6. 5  

ou  i n terrupti ons    con trôl e  d e  créneau  de  temps;  H . 2 . 1 8. 1 0. 4  

trop      

 fréquentes      

 Pas  
d ’ i n terrupti on  

 rq  Comparaison  des  vo ies  fonctionnel l es   

 ou  i n terrupti ons    redondantes  soi t  par  

 trop    comparaison  réciproque ,  H . 2 . 1 8. 1 5  

 fréquentes  

l i ées  à  

d i fférentes  

sources  

  comparateur  d e  matéri el  i ndépendan t;  ou  H . 2 . 1 8. 3  

   Créneau  de  temps  i ndépendant et  contrôle  
l og ique  

H . 2 . 1 8. 1 0. 3  
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Tableau  H .1  (3 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
log iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B  C  

3 .       

Horloge   rq   Contrôl e  de  fréquence ;  ou  H . 2 . 1 8. 1 0. 1  

    con trôl e  d e  créneau  de  temps  H . 2 . 1 8. 1 0. 4  

 Fréquence  

erronée  

(pour l es  

horloges  à  
quartz  

synchron isées:  

harmon i ques/  

sous-
harmon i ques  

un iquement)  

 rq  Contrôl e  de  fréquence ;  ou  H . 2 . 1 8. 1 0. 1  

   con trôl e  d e  créneau  de  temps,  ou  H . 2 . 1 8. 1 0. 4  

   comparaison  des  voies  fonctionnel l es  
redondantes  

 

   soi t  par:   

   –  comparai son  réciproque  H . 2 . 1 8. 1 5  

   –  comparateur  de  matéri e l  i ndépendant  H . 2 . 1 8. 3  

     

     

4 .  Mémoi re       

4 . 1       

Mémoire  Tou te  panne  rq   Somme de  contrôle  modi fi ée  périod i que;  ou  H . 2 . 1 9. 3. 1  

i nvariabl e  s imple  b i t    somme de  contrôle  mu l tiple ;  ou  H . 2 . 1 9. 3. 2  

    protection  de  mot avec redondance  d ’un  
seu l  bi t  

H . 2 . 1 9. 8. 2  

 99, 6  %    rq  Comparaison  des  CPU  redondantes  par soi t:   

 d e  couvertu re     –  comparai son  réciproque  H . 2 . 1 8. 1 5  

 de  tou tes  l es   

erreu rs  

  –  comparateur  de  matéri e l  i ndépendan t;  
ou  

H . 2 . 1 8. 3  

   mémoire  redondante  avec comparaison ;  ou  H . 2 . 1 9. 5  

    con trôl e  d e  redondance  péri od i que  cycl i que  
soi t  

 

    –  mot  un ique  H . 2 . 1 9. 4 . 1  

    –  mot  double,  ou  H . 2 . 1 9. 4 . 2  

    protection  de  mot avec redondance  mu l ti -
bi t  

H . 2 . 1 9. 8. 1  

4 . 2       
Mémoi re  

vari able  
Panne  DC  rq   essai  de  mémoire  s tatique  périod ique,  ou  H . 2 . 1 9. 6  

   protection  de  mot avec redondance  d ’un  
seu l  b i t  

H . 2 . 1 9. 8. 2  

 Panne  DC   rq  Comparai son  des  CPU  redondantes  par soi t:   

 e t  l i ens  cro i sés    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

 dynam iques    –  comparateur  de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

    mémoire  redondante  avec comparaison ;  ou  H . 2 . 1 9. 5  

    au totests  périod iques  u ti l i sant,  soi t:   

    –  essai  walkpat des  mémoires  H . 2 . 1 9. 7  

    –  essai  d ’ Abraham  H . 2 . 1 9. 1  

    –  essai  GALPAT transparen t,  ou  H . 2 . 1 9. 2 . 1  

    protection  de  mot avec redondance  mu l ti -
bi t  

H . 2 . 1 9. 8. 1  
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Tableau  H .1  (4 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
log iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B  C  

4 . 3       

Ad ressage  Col l é  à  

panne  DC  

rq   Protection  de  mot avec redondance d ’un  
seu l  b i t  

H . 2 . 1 9. 1 8. 2  

( l i é  à     i ncl uant  l ’ ad resse,  ou   

l a  mémoire    rq  comparaison  des  CPU  redondantes  par soi t:   

variabl e  e t      –  comparai son  réciproque ,  ou  H . 2 . 1 8. 1 5  

mémoire   

i nvariabl e)  

   –  comparateur  de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

   redondance  de  bus  complète  H . 2 . 1 8. 1 . 1  

    Gabari t  d ’ essai ,  ou   

    con trôl e  d e  redondance  péri od i que  cycl i que  
par,  soi t:  

H . 2 . 1 8. 22  

    –  mot  un i que  H . 2. 1 9. 4. 1  

    –  mot  double,  ou  H . 2 . 1 9. 4. 2  

    protection  de  mot avec redondance  mu l ti -
bi t,  y compris  l ’ ad resse  

H . 2. 1 9. 8. 1  

      

5 .  Chem ins  de  
données  i n ternes  

 

5 . 1  Données  

 

 

 

Col l é  à  

panne  DC  

 

 

 

rq  

  

 

 

Protection  de  mot avec redondance d ’un  
seu l  b i t  

 

 

 

H . 2 . 1 9. 8. 2  

  rq  Comparaison  des  CPU  redondantes  par soi t:   

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur  de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

    protection  de  mot avec redondance  mu l ti -
bi t,  i ncl uant  l ’ ad resse  ou  

H . 2 . 1 9. 8. 1  

    redondance  de  données ;  ou  H . 2 . 1 8. 2 . 1  

    gabari t d 'essai ;  ou  H . 2 . 1 8. 22  

    essai  de  protocole  H. 2. 1 8. 1 4  

5. 2  Adressage  Adresse  
erronée  

rq   Protection  de  mot avec redondance s imple  
bi t  i ncl uan t  l 'ad resse  

H . 2 . 1 9. 8. 2  

 Adresse  

erronée  et   

adressage  

mu l ti p l e  

 rq  Comparaison  des  CPU  redondantes  par soi t:   

   –  comparai son  réciproque  H . 2 . 1 8. 1 5  

   –  comparateur de  matéri el  i ndépendant;  
ou  

H . 2 . 1 8. 3  

   protection  de  mot avec redondance  mu l ti -
bi t,  i ncl uan t  l 'adresse,  ou  redondance de  bus  
complète ;  ou  gabari t  d 'essai  i ncl uan t  
l 'ad resse  

H . 2. 1 9. 8. 1  
H . 2 . 1 8. 1 . 1  
H . 2 . 1 8. 22  

6   
Commun ication  
externe  

 
Distance de  
Hamming  3  

 
rq  

  
Protection  de  mot avec redondance mu l ti -
bi t;  ou  mot un ique  de  CRC ;  ou   

 
H . 2 . 1 9. 8. 1  
H . 2 . 1 9. 4 . 1  

    redondance  de  transfert;  ou  H . 2 . 1 8. 2 . 2  

    essai  de  protocole  H. 2. 1 8. 1 4  
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Tableau  H .1  (5 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
log iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B C  

6. 1   
Données  

 
Distance de  
Hamming  4  

  
rq  

Mot double  de  CRC ;  ou   
H . 2 . 1 9. 4. 2  

    redondance  de  données ;  ou  comparaison  de  
voi es  fonctionnel l es  redondantes  par soi t  

H . 2 . 1 8. 2 . 1  

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant  H . 2 . 1 8. 3  

6 . 2  Adresse  

erronée  

rq   Protection  de  mot avec redondance  mu l ti -
bi t 

H.2. 1 9. 8. 1  

Adressage    i ncl uant  l ’ ad resse  ,  ou  mot un ique  de  CRC ;  H . 2 . 1 9. 4. 1  

    i ncl uant  l es  ad resses;  ou   

    redondances  de  transfert;  ou  H . 2 . 1 8. 2 . 2  

    essai  de  protocole  H. 2. 1 8. 1 4  

 Adressage   rq  Mot double  de  CRC  i ncl uant  l ' ad resse;  ou  H . 2 . 1 9. 4. 2  

 erroné  et   

mu l ti p l e  

  redondance  de  but complète  d e  d onnées  et  
d 'ad resse;  ou  

H . 2 . 1 8. 1 . 1  

    comparai son  de  voi es  de  commun ication  
redondantes  par soi t:  

 

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant  H . 2 . 1 8. 3  

6 . 3   
Chronolog ie  

Poin t  de  
temps  erroné  

rq   Con trôl e  de  créneau  de  temps;  ou  
transmission  ordonnancée  

H . 2 . 1 8. 1 0. 4  
H . 2 . 1 8. 1 8  

   rq  Contrôl e  l og ique  et créneau  de  temps ;  ou  H . 2 . 1 8. 1 0. 3  

    comparai son  de  voi es  de  commun ication  
redondantes  par soi t:  

 

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant  H . 2 . 1 8. 3  

 Séquence  rq   Con trôl e  l og ique;  ou  H . 2 . 1 8. 1 0. 2  

 erronée    con trôl e  d e  créneau  de  temps;  ou  H . 2 . 1 8. 1 0. 4  

    transmission  ordonnancée  H. 2. 1 8. 1 8  

   rq  (mêmes  options  que  pou r l e  po in t  de  temps  
erroné)  

 

7 .       

Périphérique  Cond i ti ons  rq   Contrôl e  de  vraisemblance  H. 2. 1 8. 1 3  

en trée/sorti e  de  panne      

 spéci fi ées  à   

l 'Arti cl e   

 rq  Comparaison  des  CPU  redondantes  par soi t:   

 H . 27    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendan t;  
ou  

H . 2 . 1 8. 3  

7 . 1  E/S  
numériques  

    
comparai son  d 'en trée ;  ou  

 
H . 2 . 1 8. 8  

    sorti es  paral lèles  mu l tiples  ou  H . 2 . 1 8. 1 1  

    véri fi cation  de  sorties ;  ou  H . 2 . 1 8. 1 2  

    gabari t d 'essai ;  ou  H . 2 . 1 8. 22  

    sécuri té  de  code  H. 2. 1 8. 2  
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Tableau  H .1  (6 sur 6)  

Éléments  
consti tuan ts  b  

panne/erreur  Classe  de  
log iciel  

Exemple  de  mesures  acceptables  c  d  e  Défin i tions  

B C  

7. 2        

E /S  analog ique       

7 . 2 . 1  
Converti sseu r  

Cond i ti ons  de   

panne 
spéci fi ées  à  

l 'Arti cl e  H . 27  

rq   Contrôl e  de  vraisemblance  H.2. 1 8. 1 3  

A/N  et  N /A  rq  Comparai son  des  CPU  redondantes  par soi t:   

   –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

    comparai son  d 'en trée ;  ou  H . 2 . 1 8. 8  

    sorti es  paral lèles  mu l tiples ;  ou  H . 2 . 1 8. 1 1  

    véri fi cation  de  sorties ;  ou  H . 2 . 1 8. 1 2  

    gabari t d 'essai  H.2. 1 8. 22  

7. 2 . 2   
Mu l ti p l exeur 
anal og i que  

Adressage  
erroné  

X  Contrôl e  de  vraisemblance  H.2. 1 8. 1 3  

   X  Comparaison  des  CPU  redondantes  par soi t:   

    –  comparai son  réciproque  H . 2 . 1 8. 1 5  

    –  comparateur de  matéri e l  i ndépendant;  
ou  

H . 2 . 1 8. 3  

    Comparai son  d 'en trée ;  ou  H . 2 . 1 8. 8  

    gabari t d 'essai  H.2. 1 8. 22  

8.   
D i sposi ti fs  

de  con trôl e  et  

comparateurs  

 
Tou tes  
sorti es  

hors  des  

spéci fi cations  

fonctionnel l es  

stati ques  et  

dynam iques  

  
X  

 
Essai  de  contrôl e ;  ou  

 
H . 2 . 1 8. 21  

  contrôl e  redondant  e t  comparaison ;  ou  H . 2 . 1 8. 1 7  

  moyen  de  reconnai ssance d 'erreur H.2. 1 8. 6  

     

     

     

9 .   
Composants  «sur 
mesure»  f  

 
Tou tes  
sorti es  

hors  des  

spéci fi cations  

fonctionnel l es  

s tati ques  et  

dynam iques  

 
X 

  
Au totest  périod i que  

 
H . 2 . 1 6. 6  

      

Par exemple,  
ci rcu i t  i n tégré  
spéci fi que,  
réseau  
préd i ffusé,  
réseau  l og ique  

 X Au totest  périod ique  et  con trôl e ;  ou   H . 2 . 1 6. 7  

  deux voi es  (d i fféren tes)  avec  comparaison ;  
ou  

H . 2 . 1 6. 2  

  moyen  de  reconnai ssance d 'erreur H. 2. 1 8. 6  

     

CPU :  Un i té  centra le  d e  prog rammation  

rq :  Couvertu re  de  panne  requ ise  pou r l a  cl asse  de  l og ici el  i n d i quée.  

a  Le  Tableau  H . 1  est  app l i q ué  conformément aux exi gences  de  H . 1 1 . 1 2  à  H . 1 1 . 1 2. 2 . 1 2  i ncl us.  

b  Pour l ’ évaluation  de  panne /erreur,  certai ns  é l éments  consti tuants  sont  d i vi sés  en  l eu rs  sous-foncti ons.  

c  Pour chaque  sous-fonction  du  tabl eau ,  l a  mesure  de  l a  cl asse  de  l og icie l  C  couvre  l a  panne/erreur de  l a  
cl asse  de  l og iciel  B .  

d  I l  est  reconnu  que  certai nes  des  mesures  acceptabl es  procuren t u n  n i veau  d 'assu rance  supérieu r à  cel u i  
requ is  par cette  norme.  

e  Quand  i l  y  a  p l us ieu rs  mesures  données  par sous-foncti on ,  ce l l es-ci  sont  a l ternati ves.  

f  A d i vi ser en  sous-fonctions,  au tant  que  nécessai re,  par l e  fabricant.  
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H.1 1 . 1 2 .2 .5  D 'au tres  mesures  que  cel les  spéci fi ées  en  H . 1 1 . 1 2. 2. 4  son t perm ises  s ' i l  peu t 

être  montré  qu 'el l es  satisfont aux exigences  énumérées  dans  l e  Tableau  H . 1 .  

H.1 1 . 1 2 .2 .6  La  détection  de  pannes/erreurs  par l og icie l  do i t  avoir l ieu  dans  un  laps  de  
temps  in férieur ou  égal  à  celu i  déclaré  à  l 'exigence  71  du  Tableau  1 .  L'acceptabi l i té  du  (des)  
temps  déclaré(s)  est évaluée  pendant l 'anal yse  des  pannes  d u  disposi ti f de  commande .  

Les  parties  2  de  la  présente  norme peuvent l im i ter cette  déclaration .  

H.1 1 . 1 2 .2 .7  Pour l es  dispositi fs  de  commande  avec fonctions,  cl assées  dans  l a  cl asse  B  
ou  C,  l a  détection  d 'une  panne /erreur doi t avoir pour résu l tat l a  réponse  déclarée  à  l 'exigence 
72  du  Tableau  1 .  Pour l es  disposi ti fs  de  commande  avec fonctions  déclarées  comme de  
classe  C,  des  moyens  indépendants  capables  d 'exécu ter cette  réponse  doivent être  fourn is.  

H.1 1 . 1 2 .2 .8  Pour une  fonction  de  commande  u ti l i san t une  structure  deux voies  avec 
l og iciels  de  classe  C,  l a  perte  de  la  capaci té  deux voies  est j ugée  comme étan t une  erreur.  

H.1 1 . 1 2.2 .9  Le  l og icie l  doi t  fa i re  référence aux parties  concernées  de  l a  séquence de  
fonctionnement  et  aux fonctions  associées  du  matérie l .  

H.1 1 . 1 2.2 . 1 0  Quand  des  éti quettes  sont u ti l i sées  pour l es  emplacements  de  mémoire,  ces  
éti quettes  doivent être  un iques.   

H.1 1 . 1 2.2 . 1 1  Le  log icie l  doi t  être  protégé  con tre  l es  mod i fications  par l 'uti l isateur  d es  

segments  et des  données  l i és  à  l a  sécuri té .  

H.1 1 . 1 2.2 . 1 2  Le  l og icie l  et  l e  matérie l  l i é  à  l a  sécuri té  dans  l e  d isposi ti f de  commande  
doivent être  i n i tia l isés  et  refermés  dans  un  état  déclaré  comme i nd iqué  à  l 'exigence  66  du  
Tableau  1 .  

H.1 1 . 1 2.3  Mesures  pour évi ter l es  erreurs   

Vacant.  

H.1 1 . 1 2.3. 1  Général i tés  

Pour les  dispositi fs  de  commande  avec log icie l s  de  classe  B  ou  C,  les  mesures  présen tées  
à  l a  F igure  H . 1  pour préven i r l es  pannes  systématiques  doivent  être  appl i quées.  

Les  mesures  u ti l i sées  pour l es  log icie ls  de  classe  C  son t i n tri nsèquement acceptables  pour 
l es  l og iciels  de  classe  B .  

Le  con tenu  est  extrai t  de  l ’ I EC 61 508-3  et adapté  aux besoins  de  la  présen te  norme.  
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Niveau système Niveau logiciel 

Spécification  
des exigences 
de sécurité 

Spécification  des 
exigences de 

sécuri té du logiciel  

Spécification  
de l ’achitecture 

Spécification  des 
de l ’achitecture 
du  logiciel  

Conception 
de module 

      Concept d ’essai :  
  essais des systèmes 
      logiciels,  essais     
         d ’intégration 

Concept d ’essai  
de module 

Essais 
de module 

 
Codage 

Essais 
d ’ intégration 

Essais 
de val idation 

Logiciel  val idé 

Légende 

Sortie 

Vérification  

Document d’essai  

Document de 
conception ;  
spécification  

 

Figure H . 1  – Modèle  V pour l e  cycle  de  vie  des  log iciels  

D'au tres  méthodes  son t poss ib les  s i  e l l es  i ncorporen t des  processus  d iscip l i nés  et  structurés  
comportant les  phases  de  projet et  d 'essai .  

H.1 1 .1 2.3.2  Spécification  

H . 1 1 . 1 2.3.2. 1  Exigences  relatives  à  la  sécuri té  des  log iciels   

H . 1 1 . 1 2.3.2. 1 . 1  La spéci fication  des  exigences  re latives  à  l a  sécuri té  des  l og icie ls  doi t 
comprendre:  

– une  description  de  chaque fonction  l iée  à  l a  sécuri té  devant être  m ise  en  œuvre,  y 
compris  l e(s)  temps  de  réponse;  

l es  fonctions  l iées  à  l 'appl ication ,  y compris  l eurs  classes  de  l og icie ls  correspondantes;  

l es  fonctions  l i ées  à  l a  détection ,  l ' annonce et  l a  gestion  des  pannes  l og icie l les  ou  
matérie l l es;  

– une  description  des  i n terfaces  en tre  log iciel  et  matérie l ;  

–  une  description  des  i n terfaces  en tre  les  fonctions  l i ées  et non  l iées  à  l a  sécuri té.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 2.   

Tableau  H .2  – Méthodes  semi-formel les  

Techn ique/Mesure  Références  (i n formatives)  
I den ti fi cati on  des  normes   

Méthodes  sem i -formel l es  

−  Ord i nogrammes  l og iques/fonctionnels  

−  D i ag rammes  de  séquence  

−  Au tomates  fi n i s/d iagrammes  de  trans i ti on  d 'état  

−  Tables  de  decis i on /véri té  

 

 

 

B . 2 . 3. 2  de  l ’ I EC 61 508-7: 201 0  

C. 6. 1  d e  l ’ I EC 61 508-7: 201 0  

D 'au tres  méthodes  pour satisfa i re  aux exigences  peuvent être  appl iquées.  

IEC   2510/13 
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H.1 1 . 1 2.3.2.2  Arch itecture  log iciel le  

H . 1 1 . 1 2.3.2.2. 1  La  description  de  l 'arch i tecture  l og icie l l e  doi t  comprendre  l es  aspects  
su ivants:  

– techn iques  et  mesures  pour con trôler les  pannes /erreurs  de  l og icie l  (voir H . 1 1 . 1 2. 2);  

– i n teractions  en tre  matérie l  et  l og icie l ;  

– parti tionnement en  modu les  et  leur attribu tion  aux fonctions  de  sécuri té  spéci fi ées;  

– h iérarch ie  et s tructure  d 'appel  des  modu les  (fl ux de  commande) ;  

– gestion  des  i n terruptions;  

– fl ux de  données  et  restrictions  sur l 'accès  aux données;  

– arch i tecture  et  stockage des  données;  

– dépendances  temporel l es  des  séquences  et  des  données.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 3.   

Tableau  H .3  – Spécification  de  l 'arch i tecture  log iciel le  

Techn ique/Mesure  Références  (in formatives)  

Détection  de  panne  e t  d i agnosti c  C. 3. 1  d e  l ’ I EC 61 508-7: 201 0  

Méthodes  sem i -formel l es:  

−  Ord i nogrammes  l og iques/foncti onnels  

−  D i ag rammes  de  séquence  

−  Au tomates  fi n i s/d iag rammes  de  transi ti on  d 'état  

−  Diagrammes  des  fl u x de  données  

 

 

 

B . 2 . 3. 2  de  l ’ I EC 61 508-7: 201 0  

C. 2. 2  d e  l ’ I EC 61 508-7: 201 0  

 

H.1 1 . 1 2 .3.2.2.2  La  spéci fication  d 'arch i tecture  doi t être  véri fi ée  par rapport à  l a  spéci fication  
des  exigences  re latives  à  l a  sécuri té  des  l og icie ls  par une  anal yse  statique.   

NOTE  Les  méthodes  acceptables  pour l 'anal yse  statique  son t:  

– l 'ana lyse  des  fl u x de  commande ;  

– l 'ana lyse  des  fl u x de  données;  

– l es  contrôl es  col l ecti fs /revues  de  l a  conception .  

H.1 1 . 1 2 .3.2.3  Conception  de  modu le  et codage  

NOTE  1  L'u ti l i sati on  d 'ou ti l s  d e  concepti on  assi stée  par ord i nateur est  acceptée.  

NOTE  2  Pou r l a  programmation  défens ive  (par exemple  con trôl es  de  pl ages  ou  par fourchette,  véri fi cati on  pour 
d i vi s i on  par zéro,  con trôles  de  vraisemblance ) ,  voi r C. 2 . 5  de  l ’ I EC 61 508-7: 201 0.  

H.1 1 . 1 2 .3.2.3. 1  Sur l a  base  de  l a  conception  de  l 'arch i tecture,  l es  l og i cie ls  doivent être  
convenablement affinés  en  modu les.  La  conception  de  modu le  de  log icie l  et le  codage doiven t  
être  m is  en  œuvre  d 'une  man ière  traçable  par rapport à  l 'arch i tecture  et  aux exigences  des  
l og iciels .  

La  conception  du  modu le  doi t  préciser:  

– l a  ( l es)  fonction(s),  

– l es  i n terfaces  aux au tres  modu les,  

– l es  données.  

Des  exemples  de  techn iques  et  de  mesures  peuvent être  consu l tés  dans  l e  Tableau  H . 4.  

International  Electrotechnical  Commission

 



 – 494  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

Tableau  H .4  – Spécifications  de  l a  conception  des  modu les  

Techn ique/Mesure  Références  (in formatives)  

Tai l l e  l im i tée  des  modu les  de  l og iciel s  C.2. 9  de  l ’ I EC 61 508-7: 201 0   

Masquage/encapsu l ation  des  i n formations  C.2. 8  de  l ’ I EC 61 508-7: 201 0   

Un  poin t  d 'en trée/un  poi n t  de  sorti e  dans  l es  sous-programmes  et  l es  
fonctions  

C.2. 9  de  l ’ I EC 61 508-7: 201 0   

I n terface  complètement  d éfi n i e  C.2. 9  de  l ’ I EC 61 508-7: 201 0   

Méthodes  sem i -formel l es:  

−  Ord i nogrammes  l og iques/foncti onnels  

−  D i ag rammes  de  séquence  

−  Au tomates  fi n i s/d iag rammes  de  transi ti on  d 'état  

−  Diagrammes  de  fl u x de  données  

 

 

 

B . 2 . 3. 2  de  l ’ I EC 61 508-7: 201 0  

C. 2. 2  d e  l ’ I EC 61 508-7: 201 0   

 

H.1 1 . 1 2 .3.2.3.2  Le  code  du  l og icie l  doi t  ê tre  structuré.   

NOTE  La  complexi té  d e  l a  s tructure  peu t  être  rédu i te  au  maximum  en  appl i q uant  l es  pri nci pes  su ivan ts :  

– main ten i r fa i b le  l e  nombre  de  chem ins  possib les  dans  u n  modu le  de  l og iciel  et  rendre  aussi  s imple  que  
poss ible  l a  re lati on  en tre  l es  paramètres  d 'en trée  et  de  sorti e ;  

– évi ter l es  branchements  compl i q ués  et,  en  parti cu l i er,  évi ter l es  sau ts  i ncond i ti onnels  (GOTO)  dans  l es  
l angages  de  p l us  hau t  n i veau ;  

– dans  l a  mesure  du  possib le,  re l i er l es  contra i n tes  et  l es  b i fu rcations  aux paramètres  d 'en trée;  

– évi ter d ' u ti l i ser des  calcu l s  complexes  comme base  des  déci s ions  rel ati ves  aux b i fu rcations  et  aux boucles.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 5.  

Tableau  H .5  – Normes  de  conception  et  de  codage  

Techn ique/Mesure  Références  (i n formatives)  

Uti l i sation  d 'u ne  norme  de  codage  (voi r H . 1 1 . 1 2 . 3. 2 . 4)  C.2. 6. 2  de  l ’ I EC 61 508-7: 201 0   

Pas  d 'u ti l i sation  d 'obj ets  n i  de  variables  d ynam iques  (voi r Note)  C.2. 6. 3  de  l ’ I EC 61 508-7: 201 0   

Uti l i sation  l im i tée  des  i n terrupti ons  C.2. 6. 5  de  l ’ I EC 61 508-7: 201 0  

Uti l i sation  l im i tée  des  poin teurs  C.2. 6. 6  de  l ’ I EC 61 508-7: 201 0  

Uti l i sation  l im i tée  de  l a  récurs i on  C.2. 6. 7  de  l ’ I EC 61 508-7: 201 0   

Pas  de  sau t  i ncond i ti onnel  dans  l es  programmes  en  l angages  de  pl us  
hau t  n i veau  

C.2. 6. 2  de  l ’ I EC 61 508-7: 201 0  

L'u ti l i sati on  d 'ob jets  et/ou  de  variables  d ynam iques  est  perm ise  s i  l 'on  se  sert  d 'u n  ord i nateu r qu i  assure  qu 'une  
mémoi re  su ffi sante  pour tous  l es  obj ets  et/ou  vari abl es  d ynam iques  sera  a l l ouée  avan t l ' exécu tion  ou  qu i  i nsère  
des  contrôles  d 'exécu tion  pour l 'a l l ocati on  en  l i gne  correcte  de  l a  mémoi re.  

 

H.1 1 . 1 2 .3.2.3.3  Le  l og iciel  codé  doi t être  con trôlé  par rapport à  la  spéci fication  de  modu les  
et cette  spéci fication  de  modu les  doi t  être  con trôlée  par rapport  à  l a  spéci fication  
d 'arch i tecture  par une  anal yse  stati que.   

NOTE  Les  exemples  de  méthodes  pou r l 'anal yse  statique  son t:  

– l 'ana lyse  des  fl u x de  commande ;  

– l 'ana lyse  des  fl u x de  données;  

– l es  contrôl es  col l ecti fs /revues  de  l a  conception .  
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H.1 1 . 1 2.3.2.4 Normes  de  conception  et  de  codage  

Les  normes  de  conception  et de  codage  des  programmes  doivent  être  u ti l i sées  en  
conséquence  pendant l a  conception  et  l a  main tenance  des  l og icie ls.   

Les  normes  de  codage doivent préciser la  pratique  de  programmation ,  proscri re  l es  
caractéristi ques  dangereuses  du  langage et  spéci fier l es  procédures  concernant la  
documentation  du  code  source  a ins i  que  les  règ les  d 'affectation  de  noms  aux données.  

H.1 1 . 1 2.3.3  Essais  

H . 1 1 . 1 2 .3.3. 1  Conception  de  module  (conception  de  système log iciel ,  conception  de  
modu le  de  log iciel  et  codage)  

H.1 1 . 1 2 .3.3. 1 . 1  Un  concept d 'essai  avec des  essais  é lémentai res  convenables  doi t  être  
défin i  sur l a  base  de  l a  spéci fication  re lati ve  à  l a  conception  des  modu les.  

H.1 1 . 1 2 .3.3. 1 .2  Chaque  modu le  de  log icie l  doi t  être  soum is  à  essai  comme spéci fié  dans  le  
concept  d 'essai .  

H.1 1 . 1 2 .3.3. 1 .3  Les  essais  é lémen tai res,  l es  données  d 'essai  et  l es  résu l tats  d 'essai  doiven t 
être  documentés.  

H.1 1 . 1 2 .3.3. 1 .4  La  véri fication  du  code  d 'un  modu le  de  l og icie l  par des  moyens  s tatiques  
comprend  des  techn iques  te l les  que  les  inspections  de  l og icie ls,  les  contrôles  col lecti fs ,  
l 'analyse  statique  e t  l a  preuve  formel le.   

La  véri fication  du  code  d 'un  modu le  de  l og icie l  par des  moyens  d ynam iques  comprend  les  
essais  fonctionnels ,  l es  essais  de  boîte  b lanche  et  l es  essais  s tatisti ques.   

E l le  est l a  combinaison  des  deux types  de  preuve  qu i  fourn i t l ' assurance que  chaque modu le  
de  log icie l  satisfa i t  à  sa  spéci fication  associée.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 6.   

Tableau  H .6  – Essais  de  module  de  log iciel   

Techn ique/Mesure  Références  (i n formatives)  
Anal yse  dynamique  e t  essais :  

−  Exécution  d 'essais  é l émentai res  à  parti r d e  l 'anal yse  des  
val eu rs  aux l im i tes  

−  Essais  basés  su r l a  s tructu re  

B. 6. 5  de  l ’ I EC 61 508-7: 201 0   

C. 5. 4  d e  l ’ I EC 61 508-7: 201 0   

C. 5. 8  d e  l ’ I EC 61 508-7: 201 0  

Enreg istrement des  données  et  anal yse  C.5. 2  d e  l ’ I EC 61 508-7: 201 0  
Essais  fonctionnels  et  d e  boîte  noi re  

−  Analyse  des  valeurs  aux l im i tes  

−  Simu lation  de  processus  

B. 5. 1 ,  B . 5. 2  de  l ’ I EC 61 508-7: 201 0   

C. 5. 4  d e  l ’ I EC 61 508-7: 201 0   

C. 5. 1 8  de  l ’ I EC 61 508-7: 201 0   

Essais  de  performance:  

−  Essais  d 'aval anche/contrain te  

−  Temps  de  réponse  et  con train tes  de  mémoi re  

C.5. 20  de  l ’ I EC 61 508-7: 201 0   

C. 5. 21  de  l ’ I EC 61 508-7: 201 0   

C. 5. 22  de  l ’ I EC 61 508-7: 201 0  

Essais  d ' i n terface  C.5. 3  de  l ’ I EC 61 508-7: 201 0  

 

NOTE  Les  essais  de  modu l e  de  l og icie l  consti tuent  u ne  acti vi té  d e  véri fi cati on .  
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H.1 1 . 1 2.3.3.2  Essai  d ' intégration  de  log iciel  

H.1 1 . 1 2.3.3.2. 1  Un  concept d 'essai  avec des  essais  é lémenta ires  convenables  doi t être  
défin i  sur l a  base  de  l a  spéci fication  re lati ve  à  l a  conception  de  l 'arch i tecture.  

H.1 1 . 1 2.3.3.2.2  Le  l og iciel  doi t  être  soum is  à  essai  comme spéci fié  dans  l e  concept d 'essai .  

H.1 1 . 1 2.3.3.2.3  Les  essais  é lémentai res,  l es  données  d 'essai  et  l es  résu l tats  d 'essai  doivent  
être  documentés.  

Des  exemples  de  techn iques  et  de  mesures  peuvent être  consu l tés  dans  l e  Tableau  H . 7.   

Tableau  H .7  – Essais  d ' intégration  de  log iciel  

Techn ique/Mesure  Références  (i n formatives)  
Essais  fonctionnels  et  d e  boîte  noi re  

−  Analyse  des  valeurs  aux l im i tes  

−  Simu lation  de  processus  

B. 5. 1 ,  B . 5. 2  de  l ’ I EC 61 508-7: 201 0  

C. 5. 4  d e  l ’ I EC 61 508-7: 201 0   

C. 5. 1 8  de  l ’ I EC 61 508-7: 201 0  

Essais  de  performance:  

−  Essais  d 'aval anche/contrain te  

−  Temps  de  réponse  et  con train tes  de  mémoi re  

C.5. 20  de  l ’ I EC 61 508-7: 201 0  

C. 5. 21  de  l ’ I EC 61 508-7: 201 0  

C. 5. 22  de  l ’ I EC 61 508-7: 201 0  

 

NOTE  Les  essais  d ' i n tég ration  de  l og iciel  consti tuen t  une  acti vi té  d e  véri fi cati on .  

H.1 1 . 1 2 .3.3.3  Val idation  de  log iciel  

H.1 1 . 1 2.3.3.3. 1  Un  concept de  val i dation  avec des  essais  é lémentai res  convenables  doi t  
être  défin i  sur l a  base  de  l a  spéci fication  des  exigences  re lati ves  à  l a  sécuri té  des  l og icie ls .  

H.1 1 . 1 2.3.3.3.2  Le  l og iciel  do i t  être  val i dé  par référence aux exigences  de  l a  spéci fication  
des  exigences  re latives  à  l a  sécuri té  des  l og iciels  te l l e  que  défin ie  dans  le  concept de  
va l i dation .  

Le  log icie l  doi t  être  exécuté  par s imu lation  ou  s timu lation  des   

– s i gnaux d 'en trée  présents  au  cours  du  fonctionnement  n ormal ,  

– occurrences  an ticipées,  

– cond i tions  i ndés i rables  nécessi tan t une  action  du  système .  

H.1 1 . 1 2 .3.3.3.3  Les  essais  é lémen tai res,  les  données  d 'essai  et l es  résu l tats  d 'essai  doivent 
être  documentés.  

Des  exemples  de  techn iques  et  de  mesures  peuvent  être  consu l tés  dans  l e  Tableau  H . 8.   

Tableau  H .8  – Val idation  de  la  sécuri té  des  log iciels  

Techn ique/Mesure  Références  (in formatives)  
Essais  fonctionnels  et  d e  boîte  noi re  

−  Analyse  des  valeurs  aux l im i tes  

−  Simu lation  de  processus  

B.5. 1 ,  B . 5. 2  de  l ’ I EC 61 508-7: 201 0  

C. 5. 4  d e  l ’ I EC 61 508-7: 201 0  

C. 5. 1 8  de  l ’ I EC 61 508-7: 201 0   

Simu lation ,  modél i sation :  

−  Au tomates  fi n i s  

−  Modél i sati on  du  fonctionnemen t  

 

B . 2 . 3 . 2  de  l ’ I EC 61 508-7: 201 0   

C. 5. 20  de  l ’ I EC 61 508-7: 201 0  
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NOTE  Les  essais  son t  l a  pri ncipal e  méthode  de  val i dation  des  l og iciel s ;  l a  modél i sation  peut  être  u ti l i sée  en  
complément  des  acti vi tés  de  val i dation .  

H.1 1 . 1 2 .3.4 Au tres  éléments  

H . 1 1 . 1 2 .3.4. 1  Outi ls ,  l angages  de  programmation  

Les  matérie ls  u ti l i sés  pour l a  conception ,  l a  véri fication  et l a  main tenance des  log icie ls ,  te ls  
que  l es  ou ti l s  de  conception ,  l es  langages  de  programmation ,  l es  traducteurs  et  l es  ou ti l s  
d 'essai ,  doivent être  qual i fiés  de  façon  appropriée  et  i l  d oi t  être  mon tré  qu ' i l s  son t adaptés  à  
l 'emploi  dans  des  appl ications  mu l tip les.  

I l s  son t considérés  adaptés  s ' i l s  se  conforment avec "confiance  accrue  résu l tan t de  
l ’u ti l i sation  "  se lon  C. 4. 4  de  l ’ I EC  61 508-7:201 0.  

H.1 1 . 1 2 .3.4.2  Gestion  des  versions  de  log iciel   

Un  système de  gestion  des  vers ions  de  l og icie l  au  n i veau  du  modu le  doi t  être  m is  en  p lace.  
Toutes  l es  vers ions  doiven t être  i denti fi ées  de  façon  un ique  pour l a  traçabi l i té .  

H.1 1 . 1 2 .3.4.3  Modification  de  log iciel  

H . 1 1 . 1 2.3.4.3. 1  Les  mod i fications  de  l og icie l  do ivent être  fondées  sur une  demande de  
mod i fication  qu i  précise  dans  l e  détai l  l es  poin ts  su ivants :  

– l es  phénomènes  dangereux ou  dangers  q u i  peuvent être  affectés,  

– l a  mod i fication  proposée,  

– l es  ra isons  de  l a  mod i fication .  

H.1 1 . 1 2.3.4.3.2  Une  anal yse  doi t être  effectuée  pour déterm iner l ' impact de  l a  mod i fication  
proposée  sur la  sécuri té  fonctionnel le .  

H.1 1 . 1 2.3.4.3.3  Une  spéci fication  détai l l ée  pour l a  mod i fication  doi t  être  générée  en  
comportant  l es  acti vi tés  nécessai res  pour l a  véri fication  et l a  va l i dation  te l l es  qu 'une  défin i tion  
des  essais  é lémentai res  appropriés .   

H.1 1 . 1 2 .3.4.3.4  La  mod i fication  doi t ê tre  apportée  comme prévu .  

H.1 1 . 1 2 .3.4.3.5   L 'évaluation  de  l a  mod i fication  doi t  ê tre  effectuée  sur l a  base  des  acti vi tés  
de  véri fication  et de  va l idation  spéci fiées.  Cela  peu t comprendre:  

– une  revéri fication  des  modu les  de  l og icie l  mod i fiés ;  

– une  revéri fication  des  modu les  de  l og icie l  affectés;  

– une  reval idation  du  système  complet.  

H.1 1 . 1 2.3.4.3.6  Tous  l es  détai l s  des  activi tés  de  mod i ficati on  doivent  être  documentés.  

H.1 1 . 1 2.3.5 Pour les  fonctions  de  commande de  classe C ,  l e  fabrican t doi t u ti l i ser l 'une  
des  combinaisons  (a-p)  de  mesures  anal yti ques  données  dans  l es  colonnes  du  Tableau  H . 9  
pendant l a  m ise  au  poin t  du  matérie l .  
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Tableau  H .9  (H . 1 1 . 1 2.6  de  l ’ éd i tion  3)  – Combinaisons   
de  mesures  analytiques  pendant l a  m ise  au  point du  matériel  

Etape de développement matériel  a  b  c  d  e  f g  h  i  j  k  l  m  n  o  p  

H . 2 . 1 7. 5  Inspection  x   x   x   x   x   x   x   x   

H . 2 . 1 7 . 9  Con trô l e  co l l e c t i f     x   x   x   x   x   x   x  

H . 2 . 1 7 . 7 . 1  An a l ys e  s ta t i q u e  x  x        x  x        

H . 2 . 1 7 . 1  An a l ys e  d yn am i q u e    x  x        x  x      

H . 2 . 1 7 . 3  An a l ys e  d u  
m a té ri e l      x  x        x  x    

H . 2 . 1 7 . 4  S im u l a t i on  d e  
m a té ri e l        x  x        x  x  

H . 2 . 1 7 . 2  Ca l cu l  d u  t au x  d e  
d é fa i l l an ce  x  x  x  x  x  x  x  x          

H . 2 . 2 0 . 3  AMDE          x  x  x  x  x  x  x  x  
H . 2 . 1 7 . 6  E ss a i  o p é ra t i on n e l  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x  

 

H.1 1 . 1 2 .4  Fonctions  de  commande à  d istance  

H . 1 1 . 1 2 .4. 1  Échange de  données  

H . 1 1 . 1 2 .4. 1 . 1  Général i tés   

Les  fonctions  de  commande à  d istance  peuvent être  raccordées  à  des  d isposi ti fs  séparés  
et  indépendants ,  pouvant eux-mêmes  con ten i r des  fonctions  de  commande  ou  fourn ir 
d ’autres  i n formations.  Tout  échange de  données  entre  ces  d isposi ti fs  ne  doi t pas  
compromettre  l ’ i n tégri té  de  l a  fonction  de  commande de  classe  B  ou  de  l a  fonction  de  
commande de  classe  C .  

H.1 1 . 1 2.4. 1 .2  Type de  données  

Les  types  de  message  re lati fs  à  l ’ échange de  données  dans  une  ou  des  fonctions  de  
commande  d oivent être  affectés  à  l a  fonction  de  commande de  classe  A,  l a  fonction  de  
commande de  classe  B  ou  l a  fonction  de  commande de  classe  C .  Concernant l a  sécuri té  
ou  l a  pertinence ou  i n fluence de  la  protection ,  l es  types  de  message  ou  l ’ échange de  données  
ne  doivent être  affectés  qu ’à  l a  fonction  de  commande de  classe B  ou  l a  fonction  de  
commande de  classe  C ,  voi r Tableau  H . 1 0.   

Tableau  H .1 0  – Échange de  données  

Données  Relatives  à  l a  sécuri té  Non  relatives  à  l a  sécuri té  

Données  de  
fonctionnement  

Messages  te l s  que  “Réin i ti a l i sation  à  parti r d e  
l ’ état  d e  sécuri té”  

Messages  tel s  qu ' i nstructi ons  de  
démarrage/arrêt,  i n formations  rel ati ves  à  l a  
températu re  ambiante  

Paramètres  de  
confi gu rati on  

Messages  mod i fi an t  l es  paramètres  q u i  
déterm inent  l a  fonction  de  commande  de  
classe  B  ou  l a  fonction  de  commande de  
classe  C  associée  

Messages  mod i fi an t  l es  paramètres  q u i  
déterm inen t l es  fonctions  re l ati ves  aux 
performances  

Modu les  de  l og iciel  Modu l es  té léchargés  dans  un  système,  qu i  
déterm inent  l a  fonction  de  commande  de  
classe  B  ou  l a  fonction  de  commande de  
classe  C  associée  

Modu l es  téléchargés  dans  un  système,  qu i  
déterm inen t l es  fonctions  re l ati ves  aux 
performances  
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H.1 1 . 1 2.4. 1 .3  Communication  des  données  relatives  à  l a  sécuri té  

H . 1 1 . 1 2.4. 1 .3. 1  Transmission  

Les  données  re latives  à  l a  sécuri té  doiven t être  transm ises  avec authen ti fi cation  ou  val idation  
pour ce  qu i  concerne:  

– l ’a l tération  des  données;  

– l ’a l tération  des  adresses;  

– une  temporisation  ou  séquence  erronée.  

La  variation  des  données  ou  des  données  a l térées  ne  doivent pas  donner l i eu  à  un  état  
d ’ i nsécuri té.  Avan t d ’ u ti l i ser les  données  transm ises,  on  doi t s ’assurer que  l es  é lémen ts  ci -
dessus  son t tra i tés  au  moyen  des  mesures  spéci fi ées  à  l ’Annexe H  de  l a  même classe  de  
l og iciel  ou  supérieure  u ti l i sée  par l a  fonction  cons idérée.   

La conformité est vérifiée par évaluation conformément à  l’Annexe H.   

NOTE  1  Une  atten ti on  parti cu l i ère  est  accordée  au  Tableau  H . 1 ,  poi n t  6 ,  pou r ce  qu i  concerne  l es  é l éments  
su ivants:  

-  suppression  de  données  d u  message  d ’ ori g i ne;  

-  i n serti on  de  données  dans  l e  message  d ’ori g i ne;  

-  a l tération  des  données  dans  l e  message  d ’ ori g i ne;  

-  mod i fi cation  de  séquence  des  données  dans  l e  message  d ’ ori g i ne;  

-  rédaction  d ’ un  message  non  au thenti fi é  s ’ ass im i l an t  à  un  message  au then ti fi é ;  

-  ad resse  i ncomplète;  

-  a l tération  de  l ’ ad resse  du  message  d ’ ori g i ne;  

-  ad resse  erronée;  

-  p l us ieurs  ad resses;  

-  p l us ieurs  récepti ons  de  message;  

-  retard  de  transm ission  ou  de  réception  du  message;  

-  séquence  erronée  de  transm ission/réception .  

Outre  l es  poin ts  de  l a  Note  1 ,  l es  modes  de  défai l lance  su i van ts  doivent être  trai tés:  

– “ transm ission  au tomatique”  ou  répéti tion  permanente,  

– i n terruption  du  transfert de  données.   

NOTE  2  Le  Tabl eau  H . 1 1  donne  d ’ au tres  exemples  de  mesures.  

H.1 1 . 1 2 .4. 1 .3.2  Accès  à  l ’ échange de  données  

Tous  l es  types  d ’accès  aux systèmes  d ’échange de  données  associées  à  l a  fonction  de  
commande de  classe B  ou  l a  fonction  de  commande de  classe  C  d o iven t être  cla i rement 
l im i tés.  

Pour les  données  de  fonctionnement associées  à  l a  fonction  de  commande de  classe  B  ou  
l a  fonction  de  commande de  classe C ,  i l  est adm is  de  transmettre  l es  paramètres  de  
configuration  et/ou  l es  modu les  de  l og icie l  par voie  de  communication ,  s i  des  mesures  
adaptées  d ’ordre  matérie l /l og icie l  son t prises  pour évi ter tou t accès  non  au torisé  à  l a  fonction  
de  commande .  Des  exemples  sont  donnés  dans  l e  Tableau  H . 1 1 .  

Pour l ’accès  à  l ’échange  des  données  de  fonctionnement associées  à  l a  fonction  de  
commande de  classe B  ou  l a  fonction  de  commande de  classe  C  par des  réseaux  
publ ics ,  d es  techn iques  cryptograph iques  appropriées  doivent être  m ises  en  œuvre.  Voir 
H . 1 1 . 1 2 .4 . 5.  
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NOTE  Les  aspects  concernant l a  sécu ri té  re l èvent  des  travaux du  Com i té  d ’ études  m i xte  JTC 1 /SC 27  de  
l ’ I SO/IEC (CE  205).  

Tableau  H .1 1  – Exemples  de  protections  contre  l ’ accès  non  au torisé  
et de  modes  de  défai l lance de  transmission   

 Défenses  

Menaces  Numéro  
de  

séquence  

Horoda
tage  

Temp
orisa  
tion  

Message 
de  

réponse  

I denti fi ant 
de  source/  
destination  

Procédure  
d ’ identi fication  

Code 
de   

sécu  
ri té  

Techn iques  
de  

ch i ffre  
ment  

Répéti ti on  d ’ un  
message  

x  x        

Suppression  de  
données  dans  u n  
message  

x         

I nserti on  de  données  
dans  u n  message  

x    x  x  x    

Mod i fi cation  de  
séquence  de  données  
dans  u n  message  

x  x        

Données  a l térées  
dans  u n  message  

      X a  x  

Retard  de  
transm ission  /  
récepti on  du  message  

 x  x       

Dégu isement,  
rédaction  d ’ un  
message  non  
au then ti fi é  
s ’ assim i l an t  à  un  
message  au thenti fi é  

   x   x   x  

Des  exemples  de  défenses  con tre  l es  accès  non  au tori sés  peuvent égal ement être  d i spon i b les  dans  l es  appl i cations  
couvertes  par l ’EN  501 59  (201 1 ).  

a  Voi r Tableau  H . 1 ,  poi n ts  6 . 1  et  6 . 2 .  

 

H.1 1 . 1 2 .4. 1 .3.3  Révis ion  des  log iciels  de  classe B  et de  classe  C  

Les  exigences  de  H . 1 1 . 1 2. 3  doiven t s ’appl i quer aux révis ions  des  log icie ls  de  classe  B  et de  
classe  C.  En  ou tre,  l a  gestion  de  configuration  matérie l l e  doi t  être  exigée  et des  mesures  
doivent être  prises  pour garanti r que  l e  dispositi f de  commande  conserve  ses  fonctions  de  
protection  conformément à  l a  présen te  norme.  

NOTE  La  gestion  de  l a  confi guration  matériel l e  est  censée  ven i r en  complément  de  l a  véri fi cati on  l og icie l l e  afi n  
de  main ten i r l ’ i n tégri té  du  d isposi ti f de  commande .  Les  impl i cations  au  n i veau  du  système  son t  pri ses  en  
compte.  

H.1 1 . 1 2 .4. 1 .4  Pour l e  fonctionnement  d e  l a  fonction  de  commande à  d istance ,  l a  durée  
ou  les  l im i tes  de  fonctionnement  d o iven t être  établ i es  avant l ’ acti vation ,  à  moins  qu ’une  
désactivation  au tomatique  ne  soi t réa l isée  à  l a  fin  d ’un  cycle  ou  que  l e  système ne  soi t conçu  
pour un  fonctionnement  permanen t.  

La conformité est vérifiée par examen  du logiciel.  

H.1 1 . 1 2.4.2  On  doi t ve i l l er au  fa i t  q ue  l a  priori té  donnée  aux fonctions  de  commande  ne  doi t  
pas  engendrer une  cond i ti on  dangereuse.  

La conformité est vérifiée par examen .  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 501  –  
© I EC  201 5  

H.1 1 . 1 2.4.3  Action  de  réarmement à  d istance  

H . 1 1 . 1 2.4.3. 1  L ’action  de  réarmement  à  d is tance  doi t  ê tre  i n i tiée  manuel l ement.  Lorsque  l a  
fonction  de  réarmement  est i n i ti ée  par un  d ispos i ti f portati f,  au  moins  deux actions  
manuel les  son t nécessai res  pour acti ver un  réarmement.  

NOTE  1  Les  deux actions  manuel les  son t  cons idérées  comme étant  d i scrètes  et  séparées .  

H.1 1 . 1 2 .4.3.2  Les  fonctions  de  réarmement  do iven t pouvoir effectuer l a  ré in i tia l i sation  du  
système  comme prévu .   

H.1 1 . 1 2 .4.3.3  Des  réarmements  i n tempesti fs  à  parti r de  l ’état de  sécuri té  ne  doiven t pas  se  
produ i re.  

H.1 1 . 1 2.4.3.4  Toute  panne  de  l a  fonction  de  réarmement  n e  doi t pas  engendrer une  
cond i ti on  dangereuse  pour l e  dispositi f de  commande  ou  l a  fonction  contrôlée  et doi t fa i re  
l ’obj et  d ’une  évaluation  pour ce  qu i  concerne  sa  class i fication  de  classe  B .   

H.1 1 . 1 2.4.3.5  Pour les  fonctions  de  réarmement  i n i tiées  par une  action  manuel le  non  
réal isée  dans  le  champ vis ible  de  l ’ apparei l ,  l es  exigences  supplémenta ires  su ivan tes  
s ’appl iquen t:  

– l ’état réel  e t l es  i n formations  appropriées  du  processus  sous  con trôle  doiven t être  vis ib les  
à  l ’uti l isateur  avan t,  pendant et  après  l ’ action  de  réarmement ;  

– l e  nombre  maximal  d ’actions  de  réarmement  au  cours  d ’une  période  donnée doi t être  
spéci fié  (par exemple,  5  actions  pendant une  durée  de  1 5  m in ) .  Ensu i te,  tou t au tre  
réarmement  d o i t  être  refusé  à  moins  que  l ’apparei l  ne  fasse  l ’obje t d ’ une  véri fication  
phys ique.  

H.1 1 . 1 2.4.3.6  Considération  relative  à  l ’ évaluation  des  fonctions  de  réarmement sur 
l ’ appl ication  finale  

La  fonction  de  réarmement  d o i t  être  évaluée  sur l ’ appl ication  fi na le.  

NOTE  Tous  l es  types  de  fonctions  de  réarmement  à  d i stance  peuvent  ne  pas  se  révé ler appropri és  pour 
certaines  appl i cations.  

Si  l e  réarmement  est i n i tié  par acti vation  manuel le  d ’ un  thermostat  ou  d isposi ti f équ ipé  
d ’une  fonction  analogue,  cela  doi t  être  spéci fié  par l e  fabrican t et être  approprié  pour 
l ’appl ication  finale.  

H.1 1 . 1 2 .4.4 Téléchargement et  i nstal lation  de  log iciels  

H . 1 1 . 1 2 .4.4. 1  Les  m ises  à  j our du  l og icie l  fourn ies  par le  fabrican t  et transm ises  au  
dispositi f de  commande par voie  de  commun ication  à  d istance  doivent être  véri fiées  avan t 
son  u ti l i sation :  

– pour ce  qu i  concerne  toute  corruption  par voie  de  commun ication  assurant une  distance 
de  Hamming  3  pour l es  l og icie ls  de  classe  B  ou  une  distance de  Hamming  4  pour l es  
l og iciels  de  classe  C.  (Se  reporter au  Tableau  H . 1  pour l a  communication  externe. ) ;  

– s i  l a  vers ion  du  log iciel  est compatib le  avec l a  vers ion  du  matérie l  d u  dispositi f de  
commande  se lon  l a  documentation  de  gestion  des  vers ions.   

De  p lus ,  l e  l og icie l  qu i  effectue  l es  contrôles  susmentionnés  doi t  conten i r l es  mesures  de  
con trôle  des  cond i tions  de  panne /erreur spéci fiées  en  H . 1 1 . 1 2. 2.  

H.1 1 . 1 2.4.4.2  Dans  l e  cas  d ’un  té léchargement du  log icie l  par voie  de  commun ication  à  
d istance,  l es  techn iques  cryptograph iques  décri tes  en  H. 1 1 . 1 2 .4 . 5  doiven t être  fourn ies.  
Outre  l es  exigences  mentionnées  en  H . 1 1 . 1 2 .4 . 5,  des  procédures  d ’ identi fication  doivent 
également être  fourn ies  pour l es  prog icie ls.  
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Les  techniques  cryptograph iques  employées  doivent fa i re  partie  i n tégran te  du  dispositi f 
de  commande ,  et ne  doivent pas  reposer sur une  partie  du  rou teur ou  un  d ispos i ti f de  
transmission  des  données  analogue  proprement d i t,  e t doiven t être  appl iquées  
préalablement à  l a  transmission .  

H . 1 1 . 1 2.4.4.3  Pour chaque m ise  à  j our du  l og icie l ,  l e  dispositi f de  commande  do i t  
comporter des  d isposi ti ons  d ’autorisation  par l ’uti l isateur et un  numéro  d ’ identi fication  de  
vers ion  qu i  doi t être  accessible.  

H.1 1 . 1 2.4.4.4  L ’ i nstal l ation  d ’ un  l og icie l  de  classe  B  ou  d ’un  log icie l  de  classe  C  est adm ise  
l orsque,  pendant et  après  le  processus  d ’ i nsta l l ation  du  log icie l ,  l e  dispositi f de  commande  
demeure  conforme aux exigences  de  la  présente  norme.  

La conformité est vérifiée  par examen  du logiciel.  

H.1 1 . 1 2.4.5  Techn iques  cryptograph iques  

Dans  les  cas  où  l es  données  de  fonctionnement associées  à  l a  fonction  de  commande de  
classe b  ou  la  fonction  de  commande de  classe c ,  l es  paramètres  de  configuration  et/ou  
l es  modu les  de  l og icie l  son t transm is  par un  réseau  publ ic ,  et/ou  lorsque  l es  m ises  à  j our de  
l og iciels  sont fourn ies  par l e  fabricant par voie  de  commun ication  à  d istance,  des  techn iques  
cryptographiques  d o ivent être  employées.  

La conformité est vérifiée par examen  du logiciel et revue de la  documentation technique qui 
assure le respect des méthodes de protection de l’intégrité des données communément 
acceptées.  

NOTE  Des  exemples  de  techn iques  cryptograph iques  communément  acceptées  sont défi n i s  et  décri ts  d ans  
l ’ I SO/IEC 9796,  l ’ I SO/IEC 9797,  l ’ I SO/IEC 9798,  l ’ I SO/IEC 1 01 1 8,  l ’ I SO/IEC 1 1 770,  l ’ I SO/I EC 1 4888,  
l ’ I SO/IEC 1 5946,  l ’ I SO/IEC 1 8033,  l ’ I SO/IEC 291 92,  a i ns i  q ue  l ’ I SO/IEC 1 9772.  

H.1 7  Endurance  

H.1 7. 1  Exigences  générales  

H . 1 7. 1 .4  I l  n 'est pas  effectué  d 'essai  d 'endurance sur l es  dispositi fs  de  commande 
électroniques  à  action  de  type  1 ,  sauf s i  ce la  est  nécessaire  pour l 'essai  de  composants  
associés  comme ceux à  actions  manuel les ,  à  re la is,  etc.  

H.1 7. 1 .4. 1  Les  disposi ti fs  de  commande électron iques  à  action  de  type 2  n e  son t pas  
soum is  à  un  essai  d 'endurance mais  à  un  essai  therm ique  cycl i que  dans  l es  cond i ti ons  
décri tes  en  H . 1 7. 1 . 4. 2 .  Cet essai  peu t être  combiné  avec ce lu i  de  tou t composan t associé  
comme ceux à  actions  manuel les ,  à  rela is,  etc.  s i  ce la  est  possible.  

H.1 7. 1 .4.2  Essai  thermique  cycl ique  

Le  bu t de  cet essai  est de  soumettre  les  composants  d 'un  ci rcu i t é l ectron ique  à  un  cycle  en tre  
l es  températures  extrêmes  qu i  peuvent se  produ i re  en  usage normal  et  q u i  peuvent résu l ter 
des  variations  de  l a  température  ambiante,  de  l a  température  de  l a  surface  de  montage,  de  la  
tens ion  d 'a l imentation  ou  du  passage d 'une  cond i tion  de  fonctionnement à  une  cond i ti on  de  
non-fonctionnement et  inversement.  

Les  essais  qu i  sont nécessai res  pour obten ir les  cond i ti ons  ci -dessus  dépendron t dans  une  
l arge  mesure  du  type  particu l ier du  disposi ti f de  commande  e t  seron t développés  s i  
nécessai re  dans  l a  partie  2  appropriée  de  la  présente  norme.  

Les conditions suivantes doivent constituer la  base de l'essai:  

a)  Durée 
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 14 jours ou la  durée spécifiée dans la  partie 2 correspondante,  selon la  valeur la  plus 
élevée.  Pour des dispositifs de commande  assurant une coupure électronique  (type 
2.Y) ,  14 jours ou le nombre de cycles fixé dans les exigences 26 et 27 du Tableau 1 ,  
suivant la  valeur qui correspond à  la  plus longue durée d'essai.  

b)  Conditions électriques 

 Le dispositif de commande  doit être chargé conformément aux valeurs assignées 
déclarées par le  fabricant,  la  tension étant augmentée à  1 , 1  VR ,  avec l'exception que 
pendant 30 min à  chaque période de 24 h  de l'essai,  la  tension est réduite à  0, 9 VR .  La  
modification de la  tension ne doit pas être synchronisée avec la  modification de la  
température.  Chaque période de 24 h  doit aussi inclure au moins une période de l'ordre 
de 30 s pendant laquelle  la  tension d'alimentation est coupée.  

c)  Conditions thermiques 

 On fait varier la  température ambiante et/ou la  température de la  surface de montage 
entre Tmax  (Ts  max)  et Tmin  (Ts  m i n )  pour que la  température des composants du circuit 
électronique varie cycliquement entre ses valeurs extrêmes.  La vitesse de variation de la  
température ambiante et/ou de la  surface de montage doit être de l'ordre de 1  K/min et les 
températures extrêmes doivent être maintenues pendant approximativement 1  h.  

d)  Vitesse de fonctionnement 

 Pendant l'essai,  le  dispositif de commande  doit fonctionner cycliquement selon ses 
modes de fonctionnement à  la  vitesse la  plus grande possible jusqu'à un maximum de six 
cycles par minute,  en tenant compte de la  nécessité de faire varier cycliquement la  
température des composants entre ses valeurs extrêmes.  

 Si un mode opérationnel,  comme la  commande de la  vitesse,  peut être ajusté par 
l'utilisateur,  la  période d'essai doit être divisée en trois périodes,  l'une correspondant au 
réglage  maximal,  une autre au réglage  minimal et une autre à  un réglage  intermédiaire.  

 Pour des dispositifs de commande  assurant une coupure électronique  (Type 2.Y) ,  
l'essai comporte aussi un nombre de fonctionnements  de l'état de conduction à  celui de 
non-conduction et vice  versa.  

H.1 7. 1 .4.3  Dispositi fs  de  commande  avec actions  de  réarmement à  d istance  

Les dispositifs à  montage indépendant réalisant les fonctions de réarmement à  distance 
doivent être soumis à  essai pendant un minimum de 1  000 actions de réarmement.  Pour les 
dispositifs intégrés et incorporés,  sauf indication contraire,  le nombre minimal de cycles de 
réarmement doit être déclaré par le fabricant.  A  l’issue de l’essai,  le  dispositif de 
réarmement doit pouvoir procéder au réarmement du système  comme prévu.  Des 
réarmements  intempestifs ne doivent pas se produire.  

H.1 7. 1 4 Évaluation  de  la  conformité  

Remplacement du premier alinéa:  

Après l'exécution de tous les essais applicables de 17. 6 à  17. 13 inclus et de H. 17. 1 . 4,  
modifiés selon la  partie 2 correspondante,  le  dispositif de commande  est considéré comme 
conforme: 

Tiret complémentaire:  

– s i  pour des  disposi ti fs  de  commande  assurant une  coupure électron ique  ( type  1 .Y ou  
2 .Y) ,  l es  exigences  de  H . 1 1 . 4. 1 6  sont tou j ours  sati sfai tes .  

H.1 8  Résistance mécanique  

H.1 8. 1  Exigences  générales  

H . 1 8. 1 .5  Addition :  
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Pour les  d ispositi fs  de  commande  assurant une  coupure  électronique  ( type  1 .Y ou  2 .Y) ,  
l es  exigences  de  H . 1 1 . 4 . 1 6  doiven t être  satisfai tes.  

H.20  Lignes  de  fu i te,  d istances  dans  l ’ air et d istances  à  travers  l ' i solation  

H.20. 1  Paragraphes complémentaires:  

H.20. 1 . 1 5  D ispositi fs  de  commande électron iques  

H .20. 1 . 1 5. 1  Les  l i gnes  de  fu i te ,  l es  d istances  dans  l 'ai r  et  l es  d istances  à  travers  
l ' i solation  entre  parties  actives  connectées  é lectri quement au  réseau  d 'a l imentation  et l es  
surfaces  ou  parties  accessibles  do ivent être  conformes  aux exigences  de  l 'Article  20.  

H.20. 1 . 1 5.2  Les  l i gnes  de  fu i te ,  l es  distances  dans  l 'ai r  et  l es  d istances  à  travers  
l ' i solation  doivent être  conformes:  

– pour une  impédance de  protection  aux exigences  de  l 'Article  20  pour l a  double  
isolation  ou  l ’ i solation  renforcée ;  

– pour chaque composant séparé  d 'une  impédance de  protection  aux exigences  de  
l 'Article  20  pour l ' isolation  supplémentai re .  

H.20. 1 . 1 5.3  Les  l ignes  de  fu i te  e t  l es  distances  dans  l 'ai r  assuran t une  i solation  
fonctionnel le  d o ivent  être  conformes  aux exigences  de  l 'Article  20.  

H.23 Exigences  de  compatibi l i té  électromagnétique (CEM)  – Émission  

I l  convient que  les  matériels  u ti l i san t des  disposi ti fs  de  commande incorporés  ou  i n tégrés  
soient conformes  à  l eur norme de  produ i t CEM  correspondante.  Les  dispositi fs  de  
commande incorporés  et  i n tégrés  son t soum is  à  essai  dans  l e  matérie l  en  configuration  
d 'u ti l i sation  fi nale.  

H.23. 1  Les  disposi ti fs  de  commande électron iques  d o ivent être  constru i ts  de  façon  à  ne  
pas  émettre  de  perturbations  é lectri ques  ou  é lectromagnétiques  excess ives  dans  l eur 
environnement.  

H.23. 1 . 1  Émissions  basse  fréquence,  perturbations  dans  l es  systèmes d 'al imentation  

Les  d isposi ti fs  de  commande  in tégrés  et l es  dispositi fs  de  commande incorporés  ne  sont 
pas  soum is  aux essais  de  cet article  car l e  résu l tat de  ces  essais  peut être  affecté  par 
l ' i ncorporation  du  dispositi f de  commande  d ans  le  matérie l  et  l ' u ti l i sation  de  mesures  pour 
en  contrôler l 'ém ission  qu i  y sont u ti l i sées.  I l s  peuvent,  cependant,  être  effectués  selon  les  
cond i tions  déclarées  sur demande du  fabrican t.  

Les  disposi ti fs  de  commande  d ans  lesquels  un  dispositi f é lectron ique  commande 
d i rectement une  charge  externe  rel i ée  au  réseau  d 'a l imentation  ( l e  port de  commande)  
do ivent  être  conforme l es  exigences  de  l ’ I EC 61 000-3-2  et de  l ’ I EC 61 000-3-3.   Pour ces  
essais ,  une  charge  et  des  mesures  pour commander l es  ém issions  éven tuel les  doiven t être  
u ti l i sées  comme déclaré  par l e  fabricant à  l ’exigence 74  du  Tableau  1 .  Cette  exigence ne  
s 'appl i que  pas  aux d ispositi fs  de  commande  d éclarés  et conçus  pour charge  par mode 
pi lote  seu lement.  

H.23. 1 .2  Émission  de  fréquences  rad io  

Les  disposi ti fs  de  commande électron iques  séparés ,  à montage  i ndépendant  et  les  
disposi ti fs  de  commande intercalés  dans  un  câble  souple ,  u ti l i san t des  accès  de  
té lécommunications,  des  l og icie ls,  des  ci rcu i ts  osci l lants  ou  des  al imentations  à  découpage 
doivent satisfai re  aux exigences  de  l a  CI SPR 1 4-1  et/ou  de  la  CISPR 22,  classe  B  comme 
ind iqué  dans  l e  Tableau  H . 1 2 .  
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NOTE  1   L'accès  de  télécommun ication  est  défi n i  en  3 . 6  d e  l a  CI SPR 22: 2008.  

Les  disposi ti fs  de  commande  d esti nés  aux matérie ls  I SM  et l es  disposi ti fs  de  commande  
séparés ,  à montage indépendant  et  in tercalés  dans  un  câble  souple  destinés  à  être  
u ti l i sés  avec des  matérie ls  I SM  doivent satisfai re  aux exigences  de  la  CISPR 1 1 .  

Des  détai ls  complémentai res  peuvent être  donnés  dans  l a  partie  2  appropriée.  

NOTE  2  La  parti e  2  appropriée  i nd i quera  s i  l es  exigences  de  cet  arti cl e  s 'appl i quen t aux di sposi ti fs  de  
commande  électron iques  i ncorporés  et  aux disposi ti fs  de  commande  électron iques  i n tégrés.  

 

International  Electrotechnical  Commission

 



  
–
 5
0
6
 –
 

IE
C
 6
0
7
3
0
-1
:2
0
1
3
+
A
M
D
1
:2
0
1
5
 C
S
V
 

  
 

©
 IE

C
 2
0
1
5
 

 
Tableau  H .1 2  (H .23  de  l ’ éd i tion  3)  – Émission  

Port  Gamme de  fréquences  Limi tes  Norme fondamentale  Note  d 'appl icabi l i té  Remarques  

Envel oppe  30  MHz à  230  MHz 

230  MHz à  1  000  MHz 

Au-dessus  de  1  GHz 

30  dB(µV/m)  à  1 0  m  

37  dB(µV/m)  à  1 0  m  

Voi r Note  3  

CI SPR 22  

Classe  B  

Voi r N ote  1  

 

Voi r N ote  3  

L 'éval uation  s tati s ti que  de  
l a  norme fondamenta le  

s 'appl i que  

 

Al imentation  a l ternati ve  0  kHz à  2  kHz   I EC 61 000-3-2  

I EC 61 000-3-3  

Voi r N ote  2   

 0 , 1 5  MHz à  0 , 5  MHz 

Les  l im i tes  décroissent  
l i néai rement  avec l e  

l ogari thme  de  l a  fréquence  

66  dB(µV)  à  56  dB(µV)  q uas i  crête  

56  dB(µV)  à  46  dB(µV)  moyenne  

CISPR 22  

Classe  B  

 L 'éval uation  stati sti que  de  
l a  norme  fondamenta le  

s 'appl i que  

 0 , 5  MHz à  5  MHz  56  dB(µV)  quasi  crête  

46  dB(µV)  moyenne  

   

  5  MHz à  30  MHz 60  dB(µV)  quasi  crête  

50  dB(µV)  moyenne  

   

Bornes  de  l a  charge  0 , 1 5  MHz à  30  MHz 

 

Voi r norme  fondamentale  

Arti cl e:  I n terférence  d i scon ti nue  

CI SPR 1 4 -1    

NOTE  1   Appl i cabl e  seu lement aux d isposi ti fs  de  commande  con tenant  d es  d i sposi ti fs  de  trai tement,  par exemple  des  m icroprocesseurs  fonctionnant à  d es  fréquences  
supérieu res  à  9  kHz.  

NOTE  2  Appl i cable  seu lemen t  au  matériel  couvert  par l e  domaine  d 'app l i cation  de  l ’ I EC 61 000-3-2  et  d e  l ’ I EC 61 000-3-3.  Les  l im i tes  des  disposi ti fs  de  commande  non  
couverts  actuel l ement par l ’ I EC 61 000-3-2  et  par l ’ I EC 61 000-3-3  son t  à  l ' étude.  

NOTE  3  Lim i tes  et  appl i cabi l i té ,  voi r 6 . 2  de  l a  CI SPR 22: 2008.  
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H.25 Fonctionnement normal  

H.25. 1  La  forme d 'onde  de  sortie  des  disposi ti fs  de  commande électron iques  d o i t  être  
conforme à  ce l l e  déclarée.  

La  forme d'onde de sortie du dispositif de commande  doit être  examinée dans toutes les 
conditions normales de fonctionnement et doit être sinusoïdale ou conforme à  celle déclarée 
à  l'exigence 53 du Tableau 1 .  

NOTE  L'attention  est  atti rée  sur l ’ I EC 61 000-3-2  et  l ’ I EC 61 000-3-3  q u i  imposent  des  restri cti ons  aux 
pertu rbations  produ i tes  dans  l e  réseau .  

H.26 Exigences  de  compatibi l i té  électromagnétique (CEM)  – Immunité  

H.26. 1  Les  dispositi fs  de  commande électron iques  d o ivent être  constru i ts  de  man ière  à  
pouvoir résister aux effets  des  perturbations  indu i tes  par l e  réseau  et  aux phénomènes  
é lectromagnétiques  susceptib les  de  surven ir en  usage normal .  Pour les  d ispositi fs  de  
commande de  type 2 ,  l es  essais  de  l 'Article  H . 26  sont également réal isés  après  que  l e  
disposi ti f de  commande  a  réal isé  sa  fonction  de  sécuri té.  

Les critères d'évaluation pour le dispositif de commande  approprié à  l'essai de niveau 2 
et/ou 3 doivent être donnés par la  partie 2 appropriée.  Se référer à  tous les paragraphes de  
H. 26. 15 pour les détails complémentaires.  Ces niveaux correspondent aux niveaux d’essai 
spécifiés par la  série  IEC 61000.  La  partie  2 doit fournir des effets acceptables,  critères 
d’évaluation,  sur le dispositif de commande  résultant des essais utilisant les niveaux de 
sévérité  2 et/ou 3,  comme en fonctionnement normal après l'essai de niveau 2 et le 
fonctionnement en  sécurité du dispositif/l'arrêt en sécurité  après l'essai de niveau 3.  Les 
parties 2 peuvent spécifier des niveaux d’essai plus élevés.  

La partie 2 doit spécifier les niveaux d’essai pour les essais de l'Article  H.26.  Comme 
minimum,  l'essai de niveau 3 est applicable aux dispositifs de commande de protection  
destinés à  éviter le fonctionnement non sécurisé du matériel commandé,  tels que coupe-
circuit,  verrouillage de porte des équipements pour le linge et dispositifs de commande  des 
brûleurs.  Comme minimum,  l'essai de niveau 2 est applicable aux dispositifs de commande  
sur lesquels repose le  fonctionnement normal du matériel,  tels que thermostats  ou 
temporisateurs.   

Les essais de l'Article H. 26 ne sont pas applicables aux dispositifs de commande  non  
électroniques en raison de leur tolérance à  de telles perturbations.  Les essais appropriés 
pour les types spécifiques de dispositifs de commande  non électroniques peuvent être 
inclus dans d'autres articles de la  partie 2 appropriée.  

H.26.2  La conformité est vérifiée par les niveaux d'essais,  comme indiqué au Tableau H. 13 
suivant.  Les dispositifs de commande  doivent se conformer à  H. 26. 15.  
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Tableau  H .1 3  (H .26.2. 1  de  l ’ éd i tion  3)  – N iveaux d 'essai  appl icables  

Type  de  d isposi ti f de  commande  Type 
d 'action  

Essais  de  H .26  
appl icables  

N iveaux d 'essai  
appl icables  

correspondant à  
H .26. 1 5.3  a  

D isposi ti f de  commande  de  fonctionnement  Type  1  H . 26. 8,  H . 26. 9  2  

Disposi ti f de  commande  de  fonctionnement  Type  2  
H . 26. 4  à  H . 26. 1 4  

2 ,  3 ,  ou  4  comme 
spéci fi é  

Disposi ti f de  commande  de  protection  Type  2  H . 26. 4  à  H . 26. 1 4  3  

Disposi ti fs  de  commande de  protection  
déclarés  à  l ’ exi gence  90  du  Tableau  1  d esti nés  
à  être  u ti l i sés  conformément  à  l ’ I EC 60335-1  

Type  2  

H .26.4 à H.26.1 4  

N iveaux d 'essai  
appl i cabl es  selon  

1 9. 1 1 . 4  de  
l ’ I EC 60335-1 : 201 0  

a  Les  n i veaux d ’essai  i n féri eu rs  doi ven t  être  considérés  conformément à  l a  séri e  I EC 61 000-4 .  

 

H.26.2. 1  Pour les dispositifs de commande incorporés  et intégrés avec une action de 
type 1 ,  la  conformité est vérifiée par les essais de H.26.8 et H. 26. 9 s'ils sont déclarés à  
l'exigence 58a du Tableau 1 .  

H.26.2.2  Pour les dispositifs de commande incorporés  et intégrés avec une action de 
type 2,  la  conformité est vérifiée par les essais de H. 26. 5 et tout autre essai de l'Article H. 26 
qui est déclaré à  l'exigence 58a du Tableau 1 .  

NOTE  L'adaptation  de  chacun  des  essais  d e  l 'Arti cl e  H . 26  à  un  disposi ti f de  commande  d onné  peut  être  
déterm inée  par référence  à  l a  norme de  produ i t  appropri ée  ou  à  l a  d éclaration  du  fabrican t  de  l ' u ti l i sation  prévue  
du  d isposi ti f de  commande .  

La  d éterm inati on  de  l 'adaptation  i ncl u t  u ne  éval uati on :  

– s i  l e  d isposi ti f de  commande  est  exposé  à  u n  type  parti cu l i er de  pertu rbation  dans  son  app l i cation ;  

– s i  l a  réponse  du  disposi ti f de  commande  au  type  parti cu l i er de  perturbation  se  rapporte  à  l a  sécuri té  d ans  son  
appl i cation .  

H.26.3  Un échantillon différent,  tel que proposé,  peut être utilisé pour chacun des essais.  Le  
fabricant de dispositifs de commande  peut choisir de faire effectuer plusieurs essais sur un 
même échantillon.  

H.26.4  Essais  d ’ immun ité  basse fréquence  aux harmoniques  et in ter-harmon iques  
incluant  l es  signaux transmis  sur le  réseau  électrique  al ternati f  

Pour les dispositifs de commande  de protection déclarés selon l’exigence 90 du Tableau 1 ,  
l'essai suivant s'applique:  

Le dispositif de commande  est soumis à  des signaux de l'alimentation conformément à  
l’IEC 61000-4-13,  le  niveau d'essai de classe 2 étant applicable.   

Pendant l’essai,  le  dispositif de commande  est soumis à  la  tension assignée.  Les niveaux 
d’essai de l’environnement de classe 2 conformément aux Tableaux 1  à  4 de la   
IEC 61000-4-13:2002 doivent être appliqués au réseau électrique alternatif de l’EUT 
(équipement en essai) .  Le dispositif de commande  est soumis à  essai dans les conditions 
d'essai spécifiées dans la  norme spécifique du dispositif de commande.  
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Les essais suivants sont exécutés conformément à  la  Figure 1a de l’IEC 61000-4-13:2002,  
Amendement 1 :2009 pour l’environnement de classe 2:   

–  "Combinaison d’harmoniques" (voir 8. 2. 1  de l’IEC 61000-4-13:2002,  Amendement 1 :2009) ;  

– "Courbe de Meister" (voir 8. 2. 4 de  l’IEC 61000-4-13:2002,  Amendement 1 :2009) .  

H.26.5  Creux de  tension ,  in terruptions  de  tension  et  variations  de  tension  dans  l e  
réseau  d 'al imentation  

Le d ispositi f de  commande  do i t  to lérer des  creux de  tension ,  des  i n terruptions  de  tens ion  et 
variations  de  tension  dans  l e  réseau  d 'a l imentation .   

La conformité est vérifiée par les essais de H. 26. 5. 1  à  H. 26.5. 2 inclus.  

H.26.5. 1  Creux et  in terruptions  de  tension  

Le bu t de  l 'essai  est de  véri fi er l ' immun i té  du  matériel  aux creux de  tens ion  et in terruptions  de  
tension .  Les  creux et i n terruptions  de  tens ion  sont causés  par des  pannes  d ans  l e  réseau  
basse  tens ion ,  moyenne tension  et hau te  tens ion  (court-ci rcu i t  ou  pannes  d e  m ise  à  l a  terre) .  

H.26.5. 1 . 1  N iveaux d 'essai  pour l es  creux et i n terruptions  de  tension  

Les valeurs d'essai du Tableau H. 14 doivent être appliquées à  tous les niveaux d'essai.  

Tableau  H .1 4  – Creux de  tension ,  i n terruptions  de  tension  et  variations  de  tension  

Durée  
ΔU 

30  %  60  %  1 00  %  

Demi -cycle  de  l a  forme d ’onde  d ’a l imentati on  

Un  cycle  de  l a  forme  d ’onde  d ’ a l imentation  

  X 

X 

2 , 5  cycles  

25  cycles  

50  cycles  

X 

X 

X 

X 

X 

X 

X 

X 

X 

NOTE  Lorsque  l es  du rées  i n terméd iai res  des  i n terruptions  de  tens ion  peuvent  affecter soi t  l a  sécuri té  
i n tri nsèque  du  disposi ti f de  commande ,  soi t  l e  s i gnal  de  sorti e  d 'u n  disposi ti f de  commande  d e  type  
2 ,  l es  parti es  2  peuvent  i nd i quer d es  i n terruptions  de  tension  en  d 'au tres  poi n ts .   

 

H.26.5. 1 .2  Procédure  d 'essai  pour les  creux et in terruptions  de  tension  

L'apparei l  e t l es  procédures  d 'essai  doivent  être  ceux décri ts  dans  l ’ I EC  61 000-4-1 1 .  Durant  
l 'essai ,  l e  disposi ti f de  commande  d oi t  être  i n i ti a lement m is  en  fonctionnement à  sa  tens ion  
assignée.  

Les  creux et i n terruptions  de  tension ,  à  une  phase  quelconque  en  regard  de  l a  fréquence de  
l 'a l imentation ,  doivent être  effectués  au  moins  trois  fois  dans  les  modes  de  fonctionnement 
concernés.  

I l  convient de  porter une  atten tion  particu l ière  aux modes  de  fonctionnement dans  l esquels  l e  
disposi ti f de  commande  peut être  particu l ièrement sensible  aux creux et i n terruptions  de  
tension .  

Entre  l es  creux et i n terruptions  de  tension ,  un  temps  d 'attente  d 'au  moins  1 0  s  doi t être  
observé.  
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Dans  l e  cas  d 'un  matérie l  triphasé,  i l  peut  être  nécessai re  d 'appl i quer des  creux et 
i n terruptions  de  tens ion  soi t sur l es  trois  phases  s imu l tanément soi t sur une  ou  deux phases  
seu lement.  

Pour l es  dispositi fs  de  commande  d e  protection  déclarés  selon  l ’ exigence  90  du  Tableau  1 ,  
l 'essai  supplémentai re  su ivan t s 'appl ique:  

Les dispositifs de commande de protection doivent faire l’objet de creux et d’interruptions 
de tension à  une phase quelconque en regard de la  fréquence de l'alimentation,  ainsi qu’au 
passage à  zéro de  la  tension d’alimentation.  

H.26.5.2  Essai  de  variation  de  tension  

L’essai  a  pour obj et  de  véri fi er l ’ immun i té  du  dispositi f de  commande  aux variations  de  
tens ion  se  produ isant su r une  courte  période  en  ra ison  d ’une  variation  de  la  charge  ou  de  
l ’énerg ie  emmagasinée  dans  les  réseaux d ’a l imentation  l ocaux.  

H.26.5.2. 1  N iveaux d ’essai  pour l es  variations  de  tension  

Les valeurs d'essai du Tableau H. 15 doivent être appliquées à  tous les niveaux d'essai.  

H.26.5.2.2  Procédure  d ’essai  

L'apparei l  et l es  procédures  d 'essai  doiven t être  ceux décri ts  dans  l ’ I EC 61 000-4-1 1 .  La  durée  
des  variations  de  tens ion  et l e  temps  pendan t l equel  l es  tens ions  rédu i tes  sont à  main ten i r 
son t i nd iqués  dans  l e  Tableau  H . 1 5  et i l l ustrés  à  l a  F igure  H . 2 .  Le  taux de  variation  de  l a  
tension  doi t  ê tre  constan t;  tou tefois ,  l a  tens ion  peu t varier par échelons.  Les  échelons  doiven t 
être  pos i ti onnés  à  parti r de  0 ,  e t ne  doiven t pas  être  p lus  é levés  que  1 0  %  de  VR.  Les  
échelons  en  dessous  de  1  %  de  VR  son t estimés  à  taux constan t de  la  variation  de  tens ion .  

Tableau  H .1 5  (H .26.5.4.2  de  l ’éd ition  3)  – Valeurs  d ’essai  pour l es  variations  de  tension  

Niveau  de  tension  d 'essai  Temps  pour réduction  de  
tension  

Temps  à  tension  rédu i te  Temps  pour 
augmentation  de  tension  

40  %  VR  2  s  ±  20  %  1  s  ±  20  %  2  s  ±  20  %  

0  %VR  2  s  ±  20  %  1  s  ±  20  %  2  s  ±  20  %  

 x x  x  

NOTE  x  représente  u n  ensemble  ouvert  d e  du rées  et  peu t  être  spéci fi é  dans  l a  parti e  2 .  

 

 

1 00 % 

40 % 

VR  

0  % 
t   (s) 

IEC   2511/13  
NOTE  La  tension  décroît  progress i vement.  

Figure H .2  – Essai  de  variation  de  tension  
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Le  d ispositi f de  commande  est soum is  à  chacun  des  cycles  d 'essai  de  tension  spéci fi és  
tro is  fo is  avec des  in terval l es  de  1 0  s  en tre  chaque  cycle  d 'essai  dans  l es  modes  de  
fonctionnement  l es  p l us  représentati fs.  Des  n i veaux d 'essai  de  tens ion  add i tionnels  peuvent  
être  spéci fi és  dans  une  partie  2 .  

H.26.6  Essai  de  l ' i nfluence  du  déséqui l ibre  de  tension  

H .26.6. 1  But de  l 'essai  – Domaine d 'appl ication  

Le présent essai ne s'applique qu'aux matériels triphasés.  

L'objet de l'essai est d'étudier dans un circuit de tension triphasée,  l'influence du déséquilibre 
sur des matériels sensibles à  cette sorte  de perturbation comme:  

– la  surchauffe des machines tournantes à  courant alternatif;  

– la  génération d'harmoniques non caractéristiques dans les convertisseurs de puissance 
électroniques.  

Le  degré de déséquilibre est défini par le  facteur de déséquilibre

positive séquence de tension

négative séquence de tension

d

i
i ==
U

U
T  

H.26.6.2  Caractéristique  de  l a  tension  d 'essai  

Une tension triphasée à  fréquence industrielle  présentant le facteur de déséquilibre spécifié  
doit être  appliquée au dispositif de commande.  

NOTE  Afin  d 'obten i r d es  résu l tats  précis ,  une  tens ion  à  très  fa ibl e  teneur en  harmon i ques  peut  être  u ti l i sée.  

H.26.6.3  Matériel  d 'essai /générateur d 'essai  

Le montage d'essai doit consister en trois autotransformateurs monophasés,  dont les sorties 
sont régulées individuellement,  ou en des montages équivalents.  

H.26.6.4 N iveaux d 'essai  

L'essai doit être effectué avec un facteur de déséquilibre de 2 %.  

H.26.7  Essai  de  l ' i nfluence  du  courant continu  dans  les  réseaux à  courant  al ternati f  

NOTE  Les  exigences  et  essai s  son t  à  l 'étude.  

H.26.8  Essai  d ' immun i té  à  l 'onde  de  choc 

Le  dispositi f de  commande  do i t  to lérer des  ondes  de  choc de  tension  sur l 'a l imentation  
principale  et l es  bornes  de  s i gnal  appropriées.   

La conformité  est vérifiée avec les essais de  H. 26. 8. 2 à  H. 26. 8. 3 inclus.  

H.26.8. 1  But de  l 'essai  

Cet essai s'applique aux bornes d'alimentation et,  dans des cas particuliers,  aux bornes de  
dispositif de commande  (voir H. 26. 8. 2) .  

Les dispositifs de commande  assurant la  coupure électronique  sont chargés comme 
indiqué en 17. 2 et soumis aux mêmes niveaux d’essai que les classes d'installation 
spécifiées,  pour les dispositifs de commande,  par le  fabricant,  quand le dispositif de 
commande  assure la  coupure électronique .  Pendant et après l'essai,  le  dispositif de 
commande  doit continuer à  assurer la  coupure électronique  comme déterminé par l'essai 
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de H. 11 . 4. 16.2.  Si,  durant l'essai,  la  coupure électronique  devient conductrice pendant une 
demi-alternance de la  fréquence d'alimentation après un choc,  cela n'est pas considéré 
comme étant une panne.   

Le  bu t de  cet essai  est de  véri fi er l ' immun i té  du  d ispositi f de  commande  aux chocs  
un id i rectionnels  causés  par d i fférents  phénomènes:  

– phénomènes  de  commutation  du  réseau  de  pu issance (par exemple  commutation  
d 'ensembles  de  condensateurs):  

– pannes  d u  réseau  d 'a l imen tation ;  

– coups  de  foudre.  

La  tens ion  de  choc i ndu i te  peu t avoi r d i fférents  effets ,  se lon  l ' impédance re lati ve  de  l a  source  
et  d u  dispositi f de  commande :  

– s i  l e  système  a  une  hau te  impédance par rapport à  l a  source,  l e  choc produ i ra  un  choc de  
tens ion ;  

– s i  l e  dispositi f de  commande  a  une  impédance re lati ve  faib le ,  l e  choc produ i ra  une 
impu ls ion  de  couran t.  

Ce  comportement peu t être  i l l ustré  par un  ci rcu i t d 'en trée  protégé  par un  suppresseur de  
surtension :  auss i tôt que  ce  dern ier s 'ouvre,  l ' impédance  d 'en trée  devient très  fa ib le.  Un  essai  
réal iste  doi t correspondre  à  ce  comportement et  l e  générateur d 'essai  doi t  être  capable  de  
fourn i r une  impu ls ion  de  tension  sur une  hau te  impédance  aussi  b ien  qu 'une  impu ls ion  de  
courant  su r une  fa ib le  impédance  (générateur hybride) .  

H.26.8.2  Valeurs  d 'essai  

Les essais présentés au Tableau H. 16 doivent être appliqués.  

Les essais sur les bornes des lignes de signaux,  de données,  de commandes  et d'autres 
entrées ne doivent être effectués que si ces bornes sont conçues pour réaliser 
l'interconnexion avec des câbles de longueur supérieure à  10 m,  selon les spécifications du 
fabricant.   

Pour les dispositifs de commande  de protection  déclarés selon l’exigence 90 du 
Tableau 1 ,  l'essai supplémentaire suivant s'applique:  

Les bornes d'alimentation électrique du dispositif de commande  sont soumises à  une 
tension d’essai en circuit ouvert de 4 kV (applicable au mode de couplage entre phase et 
terre)  en utilisant un générateur ayant une impédance de source de 12 Ω  et à  une tension 
d’essai en circuit ouvert de 2 kV (applicable au mode de couplage entre phases)  en utilisant 
un  générateur ayant une impédance de source de 2 Ω .  
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Tableau  H .1 6  (H .26.8.2  de  l ’ éd i tion  3)  – Tensions  d 'essai  pour l es  essais  de  n iveau  2   
(en  fonction  des  condi tions  de  classe d ' instal lation)  

Valeurs  d ’ essai   
crête  kV 

Classe  
d ' i nstal lation  

de  
l ’ IEC  61 000-4-

5  

Al imentation  
Circu i ts  et l i gnes  non  

équ i l ibrés  Circu i ts  et  l i gnes  équ i l ibrés  

Mode de  couplage  Mode de  couplage  Mode de  couplage  

Entre  phases  Phase-terre  Entre  phases  Phase-terre  Entre  phases  Phase-terre  

2  0 , 5  1 , 0  0 , 5  1 , 0  Pas  d ’essai  1 , 0  

3  1 , 0  2 , 0  1 , 0  2 , 0  Pas  d ’essai  2 , 0  

4  2 , 0  4 , 0  2 , 0  4 , 0  Pas  d ’essai  2 , 0  

NOTE  1  Pou r l es  exi gences  de  n i veau  d ’essai  3 ,  appl i quer l a  cl asse  d ’ i nstal l ati on  l a  p l us  é l evée  su i van te.  Pou r l es  
exi gences  de  n i veau  d ’essai  4 ,  appl i quer l es  val eu rs  de  l a  cl asse  d ’ i nstal l ati on  4 .  

NOTE  2  Les  essais  son t  effectués  que l  que  soi t  l e  suppresseur d e  chocs  prévu  correctemen t i nsta l l é.  

NOTE  3  Dans  u n  disposi ti f de  commande ,  une  catégorie  i n férieure  peu t  su i vre  une  catégorie  supéri eure  s i  des  
moyens  de  commande  de  surtension  provisoi re  appropriés  sont  fourn i s .  

NOTE  4  Voi r l ’Annexe  R pou r l a  descri ption  des  cl asses  d ' i n stal l ati on  et  d 'au tres  notes  expl i cati ves.  

Aux niveaux d’essai 2)  et 3) ,  après les essais de H.26. 8.2,  les composants de  protection 
contre les chocs ne  doivent pas être détruits.  

H.26.8.3  Procédure  d 'essai  

L'apparei l  et l a  procédure  d 'essai  doivent être  te ls  que  décri ts  dans  l ’ I EC 61 000-4-5.  Selon  
cette  norme,  l e  d ispositi f de  commande  est rel i é  à  une  source  d 'al imentation  appropriée  
fonctionnant  à  l a  tension  assignée,  l e  générateur d ' impu ls ion  étant  connecté  entre  l es  bornes.  

Les  essais  son t effectués  en  soumettant l e  système  à  ci nq  chocs  de  chaque polari té ,  posi ti ve  
et négative  (+ ,  –) ,  et avec les  relations  de  phase  de  au  moins  0° ,  90° ,  1 80°  et 270° ,  d is tribués  
selon  l es  modes  de  fonctionnement appropriés  e t avec l es  va leurs  de  tension  fi guran t dans  l e  
Tableau  H . 1 6  à  des  i n terval les  non  supérieurs  à  60  s  ou  comme spéci fié  dans  l a  partie  2  
appropriée.  

S i  des  varistances  son t  u ti l i sées  comme d isposi ti fs  de  protection  con tre  l es  chocs,  e l l es  
doivent être  conformes  à  l ’ I EC  61 643-1 1 .  De  p lus,  e l les  doivent être  chois ies  de  man ière  à  
rés ister aux impu ls ions  correspondant à  l a  cl asse  d ’ instal l ation  pour l aquel l e  l e  disposi ti f de  
commande  est  censé  être  u ti l i sé.  

Pour l es  disposi ti fs  de  commande  d otés  de  séparateurs  de  d isposi ti f de  protection  contre  
l es  chocs  i n tégran t des  éclateurs ,  l ’essai  est répété  à  un  n i veau  d ’essai  égal  à  95  %  de  la  
tens ion  de  contournement.  

Le  dispositi f de  commande  est  soum is  à  essai  et évalué  dans  chacun  des  modes  de  
fonctionnement appropriés,  comme spéci fié  dans  l a  partie  2  appropriée.  

H.26.9  Essai  d ’ immun i té  aux chocs  électriques  et de  transi toires   
 é lectriques  rapides  

Le dispositif de commande  doit supporter des chocs transitoires rapides au niveau du 
réseau d'alimentation et des réseaux de signaux.   

La  conformité  est vérifiée par l'essai de H. 26. 9. 2 à  H. 26. 9. 3 inclus.  
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H.26.9. 1  But de  l 'essai  

Cet essai s'applique aux bornes d'alimentation et,  dans des cas spécifiques,  aux bornes du 
dispositif de commande  (voir H. 26. 9. 2) .  

Le but de cet essai est de démontrer l'immunité du dispositif de commande  aux chocs de 
transitoires de  faible énergie pouvant être produits par des relais,  des contacteurs,  etc. ,  des 
charges inductives de commutation,  et qui peuvent être induits dans des circuits de signaux 
et de données.  

H.26.9.2  N iveaux d 'essai  

Les essais doivent être  appliqués comme indiqué au Tableau H. 17.  

Les essais sur les bornes pour les câbles d'interface ne doivent être effectués que si ces 
bornes sont conçues pour réaliser l'interconnexion avec des câbles de longueur supérieure à  
3 m,  selon les spécifications du fabricant.  

Générateur:    interne  

Durée:    1  min  par polarité positive (+)  et négative (–)  

Conditions de fonctionnement:  selon la  partie 2 appropriée  

La tension d’essai sur le  port d’alimentation doit être appliquée simultanément entre le  plan 
de référence de terre  et toutes les bornes d’alimentation (mode commun) .   

Tableau  H .1 7  – N iveau  d 'essai  pour l ’ essai  de  chocs  électriques  de  transi toi res  rapides  

 Tension  d ’ essai  de  sortie  en  ci rcu i t  ouvert  
et  fréquence de  répéti tion  des  chocs  

 Sur port d ’ al imentation ,  PE  

Sur ports  de  signaux,  
données  et d i sposi ti f de  

commande E/S  
(en trée/sortie)  

N iveaux d 'essai  
appl icables  

correspondant à  
H .26. 1 5.3  

N iveau  d ’essai  
conformément à  
l ’ IEC  61 000-4-4  

Crête  de  
tension  
 kV  

Fréquence 
de  

répéti tion  
KHz  

Crête  de  
tension  
 kV  

Fréquence  
de  

répéti tion  
KHz  

2  2   1   5   0 , 5   5   

3  3   2   5   1   5   

Disposi ti fs  de  commande 
de  protection  déclarés  à  
l ’ exigence  90  du  Tableau  1  
desti nés  à  être  u ti l i sés  
conformément à  
l ’ I EC 60335-1  

4   4   5   -  -  

 

H.26.9.3  Procédure  d 'essai  

L'apparei l  et l es  procédures  d 'essai  doiven t être  te ls  qu ' i l s  sont décri ts  dans  l ’ I EC  61 000-4-4.  

Le  dispositi f de  commande  est soum is  à  essai  se lon  chacun  des  modes  de  fonctionnement 
appropriés,  comme spéci fié  dans  l a  partie  2  appl icable.  

H.26. 1 0  Essais  d ’ immunité  de  transi toi res  osci l l atoires  

NOTE  Aux Canada  et  aux États-Un is ,  l 'essai  d e  trans i toi res  osci l l atoi res  de  H . 26. 1 0  est  exi gé.  
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H.26. 1 0.1  Bu t de  l 'essai  –  Domaine  d 'appl ication  

L'obj et de  l 'essai  est de  véri fi er l ' immun i té  du  matérie l  aux trans i toi res  osci l latoi res  qu i  
apparaissent dans  l es  réseaux basse  tension  rés iden tie ls  et  i ndustrie ls  i n térieurs  (câble) .  Cet 
essai  est complémentai re  à  l 'essai  d ’onde  de  choc 1 , 2/50  µs  qu i  couvre  l es  trans i toi res  
apparaissant dans  les  réseaux extérieurs  ( l i gnes  aériennes).  L'énerg ie  présente  dans  l es  
transi to i res  osci l l atoi res  est  cependan t p lus  fa ible  que  l 'énerg ie  associée  aux ondes  de  choc.  
D 'au tre  part,  i l s  peuvent engendrer des  effets  dans  l es  dispositi fs  de  commande  en  ra ison  
du  changement de  polari té  de  l a  tension .  

H.26. 1 0.2  Caractéristiques  de  l 'onde d 'essai  

La forme d'onde d'essai doit consister en une impulsion ayant un  temps de montée de 0, 5 µs,  
suivie d'une oscillation à  100 kHz affectée d'un amortissement tel que l'amplitude de chaque 
pointe soit à  60 % de la  pointe précédente.  Voir Figure H.3.   

H.26. 1 0 .3  Matériel  d 'essai /générateur d 'essai  

Le générateur de tension d'impulsion nécessaire à  cet essai d'immunité est décrit à  la   
Figure H.4.  

H.26. 1 0.4  N iveaux d 'essai  

Les tensions doivent être  appliquées conformément au Tableau H. 18.  

Tableau  H .1 8  (H .26.1 0.4  de  l ’ éd i tion  3)  – Tensions  crête  

Tension  Catégori e  a  b  
assignée  
(max. )  I  I I  I I I  

V kV R 1  kV R 1  kV R 1  

1 00  0 , 5  25  0 , 8  25  1 , 5  25  

300  1 , 0  25  1 , 6  25  2 , 5  25  

600  2 , 0  25  3 , 0  25  5 , 0  25  

NOTE  Aux É tats-Un is ,  l a  tension  crête  de  l 'onde  de  choc est  déterm inée  par l a  tension  assignée  et  l a  catégorie  
déclarée  du  disposi ti f de  commande  comme dans  l ’ I EC 60664-1 .  

a  kV en  ci rcu i t  ouvert.  Voi r F i gu re  H . 4  pou r R 1 .  

b  Voi r l ’Annexe  L  pour l es  catégori es.   
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H.26. 1 0.5  Procédure d 'essai  

Le dispositif de commande  doit être soumis à  essai comme indiqué en H.26. 8. 3.  

 

T =  1 0 µs 
(f =  1 00 kHz) 

Vcrête  
0,9 Vcrête  

0, 1  Vcrête  

0,5 µs  

60 % de Vcrête  
IEC   2512/13 

 

Figure H .3  – Caractéristiques  d 'un  transitoi re  osci l latoi re  (tension  en  circu i t ouvert)  

 

0 kV-1 0 kV 
Courant 
continu 

0,5 µF 

1 0 µF 

0,005 µF 
5 µH 

2,5 Ω  R1  

Equipement 
en  essai  Fi l tre 

Al imentation 
alternative 

IEC   2513/13  

Figure H .4 – Schéma d 'un  générateur  
de  transi toi res  osci l latoires  0 ,5  µs/1 00  kHz  

NOTE  La  val eur de  R 1  est  spéci fi ée  dans  l e  Tabl eau  H . 22:  

– une  rés i stance  R 1  d e  2 , 5  Ω  fourn i ra  un  cou ran t de  cou rt-ci rcu i t  de  500  A crête;  

– une  rés i stance  R 1  d e  25  Ω  fou rn i ra  un  couran t de  court-ci rcu i t  de  200  A crête.  

H.26. 1 1  Essai  de  décharges  électrostatiques  

Cet essai est effectué selon l’IEC 61000-4-2.  

Les valeurs d’essai doivent être appliquées au niveau d’essai 3.  

Application directe de décharge: les décharges de contact à  6 kV sur les parties métalliques 
accessibles,  ou les décharges dans l'air à  8 kV sur les parties accessibles  des matériaux 
d'isolation doivent s'appliquer.  

Application indirecte de décharge: les décharges de contact à  6 kV sur la  plaque de couple 
horizontale ou verticale  doivent s’appliquer.  

Pour l es  d ispositi fs  de  commande  d e  protection  déclarés  se lon  l ’ exigence 90  du  Tableau  1 ,  
l 'essai  supplémentai re  su ivant  s 'appl ique:  Cet essai  est effectué  se lon  l 'Article  5,  n i veau  
d ’essai  4  de  l ’ I EC  61 000-4-2 : 2008.  Les  décharges  de  contact  à  8  kV sur l es  parties  
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métal l i ques  accessib les ,  ou  l es  décharges  dans  l 'a i r à  1 5  kV sur les  parties  accessibles  des  
matériaux d ' isolation  doiven t s 'appl i quer.  

H.26. 1 2  Immun ité  aux champs  électromagnétiques  de  fréquences  rad io  

H .26. 1 2. 1  But de  l 'essai  

Le but de  l 'essai  est de  véri fier l ' immun i té  des  dispositi fs  de  commande  aux champs  
é lectromagnétiques  générés  par des  émetteurs  de  rad iod i ffusion  ou  tou t au tre  d isposi ti f 
émettan t de  l 'énerg ie  rayonnée  sous  forme d ’onde  é lectromagnétique  en tretenue.  L' immun i té  
des  dispositi fs  de  commande  aux rayonnements  des  émetteurs/récepteurs  tenus  à  l a  main  
(ta lkie-walkie)  est l e  pri ncipal  bu t de  l 'essai  mais  d 'au tres  sources  de  rayonnement 
é lectromagnétique  sont concernées,  te l l es  que  l es  émetteurs  des  stations  fixes  de  
rad iod i ffusion  et de  té lévis ion ,  l es  émetteurs  rad io  montés  sur véh icu les,  et d i verses  sources  
é lectromagnétiques  industrie l les  i ssues  de  sources  i n term i tten tes.  

H.26. 1 2.1 . 1  S i  l a  cri tici té  du  n i veau  d ’essai  2  n 'est pas  affectée  après  l e  n i veau  d ’essai  3,  le  
n i veau  d ’essai  2  n 'a  pas  besoin  d 'être  effectué.  

H.26. 1 2.2  Immunité  aux perturbations  condu ites  

Le dispositif de commande  doit tolérer les signaux haute fréquence sur l'alimentation 
électrique et sur les bornes de signaux appropriées.   

La  conformité est vérifiée par les essais de H. 26. 12. 2. 1  à  H.26. 12. 2. 2 inclus.  

H.26. 1 2 .2 . 1  N iveaux d 'essai  pour l es  perturbations  condu ites  

Au minimum,  les niveaux d'essai du Tableau H. 19 doivent s'appliquer.  

Les essais doivent seulement être appliqués aux câbles d'interface qui,  selon les 
spécifications du fabricant,  peuvent mesurer plus de  1  m.  

Tableau  H .1 9  (H .26.1 2.2 . 1  de  l ’ éd i tion  3)  – N iveaux d 'essai  pour les  perturbations  
condu ites  sur les  l ignes  d 'al imentation  et les  l ignes  entrée/sortie  

Gammes  de  fréquences  d ’ essai :  1 50  kHz à  80  MHz 

N iveau  d ’essai  

N iveau  de  tension  (efficace)  

U0  

dBµV  

U0  

V 

2  1 30  3  

3  1 40  1 0  

NOTE  Les  n i veaux d ’ essai  dans  l es  bandes  I SM  et  CB  son t  chois i s  pou r être  6  dB  au-dessus  ( I SM:  Matérie l  de  
fréquence  rad io  i ndustriel ,  scien ti fi que  et  méd ical :  1 3 , 56  MHz ±  0 , 007  MHz et  40, 68  MHz ±  0 , 02  MHz,  CB:  Ci ti zen  
Band :  27,  1 25  MHz ±  1 , 5  MHz) .  

 

H.26. 1 2 .2 .2  Procédure  d 'essai  

Cet essai doit être effectué selon l’IEC 61000-4-6.  

Le dispositif de commande  est soumis à  un balayage complet de la  gamme de fréquences 
d’essai au moins une fois,  le  système  étant dans ses modes de fonctionnement appropriés.  
Quand la  gamme de fréquences est balayée par incréments,  la  taille des paliers ne doit pas 
dépasser 1  % de la  valeur de fréquence précédente  fondamentale avec une interpolation 
linéaire entre les points d'étalonnage.  Le temps de palier de chaque fréquence ne doit pas 
être inférieur au temps nécessaire au dispositif de commande  pour être excité et pouvoir 
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répondre,  mais en aucun cas ne doit être inférieur à  0, 5 s.  Les bandes ISM et CB doivent être 
soumises à  essai avec les fréquences d’essai utilisées pour le balayage sur toute la  gamme 
de fréquences d’essai et couvrir les bandes ISM et CB considérées.  

NOTE  Les  fréquences  cri ti q ues  ou  l es  fréquences  d ' i n térêt  dom inant  peuvent être  analysées  séparément.  

H.26. 1 2 .3  Immunité  aux perturbations  rayonnées  

Le dispositi f de  commande  d o i t  to lérer des  s i gnaux de  fréquence é levée sur l 'a l imentation  et  
l es  bornes  de  s i gnaux appropriées.   

La conformité  est vérifiée par les essais de H. 26. 12. 3. 1  à  H. 26. 12. 3. 2 inclus.  

H.26. 1 2 .3. 1  N iveaux d 'essai  pour l es  champs électromagnétiques  rayonnés  

Les  n i veaux d ’essai  pour l ’ immun i té  aux champs é lectromagnétiques  rayonnés  doiven t être  
appl iqués  conformément au  Tableau  H . 20.  

Les  n i veaux d ’essai  augmentés  pour l ’ immun i té  rayonnée doiven t être  appl i qués  
conformément au  Tableau  H . 21 .  

Tableau  H .20  (H .26.1 2.3.1  de  l ’ éd i tion  3)  – N iveau  d ’essai  pour  
l ’ immunité  aux champs électromagnétiques  rayonnés  

 Gammes  de  fréquences  d ’essai /N iveau  de  champ  
V/m  

N iveau  d ’essai  80  MHz à  960  MHZ 1 ,4  GHz à  2 , 0  GHz  2, 0  GHz à  2 , 7  GHz  

2  3  3  1  

3  1 0  3  1  

 

Tableau  H .21  – N iveau  d ’essai  augmenté  pour l ’ immunité  
aux champs  rayonnés  (bandes  ISM ,  GSM ,  DECT)  

 Gammes  de  fréquences  d ’ essai /N iveau  de  champ  
V/m  

N iveau  
d ’ essai  

433  MHz à  
435  MHz 

864 MHz à  
91 5 MHz  

935 MHz à  
960  MHz 

1  71 0  MHz à  
1  784 MHz 

1  805  MHz à  
1  960  MHz 

2  446  MHz à  
2  454 MHz 

2  6  6  6  6  6  2  

3  20  20  1 0  6  6  2  

 

H.26. 1 2 .3.2  Procédure  d 'essai  

Cet essai doit être effectué selon l’IEC 61000-4-3.  

Le dispositif de commande  est soumis à  un balayage complet dans la  totalité des gammes 
de fréquences d’essai et dans l'orientation verticale et horizontale de l'antenne,  le  système 
étant dans ses modes de fonctionnement appropriés.  Quand la  gamme de fréquences est 
balayée par incréments,  la  taille des paliers ne  doit pas dépasser 1  % de la  valeur de 
fréquence précédente fondamentale avec une interpolation linéaire entre les points 
d'étalonnage.  Le temps de palier de chaque fréquence ne doit pas être inférieur au temps 
nécessaire au dispositif de commande  pour être excité et pouvoir répondre mais en aucun 
cas ne doit être inférieur à  0, 5 s.  Les bandes ISM,  GSM et DECT doivent être soumises à  
essai avec les fréquences d’essai utilisées pour le balayage sur toute la  gamme de 
fréquences d’essai et couvrir complètement les bandes ISM,  GSM et DECT considérées.  
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L’essai doit généralement être réalisé en positionnant l’antenne de génération devant chaque 
côté du dispositif de commande.  Lorsque l’équipement peut être utilisé dans les différentes 
orientations (c’est-à-dire verticale ou horizontale) ,  tous les côtés doivent être exposés au 
champ pendant l’essai.  Lorsque la  technique le justifie,  certains dispositifs de commande  
peuvent être soumis à  essai en exposant moins de faces à  l’antenne de génération.  Dans 
d’autres cas,  comme déterminé par exemple par le type et les dimensions du dispositif de 
commande  ou les fréquences d’essai,  il peut être nécessaire d’exposer plus de quatre 
azimuts.  

NOTE  Les  fréquences  cri ti q ues  ou  l es  fréquences  d ' i n térêt  dom inant  peuvent être  analysées  séparément.  

H.26. 1 3  Essai  de  l ' influence des  variations  de  l a  fréquence  d 'al imentation  

Les dispositifs de commande  basés sur des microprocesseurs utilisant des fonctions de 
commande de classe B  et/ou de classe C  qui reposent sur la  fréquence industrielle 
d'alimentation pour leur fonctionnement correct doivent tolérer des variations de  fréquence 
industrielle d'alimentation,  si cela  est déclaré par le fabricant dans les informations 
complémentaires au Tableau 1  fournies en H. 7.  

H.26. 1 3.1  But de  l 'essai  

Le but de  cet essai  est de  véri fier l 'effet sur l e  disposi ti f de  commande  des  déviations  de  l a  
fréquence de  l 'a l imentation .  

H.26. 1 3.2  N iveaux d 'essai  

Les valeurs d'essai du Tableau H.22 doivent être  appliquées.  

Tableau  H .22  (H .26.1 3.2  de  l ’ éd i tion  3)  – N iveau  d 'essai   
pour l es  variations  de  l a  fréquence  d 'al imentation  

Niveau  d ’ essai  Variations  de  l a  fréquence d ’al imentation   
% a  

2  ±1  et  ±  2  

3  ±  3 ,  ±  4  et  ±  5  

a   D 'au tres  valeurs  peuvent  être  spéci fi ées  dans  l a  parti e  2 .  

H.26. 1 3.3  Procédure  d 'essai  

L'apparei l  et  l es  procédures  d 'essai  doiven t être  ceux décri ts  dans  l ’ I EC  61 000-4-28.  

Le  dispositi f de  commande  do i t  i n i tia lemen t fonctionner à  sa  tens ion  assignée et doi t 
ensu i te  être  soum is  aux variations  de  fréquences  détai l l ées  en  H . 26. 1 3. 2 .  

H.26. 1 4  Essai  d ' immunité  au  champ magnétique  à  l a  fréquence industriel le  

Les  disposi ti fs  de  commande  sens ib les  au  champ magnétique  tels  que  l es  disposi ti fs  de  
commande  u ti l i san t des  d ispos i ti fs  à  effet de  Hal l  doiven t tolérer les  champs magnétiques  à  
l a  fréquence  i ndustrie l l e.   

La  conformité  est vérifiée par les essais de H. 26. 14. 2.  

NOTE  Des  exemples  de  tel s  disposi ti fs  de  commande  comprennent l es  capteu rs  de  pression  u ti l i san t  des  
d i sposi ti fs  à  effet  de  hal l ,  des  disposi ti fs  de  commande  i ncorporan t d es  rel a i s  à  l ames  souples  et  d es  disposi ti fs  
de  commande  u ti l i sant  d es  re l ai s  b i stabl es.  
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H.26. 1 4.1  Objet  de  l 'essai  

Le bu t de  cet essai  est de  démontrer l ' immun i té  des  disposi ti fs  de  commande  pouvant être  
affectés  par l es  champs magnétiques  à  l a  fréquence i ndustrie l l e  l i és  à  l 'emplacement 
spéci fique  et aux cond i tions  d ' i nstal lation  du  disposi ti f de  commande  (par exemple,  
proxim i té  entre  le  matérie l  et  la  source  de  perturbation) .   

Le  champ magnétique  à  l a  fréquence  i ndustrie l l e  est généré  par l a  fréquence des  couran ts  
d 'al imentation  dans  l es  conducteurs  ou  par d 'au tres  d ispos i ti fs  (par exemple,  fu i tes  des  
transformateurs)  à  proxim i té  du  matérie l .  

I l  convient de  ne  prendre  en  considération  que  l es  i n fluences  des  conducteurs  avois inan ts,  
quand  l e  couran t,  dans  des  cond i ti ons  normales  de  fonctionnement,  produ i t u n  champ  
magnétique  conti nu ,  avec une  ampl i tude  comparativement fa ib le.  

H.26. 1 4.2  N iveaux d 'essai  

Les  n i veaux d 'essai  doiven t être  appl iqués  se lon  l e  Tableau  H . 23  su ivant:  

Tableau  H .23  (H .26.1 4.2  de  l ’ éd i tion  3)  – N iveaux d 'essai  pour champs  continus  

Niveau  d ’essai  Niveau  de  champ continu  
A/m  

2  3   

3  1 0   

 

H.26. 1 4.3  Procédure  d 'essai  

Le  dispositi f de  commande  est  a l imenté  à  l a  tens ion  assignée.  Le  matérie l  d 'essai ,  l e  
montage  d 'essai  et  la  procédure  d 'essai  doivent être  en  accord  avec l ’ I EC  61 000-4-8.  Le  
dispositi f de  commande  est soum is  à  essai  dans  les  cond i tions  d 'essai  spéci fiées  dans  l a  
partie  2  appropriée.   

H.26. 1 5  Évaluation  de  la  conformité  

H .26. 1 5.1  Après  l es  essais  de  H . 26. 2  à  H . 26. 1 4  et H . 26. 1 6  inclus,  l e  ou  l es  échan ti l l ons  
doivent  satisfa i re  aux exigences  des  Article  8 ,  Paragraphe  1 7 .5  et Article  20.  

H.26. 1 5.2  De  p l us,  l e  disposi ti f de  commande  d o i t  satisfai re  aux exigences  su ivan tes:  

– l es  exigences  de  H . 1 7. 1 4  ou  

– l a  ( l es)  sortie(s)  et  fonctions  doivent être  conformes  aux i nd ications  données  dans  les  
exigences  58a  et  58b  du  Tableau  1 .  

La conformité avec la  seconde alternative de H. 26. 15. 2 peut rendre le dispositif de 
commande  non  acceptable pour certaines applications.  

Les  parties  2  peuven t conten ir certa ines  restrictions  concernant les  effets  perm is  su r l a  ou  les  
sorties  commandées  pour des  types  particu l iers  de  disposi ti fs  de  commande  ou  des  
fonctions  de  commande  pour des  n i veaux d 'essai .  

H .26. 1 5.3  Des  sorties  et des  fonctions  d i fféren tes  peuvent être  déclarées  par l e  fabricant  
après  le  n iveau  d ’essai  2  ou  n iveau  d ’essai  3 ,  s i  appl icable.  La  partie  2  peut spéci fier des  
cri tères  particu l iers  après  chacun  de  ces  essais.  
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H.26. 1 5.4  Les  cri tères  de  conform i té  doiven t être  donnés  d  partie  2  et être  basés  sur l es  
cond i ti ons  de  fonctionnement de  l a  sortie  et l es  spéci fications  fonctionnel l es  du  dispositi f de  
commande  en  essai :  

a)  performance normale  sans  perte  de  fonction  de  protection  et dispositi f de  commande  
dans  l es  spéci fications  ou  l im i tes  déclarées;  

b)  perte  de  fonction  de  protection  dans  l es  l im i tes  déclarées;  

c)  perte  de  fonction  de  protection  avec arrêt de  sécuri té ;  

d )  perte  de  fonction  de  protection  avec fonctionnement  non  sûr.   

H.27  Fonctionnement anormal  

H.27. 1  Dispositi fs  de  commande électron iques  – Évaluation  par rapport aux pannes  
in ternes  

H .27. 1 . 1  Les  dispositi fs  de  commande électroniques  do ivent être  évalués  du  poin t de  vue  
des  effets  d 'une  défai l lance  ou  d 'un  mauvais  fonctionnement des  composants  du  ci rcu i t  afi n  
d 'assurer l a  sécuri té  é lectrique.  

La conformité est vérifiée  par les essais de H. 27. 1 . 1 . 1  à  H. 27. 1 . 1 . 6 inclus et H. 27. 4.  

Les composants qui présentent une défaillance du fait d'une contrainte cumulative sont 
remplacés si nécessaire.  

NOTE  Les  composants  non  é lectron iques  tel s  q ue  l es  i n terrupteu rs ,  l es  re l a i s  et  l es  transformateu rs  q u i  son t  
éva lués  selon  l 'Arti cl e  24  ou  selon  l es  exi gences  appropri ées  de  l a  présente  norme ne  sont  pas  soum is  à  l 'essai  de  
H . 27. 1 . 1 .  

Pendant les  essais  de  H . 27. 1 . 1 ,  pour un  disposi ti f de  commande  assuran t une  coupure 
électronique  ( type  1 .Y ou  2 .Y),  n ' importe  quel le  défai l lance  d u  d ispos i ti f,  décri t  à  la  note  de  
bas  de  tableau  n  du  Tableau  1 2  est perm ise.  

H.27. 1 . 1 . 1  Les  cond i ti ons  de  panne  spéci fi ées  dans  le  Tableau  H . 24  ne  son t pas  appl i quées  
aux ci rcu i ts  ou  parties  de  ci rcu i t pour lesquel l es  tou tes  l es  cond i ti ons  su ivantes  sont 
satisfai tes :  

– l e  ci rcu i t é l ectron ique  est  un  ci rcu i t  à  basse  pu issance  comme décri t  ci -dessous;  

– l a  protection  contre  les  chocs  é lectriques,  l es  dangers  d ' i ncend ie,  les  dangers  
mécan iques  ou  un  mauvais  fonctionnement dangereux d 'autres  parties  du  disposi ti f de  
commande  ne  dépend  pas  du  fonctionnement correct du  ci rcu i t é lectron ique.  

Un circuit à  basse puissance est déterminé comme suit et expliqué en  détail à  la  Figure H. 5.  
Le dispositif de commande  est mis en fonctionnement à  la  tension assignée ou à  la  limite 
supérieure de la  plage de tensions assignées et une résistance variable,  réglée à  sa  valeur 
maximale,  est raccordée entre le point à  étudier et le  pôle  opposé de la  source d'alimentation.  

La résistance est alors diminuée jusqu'à ce que la  puissance consommée par la  résistance 
atteigne un maximum.  Tout point le plus proche de la  source,  auquel la  puissance maximale 
délivrée à  cette résistance n'excède pas 15 W après 5 s est appelé point à  basse puissance.  
La partie du circuit plus éloignée de la  source d'alimentation que le point à  basse puissance 
est considérée comme étant un circuit à  basse puissance.  

Les mesures sont effectuées à  partir d'un seul pôle de  la  source d'alimentation,  de préférence  
celui qui donne le plus petit nombre de points à  basse puissance.  

 

NOTE  Lors  de  l a  déterm inati on  des  poin ts  à  basse  pu i ssance,  commencer par l es  po in ts  l es  p l us  proches  de  l a  
source  d 'al imentation .  La  pu i ssance  consommée  par l a  rés i stance  variable  est  mesurée  selon  u ne  méthode  
appropri ée,  par exemple  par u n  wattmètre.  
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Si un circuit électronique fonctionne pour assurer la  conformité à  l'Article H. 27,  l'essai 
approprié  est répété,  en simulant une panne  isolée,  comme indiqué en H. 27. 1 . 1 . 5.  

 

Z1  

A 

B  

C  

D  

Z2  

Z6  

Z7  

Z8  

Z3  Z4  

Z5  Source 
d’alimentation  

IEC   2514/13 

 

D est  l e  poi n t  l e  p l us  é l oi gné  de  l a  source  d 'a l imentati on  où  l a  pu i ssance  maximale  dél i vrée  à  une  charge  
extérieure  est  supérieure  à  1 5  W.  

A et  B  sont  l es  poin ts  l es  p l us  proches  de  l a  source  d 'al imentation  où  l a  pu i ssance  maximale  dél i vrée  à  une  charge  
extérieure  n 'est  pas  supérieure  à  1 5  W.  Ce  son t  des  poin ts  à  basse  pu i ssance.  

Les  poi n ts  A et  B  son t  séparément m is  en  court-ci rcu i t  avec C.  

Les  cond i ti ons  de  panne  spéci fi ées  en  H . 27. 1 . 1 . 5  son t  app l i quées  i n d ivi duel l ement à  Z 1 ,  Z2 ,  Z3 ,  Z6  e t  Z7 ,  pour 
au tant  qu 'e l l es  soient  appl i cabl es.  

Figure H .5 – Exemple  d 'un  ci rcu i t  électronique   
comportant des  poin ts  à  basse  pu issance  

H .27. 1 . 1 .2  Le  dispositif de commande  doit être mis en fonctionnement dans les conditions 
suivantes.  

a)  Sous la  tension la plus défavorable dans la  plage 0, 9 à  1 , 1  fois la  tension assignée 
d'alimentation.  

b)  Avec le  type de charge,  dans la  limite des paramètres mesurés ou déclarés,  produisant 
l'effet le plus sévère.  

c)  A  une température ambiante de (20 ±  5)  °C,  à  moins qu'il y ait des raisons valables 
(comme par exemple au cours de l'essai du point b)  de H. 27. 1 . 1 . 3)  pour effectuer l'essai à  
une autre  température de  la  plage déclarée par le fabricant.  

d)  Connecté à  une source d'alimentation électrique ayant des caractéristiques assignées de 
coupe-circuit à  fusible telles que le  résultat de l'essai n'est pas influencé par le  
fonctionnement du coupe-circuit à  fusible.  

e)  Avec tout organe de manœuvre  placé dans la  position la  plus défavorable.  
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H.27. 1 . 1 .3  Avec chaque panne  décri te  au  Tableau  H . 24,  s imu lée  ou  appl i quée  à  un  
composan t de  ci rcu i t  à  l a  fo is,  l e  disposi ti f de  commande  d oi t  satisfai re  aux  

– poin ts  su ivants  a)  à  g )  i nclus.  Pour l es  composants  satisfaisan t à  l 'Article  1 4  de  
l ’ I EC 60065: 2001 ,  Amendement 1 : 2005,  Amendement 2 : 201 0,  l es  disposi ti fs  de  
commande  on t seu lement à  satisfa i re  aux poin ts  a),  c) ,  d ) ,  f)  et  g ) .  

NOTE  1  Au  Canada  et  aux É tats-Un is ,  s i  un  composant a  reçu  une  certi fi cation  selon  l e  programme I ECQ,  
avec l es  périodes  de  cond i ti onnement et  l es  facteurs  de  s tress  appropri és ,  l es  pannes  d u  Tableau  H . 25  n 'on t 
pas  à  être  appl i qués.  

– à  tou t cri tère  de  conformi té  add i ti onnel ,  comme spéci fié  dans  l es  paragraphes  appropriés  
de  la  partie  2 ;  et  

– aux exigences  de  l a  cl asse  de  l og iciel  spéci fiée,  s i  e l les  son t déclarées.  

a)  Les  disposi ti fs  de  commande  ne  doivent pas  émettre  de  fl ammes,  de  particu les  
chaudes  de  métal  ou  de  p lastique,  et ne  doiven t provoquer aucune  explosion .  Pour les  
dispositi fs  de  commande montés  sur câble  souple  e t  les  dispositi fs  de  
commande à  montage indépendant,  l a  conform i té  est déterm inée  par l 'essai  su ivant.  

 L 'enveloppe contenant l e  dispositi f de  commande  est enveloppée dans  du  papier de  
soie .  Le  disposi ti f de  commande  est m is  en  fonctionnement j usqu 'à  atte indre  un  
rég ime établ i  ou  pendant 1  h ,  se lon  l a  durée  l a  p lus  courte.  I l  ne  doi t  pas  y avoi r de  
combustion  du  papier de  soie .  A l ' i n térieur de  l 'enveloppe,  certa ines  p ièces  peuven t 
roug i r momentanément et i l  peu t y avoir une  ém ission  temporaire  de  fumée ou  de  
flamme.  

NOTE  2  Au  Canada  et  aux É tats-Un is ,  de  l a  moussel i ne  est  u ti l i sée  au  l i eu  d u  papier de  so ie.  

 Les  disposi ti fs  de  commande incorporés  et  i n tégrés  doiven t soi t satisfai re  à  l 'essai  
spéci fié  pour l es  disposi ti fs  de  commande montés  sur câble  souple  et  à montage  
indépendant ,  so i t  ê tre  classés  comme nécessi tant,  par exemple,  une  protection  
supplémentaire,  dans  l ’apparei l  ou  le  matérie l .  

b)  La  température  de  l ' i solation  supplémentai re  et  de  l ' isolation  renforcée  ne  doi t pas  
dépasser 1 , 5  fois  l es  valeurs  appropriées  spéci fi ées  de  l 'Article  1 4,  sauf dans  l e  cas  
des  matériaux thermoplasti ques.  

 I l  n 'y a  pas  de  l im i te  de  température  spéci fique  pour l ' i solation  supplémentaire  e t  
l ' isolation  renforcée  d es  matériaux thermoplastiques;  l eur température  doi t cependant  
être  enreg istrée  dans  l e  cadre  de  l 'Article  21 .  

c)  Tout changement des  sorties  commandées  doi t être  comme déclaré  dans  l 'exigence  
57  du  Tableau  1 .  

d )  Le  disposi ti f de  commande  do i t  satisfa i re  aux exigences  de  l 'Article  8  et  1 3. 2  pour 
l ' isolation  principale .  

e)  I l  ne  doi t y avoi r aucune détérioration  des  d i fférentes  parties  du  dispositi f de  
commande  pouvant  résu l ter dans  l a  non-conform i té  aux exigences  de  l 'Arti cle  20 .  

f)  Un  fus ib le  sur l 'a l imentation ,  extérieur au  disposi ti f de  commande  en  essai  et  te l  que  
décri t  au  poin t d )  de  H . 27. 1 . 1 . 2  ne  doi t pas  fondre  à  moins  qu 'un  d isposi ti f i n terne  de  
protection  fonctionne  aussi ,  en  étan t seu lement access ib le  après  u ti l i sation  d 'un  outi l .  

 Un  d ispos i ti f de  protection  i n terne  est j ugé  ne  pas  être  nécessai re  s i  l 'échanti l l on  
con tinue  à  satisfai re  aux exigences  su ivantes  après  remplacement du  fusib le  sur 
l 'a l imentation :  

– poin ts  a),  b)  et  d )  de  H . 27. 1 . 1 . 3 ;  

– exigences  de  l 'Article  20  pour l es  distances  dans  l 'ai r  e t  l ignes  de  fu i te  en tre  
parties  actives  e t  surfaces  du  dispositi f de  commande  access ib les  quand  le  
disposi ti f de  commande  est  monté  comme en  usage  prévu .  

g )  La  forme d 'onde  de  sortie  doi t être  te l le  que  déclarée  à  l 'exigence  56  du  Tableau  1 .  

  

International  Electrotechnical  Commission

 



 – 524  – I EC 60730-1 : 201 3+AMD1 : 201 5  CSV 
   © I EC  201 5  

H.27. 1 . 1 .4  Lignes  d i rectrices  pour l es  essais  de  H .27. 1 . 1 .3  

Pour éviter des essais inutiles,  il convient de s'efforcer d'évaluer les conditions qui peuvent 
résulter en une non-conformité aux exigences de H. 27. 1 . 1 . 4.  Une telle évaluation doit 
consister en l'étude des schémas des circuits et la  simulation des conditions de défaut 
correspondantes,  afin de vérifier si ces conditions se produisent.  Pour les dispositifs de 
commande  utilisant des logiciels,  l'analyse de panne  de H. 27. 1 . 1 . 4 doit être liée à  l'analyse 
de défaut du logiciel de l'exigence 68 du Tableau 1 .  

Toutes les conditions résultant de l'introduction de panne  d'un circuit électronique comme 
spécifié  en H.27. 1 . 1 . 5 sont considérées comme étant une panne.  

Les circuits imprimés qui révèlent des signes de détérioration pendant les essais sont 
considérés comme étant susceptibles d'avoir des défaillances.  

H.27. 1 . 1 .5  Cond itions  de  panne  pour l es  ci rcu i ts  électroniques  

Pour les  besoins  de  l 'Article  H .27,  l es  modes  de  défai l lance  appl icables  son t donnés  par le   
Tableau  H . 24 .  
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Tableau  H .24 (H .27.1  de  l ’ éd i tion  3)  – Modes  de  panne   
des  composants  é lectriques/électron iques  (1  sur 3)  

Type de  composant  Court a  Ouvert b  Remarques  

Résistances  fi xes  

Fi lm  m ince  c  

F i lm  épais  c   

Enrou lement  c  (s imple  couche)  émai l l é  ou  
convenablement  enrobé  
 

Au tres  types  

 

 

 

 

 

X  

 

X 

X 

X 

 

X 

 

Comprend  l e  type  CMS  

Comprend  l e  type  CMS  

 

Résistances  variables  

(par exemple  poten ti omètre/trimmer)  

Enrou lement  (s imple  couche)  

Au tres  types  

 

 

 

X d  

 

 

X  

X 

 

Condensateurs  

Types  X1  et  Y selon  l ’ I EC 60384-1 4  

F i lm  métal l i sé  selon  l ’ I EC 60384-1 6  et  
l ’ I EC 60384-1 7  

Autres  types  

 

 

 
 

X  

 

X 

 
X 

X 

 

I nductances  

Enrou lement  

Au tres  types  

 

 

X 

 

X 

X 

 

Diodes  

Tous  types  

 

X 

 

X 

 

 

Disposi ti fs  du  type  à  semi -conducteur 
comme les  transistors  

Tous  types  (par exemple,  b i po l ai re;  LF ;  RF;  
m i cro-onde;  FET;  thyri stor;  D iac;  Triac;  Un i  
j onction )  

 
 

X d  

 
 

X  

 

 

e  

Circu i t h ybride  f  f   

Circu i ts  i n tégrés  

Tous  types  non  couverts  par H . 1 1 . 1 2  

 

X g  

 

X  

 

Pour sorti es  de  ci rcu i t  i n tégré,  l a   
note  de  bas  de  tabl eau  e  

s 'appl i que  

Optocoupleurs  

Selon  l ’ I EC 60335-1  

 

X h  

 

X  
 

Relais  

Bobines  

Contacts  

 

 

X i  

 

X  

X 

 

Relais  à  l ames  souples  X  X Contacts  seu lement  

Transformateurs  

Selon  l ’ I EC 61 558-2-6  ou  l ’ I EC  61 558-2-1 6  

Au tres  types  

 

 

X d  

 

X  

X 

 

Quartz  X  X j  

In terrupteurs  X  X k  

Connexions  (bretel l es)   X l  

Câble  souple  et fi l s   X   
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Tableau  H .24  (2 sur 3)  

Conducteurs  de  ci rcu i ts  imprimés  

Selon  l a  séri e  I EC 62326  
X m  X n   

Capteurs  

Thermistances  pol ymères  

Thermistances  céram iques  

X 

 

X  

X 

o  

a  Les  cond i ti ons  qu i  on t  mené  à  l a  conception  de  l i gnes  de  fu i te  e t  distances  dans  l 'ai r  se lon  l 'Arti cl e  20  
pou r l ' assemblage  pour l equel  l 'exclus i on  du  mode  de  panne  «cou rt»  est  revend i quée  doi vent  être  
main tenues  pendant tou te  l a  d urée  de  vi e  du  disposi ti f de  commande .  

 Ces  cond i ti ons  doiven t  être  déclarées  ou  documentées  comme su i t:  

 Degré  de  pol lu tion  d u  disposi ti f de  commande  (Tableau  1 ,  exi gence  49).   

 Degré  de  pol lu tion  d u  microenvi ronnement  d e  l a  l i gne  de  fu i te  ou  d e  l a  di stance  dans  l ’ ai r,  s i  p l us  
propre  que  cel l e  du  disposi ti f de  commande ,  et  conception  (documentation )  (Tableau  1 ,  exi gence  79).  

 Tension  assignée  de  choc du  disposi ti f de  commande  (Tableau  1 ,  exigence  75).  

 Tension  assignée  de  choc pou r l a  l i gne  de  fu i te  ou  distance  dans  l ’ ai r,  s i  d i fféren te  de  cel l e  du  
disposi ti f de  commande ,  et  comment e l l e  est  réal i sée  (documentation )  (Tableau  1 ,  exi gence  80).  

 Les  val eu rs  prévues  pour l es  to lérances  des  d i stances  pour l esquel l es  l 'excl us ion  d u  mode  de  panne  
«court»  est  revend i quée  (déclaration  et  d ocumentation )  (Tabl eau  1 ,  exi gence  81 ).  

b  Ouvertu re  seu le  d 'une  broche  à  n ' importe  que l  moment.  
c  Ces  composants  peuvent être  u ti l i sés  en  impédance  de  protection ,  s i  l ' impédance  des  composants  

sati sfai t  à  H . 20. 1 . 1 5. 3  et  rés i ste  à  l 'essai  de  tens ion  de  choc de  20. 1 . 1 2  pour u ne  catégorie  de  surtension  
I I I  au  moins.  

d  M i se  en  court-ci rcu i t  de  d eux broches  tou r à  tour avec chacune  des  au tres  broches;  seu lement deux 
broches  à  l a  fo i s .  

e  Pour l es  d i spos i ti fs  d e  type  à  thyri stors  d i screts  ou  i n tégrés  te l s  que  Tri acs  et  SCR,  l es  cond i ti ons  de  
pannes  d o i vent  i ncl u re  l e  court-ci rcu i t  de  tou tes  l es  bornes  avec l a  troi s ième borne  en  ci rcu i t  ouvert.  L 'effet  
de  tou t  d i sposi ti f é l ectron ique  de  type  à  onde  ple i ne,  te l  q u 'un  Tri ac passant  en  cond i ti on  de  dem i -onde  
commandée  ou  non  commandée  (thyri stor ou  d iode,  respecti vement)  doi t  être  pri s  en  compte.  

 La  défai l l ance  d ' un  d i spos i ti f d e  commutation  de  pu i ssance  é l ectron i que  à  effet  d e  champ (FET,  MOSFET,  
I GBT)  par perte  de  commande*  de  porte  (base)  en traînan t un  mode  de  m ise  en  marche  parti e l l e,  i n du i san t  
un  état  i ndéfi n i  d oi t  être  pri se  en  compte.  Les  cri tères  d 'essai  et  d 'éval uation  do ivent  correspondre  à  l a  
fonction  et  aux ci rcu i ts  de  commande  spéci fi q ues.  Des  l i g nes  d i rectri ces  peuvent  être  données  dans  l es  
parti es  2 .  

 *La  perte  de  commande  de  porte  peu t  se  produ i re  en  ra i son ,  par exemple,  d 'une  connexion  soudée  
i nsuffi san te  du  FET.  

f  Les  modes  de  défai l l ance  pour l es  composants  i nd i vi duel s  du  ci rcu i t  h ybride  son t  app l i cables  comme 
décri t  pou r l es  composants  i nd i vi d uel s  d ans  ce  tabl eau .  

g  Le  cou rt-ci rcu i t  de  d eux bornes  ad jacentes  quelconques  et  l e  court-ci rcu i t  d e:  

 -  chaque  borne  de  l 'a l imentati on  du  ci rcu i t  i n tég ré,  s i  appl i cab l e  au  ci rcu i t  i n tég ré;  

 -  chaque  borne  à  l a  borne  de  terre  d u  ci rcu i t  i n tégré,  s i  appl i cable  au  ci rcu i t  i n tég ré.  

 Le  nombre  des  essai s  impl i qués  pou r l es  ci rcu i ts  i n tégrés  peu t  normalement rendre  imposs ible  
l 'app l i cation  de  tou tes  l es  cond i ti ons  de  pannes  correspondantes  ou  l 'éval uation  des  dangers  poss ibles  à  
parti r d 'une  étude  d u  schéma du  ci rcu i t i n tégré .   

 I l  est  donc adm is  d 'anal yser d 'abord  en  détai l  tous  l es  pannes  mécan iques,  therm iques  et  é l ectri ques  
possib les  q u i  peuvent se  man i fester dans  l e  disposi ti f de  commande  l u i -même ou  dans  sa  sorti e  d u  fa i t  
d 'un  mauvais  fonctionnement,  i nd i vi d uel l ement  ou  d ans  une  combinaison  quelconque,  des  disposi ti fs  de  
commande électron iques  ou  des  au tres  composants  de  ci rcu i ts .  

 Excepté  pou r l es  types  éval ués  par H . 1 1 . 1 2,  u ne  anal yse  par arbre  de  panne  d oi t  être  effectuée  pou r 
i ncl u re  l es  résu l tats  de  cond i ti ons  de  fonctionnements  conti nus  mu l ti p l es  aux bornes  b i d i rectionne l l es  
programmées  dans  l e  bu t  d ' i d en ti fi er l es  cond i ti ons  de  défaut  add i ti onnel l es  pour l eu r pri se  en  compte.  Le  
mode  de  défai l l ance  en  court-ci rcu i t  est  exclu  en tre  sections  i solées  pour l es  ci rcu i ts  i n tégrés  ayant  d es  
sections  i solées.  L ' i sol ation  en tre  l es  sections  do i t  sati sfai re  aux exigences  de  1 3. 2  pou r l ' i sol ation  
fonctionnel le .  

h  S i  des  optocoupl eu rs  sati sfon t  à  20. 3. 2 . 2 ,  l e  cou rt-ci rcu i t  en tre  l es  broches  d 'en trée  et  d e  sorti e  n 'est  pas  
pri s  en  compte.  

 

 

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 527  –  
© I EC  201 5  

Tableau  H .24  (3 sur 3)  

   
I  Le  mode  de  défau t  en  court-ci rcu i t  est  exclu  pou r l es  re la i s  où  l e  con tact  con trôle  u ne  fonction  de  

commande  de  Cl asse  A ou  B  et  n ’ est  pas  i ncl us  dans  l e  fonctionnement cycl i que  spéci fi é  de  l ’ appl i cati on ,  à  
cond i ti on  q u ’ i l  a i t  été  con trôl é  par essai  avec succès  selon  l ’ Arti cl e  1 7  dans  l es  cond i ti ons  su ivan tes:  

 Pour l es  fonctions  de  commande  de  C lasse  A,  l e  nombre  de  cycles  déclaré  par l e  fabrican t  ou  certi fi é  pour 
l ’ appl i cation .  

 Pour l es  fonctions  de  commande  d e  Classe  B ,  au  moins  1 00  000  cycl es  ou  nombre  de  cycles  spéci fi é  par l e  
fabri cant,  se lon  l a  valeur l a  p l u s  é l evée,  ou  certi fi é  pour l ' appl i cation .  

 Pour l es  fonctions  de  commande  d e  C lasse  C,  l e  mode  de  court-ci rcu i t  est  excl us  pou r l es  rela i s  où   

•  l a  fonction  de  contact  passe  en  fonctionnement  normal  sans  charge  (pas  de  courant  l ors  de  l ’ ouvertu re  
ou  de  l a  fermeture),  et  

•  l a  fonction  de  con tact  déconnecte  l a  charge  en  fonctionnement  anormal  du  système de  commande  
d es  brû leurs  pou r atteindre  l ’arrêt de  sécuri té,  e t  

•  l e  re l ai s  sati sfai t  à  l ’Arti cl e  1 7  à  au  moins  1 00  000  cycles ,  appl i quan t tou tefoi s  l a  charge  de  sorti e  
déclarée  ou  certi fi ée  pou r l ’ app l i cation ,  et   

•  l e  disposi ti f de  commande  sa ti sfai t  aux exi gences  de  1 1 . 3. 5. 2 . 1  (d i sposi ti ons  pour préven i r l es  erreurs  
de  cause  commune ) .  

j  Pour l es  horloges  à  quartz,  i l  convi en t  de  prend re  en  compte  l a  variati on  des  fréquences  harmon i ques  et  
sous-harmon iques  affectan t  l es  tempori sations.  

k  S i  des  i n terrupteu rs  son t  u ti l i sés  pou r l a  sélection  de  temps  de  sécu ri té,  d e  temps  de  purge,  de  prog ramme 
et/ou  d 'au tres  rég l ages  l i és  à  l a  sécuri té,  i l  convien t  q ue  ces  d i sposi ti fs  fonctionnent de  façon  tel l e  q u 'en  
cas  d 'ouverture,  l a  cond i ti on  l a  p l us  sû re  possib le  se  produ ise  (par exemple,  dans  un  système de  
commande  d e  brû leur,  l e  temps  de  sécuri té  l e  p l us  court  ou  l e  temps  de  purge  l e  p l us  l ong ).  

 Le  mode  de  court-ci rcu i t  est  exclu  pou r l es  commutateurs  don t  l e  contact  contrôl e  u ne  fonction  de  
commande  de  Cl asse  A ou  B ,  à  cond i ti on  qu ’ i l  a i t  été  soum is  à  essai  conformément à  l ’Arti cl e  1 7  dans  l es  
cond i ti ons  su ivantes:  

 Pour l es  fonctions  de  commande  d e  C lasse  A,  l e  nombre  de  cycles  déclaré  par l e  fabrican t  ou  certi fi é  pour 
l ’ appl i cation .  

 Pour l es  fonctions  de  commande  de  Cl asse  B ,  au  moins  6  000  cycles  pou r l a  manœuvre  manuel l e  ou  
1 00  000  cycles  pour l a  manœuvre  automatique  ou  nombre  de  cycles  spéci fi é  par l a  norme  de  produ i t  ou  
certi fi é  pou r l ’ appl i cati on .  

 Pour l es  fonctions  de  commande  Cl asse  C,  l e  mode  de  cou rt-ci rcu i t  n ’ est  pas  exclu .  
l  Les  exi gences  son t  l es  mêmes  que  pou r l a  note  de  bas  de  tabl eau  n ,  excepté  q u 'e l l es  s 'appl i quen t  aux 

bretel l es  prévues  pou r l 'attache  de  l a  sé lection  d 'u n  rég l age .  
m  Le  mode  de  défai l l ance  en  court-ci rcu i t  est  excl u  s i  l es  exigences  de  l 'Arti cl e  20  son t  rempl i es.  
n  Le  mode  de  défai l l ance  en  ci rcu i t  ouvert,  c'est-à-d i re  l ' i n terruption  d 'un  conducteu r,  est  exclu  s i   

•  l ' épa isseur du  conducteur est  supérieu re  ou  égale  à  une  val eur nom inal e  d e  35  µm  avec u ne  tol érance  
de  –30  %  au  p l us  de  l a  va l eu r nom inale  adm ise  et  l a  l argeu r du  conducteu r est  supérieu re  ou  égale  à  
une  val eu r nom inal e  de  0 , 3  mm  avec une  tol érance  de  –30  %  au  p l us  de  l a  valeur nom inal e  adm ise,  ou   

•  l e  conducteu r présente  des  précau tions  add i ti onnel l es  contre  l ' i n terruption ,  par exemple  l 'étamage,  etc.   

S i  un  court-ci rcu i t  su r l es  bornes  de  sorti e  provoque  l 'ouvertu re  d ' un  conducteu r de  ci rcu i t  imprimé,  ce  
conducteur doi t  être  soum is  à  une  anal yse  de  panne  en  ci rcu i t  ouvert.   

 Lors  d e  l 'acceptati on  des  ta i l l es  de  conducteu rs  l i ées,  pour l es  cond i ti ons  de  cou ran t et  de  température,   
voi r l a  série  I EC 62326.  

o  Pour l es  composants  de  capteur desti nés  à  mesurer l es  g randeu rs  de  manœuvre  tel l es  que  l a  températu re,  
l a  press ion  etc. ,  l es  modes  de  panne  complémentai res  aux modes  en  ci rcu i t  ouvert  ou  en  cou rt-ci rcu i t  
doi ven t  être  pri s  en  compte.  Ces  modes  de  panne  peuvent comprend re  l a  d éri ve  prog ressi ve  de  rés i stance,  
un  composant  non  conforme  et  un  écart  d ’ exacti tude  de  composant.  

 

H . 27. 1 . 1 .6  Si la  charge comprend un moteur (voir 6. 2. 2 ou 6. 2. 5)  et si la  défaillance  ou le 
mauvais fonctionnement d'un composant d'un circuit électronique provoque une modification 
dans la  forme d'onde alimentant le moteur commandé,  le  dispositif de commande  doit être 
soumis aux essais suivants.  

1 )  La  charge doit être ajustée dans les conditions de forme d'onde normales à  six fois la  
charge assignée ou la  puissance assignée rotor bloqué déclarée par le fabricant.  

2)  Puis les conditions de  panne  doivent être introduites.  

3)  L'essai est effectué dans les conditions détaillées dans les points a) ,  c) ,  d)  et e)  de 
H. 27. 1 . 1 . 2.  
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Le dispositif de commande doit faire l'objet d'une évaluation conformément aux points a)  à  e)  
inclus de H. 27. 1 . 1 . 3,  suivant ce qui convient au composant à  évaluer.  

H.27. 1 .2  Protection  contre  les  pannes  i n ternes  pour assurer la  sécuri té  fonctionnel le  

H .27. 1 .2. 1  Exigences  relatives  à  la  conception  et  à  l a  construction  

H .27. 1 .2. 1 . 1  Évi tement  des  pannes  et tolérance aux pannes  

En  p l us  de  H . 27. 1 . 1 ,  l es  dispositi fs  de  commande  comportant des  fonctions  de  commande  
de  classe  B  ou  C  doiven t être  conçus  selon  H . 27. 1 . 2  en  tenan t compte  des  modes  de  
défai l l ance  du  Tableau  H . 24  et  H . 1 1 . 1 2  pour les  l og iciels ,  l e  cas  échéant.  

Les  défai l l ances  d es  électroniques  complexes  peuvent être  dues  soi t  à  des  erreurs  
systématiques  ( in tégrées  à  l a  conception  voir H . 1 1 . 1 2. 3) ,  soi t  à  des  pannes  a léatoires  
(pannes  d e  composants ,  voi r H . 1 1 . 1 2 . 2) .  Par conséquent,  l e  système  do i t  être  conçu  de  te l l e  
man ière  que  l es  erreurs  systématiques  soient évi tées  et  l es  pannes  a l éatoi res  doiven t être  
tra i tées  par une  configuration  correcte  du  système .  

La  conception  du  l og icie l  et du  matérie l  doi t  être  basée  sur l 'anal yse  fonctionnel le  de  
l 'appl ication  ayan t comme résu l tat une  conception  s tructu rée  qu i  i ncorpore  expl ici tement l e  
flux de  commande ,  l e  fl ux de  données  et l es  fonctions  temporel l es  requ ises  par l 'appl ication .  
Dans  l e  cas  des  puces  personnal isées,  une  attention  spécia le  est  requ ise  en  ce  qu i  concerne  
l es  mesures  prises  pour rédu i re  au  maximum  l es  erreurs  systématiques.  

Cela  doi t résu l ter sur une  configuration  système  so i t  q u i  est à  sécuri té  i n tri nsèque,  soi t dans  
l aquel l e  l es  composants  dotés  de  fonctions  d i rectement cri tiques  pour la  sécuri té  (par 
exemple,  commandes  de  valve  de  gaz,  m icroprocesseurs  avec l eurs  ci rcu i ts  associés,  etc. )  
son t protégés  par des  d i spos i ti fs  de  protection  conformes  à  H . 1 1 . 1 2 ,  l og icie ls  de  classe  B  ou  
C.  Ces  d ispos i ti fs  de  protection  doivent être  i n tégrés  dans  le  matérie l  (par exemple,  ch ien  de  
garde,  supervis ion  de  l a  tens ion  d 'a l imen tation)  et  peuvent être  complétés  par des  l og icie ls  
(par exemple  ROM-test,  RAM-test,  etc. ) .  I l  est importan t que  ces  d isposi ti fs  de  protection  
pu issent  provoquer un  arrêt de  sécuri té  complètement indépendant .   

S i  l e  contrôle  des  créneaux de  temps  est  u ti l i sé,  i l  d o i t  ê tre  sens ib le  tant  à  l a  l im i te  supérieure  
qu 'à  la  l im i te  i n férieure  de  l ' i n terval l e  de  temps.  Les  pannes  i ndu isant un  décalage  de  l a  l im i te  
i n férieure  et/ou  de  l a  l im i te  supérieure  doivent  être  prises  en  compte.  

Dans  l e  cas  d 'une  fonction  de  commande  q u i  est classée en  classe  C,  s i  u ne  seu le  panne 
dans  l e  d isposi ti f de  protection  primaire  peu t rendre  i nopéran t l e  d isposi ti f de  protection ,  u n  
d ispos i ti f de  protection  secondaire  doi t être  fourn i .  Le  temps  de  réaction  du  d ispos i ti f de  
protection  secondai re  doi t  être  conforme à  H . 27. 1 . 2. 3.  

NOTE  1  Les  temps  de  réacti on  de  ces  d i sposi ti fs  de  protection  peuvent  être  i n féri eurs  ou  égaux au  temps  de  
tolérance aux pannes  correspondants.  

NOTE  2  La  protection  secondai re  peut  être  réal i sée  par 

a)  un  ci rcu i t  phys i quement  séparé  qu i  su rve i l l e  l e  d i sposi ti f de  protecti on  primai re;  ou  

b)  une  action  mutuel l e  en tre  l e  c i rcu i t  protégé  et  l e  d i spos i ti f d e  protecti on  primai re  (par exemple,  un  ch ien  de  
garde  protégé  par l e  m icroprocesseur);  ou  

c)  une  action  en tre  l es  d i sposi ti fs  de  protection  primai res  (par exemple  une  ROM-test  protégeant une  RAM-test).  

Les  composan ts  doiven t être  d imensionnés  sur l a  base  des  cond i ti ons  l es  p lus  défavorables  
susceptib les  de  se  produ ire  dans  l e  dispositi f de  commande ,  comme ind iqué  par l e  fabricant  

NOTE  3  Une  défai l l ance  d e  composant est  susceptibl e  d e  causer l a  détérioration  d e  l ' i solation  cri ti que  pour l a  
sécuri té.   

H.27. 1 .2. 1 .2  Documentation  

En  général ,  l a  documentation  doi t être  basée  sur H . 1 1 . 1 2 .3 . 2.  
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L'anal yse  fonctionnel l e  du  dispositi f de  commande  e t  des  programmes l iés  à  la  sécuri té  
sous  son  contrôle  doi t être  documentée  d 'une  façon  h iérarch ique  b ien  cla i re  conformément à  
l a  ph i losoph ie  de  sécuri té  et  aux exigences  re lati ves  aux programmes.  

Au  m in imum,  l a  documentation  su ivan te  doi t  accompagner le  système  soum is  à  l ’ évaluation .  

a)  Une  description  de  l a  ph i losoph ie  du  système ,  d u  débi t  du  disposi ti f de  commande ,  d e  
l a  ci rcu lation  des  données  et des  chronolog ies.  

b)  Une  description  cla i re  de  la  ph i losoph ie  de  sécuri té  du  système  avec l es  d ispos i ti fs  de  
protection  et l es  fonctions  de  sécuri té  cla i rement i nd iqués.  Des  i n formations  suffisantes  
re lati ves  à  l a  conception  doivent être  fourn ies  pour permettre  l 'évaluation  des  fonctions  de  
sécuri té  ou  des  d isposi ti fs  de  protection .  

c)  La  documentation  pour tou t l og icie l  présen t dans  l e  système .  

La  documentation  de  programmation  doi t  être  fourn ie  dans  un  l angage  d 'étude  de  
programmation  déclaré  par l e  fabrican t.  

Les  données  et l es  segments  de  sécuri té  de  l a  séquence  de  fonctionnement  d o iven t être  
i denti fiés  et classés  selon  H . 1 1 . 1 2 . 3. 2 .  

I l  d oi t  y avoir une  re lation  cla i re  entre  l es  d i verses  parties  de  l a  documentation ,  par exemple  
l es  i n terconnexions  des  procédés,  du  matérie l  et de  l 'étiquetage  u ti l i sées  dans  l a  
documentation  du  l og icie l .  

S i  un  fabricant fourn i t  la  documentation  des  mesures  anal yti ques  prises  au  stade  de  l a  m ise  
au  poin t  du  matérie l  et  du  log icie l ,  cette  documentation  doi t  être  u ti l i sée  par l e  l aboratoire  
d ’essai  comme partie  i n tégrante  de  l a  procédure  d 'évaluation .  

H.27. 1 .2.2  Fonction  de  commande  de  classe  B  

H .27. 1 .2.2. 1  Exigences  relatives  à  l a  conception  et à  l a  construction  

Une fonction  de  commande de  classe  B  d o i t  être  conçue de  man ière  à  rester ou  passer 
dans  un  état défin i  en  cas  de  cond i tions  de  prem ière  panne .  Une  seconde panne 
indépendante  n 'est  pas  prise  en  cons idération .  

NOTE  Une  défai l l ance  d ' une  fonction  de  commande  de  cl asse  B  en  présence  d 'une  au tre  panne  de  l 'apparei l ,  
ou  u ne  défai l l ance  d 'une  fonction  de  commande  de  classe  C  seu le,  pou rrai t  en traîner un  d ysfonctionnement  
dangereux,  u n  choc é lectri q ue,  un  i ncend i e,  des  dangers  mécan iques  ou  au tres.  

Le  log icie l  doi t  être  conforme à  l a  cl asse  B  de  l og iciels .  

La  classe  de  l a  fonction  de  commande  do i t  être  i den ti fiée  dans  l e  Tableau  1 ,  exigence  92 .  

L'évaluation  doi t être  effectuée  conformément à  H .27. 1 . 2 . 2. 2  et  H . 27. 1 . 2. 2 . 3  et dans  l es  
cond i ti ons  d 'essai  et  sous  l es  cri tères  d 'essai  de  H . 27. 1 . 2. 5.  

H.27. 1 .2.2.2  Première  panne  

Toute  prem ière  panne  (voi r Tableau  H . 24)  dans  un  composant quelconque ou  une  panne  
que lconque accompagnée  d 'une  autre  panne quelconque décou lan t de  cette  prem ière  panne  
do i t  se  tradu i re  par l 'un  ou  l 'au tre  des  événements  su ivan ts :  

a)  l e  dispositi f de  commande  d evien t i nopéran t avec tou tes  l es  bornes  de  sortie  de  sécuri té  
m ises  hors  tension  ou  passées  à  un  état  où  e l l es  assurent une  s i tuation  sécurisée;   

b)  l e  disposi ti f de  commande  réag i t  dans  l e  temps de  réaction  aux pannes  (vo i r  
Tableau  1 ,  exigence 91 )  en  passant à  un  état défin i ,  à  cond i tion  que  l e  réarmement  
u l térieur à  parti r de  l ’état défin i  d ans  le  même état de  panne  renvoie  le  système  au  
même état défin i ;   
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c)  l e  dispositi f de  commande  conti nue  de  fonctionner,  l a  panne  é tan t i den ti fi ée  au  cours  de  
l a  prochaine  séquence de  démarrage,  l e  résu l tat  étant  a)  ou  b) ;   

d )  l e  dispositi f de  commande  reste  opérationnel  conformément aux exigences  
fonctionnel les  relati ves  à  l a  sécuri té  i nd iquées  dans  l a  partie  2  appropriée.  

La  partie  2  appropriée  doi t spéci fier l e  temps de  réaction  aux pannes  a insi  que  l 'appl icabi l i té  
de  c).  

Pour l ’état défin i  avec un  actionneur mécan ique,  un  essai  j usqu 'aux con tacts  de  commutation  
non  compris  est suffisant.  S i  l 'essai  de  l ’état défin i  échoue,  l e  système  d o i t  passer à  l 'arrêt  
de  sécuri té .  La  fréquence d 'essai  est  spéci fi ée  dans  la  partie  2  appropriée.  Les  pannes  
i n ternes  sur les  composants  du  ci rcu i t  de  con trôle  ne  son t pas  prises  en  cons idération .  

H.27. 1 .2.2.3  Panne  in troduite  au  cours  de  l ’ état défin i   

Chaque  fois  que  l e  dispositi f de  commande  est en  état  défin i  sans  panne  i n terne,  l es  
exigences  su ivantes  s 'appl i quen t.   

Toute  prem ière  panne  (accompagnée de  tou te  au tre  panne  i n du i te  par cette  panne)  dans  un  
composan t quelconque (voi r Tableau  H .24)  indu i te  alors  que  le  disposi ti f de  commande  
reste  dans  un  état  défin i ,  do i t  en traîner l 'un  ou  l 'au tre  des  événements  su ivan ts:  

a)  Le  disposi ti f de  commande  reste  à  l ’état défin i ,  l es  bornes  de  sortie  de  sécuri té  restan t 
hors  tens ion ;  ou  

b)  l e  disposi ti f de  commande  d evien t inopérant,  tou tes  les  bornes  de  sortie  de  sécuri té  
restant  hors  tens ion ;  ou  

c)  l e  dispositi f de  commande  retourne  en  fonctionnement  avec comme résu l tat a)  ou  b)  
comme mentionné  dans  l e  présent article  à  cond i ti on  que  l es  bornes  de  sortie  de  sécuri té  
soient a l imentées  pendant un  temps  i n férieu r ou  égal  au  temps de  réaction  aux pannes  
(voi r Tableau  1 ,  exigence 91 ) .  S i  l a  cause  de  l ’état défin i  d i sparaît et l e  dispositi f de  
commande  retourne  en  fonctionnement ,  i l  do i t  fonctionner conformément aux exigences  
fonctionnel les  de  sécuri té  de  l a  partie  2  appropriée.    

H.27. 1 .2.3  Fonction  de  commande  de  classe C  

H .27. 1 .2.3. 1  Exigences  relatives  à  l a  conception  et à  l a  construction  

Une fonction  de  commande de  classe C  d o i t  être  conçue de  man ière  à  rester ou  passer 
dans  un  état défin i  en  cas  de  cond i tions  de  prem ière  et deuxième panne .  Une  trois ième 
panne  indépendante  n 'est pas  prise  en  cons idération .  

NOTE  Une  défai l l ance  d 'u ne  fonction  de  commande  de  classe  B  en  présence  d 'un  au tre  défaut  de  l ' apparei l ,  
ou  u ne  défai l l ance  d 'une  fonction  de  commande  de  classe  C  seu le,  pou rrai t  en traîner un  d ysfonctionnement  
dangereux,  u n  choc é lectri q ue,  un  i ncend i e,  des  dangers  mécan iques  ou  au tres.  

Le  log icie l  doi t  être  conforme à  l a  cl asse  C  de  log iciels .  

La  classe  de  l a  fonction  de  commande  do i t  être  i den ti fiée  dans  l e  Tableau  1 ,  exigence  92 .  

L'évaluation  doi t être  effectuée  conformément à  H . 27. 1 . 2. 3. 2 ,  H . 27. 1 . 2. 3. 3  et  H . 27. 1 . 2 . 4  et  
dans  l es  cond i tions  d 'essai  et  sous  l es  cri tères  d 'essai  de  H . 27. 1 . 2. 5.  

H.27. 1 .2.3.2  Première  panne  

Toute  prem ière  panne  (voi r Tableau  H . 24)  dans  un  composant quelconque ou  une  panne  
que lconque accompagné  d 'une  autre  panne  que lconque décou lan t de  cette  prem ière  panne  
do i t  se  tradu i re  par l 'un  ou  l 'au tre  des  événements  su ivan ts :  

a)  l e  dispositi f de  commande  d evien t i nopéran t avec tou tes  l es  bornes  de  sortie  de  sécuri té  
m ises  hors  tension  ou  passées  à  un  état  où  e l l es  assurent une  s i tuation  sécurisée;  
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b)  l e  dispositi f de  commande  réag i t dans  l e  temps de  réaction  aux pannes  (voi r  
Tableau  1 ,  exigence 91 )  en  passant à  l ’état  défin i ,  à  cond i ti on  que  l e  réarmement  
u l térieur à  parti r de  l 'état  défin i  dans  l e  même état de  défaut  renvoie  l e  système  à  l 'état  
défin i ;   

c)  l e  disposi ti f de  commande  con ti nue  de  fonctionner,  l a  panne  é tan t i den ti fi ée  au  cours  de  
l a  prochaine  séquence de  démarrage,  l e  résu l tat  étant  a)  ou  b) ;  

d )  l e  dispositi f de  commande  reste  opérationnel  conformément aux exigences  
fonctionnel les  relati ves  à  l a  sécuri té  i nd iquées  dans  l a  partie  2  appropriée.  

La  partie  2  appropriée  doi t  spéci fi er le  temps de  réaction  aux pannes  a insi  que  l 'appl icabi l i té  
de  c).  

H.27. 1 .2.3.3  Seconde  panne  

Si  l 'évaluation  de  prem ière  panne  a  pour résu l tat que  l e  dispositi f de  commande  reste  
opérationnel  conformément aux exigences  fonctionnel l es  l i ées  à  l a  sécuri té  de  la  partie  2  
appropriée  (voi r H . 27. 1 . 2. 3. 2  d )) ,  n ' importe  quel l e  au tre  panne i ndépendante  considérée  
con j o in tement avec l a  prem ière  panne  d o i t  avoi r pour résu l tat  l 'un  des  poin ts  a) ,  b) ,  c)  ou  d )  
de  H . 27. 1 . 2. 3. 2.  

Au  cou rs  de  l 'évaluation ,  l a  seconde panne  d o i t  seu lement être  cons idérée  comme se  
produ isan t,   

a)  soi t  lorsqu 'une  séquence  de  démarrage  a  été  exécu tée  en tre  l a  prem ière  et l a  seconde  
panne ,  soi t   

b)  24  h  après  l a  prem ière  panne .   

La  partie  2  appropriée  doi t  spéci fier l 'appl icabi l i té  de  a)  ou  de  b)  et  le  temps  de  réaction  aux 
pannes  (voi r Tableau  1 ,  exigence  91 ) .  

E l le  peu t auss i  spéci fier une  durée  d i fférente  au  cours  de  l aquel le  l a  seconde panne ne se  
produ i t  pas,  s i  e l le  est  d i fférente  de  24  h .  

H.27. 1 .2.4 Défauts  in troduits  au  cours  de  l ’ état défin i   

H .27. 1 .2.4. 1  Général i tés  

Chaque  fo is  que  l e  d ispositi f de  commande  est en  état défin i  sans  panne  i n terne,  une  
évaluation  se lon  H . 27. 1 . 2. 4. 2  et H . 27. 1 . 2 . 4 .3  doi t  être  réal isée.   

Chaque fois  que  le  disposi ti f de  commande  est  i nopéran t avec toutes  l es  bornes  de  sortie  
de  sécuri té  m ises  hors  tension  ou  dans  un  état où  e l l es  assuren t une  s i tuation  sécurisée,  en  
état défin i  avec une  panne  i n terne,  une  évaluation  de  prem ière  panne  supplémenta ire  se lon  
H . 27. 1 . 2. 4. 3  doi t  être  effectuée.  

NOTE  Une  borne  de  sorti e  de  sécuri té  te l l e  q u 'u ti l i sée  en  H . 27. 1 . 2 . 4 . 2  et  H . 27. 1 . 2 . 4. 3  est  une  borne  q u i  est  l i ée  à  
l a  sécuri té  même en  arrêt de  sécuri té  ou  en  état défin i ,  par exemple  une  borne  de  va lve  à  gaz,  mais  pas  une  
borne  pou r un  actionneu r commandant l 'é l ément  de  commande  qu i  ne  dég rade  pas  l a  sécu ri té  en  état défin i .   

H.27. 1 .2.4.2  Première  panne  in trodui te  au  cours  de  l ’ état défin i  

Toute  prem ière  panne  (accompagnée  de  tou te  au tre  panne  i ndu i t  par cette  panne)  dans  un  
composant quelconque  (voi r Tableau  H . 24)  indu i t  a l ors  que  l e  disposi ti f de  commande  reste  
dans  un  état défin i ,  d oi t  en traîner l 'un  ou  l 'au tre  des  événements  su ivants,  soi t:  

a)  l e  dispositi f de  commande  reste  en  état défin i ,  l es  bornes  de  sortie  de  sécuri té  restant 
hors  tension  ou  dans  un  état  où  e l l es  assuren t une  s i tuation  sécurisée;  

b)  l e  disposi ti f de  commande  d evien t i nopéran t avec tou tes  l es  bornes  de  sortie  de  sécuri té  
restantes  m ises  hors  tens ion  ou  passées  à  un  état où  e l l es  assuren t une  s i tuation  
sécurisée;  
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c)  l e  dispositi f de  commande  retourne  en  fonctionnement  avec comme résu l tat a)  ou  b)  
comme mentionné  en  H . 27. 1 . 2. 4. 2  à  cond i tion  que  les  bornes  de  sortie  de  sécuri té  soien t 
a l imentées  pendant un  temps  in férieur ou  égal  au  temps de  réaction  aux pannes  (voi r 
Tableau  1 ,  exigence 91 ) .  S i  l a  cause  de  l a  cond i tion  i n i ti a le  d 'arrêt de  sécuri té  d i sparaît  
et l e  d ispositi f de  commande  retourne  en  fonctionnement,  i l  do i t  fonctionner 
conformément aux exigences  fonctionnel l es  de  sécuri té  de  la  partie  2  appropriée  et  
l 'évaluation  de  second  défaut  d oi t  ê tre  effectuée  conformément à  H . 27. 1 . 2 .3 .3 .  

H.27. 1 .2.4.3  Seconde  panne  in troduite  au  cours  de  l ’ état défin i   

Toute  seconde panne  (accompagnée de  toute  au tre  panne  i ndu i te  par cette  panne)  dans  un  
composant quelconque (voir Tableau  H . 24) ,  i ndu i t  a l ors  que  l e  disposi ti f de  commande  
reste  en  état défin i  d o i t  en traîner l ' un  ou  l 'au tre  des  événements  su ivan ts:  a),  b)  ou  c)  de  
H . 27. 1 . 2. 4. 2 .  

Au  cours  de  l 'évaluation ,  l a  seconde panne  n e  doi t pas  être  cons idérée  se  produ ire  dans  l es  
24  h  après  l a  prem ière  panne .  

La  partie  2  appropriée  doi t  spéci fi er l e  temps de  réaction  aux pannes .  

E l le  peu t aussi  spéci fier une  durée  d i fféren te  dans  laquel l e  la  seconde  panne  ne  se  produ i t  
pas,  s i  e l l e  est  d i fférente  de  24  h .  

H.27. 1 .2.5  Évaluation  de  circu i t et  de  construction  

H .27. 1 .2.5. 1  Condi tions  d 'essai  

Les  effets  des  pannes  i n ternes  doivent être  évalués  par s imu lation  et/ou  par examen  de  l a  
conception  du  ci rcu i t.  

La  panne doi t être  considérée  s 'être  produ i te  à  n ' importe  quel  stade  de  l a  séquence de  
programme du  disposi ti f de  commande .  

Le  disposi ti f de  commande  d o i t  être  m is  en  fonctionnement ou  être  considéré  comme 
fonctionnant dans  l es  cond i tions  su ivan tes:  

a)  sous  l a  tens ion  l a  p lus  défavorable  dans  l a  plage  a l l an t de  85  %  à  1 1 0  %  de  la  tens ion  
ass ignée  d 'a l imentation ;  

b)  soum is  à  l a  charge  la  p lus  défavorable  déclarée  par l e  fabrican t;  

c)  à  une  température  ambian te  de  (20  ±  5)  °C,  à  moins  qu ' i l  n ' y a i t  des  ra isons  valables  
d 'effectuer l 'essai  à  une  au tre  température  de  l a  p lage  déclarée  par l e  fabrican t;  

d )  avec tout  organe de  manœuvre  p lacé  dans  l a  posi ti on  l a  p lus  défavorable;  

e)  avec du  papier de  soie  p lacé  sur l a  ( l es)  surface(s)  d 'appu i  d u  disposi ti f de  commande ;  

f)  avec des  éti ncel l es  de  3  mm  de  longueur envi ron  ayan t une  énerg ie  d 'au  moins  0 , 5  J  
appl iquées  aux composants  qu i  sont susceptib les  de  l ibérer des  gaz i n fl ammables  
pendant l 'essai .  

H.27. 1 .2.5.2  Cri tères  d 'essai  

Au  cours  de  l 'étude,  i l  doi t  ê tre  véri fié  que  dans  les  cond i ti ons  décri tes  ci -dessus,  l es  cri tères  
su ivants  son t respectés.  

a)  Le  dispositi f de  commande  ne  doi t pas  émettre  de  flammes,  de  métal  chaud  ou  de  
matières  p lasti ques  chaudes,  l e  papier de  soie  ne  doi t pas  s 'enflammer,  aucune explosion  
ne  doi t en traîner l a  l i bération  de  gaz i n flammables  et  tou te  flamme produ i te  ne  doi t  pas  
con tinuer de  brû ler p l us  de  1 0  s  après  l a  m ise  hors  tens ion  du  générateur d 'étincel les.  
Lorsqu 'un  dispositi f de  commande  est i ncorporé  avec un  apparei l  que lconque,  tou te  
enveloppe fourn ie  par l 'apparei l  est  prise  en  considération .  
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b)  S i  l e  dispositi f de  commande  con tinue  de  fonctionner,  i l  doi t  se  conformer aux Articles  8  
et  1 3  ou  aux Articles  8  et  1 3  de  la  partie  2  appropriée.  S ' i l  cesse  de  fonctionner,  i l  do i t  
encore  conti nuer de  se  conformer à  l 'Article  8  ou  à  l 'Article  8  de  l a  partie  2  appropriée.  

c)  I l  ne  doi t  pas  y avoi r de  perte  de  fonction  de  protection .  

Après  les  essais,  i l  ne  doi t y avoi r aucune détérioration  des  d i fférentes  parties  du  dispositi f 
de  commande  pouvan t résu l ter dans  la  non-conform ité  à  l 'Article  20  ou  à  l 'Article  20  de  la  
partie  2  appropriée.  

H.27. 1 .2.5.3  Évaluation  

Une étude  approfond ie  du  ci rcu i t doi t être  effectuée  pour déterm iner sa  performance dans  les  
cond i ti ons  de  panne  spéci fi ées.  Cette  étude  doi t  prendre  l a  forme d 'une  anal yse  théorique  et 
d 'un  essai  de  s imu lation  d 'une  défai l lance  d e  composant.  Des  s imu lations  de  pannes  
peuvent également être  réal isées  pour s imu ler les  pannes  d ans  l es  d ispos i ti fs  complexes,  par 
exemple  essais  de  s imu lation  des  EPROM.  

Seu l  l e  l og icie l  de  sécuri té  ( log icie ls  de  classe  B  et  C)  te l  qu ' identi fi é  se lon  H . 27. 1 . 2. 1 . 2  doi t  
subi r une  évaluation  p lus  poussée.  Pour l ' identi fication  de  l a  classe,  une  anal yse  par arbre  de  
panne  peut  être  u ti l i sée.  

H.27.4  Des  disposi ti fs  de  commande  assuran t une  coupure électron ique  ( type  1 . Y ou  
2 .Y)  doiven t rés ister aux cond i ti ons  de  surtension  anormale  qu i  peuvent se  produ ire.  

La conformité  est vérifiée par l'essai suivant:  

H.27.4. 1  Le dispositif de commande  est chargé comme indiqué en 17. 2 et soumis à  
1 , 15 ×  VR  pendant 5 s,  lorsque le dispositif de commande est prévu comme coupure 
électronique.  

H.27.4.2  Pendant et après l'essai,  le  dispositif de commande  doit continuer à  assurer une 
coupure électronique  comme déterminé par l'essai de  H. 11 . 4. 16.2.  

H.28  Guide sur l 'uti l isation  des  coupures  électroniques  

H.28. 1  Caractéristiques  des  d ispositi fs  de  coupure  à  semi-conducteurs  

H .28. 1 . 1  Les  d ispos i ti fs  de  coupure  à  sem i -conducteurs  d i ffèrent de  leurs  équ iva len ts  
é lectromécan iques  en  tro is  poin ts:  

a)  l orsqu ' i l s  assuren t une  coupure électron ique ,  un  fa ib le  courant traverse  tou jours  l e  
ci rcu i t contrôlé;  

b)  i l s  sont p lus  sensib les  aux perturbations  du  réseau  d 'a l imentation ;  

c)  i l s  sont p l us  sensib les  à  l a  température.  

H.28. 1 .2  Les  exigences  et essais  pour coupure électronique  d e  l a  présen te  norme 
garantissent que:  

a)  l e  courant traversant l a  coupure électronique  ne  sera  pas  supérieur à  5  mA ou  1 0  %  du  
courant assigné,  su ivant l a  valeur l a  p l us  basse,  pour tou te  charge  j u squ 'à  la  charge  
maximale  prévue  dans  l e  ci rcu i t;  

b)  même avec l es  cond i tions  l im i tes  des  perturbations  réseau ,  un  dispositi f de  commande  
ne  sera  pas  affecté  et ne  permettra  pas  l e  passage  du  couran t dans  le  d i spos i ti f pendant 
p lus  d 'un  dem i-cycle  de  l a  forme d 'onde  d ’a l imentation ;  

c)  l e  d isposi ti f aura  une  endurance convenable  en tre  les  l im i tes  de  température  pour 
l esquel l es  i l  est prévu  de  fonctionner.  
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H.28.2  U ti l i sation  de  d isposi ti fs  de  coupure  à  semi-conducteurs  

H .28.2. 1  Une  coupure  électron ique  peu t provoquer le  passage du  courant pendan t un  
dem i-cycle  de  l a  fréquence de  l 'a l imentation  par appl ication  d 'une  impu ls ion  d 'une  tens ion  
suffisante.  Tand is  que  l e  complet  i solement de  l 'a l imentation  est tou jours  réa l isé  par 
l 'équ iva lent de  l a  pleine  coupure ,  i l  peu t  y avoir quelques  appl ications  où  le  
fonctionnement,  même pendant un  dem i-cycle,  est i nacceptable.   

En  ce  qu i  concerne  les  apparei ls  domestiques,  l ' i n terruption  très  occasionnel le  pendant un  
maximum  d 'un  dem i-cycle  de  l a  fréquence de  l 'a l imentation  peut généralement ne  pas  être  
prise  en  compte.  Cela  sera  sans  conséquence  pour l es  apparei ls  de  chauffage  et l a  majori té  
des  apparei ls  à  moteur.   

Cependan t,  pour l es  apparei ls  à  moteur,  où  i l  est poss ib le  pour l 'uti l i sateur  d 'en trer en  
con tact  avec des  parties  mobi les  dangereuses  ou  des  parties  qu i  sont sous  tens ion  soi t  
pendan t l 'usage normal  so i t  pendant l 'entretien  par l 'u ti l isateur  (par exemple  nettoyage),  i l  
sera  nécessai re  d 'exiger davantage  de  garanties  ou  de  ne  pas  permettre  de  te ls  d ispos i ti fs.  
Des  exemples  d 'apparei l s,  pour l esquels  une  coupure électronique  ne  sera i t  pas  appropriée,  
son t certa ins  types  de  mach ines  de  cu is ine  où  l 'accès  à  des  parties  mobi l es  ou  des  parties  
actives  est possib le.   

AVERTISSEMENT:  Pour quelques  apparei ls  à  moteur,  la  m ise  sous  tens ion  de  l a  charge  
con trôlée  à  l a  fréquence  de  l 'a l imentation  pendant un  dem i -cycle  peu t provoquer l a  rotation  
du  moteur.  Le  fonctionnement de  d ispos i ti fs  à  so lénoïde  peut  auss i  se  produ ire.  

H.28.2.2  Quand  la  charge  contrôlée  est une  charge  à  g rande  impédance comme une  bobine  
de  re la is  ou  solénoïde,  des  précautions  doivent être  prises  de  façon  que  le  courant perm is  
dans  le  dispositi f de  commande  assuran t une  coupure électronique  so i t  assez fa ib le  pour 
provoquer la  déconnexion  de  l a  charge.  
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Annexe J   
(normative)  

 
Exigences  pour éléments  de  thermistance et d ispositi fs  

de  commande uti l isant des  thermistances  

L'Annexe J  complète  ou  mod i fie  l es  articles  correspondants  de  la  présente  norme.  

J .1  Domaine  d ’appl ication  

J . 1 . 1 . 1  Alinéas complémentaires:  

L'Annexe J  est appl icable  aux d isposi ti fs  de  type  à  thermistance  d i scrète  et aux disposi ti fs  
de  commande  u ti l i san t des  therm istances  fabriquées  avec des  matériaux sem i -conducteurs  
céram iques  ou  pol ymères.  

L'Annexe J  s 'appl ique  à  l a  sécuri té  in trinsèque,  aux va leurs  de  températures  de  
fonctionnement et aux essais  des  dispositi fs  de  commande  u ti l i sant des  thermistances  so i t  
avec rég lage  soi t avec té lécommande.   

NOTE  Ces  thermistances  peuvent  être  u ti l i sées:  

−  en  mode  au to-chauffan t  comme l es  rad iateurs  au tocontrôlés  e t  dans  des  appl i cati ons  semblab les ;   

−  comme é léments  de  d isposi ti fs  de  commande ,  ou   

−  comme éléments  sensibles .  

L'Annexe J  ne  concerne  pas  l es  thermistances  u ti l i sées  dans  des  fonctions  de  commande  
dans  lesquel l es  son t m ises  en  œuvre  des  mesures  supplémenta ires  visan t à  assurer l a  
sécuri té  au  se in  du  dispositi f de  commande .  

Ces  exigences  s ’appl iquen t aux d ispos i ti fs  de  type  à  coefficien t de  température  pos i ti f (CTP)  
et  coefficien t de  température  négati f (CTN).  

Les  dispositi fs  de  commande  te ls  que  l es  l im i teurs  de  couran t ne  son t pas  destinés  à  
remplacer l es  d isposi ti fs  de  coupure  de  courant te ls  que  les  fus ib les  mais  ont pour objet 
d ’assurer un  n i veau  de  protection  contre  les  surin tens i tés  satisfaisant aux exigences  
appl icables  à  l ’ équ ipement en  u ti l i sation  fi nale.  

Les  parties  2  de  la  norme peuvent conten i r des  exigences  add i tionnel l es  pour les  
thermistances  fa isan t office  de  disposi ti fs  de  commande  complets .  

J .2  Termes  et défin i tions  

J .2. 1 5 Défin i tions  relatives  aux thermistances  

J .2. 1 5. 1   
thermistance  
rés istance  à  sem i-conducteur sensib le  therm iquement qu i  présente,  dans  au  moins  une  partie  
de  sa  caractéristique  rés istance/température  (R/T) ,  un  changement non  l i néaire  s ign i ficati f de  
sa  rés istance  électri que  pour un  changement de  température   

Note  1  à  l ’ arti cl e:  Le  changement  de  température  peut  surven i r soi t  en  ra i son  du  passage  du  cou rant  dans  l a  
thermistance ,  ou  comme résu l tat  du  changement  de  l a  température  ambian te,  soi t  de  l a  combinaison  de  deux de  
ces  facteurs.  

Note  2  à  l ’ arti cl e:  Les  thermistances  ne  sont  pas  cons idérées  comme des  disposi ti fs  él ectron iques  (voi r 
Annexe  H ).  
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J .2. 1 5.2  
thermistance CTP  
thermistance  à  coefficien t de  température  pos i ti f (CTP)  qu i  présente  une  augmentation  de  
rés istance  avec l 'accroissement de  température  dans  la  portion  u ti l e  de  la  caractéristi que  
rés istance/température  (R/T)  

Note  1  à  l ’ arti cl e:  Les  thermistances  CTP  p résenten t  égal ement une  rés i stance  décroissante  avec u ne  tens ion  
appl i quée  comme un  effet  secondai re.  

Note  2  à  l ’ arti cl e:  Pou r une  thermistance  CTP ,  l a  porti on  s i gn i fi cati ve  de  l a  caractéri sti q ue  
rés i stance/températu re  est  habi tuel l ement  l a  porti on  dans  l aquel l e  u n  accroissement brusque  de  l a  rés i stance  
provi ent  d 'une  augmentati on  de  température,  habi tuel l ement précédée  par un  changement progress i f de  rés i stance  
aux p l us  basses  températu res  et  un  changement prog ressi f semblable  aux températures  au -dessus  de  
l 'accroissement brusque.  La  caractéri sti que  rés i stance/température  de  quelques  thermistances  CTP  peu t  avoi r 
une  pen te  négati ve  après  une  augmentati on  progress ive  de  peu  d ' importance  après  l 'accroissement  brusque.  

J .2. 1 5.3  
thermistance  CTN  
thermistance  à  coefficien t de  température  négati f (CTN )  qu i  présente  une  d im inution  de  
rés istance  avec l 'accroissement de  température  dans  la  portion  u ti l e  de  la  caractéristique  
rés istance/température  

J .2. 1 5.4  
élément  de  d ispositi f de  commande à  thermistance  
thermistance CTP  ou  CTN  qu i  con trôle  d i rectement une  charge  en  étant connectée  en  série  
avec el l e  

Note  1  à  l ’ arti cl e:  Une  thermistance  de  d isposi ti f de  commande  n ’ est  pas  desti née  à  être  raccordée  par l e  
réseau .   

Note  2  à  l ’ arti cl e:  Les  u ti l i sati ons  types  son t  l es  l im i teurs  de  courant,  l es  l im i teurs  de  courant d ’ appel ,  l es  
l im i teurs  de  cou rant  de  bobi ne  démagnéti san te  et  l es  l im i teurs  de  cou ran t de  démarrage  de  moteur.  

J .2. 1 5.5   
rad iateur autocontrôlé  
thermistance  CTP  q u i  n 'a  pas  de  l im i teur de  température  add i tionnel  et qu i  est u ti l i sée  
comme é lément de  chauffage  à  cause  de  son  effet  au to-chauffan t  

Note  1  à  l ’ arti cl e:  Généralement u ti l i sé  en  branchement d i rect  au  secteur.   

Note  2  à  l ’ arti cl e:  Normalement un  rad iateur au tocontrôl é  provoquera  une  action  de  type  2 .  

J .2. 1 5.6  
élément  sensible  de  thermistance  
thermistance  CTP  ou  CTN  u ti l i sée  comme capteur et qu i  ne  transporte  pas  de  couran t de  
charge  

J .2. 1 5.7  
valeur B  
i nd ice  de  thermistance  CTN  q u i  exprime  le  n iveau  de  variation  de  l a  résistance  ca lcu lé  à  
parti r de  deux poin ts  quelconques  spéci fiés  par l e  fabricant sur l a  courbe  
résistance/température  (R/T)  

J .2. 1 5.8  
courant de  maintien  
Ih  

courant  maximal  qu ’une  thermistance CTP  de  l im i tation  de  courant  peu t main ten i r à  l ’ état 
«acti vé»  de  faib le  rés istance  à  l a  température  ambian te  ass ignée et pendan t une  durée  
spéci fiée  par l e  fabricant  
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J .2. 1 5.9  
courant d ’appel  
In  
courant de  crête  mesuré  après  m ise  sous  tension  à  l a  tens ion  assi gnée et à  une  température  
de  25  °C  ± 2  K ou  à  l a  température  ambiante  spéci fi ée  par l e  fabrican t  

J .2. 1 5. 1 0  
courant de  déclenchement 
It  
pour une  thermistance CTP  de  l im i tation  de  couran t,  couran t m in imal  déclaré  par l e  fabricant 
auquel  une  thermistance CTP  passe  d ’ une  rés istance  fa ible  à  é levée  à  une  température  ou  
p lage  de  températures  spéci fiée   

Note  1  à  l ’ arti cl e:  It  =  Y ×  Ih ,  où  Y est  l e  mu l ti p l i cateu r de  courant de  décl enchement  décl aré  par l e  fabricant.  

J .2. 1 5. 1 1  
courant maximal  
Imax  
valeur de  couran t attribuée  par l e  fabrican t et  qu i  satisfa i t  à  tou tes  l es  exigences  de  la  
présente  norme 

Note  1  à  l ’ arti cl e:  Pou r l es  d i fféren ts  d i sposi ti fs ,  l e  cou ran t associé  désigné  Imax  est  i nd i qué  au  Tableau  J . 1 .  

Tableau  J . 1  – Courant  maximal  

Disposi ti f Couran t associ é  désigné  Imax  

Rad iateur autocontrôlé  CTP  Couran t maximal  en  rég ime  établ i  a  

Démarreu r de  moteu r CTP  Cou ran t maximal  d ’ en rou lemen t  de  démarrage  

Lim i teur de  courant,  d émagnéti seur CTP   Couran t de  déclenchement  maximal  b  

L im i teur de  courant d ’appel  CTN  Cou ran t maximal  en  rég ime  établ i  

Capteu r CTP  ou  CTN  Non  app l i cabl e  

a   Pour l es  d i sposi ti fs  don t  l es  valeu rs  ass ignées  en  watts  son t  déclarées  par l e  fabricant,  Imax  est  
ca l cu lé.  Ce  couran t ne  correspond  pas  au  courant d ’ appel .  

b   Pour l es  d i spos i ti fs  d ont  l a  courbe  temps  jusqu ’ à  déclenchement  en  fonction  du  cou rant  est  
ass ignée  par l e  fabricant,  l e  courant maximal  (Imax)  doi t  être  i den ti fi é .  

J .2. 1 5. 1 2  
courant de  court-ci rcu i t  
Isc  
courant maximal  d ispon ib le  à  parti r de  l a  source  à  impédance l im i tée  ( te l le  qu ’une  
a l imentation)  

J .2. 1 5. 1 3  
courant en  régime  établ i  
Iss  
courant mesuré  après  s tabi l i sation  de  la  température  de  la  thermistance  d ans  l ’a i r à  la  
température  ambian te  de  25  °C  ±  2  K ou  à  une  températu re  ambian te  spéci fi ée  par le  
fabrican t,  l orsqu ’e l le  est  raccordée  à  l a  tens ion  ass ignée et fonctionne  dans  son  état de  
rés istance  é levée pour l es  thermistances  CTP  ou  de  faib le  résistance  pour l es  
thermistances  CTN   

Note  1  à  l ’ arti cl e:  Pou r certa i nes  thermistances  CTN ,  Iss  est  i den ti que  à  Imax .  

J .2. 1 5. 1 4  
résistance  
Rmin  
pour une  thermistance CTP  céram ique,  poin t de  rés istance  m in imale  sur l a  courbe  R/T 
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J .2. 1 5. 1 5  
résistance  
Rx  (R25)  
résistance  ass ignée  à  une  température  spéci fi ée  par l e  fabrican t pour Rx  ou  à  l a  température  
de  25  °C  ±  2  K pour R25  

J .2. 1 5. 1 6  
résistance de  commutation   
Rsw  
pour une  thermistance  CTP  céram ique,  valeur de  résistance  à  laquel l e  l a  résistance  
commence  à  augmenter brusquement en  fonction  de  l ’augmentation  de  la  température  

Note  1  à  l ’ arti cl e:  Pou r l a  présente  norme,  Rsw  es t  l a  va l eu r à  l aquel l e  l a  rési stance  est  égale  au  doubl e  d e  Rmin ;  
à  moins  que  l e  fabrican t  spéci fi e  l a  val eu r de  Rsw  en  référence  à  Rmin  avec un  facteur de  mu l ti p l i cation  au tre  que  
deux,  ou  en  référence  à  Rx.  

J .2. 1 5. 1 7  
résistance  déclenchée   
Rtr  
pour une  thermistance CTP  d e  dispositi f de  commande ,  va leur de  la  résistance  de  la  
therm istance  dans  son  état  déclenché à  l a  tension  maximale  (Vmax)   

Note  1  à  l ’ arti cl e:  R tr  es t  ca l cu lée  en  d i vi san t  l a  chu te  de  tens ion  au  n i veau  de  l a  thermistance  par l e  couran t en  
rég ime  établ i  (Iss)  ci rcu lan t  d ans  l a  thermistance .  

J .2. 1 5. 1 8  
température  de  commutation   
Tsw  
pour une  thermistance CTP  céram ique,  température  à  l aquel le  l a  résistance  est à  l a  va leur 
de  Rsw  

J .2. 1 5. 1 9  
température  de  surface   
Ts  
température  de  l a  surface  d ’une  thermistance  l orsque  l a  thermistance  est m ise  sous  tens ion  
dans  l es  cond i tions  de  fonctionnement normal  

Note  1  à  l ’ arti cl e:  Le  Tabl eau  J . 2  spéci fi e  l es  cond i ti ons  de  fonctionnement  normal  types  pour l es  thermistances .  

Tableau  J .2  (J .7 ,  7.2  de  l ’ éd i tion  3)  – Conditions  de  fonctionnement normal  

Type  de  thermistance  Tension  Couran t  

Radiateur autocontrôlé  CTP  Vmax  Iss  

Démarreu r de  moteu r CTP  Vmax  Iss  

Démagnéti seur CTP  Vmax  Iss  

L im i teur de  couran t CTP  Vmax  Ih  e t  Iss
 a  

L im i teur de  courant d ’ appel  CTN  Vmax  Imax  

a  La  températu re  de  surface  mesurée  à  Iss  refl ète  l es  cond i ti ons  à  l ’ état  d éclenché  de  
l a  thermistance  (cond i ti ons  de  fonctionnement normal  pou r l e  CTP,  cond i ti on  de  
fonctionnement anormal  pour l e  ci rcu i t/appl i cati on  contrôl és  par l e  CTP).  

 

J .2. 1 5.20  
temps  jusqu ’à  déclenchement 
temps  nécessai re  à  une  thermistance CTP  pour l im i ter l e  courant de  déclenchement  (It)  
déclaré  par l e  fabrican t à  50  %  de  sa  valeur lorsqu ’e l le  est m ise  sous  tens ion  à  l a  tens ion  
ass ignée  et à  température  ambiante  
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J .2. 1 5.21  
température  d ’embal lement  thermique  
TR  
point de  température  é levée sur l a  courbe  R /T auquel  une  résistance de  thermistance  CTP  
n ’augmente  p lus  en  fonction  de  l ’ augmentation  de  l a  température  

J .2. 1 5.22  
tension  maximale   
Vmax  
tension  maximale  d ’une  thermistance  te l le  que  déclarée  par le  fabricant  

Note  1  à  l ’ arti cl e:  Vmax  est  supérieu re  à  l a  tens i on  assignée  (Vr)  l orsqu ’une  tensi on  de  service  p l us  é l evée  se  
produ i t  d ans  certai nes  cond i ti ons  dans  l ’ équ ipement en  u ti l i sation  fi nale,  comme par exemple  pou r l es  l im i teurs  de  
bobi ne  de  démarrage  de  moteur.  

J .4 Général i tés  sur les  essais  

J .4.2  Échanti l lons  requ is  

Paragraphes complémentaires:  

J .4.2 .5  Sauf i nd ication  contra ire,  l es  échanti l l ons  représentati fs  i nd iqués  au  Tableau  J . 3  
doivent fai re  l ’ objet des  essais  spéci fi és  en  J . 1 7. 1 8.  De  nouveaux échanti l lons  doivent être  
u ti l i sés  pour tous  les  essais  au tres  que  les  essais  de  surcharge  et  d ’endurance.  

Tableau  J .3  – Échanti l lons  pour l ’ essai  (article  de  référence)  

 Vi ei l l i sse  
ment  

(J.17.18.3)  

É tabl isse  
ment de  
cycl e  

chaleur-
froid-

humid i té  

(J.17.18. 1)  

Surcharge  

(J.17.18.2.1,  
J.17.18.7.1)  

Endurance  

(J.17.18.2.2,  
J.17.18.7.2)  

É tabl isse  
ment de  
cycl e  

fonctionnel  
à  froid  

(J.17.18.4,  
J.17.18.8)  

É tabl i sse  
ment de  
cycl e  

thermique  
à  froid  

(J.17.18.6)  

Embal le  
ment 

thermique  

(J.17.18.5)  

Nombre  d ’échanti l l ons  par 
essai  

3  3  3  a  3  a  3  3  3  

Appl i cation  
de  
thermistan
ce  

Radiateur 
autocontrôl é  
CTP  

X X X X X -  X 

Disposi ti f de  
commande  
CTP  

X X X X X -  X 

Capteu r CTP  X X X X -  X -  

Disposi ti f de  
commande 
CTN  

X X X X X -  -  

Capteu r CTN  X X X X -  X -  

Les  essais  d ’étal onnage  de  J . 1 5. 7  et  J . 1 5. 8  do iven t  être  réal i sés  avant  et  après  chacun  des  essais  ci -dessus  (sauf pou r 
l ’ embal l ement therm ique).  
a    Les  troi s  mêmes  échanti l l ons  doiven t  être  u ti l i sés  pou r l es  essais  de  su rcharge  et  d ’ endu rance.  

 

J .4.3.2  Selon  les  caractéristiques  assignées  

Alinéas complémentaires: 

Pour l es  besoins  de  la  présente  norme,  l a  tens ion  assignée (Vr)  d ’ une  thermistance  est l a  
tens ion  d ’en trée  d ’ une  thermistance  déclarée  par l e  fabricant.   

NOTE  Vr  est  en  général  éga l  à  l a  tens i on  de  l a  sou rce  d ’ a l imentati on .  
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Paragraphe complémentaire:  

J .4.3.2 . 1 1  Les  cond i tions  é lectri ques  et therm iques  d ’ une  thermistance  do ivent être  
conformes  au  Tableau  J . 4  et  être  fonction  de  son  appl ication  prévue.  

Tableau  J .4 – Cond itions  électriques  et  thermiques  d ’une thermistance  

Caractéristique   

Type de  thermistance  

CTP  CTN   

Rad iateur 
autocontrôl é  

Démarrage  
de  moteur 

Lim i teur 
de  courant 

a  

Capteur a  Démagnétiseur Capteur a  L imi teur 
de  courant 
d ’ appel  

Valeur béta  (B)   -   -   -   -   -   R -  

Numéro  de  classe  
d ’ étalonnage  

-  -  -  R -  R -  

Capaci té  – charge  
ou  caractéristique  
assignée  Jou l e   

-   -   -   -   -   -   R 

Couran t de  
déclenchement (It)  

-   -   R -   -   -   -   

Courant d ’appel  (In )  R  R -   -   R -   R 

Couran t de  main tien  
(Ih )  

-   -   R -   -   -   -   

Couran t maximal  
(Imax)  

-   R R -   R -   R 

Couran t en  rég ime  
établ i  (Iss)  

R  R R -   R -   R 

Impédance  de  
bobine   

-   -   -   -   R -   -   

Résistance – R25 et 
tolérance  

R  R R R R R R 

Température  
ambiante  de  
fonctionnement 
maximale   

-   R R R R R R 

Température  de  
commutation  (Tsw)   

R  R R R R -   -   

Température  de  
surface  maximale  
(Ts )  

R  R R -   R -   R 

Temps  jusqu ’à  
déclenchement  

-   -   R -   -   -   -   

Tension  maximale  
(Vmax)  

R  R R -   R -   R 

Tension  assignée  
(Vr)  

R  R R -   R -   R 

La  désignation  "R"  i nd ique  l es  caractéri sti ques  ass ignées  pou r l e  d i spos i ti f devant être  fou rn i es  par l e  fabrican t.   

a   La  gamme de  températu res  ambian tes  de  foncti onnement  doi t  être  spéci fi ée.  
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J .4.3.5  Selon  l a  fonction  

Paragraphes complémentaires:  

J .4.3.5.4  En  fonction  du  type  de  thermistance  e t  de  l ’ appl ication  particu l i ère,  l es  
thermistances  d o iven t être  soum ises  aux essais  i nd iqués  dans  l e  Tableau  J . 3  et aux essais  
d ’éta lonnage  de  J . 1 5. 7  ou  J . 1 5.8 ,  se lon  ce  qu i  s ’appl i que.   

J .4.3.5.4. 1  Les  thermistances  u ti l i sées  dans  l es  dispositi fs  de  commande à  action  de  
type  1  conformes  à  l ’ I EC 60738  ou  à  l ’ I EC 60539  doivent un iquement fa i re  l ’objet d ’essais  
d ’embal l ement therm ique  de  J . 1 7. 1 8. 5.  La  conform ité  à  l ’ I EC 60738-1  ou  à  l ’ I EC 60539  n ’est  
pas  requ ise  s i  l es  thermistances  satisfon t aux exigences  de  l ’Annexe  J .  

J .6  Classi fication  

J .6.4 Selon  l es  caractéristiques  du  fonctionnement automatique  

J .6.4.3.3  Remplacement:  

Dans  l e  cadre  de  la  présen te  norme,  un  dispositi f de  commande à  thermistance CTP  ou  un  
élément sensible  q u i  est en  mode ouvert (résistance  é levée)  ou  une  thermistance CTN  en  
mode fermé (rés istance  élevée)  son t considérés  comme fourn issant l 'équ iva lent d 'une  
coupure  électron ique  e t  sont classés  comme à  action  de  type  1 .YJ  ou  2 .YJ .  

– thermistance  ( type  1 . YJ  ou  2 .YJ )  

NOTE  Voi r égal ement  J . 1 1 . 4 . 1 7.   

J .6. 1 5 Selon  la  construction  

Paragraphes complémentaires:  

J .6. 1 5.6  Disposi ti f de  commande uti l i sant des  thermistances  CTN  ou  CTP  

J .6. 1 5.7  E lément céramique  

J .6. 1 5.8  E lément polymère  

Paragraphes complémentaires:  

J .6. 1 7  Selon  l 'u ti l isation  de  l a  thermistance  

J .6. 1 7. 1  – élément de  d ispositi f de  commande à  thermistance  

J .6. 1 7. 1 . 1  –  l im i teur de  courant CTP  

J . 6. 1 7. 1 . 2  –  démarreur de  moteur CTP  

J . 6. 1 7. 1 .3  –  démagnétiseur CTP   

J . 6. 1 7. 1 .4  – l im i teur de  courant d ’appel  CTN  

J . 6. 1 7.2  – rad iateur autocontrôlé  

J .6. 1 7.3  –  é lément sensible  de  thermistance  

J .6. 1 7.3. 1  –  capteur CTP  

J . 6. 1 7.3.2  –  capteur CTN  
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J .7  Information  

Le  Tableau  J . 5  fourn i t  des  exigences  supplémenta ires  au  Tableau  1 .  

Tableau  J .5  – Points  complémentai res  au  Tableau  1  

 
I n formation  

Arti cle  ou  
paragraphe  Méthode 

61  Selon  l a  constructi on  et  l ' u ti l i sation  d ' une  thermistance  J . 6 . 1 5,  J . 6 . 1 7  X 

62  Caractéri sti ques  R/T,  spéci fi cations  d ’éta lonnage  k  J . 1 5. 7 ,  J . 1 5. 8  X 

63  Caractéri sti ques  R/T,  spéci fi cations  d ’étalonnage,  dérive  i  J . 1 5. 7 ,  J . 1 5. 8,  
J . 1 7. 1 7. 1  

X 

64  Nombre  de  cycles  J . 1 7. 1 8. 2  X 

65  Méthode  de  mesure  R/T J . 1 5. 7 . 4 ,  J . 1 5. 8. 3  X 

82  Lim i teurs  de  cou rant  CTP  don t  l e  couran t maximal  est  rédu i t  à  une  
val eu r i n férieure  ou  éga le  à  8  A en  <  5  s .  

J . 1 5. 7. 6. 1 . 1  X 

Notes de  bas de tableau complémentaires au Tableau 1 :  

k  Les  caractéri sti q ues  R/T d oi vent  être  présentées  sous  forme d 'une  cou rbe,  d ' un  tableau  ou  de  poin ts  d e  
fonctionnement d i vers  et  doi vent  comporter l a  dévi ation  déclarée.   

l  Des  i n d ications  add i ti onnel l es  peuvent être  i n d i quées  à  d es  nombres  i n terméd iai res  de  cycles  pou r l ' essai  de  
J . 1 7. 1 8. 2 .  

 

J . 1 1  Exigences  de  construction  

Paragraphes complémentaires:  

J . 1 1 .3. 1 0  Les  thermistances  u ti l i sées  dans  l es  dispositi fs  de  commande  pour assurer une  
sécuri té  fonctionnel le  ou  comme disposi ti fs  de  commande  pour assurer une  sécuri té  
fonctionnel le  à  une  appl ication  con trôlée,  doiven t fourn i r une  action  de  type  2  ( type  2 .YJ ) ,  
pour d ’autres  appl ications  au  moins  (type  1 .YJ ) .  

NOTE  Exemples  de  thermistances  u ti l i sées  pou r assurer l a  sécuri té  fonctionnel l e  d ’ u ne  app l i cation  contrôlée:  
capteu rs  de  températu re  pour appl i cations  de  coupe-ci rcu i t  de  températu re  ou  d i spos i ti fs  CTP  de  l im i tation  de  
courant  dans  l es  ci rcu i ts  à  énerg i e  non  l im i tée.   

J . 1 1 .4. 1 7  Action  de  type 1 .YJ  ou  2 .YJ  

Une thermistance  à  action  de  type  1 . YJ  ou  de  type  2 .YJ  doi t fonctionner pour assurer une  
variation  i n trinsèque de  l a  rés istance.  

La conformité est vérifiée par les essais spécifiés dans les exigences correspondantes de la  
présente Annexe J.  

J .1 3  Rigidi té  d iélectrique et résistance d ' i solement 

J . 1 3.2  Rig id i té  d iélectrique  

Modification de la  note de bas de tableau c du Tableau 12:  

Ajouter le  mot "therm istances , " après "les  parties  é lectron iques".  
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J .1 5 Tolérances  de  fabrication  et dérive  

Paragraphes complémentaires:  

J . 1 5.7  Essais  d ’ étalonnage des  thermistances  CTP   

J . 1 5.7. 1  Les thermistances  céramiques ne sont pas affectées par la  séquence des essais 
d’étalonnage de J. 15. 7. 4 à  J. 15. 7. 8 réalisés sur les échantillons.  Cependant les types 
polymères peuvent être  affectés en raison de la  nature du matériau.  Ainsi,  pour les 
thermistances  polymères,  il est recommandé de réaliser l’essai de J. 15. 7. 4 à  la  fin de tous 
les essais d’étalonnage.  

J . 1 5.7.2  En l’état de livraison,  chaque échantillon de thermistance CTP doit être soumis 
aux essais spécifiés dans le Tableau J. 6 et doit satisfaire aux critères applicables à  chaque 
essai tels que spécifiés dans le  Tableau J. 6.  

J . 1 5.7.3  A l’issue des essais décrits en J. 17. 17 a) ,  les mêmes échantillons de thermistance 
CTP doivent être soumis aux essais spécifiés dans le Tableau J. 6 et doivent satisfaire  aux 
critères applicables à  chaque essai tels que spécifiés dans le Tableau J. 6.  Pour les capteurs 
CTP,  les résultats d’essai doivent satisfaire aux critères applicables à  chaque essai tels que 
spécifiés dans le Tableau J. 7.  
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Tableau  J .6  – Séquence  des  essais  d ’étalonnage et de   
cond i tionnement des  thermistances  CTP  

Type  de  
thermistance  

CTP  

Essais  d ’étalonnage  
réal isés  su r des  

échanti l lons  avant l es  
essais  de  

condi tionnement 
spéci fiés  en  J . 1 7. 1 8  a  

Désignation  des  cri tères  
de  conformi té  (avant 
condi tionnement)  b  

Essais  d ’ étalonnage 
réal isés  su r des  
échan ti l lons  de  

thermistances  après  l es  
essais  de  

condi tionnement 
spéci fi és  en  J . 1 7. 1 8  a  

Désignation  
des  cri tères  de  
conformi té  

(après  
condi tionne  

ment)  b  

Radiateur 
autocontrôl é   

R/T A Ts  
D 

Ts  
 

In  
 

In  

Démarreur de  
moteur  

R/T A Ts  
D 

Ts  In  

In   

Démagnétiseur
  

R/T A Ts  
D 

Ts  In  

In  

L imi teur de  
couran t  

R/T B  TT E  

Ts  

TT 

Iss  

Ih  

Capteur  R/T C  R/T F  

R/T -  Mesu re  R/T pour thermistances  CTP  – tous  l es  types  (J . 1 5. 7. 4)  

Ih  -  Essai  de  couran t d e  main ti en  pour l im i teurs  de  cou rant  CTP  (J . 1 5. 7. 5)  

TT -  Essai  de  temps  j usqu ’à  d éclenchement pou r l im i teurs  de  couran t CTP  (J . 1 5. 7. 6)  

Ts  -  Essai  de  températu re  de  su rface  (J . 1 5. 7. 7)  

In  -  Couran t d ’appel  ( l a  conform i té  est  déterm inée  par mesure,  J . 1 5. 7. 8)  

Iss  -  Cou ran t en  rég ime  établ i  ( l a  conform i té  est  déterm inée  par mesure)  

A -  Les  va leu rs  de  rés i stance  à  25  °C,  de  température  de  surface  e t  de  couran t d ’appel  d oi ven t  s ’ i nscri re  dans  
l es  to lérances  d ’ écart  déclarées  spéci fi ées  par l e  fabricant.   

B  -  Les  valeurs  de  rés i stance  à  25  °C,  d e  température  de  surface ,  de  courant en  rég ime établ i  e t  d e  temps  
jusqu ’ à  déclenchement  do i ven t  s ’ i nscri re  d ans  l es  to lérances  d ’écart  déclarées  spéci fi ées  par l e  fabri cant.  
La  thermistance  d oi t  main ten i r l e  courant de  main tien  pendant  l a  du rée  spéci fi ée  et  à  l a  température  
ambian te  spéci fi ée  par l e  fabri can t,  sans  déclenchement.   

C -  Les  températures  correspondant à  l a  résistance  de  commutation  (Rsw)  et  deux poi n ts  supplémenta i res,  

s i tués  au -dessus  et  au -dessous  de  Rsw  su r l a  cou rbe  R/T doi vent  s ’ i nscri re  dans  l es  to lérances  d ’écart  
déclarées  spéci fi ées  par l e  fabricant.    

D -  Les  valeurs  de  température  de  surface  e t  de  courant  d ’ appel  d oi vent  s ’ i nscri re  dans  l a  to l érance  de  dérive  
déclarée  spéci fi ée  par l e  fabrican t.  

E  -  Les  valeurs  de  temps  j usqu ’à  déclenchement doiven t  s ’ i nscri re  dans  l es  tolérances  de  dérive  déclarées  
spéci fi ées  par l e  fabrican t.  

F  -  Les  températures  correspondant  à  l a  résistance  de  commutation  (Rsw)  et  deux poi n ts  supplémenta i res,  

s i tués  au -dessus  et  au -dessous  de  Rsw  su r l a  cou rbe  R/T ne  doivent  pas  s ’écarter d es  val eurs  en  l ’ état  de  
l i vrai son  correspondantes  de  p l us  de  cel l es  spéci fi ées  dans  l e  Tableau  J . 7 .   

a   Abréviati ons  pou r l ’ essai  
b   Cri tères  de  conform i té  
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Tableau  J .7  – Classes  pour thermistances  sensibles  CTP  

Propriété   

C lasse  N °   

C 1  C2  C3  C4  

Dérive  d e  température,  K pou r une  rés i stance  donnée  ±0, 5   ±1 , 0   ±2 , 0   ±5, 0   

I l  convi ent  q ue  l es  val eurs  de  températu re  soi en t  « normal i sées»  par rapport  à  l ’ échel l e  Kel vi n  l ors  d e  l a  
déterm ination  de  l a  dérive  de  températu re.  

 

J . 1 5.7.4 Mesure  R/T pour thermistances  CTP   

J . 1 5.7.4. 1  Les échantillons de thermistance  doivent être placés dans une étuve à  air 
circulant entièrement ventilée ou milieu fluide,  tel que de l’huile de silicone,  la  température 
étant maintenue à  ±1  K de la  température spécifiée pour l’essai.  L ’essai doit être réalisé à  
différentes températures en commençant à  la  température ambiante de la  pièce jusqu’à  la  
température de commutation  (Tsw)  sans dépasser la  température d’emballement 
thermique  (TR)  de la  courbe R/T.  La  résistance  doit être mesurée avec un ohmmètre à  
autant de valeurs de température que nécessaire pour générer une courbe R/T complète.  

J . 1 5.7.5  Essai  de  courant de  maintien  (Ih)  pour l imiteurs  de  courant  CTP 

J . 1 5.7.5. 1  Une thermistance  de limitation de courant doit maintenir le courant de maintien  
(Ih )  spécifié pendant la  durée spécifiée par le fabricant à  la  température ambiante spécifiée 
par le  fabricant sans déclenchement.  

J . 1 5.7.6  Essai  de  temps  jusqu ’à  déclenchement pour l imiteurs  de  courant CTP  

J . 1 5.7.6. 1  Une thermistance  de limitation de courant avec une spécification de temps 
jusqu’à déclenchement  doit déclencher au courant de déclenchement (It)  spécifié et à  la  
tension assignée correspondante (Vr)  dans le temps jusqu’à déclenchement spécifié.  Une 
thermistance  à  plusieurs courants de déclenchement et temps jusqu’à  déclenchement doit 
être soumise à  essai aux courants maximal et minimal spécifiés.  Le courant ne doit pas 
dépasser le point du courant maximal (Imax)  sur la  courbe temps jusqu’à déclenchement 
en  fonction du temps.  

J . 1 5.7.6. 1 . 1  Une thermistance  de limitation de courant,  telle  que déclarée au point 82 du 
Tableau J. 5,  doit déclencher au courant de déclenchement (It)  déclaré et à  la  tension 
assignée correspondante (Vr)  dans le temps jusqu’à déclenchement spécifié.  

J . 1 5.7.7  Essai  de  température  de  surface   

J . 1 5.7.7. 1  La température de surface  (Ts)  d’une thermistance CTP doit être mesurée en 
utilisant des thermocouples ou dispositifs équivalents.  Pour une thermistance CTP  autre 
qu’un limiteur de courant,  la  température de surface  (Ts)  doit être mesurée alors que la  
thermistance  fonctionne à  la  tension maximale  (Vmax)  et au courant en régime établi.  Pour 
un limiteur de courant CTP,  la  température de surface  (Ts)  doit être mesurée dans deux 
conditions:  

a)  condition de fonctionnement en état maintenu dans laquelle  le  dispositif doit fonctionner à  
sa tension maximale  (Vmax)  assignée et courant de maintien  (Ih )  assigné,  et 

b)  condition de fonctionnement en état déclenché dans laquelle le dispositif doit fonctionner 
à  la  tension maximale  (Vmax)  assignée et au courant en régime établi  (Iss)  assigné.  

Voir le Tableau J. 2.  
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J . 1 5.7.8  Mesure  du  courant d ’appel  

J . 1 5.7.8. 1  Pour les thermistances CTP destinées à  être utilisées comme radiateurs 
autocontrôlés ,  démarreurs de moteur ou démagnétiseurs,  le courant d’appel doit être 
mesuré en utilisant un oscilloscope alors que la  thermistance  fonctionne à  la  tension 
maximale  sous charge assignée.  

J . 1 5.8  Essais  d ’ étalonnage des  thermistances  CTN   

J . 1 5.8. 1  En l’état de livraison,  chaque échantillon de thermistance CTN  doit être soumis 
aux essais spécifiés dans le Tableau J. 8 et doit satisfaire aux critères applicables à  chaque 
essai tels que spécifiés dans le  Tableau J. 8.  

J . 1 5.8.2  A l ’ i ssue  des  essais  décri ts  en  J . 1 7. 1 7  b) ,  l es  mêmes  échanti l lons  de  thermistance  
CTN  d o ivent  être  soum is  aux essais  spéci fiés  dans  l e  Tableau  J . 8  et doiven t satisfai re  aux 
cri tères  appl icables  à  chaque essai  te ls  que  spéci fi és  dans  l e  Tableau  J . 8 .  Pour l es  capteurs  
CTN,  l es  résu l tats  d ’essai  doivent satisfa i re  aux cri tères  tels  que  spéci fi és  dans  l e   
Tableau  J . 9 .  

Tableau  J .8  – Séquence  des  essais  d ’étalonnage  
et  de  cond i tionnement pour thermistances  CTN  

Type de  
thermistance 

CTN  

Essais  d ’étalonnage  
réal i sés  sur des  

échanti l lons  avan t l es  
essais  de  

condi tionnement 
spéci fi és  en  J . 1 7. 1 8  a  

Désignation  des  
cri tères  de  

conformi té  (avant 
condi tionnement)  b  

Essais  d ’étalonnage  
réal isés  su r des  
échanti l lons  de  

thermistances  après  l es  
essais  de  

condi tionnement spéci fi és  
en  J . 1 7. 1 8  a  

Désignation  des  
cri tères  de  

conformi té  (après  
condi tionnement)  b  

Lim i teur de  
couran t 
d ’appel   

R/T A Ts  C 

Ts  In  

In  

Capteu r R/T B  R/T D 

Beta  

R/T -  Mesu re  R/T pour thermistances  CTN  (J . 1 5. 8. 3)  

Ts  -  Essai  de  températu re  de  su rface  (J . 1 5. 8. 4)  

Beta  -  Essai  de  rési stance (R25)  et  valeur bêta  (B )  pour thermistances  CTN  (J . 1 5. 8. 6)  

In  -  Courant d ’ appel  ( l a  conform i té  est  déterm inée  par mesure  (J . 1 5. 8. 5)  

A -  Les  va leu rs  de  rés i stance  à  25  °C,  de  température  de  surface  e t  d e  courant d ’ appel  d oi ven t  s ’ i nscri re  
dans  l es  tol érances  d ’ écart  d éclarées  spéci fi ées  par l e  fabricant.   

B  -  La  rési stance  à  deux poin ts  d e  température  ou  pl us  sur l a  courbe  R/T e t  l a  va leur bêta  (s i  déclarée)  doi vent  
s ’ i nscri re  dans  l es  to l érances  d ’écart  déclarées  spéci fi ées  par l e  fabricant.  Une  des  températu res  do i t  être  
de  25  °C.  

C  -  Les  val eu rs  de  température  de  surface  e t  de  courant d ’ appel  d oi ven t  s ’ i nscri re  dans  l a  to l érance  de  
dérive  d éclarée  spéci fi ée  par l e  fabricant.  

D  -  La  résistance  à  deux poi n ts  de  températu re  ou  pl us  sur l a  cou rbe  R/T ne  doi t  pas  s ’écarter d es  
températu res  en  état  d e  l i vrai son  correspondantes  sur l a  courbe  R/T en  état  de  l i vrai son  de  p l us  d es  valeurs  
i nd i quées  dans  l e  Tabl eau  J . 9 .  L ’ une  des  températu res  doi t  être  d e  25  °C.  

a   Abréviati ons  pou r l ’ essai  
b   Cri tères  de  conform i té  
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Tableau  J .9  – Classes  pour thermistances  sensibles  CTN  

Propriété   

C lasse  N °   

C1  C2  C3  C4  

Dérive  d e  température  pour u ne  rés i stance  donnée  ±0, 5  ±1 , 0  ±2 , 0  ±5, 0  

I l  convi ent  q ue  l es  val eurs  de  températu re  soi en t  « normal i sées»  par rapport  à  l ’ échel l e  Kel vi n  l ors  d e  l a  
déterm ination  de  l a  dérive  de  températu re.  

 

J . 1 5.8.3  Mesure  R/T pour thermistances  CTN  

J . 1 5.8.3. 1  Les échantillons de thermistance  doivent être placés dans une étuve à  air 
circulant entièrement ventilée ou milieu fluide,  tel que de l’huile de silicone,  la  température 
étant maintenue à  ±1  K de la  température spécifiée pour l’essai.  L ’essai doit être réalisé à  
différentes températures,  en commençant à  la  température ambiante de la  pièce sans 
dépasser la  température maximale de détection déclarée (capteurs)  ou la  température de 
surface  (Ts)  maximale déterminée selon J. 15. 8. 4 (limiteurs de courant d’appel) .  La 
résistance  doit être mesurée à  autant de valeurs de température que nécessaire pour 
générer une courbe R/T complète.  

J . 1 5.8.4 Essai  de  température  de  surface ( l imi tation  du  courant  d ’appel  un iquement)  

J . 1 5.8.4. 1  La température de surface  (Ts)  d’un limiteur de courant d’appel  CTN doit être 
mesurée en utilisant des thermocouples ou dispositifs équivalents alors que la  thermistance 
CTN fonctionne à  la  tension maximale  (Vmax)  et au courant maximal (Imax)  avec la  valeur 
de capacité parallèle à  la  charge.  La température doit s’inscrire dans les limites spécifiées par 
le fabricant.  Voir le  Tableau J. 8.  

J . 1 5.8.5  Mesure  du  courant  d ’appel  ( l im i tation  du  courant d ’appel  un iquement)  

J . 1 5.8.5. 1  Pour un  l im i teur de  courant d ’appel  CTN ,  l e  courant d ’appel  do i t  ê tre  mesuré  
en  u ti l i sant un  osci l loscope a lors  que  l a  thermistance  fonctionne  à  l a  tension  maximale  
(Vmax)  et  au  courant maximal  (Imax)  avec l a  va leur de  capaci té  ass ignée paral l è le  à  la  
charge.   

J . 1 5.8.6  Essai  de  résistance  (R25)  et  de  l a  valeur bêta  (B)  pour thermistances  CTN   

J . 1 5.8.6. 1  Les caractéristiques assignées de la  valeur bêta (B)  d’une thermistance  à  
valeur bêta (B)  doivent s’inscrire dans les limites spécifiées par le  fabricant.  La résistance  
(R25)  d’une thermistance CTN doit être mesurée à  25 °C,  opération suivie par la  mesure des 
résistances R1  et R2  aux températures T1  et T2  telles que spécifiées par le fabricant.  La  
valeur bêta (B)  doit être calculée en appliquant la  formule suivante:  

B= (In  R1  – In  R2)  / (1 /T1  – 1 /T2 )  

où 

B  est la  valeur bêta  calculée,  

R1  est la  résistance  à  T1 ,  

R2  est la  résistance  à  T2 ,  

T1  est une température en K sur la  courbe R/T spécifiée par le fabricant,  et 

T2  est une deuxième température en K sur la  courbe R/T spécifiée par le fabricant.  
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J .1 7  Endurance  

Paragraphes complémentaires:  

J . 1 7. 1 7  La  séquence des  essais  est  l a  su ivan te:  

a)  pour les thermistances CTP:  

– Vieillissement (J. 17. 18. 3. 1  ou J. 17. 18. 3. 2) ;  

– Chaleur-froid-humidité (J. 17. 18. 1 ) ;  

– Surcharge (J. 17. 18. 2. 1 ) ;  

– Endurance (J. 17. 18. 2. 2) ;  

– Établissement de cycle fonctionnel à  froid (J. 17. 18. 4) ;  

– Établissement de cycle thermique à  froid (J. 17. 18. 6) ;  

– Emballement thermique (J. 17. 18. 5) .  

b)  pour thermistances CTN:  

–  Vieillissement (J. 17. 18. 3. 1 ) ;  

– Chaleur-froid-humidité (J. 17. 18. 1 ) ;  

– Surcharge (J. 17. 18. 7. 1 ) ;  

– Endurance (J. 17. 18. 7. 2) ;  

– Établissement de cycle fonctionnel à  froid (J. 17. 18. 8) ;  

– Établissement de cycle thermique à  froid (J. 17. 18.6) .  

J . 1 7. 1 7. 1  Après les essais appropriés de J. 17. 18. 1  à  J. 17. 18.4 compris,  le fonctionnement 
du dispositif de commande  ne doit pas être perturbé et il doit fonctionner comme prévu et 
annoncé.  La  conformité  est vérifiée par les essais de J. 15.7 ou J. 15. 8,  selon le  cas 
applicable.  

J . 1 7. 1 7.2  Après les essais appropriés de J. 17. 18,  le dispositif de commande  doit continuer 
à  être conforme aux exigences des Articles 8 et 13.  Pendant et après les essais,  il ne doit pas 
y avoir d'émission de flammes ou de projection de particules.  

J . 1 7. 1 8  Essais  de  condi tionnement 

J . 1 7. 1 8. 1  Chaleur-froid-humidi té  

A l ’ i ssue  du  cond i tionnement spéci fié  en  J . 1 7 . 1 8 . 1 . 1 ,  u ne  thermistance  do i t  être  conforme 
aux Tableaux J . 6 ,  J . 7 ,  J . 8  ou  J . 9 ,  se lon  l e  cas  appl icable .  

J . 1 7. 1 8. 1 . 1  Trois échantillons non mis sous tension d’une thermistance  doivent être soumis 
à  trois cycles complets de la  séquence spécifiée en a)  ou b) :  

a)  Utilisation de la  température intérieure:  

1 )  24 h  à  la  température de surface  (Ts)  mesurée ou à  la  température maximale de 
service déclarée.  Dans tous les cas,  la  température ne doit pas être inférieure à  70 °C.  
La  température de l’étuve doit être maintenue à  ±5 K de la  température spécifiée pour 
l’essai.  La température doit être  surveillée dans la  zone de l’étuve où les échantillons 
sont soumis à  essai;  

2)  168 h  dans une atmosphère sans condensation d’une humidité relative de 90 % à  
95 %  à  40 °C; et 

3)  8 h  à  0 °C ou à  la  température ambiante spécifiée par le  fabricant,  selon la  valeur la  
plus basse.  
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b)  Utilisation de la  température extérieure:  

1)  24 h  en  immersion dans de  l’eau à  25 °C;  

2)  8 h  à  moins 35 °C ou à  la  température ambiante spécifiée par le  fabricant,  selon la  
valeur la  plus basse;  

3)  24 h  à  la  température de surface  (Ts)  mesurée ou à  la  température maximale de 
service déclarée.  Dans tous les cas,  la  température ne doit pas être inférieure à  70 °C.  
La température de l’étuve doit être maintenue à  ±5 K de la  température spécifiée pour 
l’essai.  La température de l’étuve doit être surveillée dans la  zone de l’étuve où les 
échantillons sont soumis à  essai;  et  

4)  168 h  dans une atmosphère sans condensation d’une humidité relative de 90 %  à  95 %  
à  40 °C.  

J . 1 7. 1 8.2  Etabl issement de  cycle  étendu  (CTP)  

J . 1 7. 1 8.2. 1  Surcharge  

J . 1 7. 1 8.2. 1 . 1  À l ’ i ssue  des  essais  spéci fi és  en  J . 1 7. 1 8. 2 . 1 . 2 ,  J . 1 7. 1 8 . 2 . 1 . 3  ou  J . 1 7. 1 8. 2 . 1 . 4  
et  J . 1 7. 1 8. 2 . 2. 1 ,  une  thermistance  d oi t  ê tre  conforme au  Tableau  J . 6  ou  au  Tableau  J . 7.  

J . 1 7. 1 8.2. 1 .2  Pour un radiateur autocontrôlé,  trois échantillons doivent être installés et mis 
en fonctionnement comme prévu pendant 50 cycles en connexion à  120 % de la  tension 
maximale  (Vmax) .  Chaque cycle doit couvrir la  portion de la  courbe R/T entre le  coude 
inférieur et l’état de  résistance  élevée.  

J . 1 7. 1 8.2. 1 .3  Pour une thermistance de dispositif de commande ,  trois échantillons 
doivent être installés et mis en fonctionnement comme prévu pendant 50 cycles en connexion  
à  la  tension maximale  (Vmax)  et la  plus faible valeur de:  

a)  120 % du courant maximal (Imax)  assigné,  ou  

b)  120 % du courant de court-circuit (Isc)  assigné  

Chaque cycle doit commencer avec l’échantillon  en équilibre thermique à  25 °C ± 5 K.  
Chaque cycle doit couvrir la  portion de la  courbe R/T entre le coude inférieur et l’état de 
résistance  élevée.  

J . 1 7. 1 8.7. 1 .4 Pour une thermistance  sensible,  trois échantillons doivent être installés et 
mis en fonctionnement comme prévu pendant 50 cycles de fonctionnement en commençant 
avec l’échantillon en équilibre thermique à  25 °C ± 5 K et en  augmentant la  température 
jusqu’à  120 % de la  température maximale de détection de la  thermistance.  

J . 1 7. 1 8.2.2  Endurance    

J . 1 7. 1 8.2.2. 1  Les trois échantillons de thermistance  déjà soumis à  l’essai de surcharge de  
J. 17. 18. 2. 1 ,  doivent fonctionner dans les conditions spécifiées en a) ,  b)  ou c)  pendant le  
nombre de cycles spécifiés dans le Tableau J. 10.  Chaque cycle doit couvrir une portion 
significative de la  courbe R/T.  

a)  Radiateur autocontrôlé  – Une thermistance  de  radiateur autocontrôlé  ou d’ensemble 
d’appareil de chauffage doit être installée et soumise à  essai à  la  puissance maximale  
assignée en watts de la  tension maximale  (Vmax)  ou au courant maximal (Imax) .  Une 
thermistance  dont la  consommation varie en fonction de la  quantité  de dissipation 
thermique,  du débit d’air ou variables analogues fournies dans l’équipement en utilisation 
finale,  doit être soumise à  essai à  la  puissance maximale assignée en  watts ou au 
courant maximal (Imax)  en utilisant la  dissipation thermique,  le  débit d’air ou autres 
conditions de l’équipement en utilisation finale.  
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b)  Dispositif de commande – Une thermistance  de  dispositif de commande doit être soumise 
à  essai à  la  tension maximale  (Vmax)  et aux courants suivants:  

1 )  Limiteur de courant – Le  courant d’essai ne doit pas être inférieur au courant minimal 
de déclenchement (It)  ou au courant minimal de fonctionnement (Ifun ) .  

2)  Démagnétiseur – Le  courant d’essai doit être le  courant maximal  (Imax) .  

3)  Démarreur de moteur – Le courant d’essai doit être le courant maximal (Imax) .  

c)  Détection – Une thermistance  sensible doit être soumise aux cycles entre 25 °C ±  5 K et 
la  température maximale de  fonctionnement.  

Tableau  J . 1 0  – Nombre de  cycles  pour l ’essai  d ’endurance  

Type  de  thermistance  
Nombre  de  cycl es  de  

fonctionnement 

Radiateur autocontrôlé    1 00  000   

L im i tation  de  couran t d esti né  à  être  u ti l i sé  dans  un  ci rcu i t  de  sécuri té  
fonctionnel le    1 00  000  a  

L im i teur de  couran t non  desti né  à  être  u ti l i sé  dans  u n  ci rcu i t  de  sécuri té  
fonctionnel l e        6  000   

Démagnéti seur ou  démarreu r d e  moteur     30  000   

Capteu r non  desti né  à  être  u ti l i sé  dans  u n  ci rcu i t  de  sécuri té  fonctionnel l e       6  000   

Capteu r desti né  à  être  u ti l i sé  d ans  un  ci rcu i t  de  sécuri té  fonctionnel l e    1 00  000   

a  Le  nombre  m in imal  de  cycles  est  rédu i t  à  6  000  dans  l es  cond i ti ons  su ivan tes:  

 – l ’ état  d éclenché  de  l a  thermistance  est  apparen t dans  l ’ appl i cation  d ’ u ti l i sati on  fi nale;  et  

 – une  i n tervention  manuel l e  est  nécessai re  pour procéder au  réarmement  des  thermistances .  

 

J . 1 7. 1 8.3  Cond itionnement thermique  

J . 1 7. 1 8.3. 1  Viei l l i ssement passif 

À l’issue du conditionnement spécifié en J. 17. 18. 3. 1 . 1  et J. 17. 18. 3. 2. 1 ,  une thermistance  
doit être conforme aux Tableaux J. 6,  J. 7,  J. 8 ou J. 9,  selon le  cas.  

J . 1 7. 1 8.3. 1 . 1  Trois échantillons non mis sous tension d’une thermistance  doivent être  
conditionnés pendant 1  000 h  à  une température de 30 K supérieure à  la  température  
spécifiée dans le Tableau J. 11  dans une étuve à  air circulant.  Dans tous les cas,  la  
température ne doit pas être inférieure à  70 °C.  La température de l’étuve doit être maintenue 
à  ±5 K de la  température spécifiée pour l’essai.  La température de l’étuve doit être surveillée 
dans la  zone de l’étuve où les échantillons sont soumis à  essai.  

Tableau  J . 1 1  – Température  d ’essai  de  viei l l i ssement  

Type  de  thermistance  Température  

Tous  l es  types  sauf l es  
capteu rs  

Températu re  déterm inée  sel on  l ’ essai  de  températu re  de  surface ,  J . 1 5. 7. 7  (CTP)  et  
J . 1 5. 8. 4  (CTN )  

Détection  Caractéri sti ques  assignées  de  l a  température  l a  p l us  é l evée   
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J . 1 7. 1 8.3.2  Viei l l i ssement acti f 

J . 1 7. 1 8.3.2. 1  Outre l’essai décrit en J. 17. 18. 3. 1 . 1 ,  un limiteur de courant doit être soumis à  
cet essai.  Trois échantillons d’une thermistance de limitation de courant  CTP doivent être 
mis sous tension et conditionnés pendant 1  000 h  à  l’état déclenché à  la  tension maximale  
(Vmax)  et transportant le  courant en régime établi (Iss) .  

J . 1 7. 1 8.4 Établ issement de  cycle  fonctionnel  à  froid  (CTP)  

J . 1 7. 1 8.4. 1  À l’issue de l’essai spécifié en J. 17. 18. 4. 2,  une thermistance  doit être conforme 
au Tableau J. 6.  

J . 1 7. 1 8.4.2  Trois échantillons d’une thermistance  doivent être soumis à  1  000 cycles de 
fonctionnement à  une température ambiante de 0 °C ou à  la  température ambiante spécifiée 
par le  fabricant,  selon la  valeur la  plus basse.  Les conditions d’essai doivent être  telles que 
spécifiées en J. 17. 18. 2. 2. 1  a)  pour un radiateur autocontrôlé  ou en J. 17. 18.2. 2. 1  b)  pour 
une thermistance de dispositif de commande .  La  température de la  thermistance  doit être 
reportée à  la  température de démarrage avant chaque cycle.    

J . 1 7. 1 8.5 Embal lement  thermique  

Les thermistances  sont mises sous tension et placées dans les conditions assignées 
maximales jusqu'à stabilisation thermique.  La tension est alors augmentée progressivement 
jusqu'au claquage,  ou jusqu'à obtenir deux fois la  tension de service  de  la  thermistance ,  à  
partir de quoi l'essai peut être  arrêté.  

NOTE  L'augmentation  de  l a  tension  par pal i ers  d e  0 , 1  fo i s  l a  tension  de  servi ce  de  l a  thermistance ,  chaque   
2  m in ,  consti tue  une  val eu r convenable  de  montée.  

J . 1 7. 1 8.6    Établ issement de  cycle  thermique à  froid  

J . 1 7. 1 8.6. 1  À l’issue des cycles spécifiés en  J. 17. 18. 6. 1 . 1 ,  une thermistance  doit être 
conforme aux Tableaux J. 7 ou J. 9,  selon le cas applicable.  

J . 1 7. 1 8.6. 1 . 1  Trois échantillons d’une thermistance  sensible doivent être soumis à  1  000 
cycles thermiques de fonctionnement  à  froid.  Chaque cycle doit commencer à  0 °C ou à  la  
température ambiante spécifiée par le fabricant,  selon la  valeur la  plus basse,  et couvrir la  
portion de la  courbe R/T entre la  température de démarrage et la  température maximale 
assignée.  

J . 1 7. 1 8.7  Établ issement de  cycle  étendu  (CTN)  

J . 1 7. 1 8.7. 1  Surcharge  

J . 1 7. 1 8.7. 1 . 1  À l’issue des essais spécifiés en J. 17. 18. 7. 1 . 2 ou J. 17. 18. 7. 1 . 3 et 
J. 17. 18. 7. 2. 1 ,  une thermistance  doit être  conforme au Tableau J. 8.  

J . 1 7. 1 8.7. 1 . 2  Pour une thermistance  de limitation de courant d’appel,  trois échantillons 
doivent être installés et mis en  fonctionnement comme prévu pendant 50 cycles en connexion  
à  la  tension maximale  (Vmax)  et à  120 % du courant maximal (Imax) .  Chaque cycle doit 
commencer avec l’échantillon en équilibre thermique à  25 °C.  

J . 1 7. 1 8.7. 1 .3  Pour une thermistance  sensible,  trois échantillons doivent être installés et 
mis en fonctionnement comme prévu pendant 50 cycles de fonctionnement en commençant 
avec l’échantillon en équilibre thermique à  25 °C ± 5 K et en  augmentant la  température 
jusqu’à  120 % de la  température maximale de détection de la  thermistance.  
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J . 1 7. 1 8.7.2  Endurance   

J . 1 7. 1 8.7.2. 1  Les trois échantillons de thermistance  déjà soumis à  l’essai de surcharge de 
J. 17. 18. 7. 1 ,  doivent fonctionner dans les conditions spécifiées en a)  ou b)  pendant le nombre 
de cycles spécifiés dans le Tableau J. 12.  Chaque cycle doit couvrir une portion significative 
de la  courbe R/T.  

a)  Limitation de courant d’appel – Une thermistance  de limitation de courant d’appel doit 
être soumise à  essai à  la  tension maximale  (Vmax)  et au courant maximal (Imax)  avec la  
valeur de capacité  assignée parallèle à  la  charge.  Voir la  Figure J. 1 .  

b)  Détection – Une thermistance  sensible doit être soumise aux cycles entre 25 °C ± 5 K et 
la  température maximale de  fonctionnement.  

Tableau  J . 1 2  – Nombre  de  cycles  pour l ’essai  d ’endurance  

Type de  thermistance  Nombre  de  cycl es  de  fonctionnement  

Lim i teur de  courant d ’appel  d esti né  à  être  u ti l i sé  d ans  un  ci rcu i t  de  
sécuri té  fonctionnel le   1 00  000   

L im i teur de  courant d ’appel  n on  desti né  à  être  u ti l i sé  d ans  u n  
ci rcu i t  de  sécuri té  fonctionnel l e       6  000   

Capteu r desti né  à  être  u ti l i sé  dans  un  ci rcu i t  de  sécuri té  
fonctionnel le    1 00  000   

Capteu r non  desti né  à  être  u ti l i sé  dans  u n  ci rcu i t  de  sécuri té  
fonctionnel le        6  000   

   

 CTN 

IEC   2515/13 
 

Figure  J . 1  – C ircu i t  d ’ essai  pour essai  d ’endurance de  thermistance   
de  l imitation  de  courant  d ’appel  

J . 1 7. 1 8.8  Établ issement de  cycle  fonctionnel  à  froid  (pour thermistances  de  
l im itation  de  courant d ’appel  CTN  un iquement)  

J . 1 7. 1 8.8. 1  À l ’ i ssue  des  cycles  spéci fiés  en  J . 1 7. 1 8. 8. 2 ,  u ne  thermistance  do i t  être  
conforme au  Tableau  J . 8 .  

J . 1 7. 1 8.8.2  Trois échantillons d’une thermistance  doivent être soumis à 1  000 cycles de 
fonctionnement à  la  tension maximale  (Vmax)  conduisant le courant maximal (Imax) ,  à  une 
température ambiante de  0 °C ou à  la  température ambiante spécifiée par le fabricant,  selon  
la  valeur la  plus basse.  Chaque cycle doit couvrir la  portion de la  courbe R/T entre la  
température de démarrage et les conditions en régime établi.  La  température de la  
thermistance doit être stabilisée à  la  température de démarrage ±2 K avant chaque cycle.  

International  Electrotechnical  Commission

 



I EC 60730-1 : 201 3+AMD1 : 201 5  CSV – 553  –  
© I EC  201 5  

J .20  Lignes  de  fu i te,  d istances  dans  l ’ai r et d istances  à  travers  l ’ isolation  

Paragraphes complémentaires:  

J .20. 1 . 1 4 D istance dans  l ’ ai r 

J . 20. 1 . 1 4. 1  La  d istance dans  l ’ ai r  en tre  les  parties  actives  connectées  é lectriquement à  
l ’a l imentation  réseau  et l es  surfaces  accessibles  ou  parties  access ib les  doi t satisfai re  aux 
exigences  de  20. 1 .  

J . 20. 1 . 1 4.2  La  d istance  dans  l ’ a i r en tre  l es  parties  actives  assuran t l ’ i solation  
fonctionnel le  d o i t  satisfa i re  aux exigences  de  20 . 1 .  

J .20.2.5 Ligne  de  fu i te  

J .20.2.5. 1  La  l igne de  fu i te  en tre  les  parties  actives  connectées  électri quement à  
l ’a l imentation  réseau  et l es  surfaces  accessibles  ou  parties  access ib les  doi t  satisfai re  aux 
exigences  de  20. 2 .  

J .20.2.5.2  La  l igne  de  fu i te  en tre  l es  parties  actives  assurant  l ’ i solation  fonctionnel le  
do i t  satisfa i re  aux exigences  de  20. 2 .  

J .24 Éléments  consti tuants  

J .24.2. 1  Addition:  

Le Paragraphe  J . 24 .2 . 1  est appl icable  aux thermistances  déj à  soum ises  aux essais  de  
l ’ I EC 60738-1 ,  de  l ’ I EC 60738-1 -1  ou  de  l ’ I EC  60539.  

H.27  Fonctionnement anormal  

J .27. 1  Les  modes  de  panne  do ivent être  pris  en  compte  selon  l e  Tableau  H . 24  pour l es  
thermistances  uti l i sées  dans  des  disposi ti fs  de  commande de  protection .  
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Annexe K  
(in formative)  

 
Tensions  nominales  des  systèmes d 'al imentation  pour  

d i fférents  modes  de  d ispositi fs  de  commande de  surtension  

Les  tens ions  nom inales  des  systèmes  d 'a l imentation  pour d i fféren ts  modes  de  d ispos i ti fs  de  
commande de  surtens ion  sont ind iquées  au  Tableau  K. 1  et  au  Tableau  K. 2 .  

Tableau  K.1  – Si tuation  naturel le  ou  s i tuation  contrôlée  équ ivalente  

 Tensions  nominal es  actuel l ement u ti l i sées  dans  l e  monde  Tension  assignée  de  choc pour 
l es  matériels  a   

Tension  
phase-neu tre  

selon  l es  
tensions  

nominales  c.a.  
ou  c.c.  a  

Système 
triphasé  à  

quatre  fi l s  avec 
neutre  à  l a  

terre  

Système 
triphasé  à  
trois  fi l s  

non  mis  à  l a  
terre  

Système 
monophasé  à  
deux fi l s  c. a.  

ou  c.c.  

Système 
monophasé à  
trois  fi l s  c.a.  

ou  c.c.  

V  

 

 

Catégorie  de  surtension  

V  V V V V I  I I  I I I  IV 

50    1 2 , 5;  24;  25;  
30;  42 ;  48  

30  /  60  330  500  800  1  500  

1 00  66  /  1 1 5  66  60   500  800  1  500  2  500  

1 50  1 20  /  208  b  
1 27  /  220  

1 1 5;  1 20;  
1 27  

1 1 0;  1 20  1 1 0  /  220  
1 20  /  240  c  

800  1  500  2  500  4  000  

300  220  /  380  
230  /  400  
240  /  4 1 5  
260  /  440  
277  /  480  

220;  230;  
240;  260;  
277;  347;  
380;  400;  
41 5;  440;  
480  

220  220  /  440  1  500  2  500  4  000  6  000  

600  347  /  600  
380  /  660  
400  /  690  
41 7  /  720   
480  /  830  

500;  577;  
600  

480  480  /  960  2  500  4  000  6  000  8  000  

1  000   660;  690;  
720;  830;   
1  000  

1  000   4  000  6  000  8  000  1 2  000  

a  Ces  colonnes  proviennent  d u  Tableau  F . 1  de  l 'Annexe  F  d e  l ’ I EC 60664-1 : 2007  dans  l equel  l es  valeurs  de  l a  
tension  assignée  de  choc  son t  spéci fi ées.  Voi r 4 . 2 . 3  de  l ’ I EC 60664-1 : 2007,  pour l es  défi n i ti ons  de  l a  s i tuati on  
natu rel l e  ou  de  l a  s i tuati on  con trôlée.   

b  Prati qué  aux États-Un is  et  au  Canada.  

c Pour 1 20/240  V au  J apon ,  l es  séries  préférenti el l es  de  tensions  de  choc assignées  d e  1  500  V,  2  500  V,  
4  000  V et  6  000  V sont  u ti l i sées  avec l es  catégories  de  surtensions  I ,  I I ,  I I I  et  I V correspondantes.  
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Tableau  K.2  – Cas  où  un  d ispositi f de  commande de  protection  est nécessaire  et la  
commande est fourn ie  par des  parafoudres  ayant un  rapport  tension  de  calage-tension  

assignée  non  inférieur à  celu i  spécifié  par l ’ IEC  60099-1  

 Tensions  nominal es  actuel lement u ti l i sées  dans  l e  monde  Tension  assignée  de  choc pour 
l es  matériels  a   

Tension  
phase-neu tre  

selon  l es  
tensions  

nominales  c.a.  
ou  c.c.  a  

Système 
triphasé  à  

quatre  fi l s  avec 
neutre  à  l a  

terre  

Système 
triphasé  à  
trois  fi l s  

non  mis  à  l a  
terre  

Système 
monophasé  
à  deux fi l s  
c. a.  ou  c.c.  

Système 
monophasé  à  
trois  fi l s  c. a.  

ou  c.c.  

V  

Catégori e  de  surtension  

V  V V V V I  I I  I I I  IV  

50    1 2 , 5;  24;  25;  
30;  42 ;  48  

30/60  330  500  800  1  500  

1 00  66  /  1 1 5  66  60   500  800  1  500  2  500  

1 50  1 20  /  208  b  
1 27  /  220  

1 1 5;  1 20;  
1 27  

1 1 0;  1 20  1 1 0/220  
1 20/240  

800  1  500  2  500  4  000  

300  220  /  380   
230  /  400   
240  /  4 1 5   
260  /  440  
277  /  480  

220;  230;  
240;  260;  
277  

220  220/440  1  500  2  500  4  000  6  000  

600  347  /  600   
380  /  660   
400  /  690  
41 7  /  720   
480  /  830  

347;  380;  
400;  41 5;  
440;  480;  
500;  577;  
600  

480  480/960  2  500  4  000  6  000  8  000  

1  000   660;  690;  
720;  830;  
1  000  

1  000   4  000  6  000  8  000  1 2  000  

 a  Ces  colonnes  proviennent  du  Tableau  F . 1  d e  l 'Annexe  F  de  l ’ I EC 60664-1 : 2007  dans  l eque l  l es  valeurs  de  l a  
tension  assignée  de  choc  son t  spéci fi ées.  Voi r 4 . 2 . 3  de  l ’ I EC 60664-1 : 2007,  pou r l es  défi n i ti ons  de  l a  
s i tuation  natu rel l e  ou  de  l a  s i tuation  contrô lée.   

b
 Prati q ué  aux É tats-Un is  et  au  Canada.  
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Annexe L   
(normative)  

 
Catégories  de  surtension  

La  catégorie  de  surtension  est  un  ch i ffre  caractérisant une  cond i ti on  de  surtension  
transitoi re .  

Les  i n formations  su ivan tes  sur l es  catégories  de  surtension  reposent sur l ’ I EC 60664-1 .  Les  
parties  2  peuvent spéci fi er une  catégorie  de  surtension  d i fférente  pour des  appl ications  
particu l i ères.  

Le  matériel  de  l a  catégorie  de  surtension  I V est prévu  pour une  u ti l i sation  à  l 'orig i ne  de  
l ' i nsta l l ation .  

NOTE  1  Des  exemples  de  te l s  matérie l s  son t  l es  compteurs  é l ectri ques  et  l es  matériel s  primai res  de  protection  
contre  l es  suri n tens i tés.  

Le matérie l  de  l a  catégorie  de  surtension  I I I  est  un  matérie l  pour i nstal l ations  fixes  et pour 
l es  cas  où  l a  fiabi l i té  et l a  d ispon ibi l i té  du  matérie l  son t soum ises  à  des  exigences  
particu l ières.  

NOTE  2  Cette  catégori e  s 'appl i que  normalement aux disposi ti fs  de  commande  prévus  pour l ' i n terconnexion  au  
câblage  fi xe  ou  pou r i ncorporation  dans  l e  matéri el  prévu  pou r une  connexion  permanente  au  câblage  fi xe ,  à  
moins  que  l e  disposi ti f de  commande  ou  l ’ appl i cation  du  matéri el  fou rn i sse  des  moyens  de  suppression  de  l a  
tension  trans i to i re,  auquel  cas  une  catégorie  i n férieure  s ’ app l i que.  

Le  matérie l  de  l a  catégorie  de  surtension  I I  est un  matériel  consommateur d 'énerg ie  à  
a l imenter depu is  l ' i nsta l lation  fixe.  

NOTE  3  Cette  catégori e  s 'appl i q ue  normalement  aux disposi ti fs  de  commande  n e  comportan t  pas  de  bornes  
pou r câblage  fixe  ou  connectés  en  aval  d ' un  socl e  d e  pri se  de  cou ran t ou  pou r i ncorporation  dans  u n  matéri el  
connecté  en  aval  d ' un  socle  de  pri se  de  cou ran t.  Les  di sposi ti fs  de  commande  prévus  pou r l a  connexi on  
permanente  au  câblage  fixe  peuvent aussi  en trer dans  cette  catégorie,  où  l es  méthodes  de  suppress ion  de  l a  
tension  trans i toi re,  te l l es  que  des  moyens  l im i teurs  de  tens i on  en  bout  de  l i gne  ou  l es  distances  dans  l 'ai r  en tre  
parti es  acti ves,  son t  i ncorporées  dans  l es  d isposi ti fs  de  commande  ou  l e  matéri e l .  S i  l es  con tacts  des  
disposi ti fs  de  commande  son t  conçus  pour permettre  l e  contournement  d e  l a  tension  transi toi re  et  son t  aptes  à  
rés i ster au  courant  coupé  l im i té,  i l s  peuvent  fourn i r u ne  suppression  adéquate.  Ce  son t,  par exemple,  des  
disposi ti fs  de  commande  pou r apparei l s  d omesti ques  sati sfai sant  aux descriptions  ci -dessus.  

Si  un  te l  matériel  est soum is  à  des  exigences  particu l i ères  au  regard  de  l a  fi abi l i té  et  de  la  
d ispon ibi l i té,  la  catégorie  de  surtension  I I I  s 'appl ique.  

Le  matérie l  de  l a  catégorie  de  surtension  I  est un  matérie l  pour connexion  aux ci rcu i ts  dans  
l esquels  son t prises  des  mesures  pour l im i ter l es  surtensions  transi toi res  à  un  n i veau  faib le  
approprié.  

NOTE  4  Cette  catégorie  s 'appl i q ue  normalement  aux disposi ti fs  de  commande  connectés  après  des  matériel s  
de  catégorie  I I  et  qu i ,  par exemple,  comprennent  des  systèmes  él ectron i ques  l og iques,  d es  ci rcu i ts  secondai res  
l im i tés  i solés ,  d es  ci rcu i ts  TBTS  ou  des  ci rcu i ts  TBTP,  et  des  ci rcu i ts  su r l a  parti e  seconda i re  des  
transformateurs.  
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Annexe M   
(in formative)  

 
U ti l isations  types  

Tableau  M .1  – U ti l i sations  types  

Si tuation  du  d isposi ti f de  commande  Catégori e  de  surtension  

 I  I I  I I I  IV  

Spécia l  
Circu i t secondaire  l im i té  i sol é  
Al imentation  l im i tée  en  trans i to i res  

 
X 
X 

 
 
X 

 
 
X  

 
 
X  

Matéri el  d ' u ti l i sation  consommateu r d 'énerg i e  

 Disposi ti fs  de  commande incorporés  e t  i n tégrés  
dans  des  matériel s  domesti ques  

 Disposi ti fs  de  commande à  montage  
indépendan t  câbl és  à  poste  fi xe  su r des  charges  
consommatrices  d 'énerg ie  

  

X 
 

 
X 

 

 
 

 
X  

 

Au tres  u ti l i sati ons  domesti ques  et  anal ogues:  

 Disposi ti fs  de  commande  non  i n tégrés,  non  
i ncorporés  ou  non  câblés  à  poste  fi xe  su r des  
charges  consommatrices  d 'énerg i e  

 Disposi ti fs  de  commande  u ti l i sés  à  l 'ori g i ne  de  
l ' i nstal l ati on  (c'est-à-d i re  compteurs  d 'énerg ie  et  
matérie l  de  protection  primai re  contre  l es  
su rtensi ons,  matéri el  s i tué  avan t l e  tabl eau  
d 'abonné)  

 Disposi ti fs  de  commande  couverts  par l es  
cons idérations  spécial es  d 'u ne  parti e  2  

 

 
 

 
 
 

X  

 

 
 

 
 
 

X  

 

X  
 

 
 
 

X  

 

 
 

 
X  
 

X 
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Annexe N   
(normative)  

 
Degrés  de  pol lution  

N.1  Pol lution  

Le  microenvi ronnement  d éterm ine  l es  effets  de  la  pol lu tion  sur l ' i solation .  Le  macro-
environnement,  cependan t,  est  à  prendre  en  compte  quand  on  cons idère  l e  
microenvironnement .  

Des  moyens  peuven t être  fourn is  pour rédu i re  l a  pol lution  sur l ' i so lation  cons idérée  par 
l ' usage  efficace  de  revêtements ,  d 'enveloppes,  d 'encapsu lation  ou  de  scel l ement hermétique.  
De  tels  moyens  pour rédu i re  l a  pol lution  peuvent ne  pas  être  efficaces  s i  l e  matérie l  est  
soum is  à  de  l a  condensation  ou  s i ,  en  fonctionnement  normal ,  i l  génère  l u i -même des  
pol l uan ts.  

De  peti tes  distances  dans  l 'ai r  peuvent être  pon tées  complètement par des  particu les  
sol i des,  de  l a  pouss ière  et de  l 'eau  et,  en  conséquence,  des  distances  dans  l 'ai r  m in imales  
son t spéci fi ées  s i  de  la  pol lu tion  peu t être  présen te  dans  l e  microenvironnement .  

NOTE  1  La  pol lu tion  d evient  conductri ce  en  présence  d 'hum id i té.  La  pol lu tion  causée  par de  l 'eau  contam inée,  
de  l a  su i e,  des  pouss ières  métal l i q ues  ou  de  charbon  est  nature l l ement conductri ce.  

NOTE  2  La  pol lu tion  conductri ce  par gaz i on i sés  et  d épôts  métal l i ques  se  produ i t  un i quement dans  des  
emplacements  spéci fi ques,  par exemple  dans  l es  chambres  à  arc des  d i s joncteurs,  et  n 'est  pas  couverte  par l a  
présente  norme.  

N.2  Degrés  de  pol lution  dans  le  microenvironnement 

Dans  l e  bu t d 'évaluer l es  l i gnes  de  fu i te  et  d istances  dans  l 'ai r,  l es  quatre  degrés  de  
pol lution  su ivan ts  on t été  établ is  pour l e  microenvironnement:  

– Degré de  pol lu tion  1  

Pas  de  pol lution  ou  seu le  une  pol l u tion  sèche  non  conductrice  se  produ i t.  La  pol lu tion  
n 'a  pas  d ' in fluence.  

NOTE  1  Des  considérati ons  spécial es  (par exemple  revêtement  évalué  sel on  l 'Annexe  P  ou  Q,  enveloppe  scel l ée)  
sont  nécessai res  pour établ i r l e  degré  de  pol lu tion  1 .  

– Degré de  pol lu tion  2  

 Seu le  une  pol lu tion  n on  conductrice  se  produ i t,  excepté  qu 'occasionnel lement,  une  
conductivi té  temporai re  causée par de  l a  condensation  peut  être  attendue.  

NOTE  2  Le  degré  de  pol lu ti on  2  est  représentati f d e  l a  ci rcu lation  normale  de  l ' a i r en  usage  domesti que.  

NOTE  3  La  pol lu tion  par l e  fonctionnement des  contacts  est  cl assée  comme degré  de  pol lu tion  2  sau f s i  l a  
zone  est  affectée  par u ne  au tre  pol lu tion ,  auquel  cas  l e  degré  de  pol lu tion  correspondant à  l ' au tre  pol lu tion  
s 'appl i que.  

– Degré de  pol lu tion  3  

 La  pol lution  conductrice  ou  de  l a  pol lution  sèche  non  conductrice  se  produ i t et devien t 
conductrice  à  cause  de  l a  condensation  à  l aquel l e  on  peu t s 'attendre.  

– Degré  de  pol lu tion  4  

 La  pol lution  génère  une  conductivi té  pers istante  causée par de  l a  pouss ière  conductrice,  
par de  la  p l u ie  ou  de  la  neige.  
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Annexe P   
(normative)  

 
Essai  de  performance des  revêtements  de  cartes  de  circu its  imprimés  

P.1  U n  revêtement prévu  pour être  u ti l i sé  su r une  carte  de  ci rcu i t  imprimé  qu i  a  des  l ignes  
de  fu i te  en  accord  avec l 'Article  20 ,  degré de  pol lution  1 ,  d oi t  satisfai re  aux exigences  de  la  
l 'Annexe P.   

P.2  U n  assemblage  de  cartes  de  ci rcu i ts  imprimés  u ti l i sé  avec un  revêtement,  y compris  l es  
encres,  l es  parties  soudées  et l es  composants  assemblés,  est acceptable  pour son  u ti l i sation  
en  termes  de  température,  cond i tions  de  soudure,  ta i l l e  de  conducteurs  et  d 'adhérence  au  
matériau  de  base  comme déterm iné  par l es  exigences  de  l a  série  I EC  61 249.  

P.3  Rig i d i té  d ié lectri que  du  revêtement – Un  revêtement doi t rés ister à  l 'essai  de  ri g i d i té  
d ié lectri que  de  1 3 . 2  pour l ' i solation  fonctionnel le  à  l a  tens ion  d 'essai  déterm inée  au  
Tableau  1 2,  basé  sur l a  tension  de  service  maximale  fourn ie  à  l 'assemblage  de  cartes,  
après  cond i ti onnement se lon  P. 3. 3  et  P. 3. 4 .  

P.3.1  D ix échanti l l ons  doivent être  préparés  avec les  l ignes  de  fu i te  m in imales  appl icables  
et l 'épaisseur m in imale  de  revêtement en  u ti l i san t l e  schéma de  l a  F igure  P. 1 .  Les  
échanti l lons  son t à  préparer par des  moyens  de  production  normaux en  u ti l i san t l e  nettoyant 
ou  l 'apprêt  employé  avant  d 'appl iquer le  revêtement sur l a  carte.  Le  câblage  convenant aux 
tens ions  et aux températures  concernées  y est  rel i é.  

P.3.2  Essai  de  viei l l i ssement – Cinq  échanti l l ons  des  cartes  revêtues  comme en  P. 3. 1  
doivent être  soum is  à  une  température  de  1 30  °C  ±  2  K pendant 1  000  h .  

P.3.3  Cond i ti onnement hum ide  – Les  ci nq  échanti l lons  de  cartes  revêtues  soum is  à  l 'essai  
de  vie i l l i ssement de  P. 3. 2  sont cond i tionnés  pendan t 48  h  dans  une  étuve  à  une  température  
de  (35  ±  1 )  °C  et une  hum id i té  re lati ve  de  (90  ±  5)  %.  Imméd iatement après  l e  retra i t  de  
l 'étuve,  chaque échanti l l on  est soum is  à  l 'essai  de  rig i d i té  d ié lectri que  décri t  en  P.3 . 5  et  
P. 3 . 6 .  

P.3.4  Cycle  de  cond i ti onnement d 'environnement – C inq  des  échanti l lons  de  cartes  revêtues  
décri ts  en  P.3 . 1  son t soum is  à  tro is  cycles  complets  de  cond i tionnement d 'envi ronnement 
décri t  au  Tableau  P. 1 .  Imméd iatement après  ce  cond i tionnement,  chaque échanti l l on  est à  
soumettre  à  l 'essai  de  rig i d i té  d ié lectrique  décri t  en  P.3. 5  et  P . 3. 6.  

P.3.5  Après  cond i ti onnement,  l es  échanti l l ons  de  cartes  revêtus  comme en  P.3. 1  sont à  
envelopper de  façon  serrée  par une  feu i l le  de  papier a lum in ium  (représen tant un  dépôt  
é lectriquement conducteur sur l a  surface  du  revêtement)  qu i  couvre  le  schéma d 'essai  sauf 
pour l e  fi l  i solé  d 'essai  et  l es  poin ts  de  soudure.  

P.3.6  La  con train te  de  tens ion  est à  appl i quer selon  l 'Article  P. 3  à  chacun  des  échanti l l ons  
cond i ti onnés  en tre  l es  fi l s  A,  B  et  C  i nd ividuel l emen t et  l e  fi l  commun  (voi r F i gure  P. 1 ).  I l  ne  
doi t se  produ ire  n i  con tournement n i  avarie.  Des  décharges  l um inescen tes  sans  chu te  de  
tens ion  sont nég l igées.  

Tableau  P. 1  – Conditions  d ’établ issement de  cycles  d 'environnement 

Pour une  u ti l i sation  i n térieure  Pour une  u ti l i sation  extérieure  

24  h  à  Tmax;  su i vi es  d ’au  moins  96  h  à  (35  ±  2 )  °C  et  
une  hum id i té  re lati ve  de  (90  ±  5 )  % ;  su ivi es  de  8  h  à   
(0  ±  2 )  °C  

Un  m in imum  de  24  h  immergé  à  (25  ±  2 )  °C;  
imméd iatement su ivies  d 'au  moins  96  h  à  (35  ±  2 )  °C  et  
une  hum id i té  re lati ve  de  (90  ±  5)  % ;  su ivi es  de  8  h  à   
(–35  ±  2 )  °C   
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Fils d’essai  isolés à température 
élevée (c’est-à-dire PTFE,  
Si l icone,  etc. ) soudés selon  le 
schéma d’essai  au  dos de la carte 

1 65 mm  
(6,5 in)  

75 mm  
(3 in)  

B  A 

IEC   2516/13 

 

 

NOTE  La  pl us  peti te  d i stance  en tre  p i stes  (poi n t  à  poin t,  poin t  à  l i gne  et  l i gne  à  l i gne)  représente  l a  d i stance  
m in imale  perm ise  su r l es  montages  en  producti on .  

Figure P.1  – Échanti l lon  d 'essai  
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Annexe Q  
(normative)  

 
Essai  de  performance des  revêtements  de  cartes  de  circu its  imprimés  

Q.1  U ne  carte  de  ci rcu i t imprimé  conforme à  toutes  l es  exigences  du  revêtement de  type  1  
te l l es  qu 'el les  son t spéci fi ées  dans  l ’ I EC  60664-3  doi t satisfa i re  aux exigences  m in imales  des  
l ignes  de  fu i te  d e  l 'Article  20,  degré  de  pol lu tion  1  de  l a  présente  norme.  

Q.2  U ne  carte  de  ci rcu i t imprimé conforme à  tou tes  l es  exigences  du  revêtement de  type  2  
te l l es  qu 'e l l es  sont spéci fiées  dans  l ’ I EC 60664-3  doi t satisfa i re  aux exigences  m in imales  pour 
l ' i solation  sol i de  de  20. 3  de  l a  présente  norme.  L ’espacement en tre  l es  conducteurs  p lacés  
avan t l a  protection  ne  doi t  pas  être  in férieur aux va leurs  ind iquées  au  Tableau  1  de  
l ’ I EC 60664-3:2003.  

Q.3  De  véri tables  cartes  de  ci rcu i ts  imprimés  représentatives  d 'échanti l l ons  de  production  
ou  de  cartes  d ’essai  s tandards  selon  l es  F igu res  Q. 1  et Q. 2  peuvent être  u ti l i sées  pour ces  
essais .  Treize  échan ti l l ons  sont nécessaires  pour les  essais  de  type  1 ,  d ix-sept échan ti l l ons  
pour l es  essais  de  type  2 .  

Q.4  La conformité avec les exigences des revêtements de  type 1  ou de  type 2 doit être 
vérifiée par les essais de  l'Article  5 de l’IEC 60664-3:2003,  Amendement 1 :2010.  

Q.5  Pour l es  essais  de  l 'Article  5  de  l ’ I EC 60664-3: 2003,  Amendement 1 : 201 0,  l es  n iveaux 
ou  cond i ti ons  d 'essai  donnés  au  Tableau  Q. 1  s 'appl iquen t:  

Tableau  Q. 1  – N iveaux ou  cond itions  d ’essai  de  l ’ IEC  60664-3  

Paragraphes  de  l ’ IEC  60664-3: 2003  Niveaux d 'essais  de  l a  présente  norme  

5 . 7 . 1  Stockage  froi d  –25  °C  

5. 7 . 3  Variati on  rapi de  de  l a  température  Degré  de  sévéri té  2  (–25  °C  à  +1 25  °C)  

5 . 7 . 4 . 2  É lectro-m igration  N 'est  pas  appl i cable,  sauf s i  spéci fi é  dans  une  parti e  2  

5 . 8 . 5  Décharge  parti e l l e  N 'est  pas  appl i cable,  sau f s i  spéci fi é  dans  une  parti e  2  
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Dimensions en millimètres  

 
2,54   2 

Ecartement assigné 

0,5 

2,54 

2,54 

2,54 

0,3 

0,2 

0,1 5 

2,54 

2,54 

2,54   2 

IEC   2518/13 
 

Figure Q.2  – Exemples  de  configurations  de  cordon   
(voi r aussi  F igure  Q. 1 )  
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Annexe R  
(in formative)  

 
Notes  expl icatives  pour l 'essai  d ' immunité  au  choc électrique  

R.1  Di fférentes  impédances  de  source  

La  sélection  de  l ' impédance de  source  du  générateur dépend :  

– du  genre  de  câble/conducteur/l i gne  (a l imen tation  a l ternative,  a l imentation  conti nue,  
i n terconnexion ,  etc. ) ;  

– de  la  longueur du  câble/de  l a  l i gne;  

– des  cond i ti ons  in térieures/extérieures;  

– de  l 'appl ication  de  l a  tension  d 'essai  (entre  phases  ou  entre  phase  et terre) .  

L' impédance de  2  Ω  représente  l ' impédance de  source  du  réseau  d 'a l imen tation  basse  
tens ion .  

On  u ti l i se  un  générateur avec une  impédance  de  sortie  effecti ve  de  2  Ω .  

L' impédance de  1 2  Ω  ( 1 0  Ω  +  2  Ω)  représen te  l ' impédance  de  source  du  réseau  
d 'a l imentation  basse  tens ion  et de  l a  terre.  

On  u ti l i se  un  générateur avec une  rés istance  add i ti onnel le  en  série  de  1 0  Ω .  

L' impédance de  42  Ω  (40  Ω  +  2  Ω)  représente  l ' impédance  de  source  entre  l es  au tres  l ignes  
du  réseau  et  la  terre.  

On  u ti l i se  un  générateur avec une  rés istance  add i ti onnel le  en  série  de  40  Ω .  

R.2  Appl ication  des  essais  

I l  fau t d isti nguer deux types  d i fféren ts  d 'essais :  au  n i veau  du  matérie l  et  au  n iveau  du  
système .  

R.2. 1  Immunité  au  n iveau  du  matériel  

L'essai  doi t être  effectué  au  l aboratoire  sur un  seu l  équ ipement en  essai  (EUT – equ ipment 
under test) .  I l  est fa i t  référence à  l ' immun i té  de  l 'EUT ains i  soum is  à  essai  comme à  
l ' immun i té  au  n i veau  du  matérie l .  

La  tens ion  d 'essai  ne  doi t pas  dépasser la  capaci té  spéci fi ée  de  l ' i solation  à  supporter l es  
con train tes  de  la  haute  tens ion .  

R.2.2  Immunité  au  n iveau  du  système 

I l  est fa i t  référence à  l 'EUT pour l 'essai  effectué  au  l aboratoi re.  L ' immun i té  au  n i veau  du  
matérie l  n 'assure  pas  l ' immun i té  d 'un  système  d ans  tous  les  cas.  Pour cette  ra ison ,  un  essai  
au  n i veau  du  système  est consei l lé  pour s imu ler l ' i nstal l ation  réel le .  L ' i nstal lation  s imu lée  
comprend  les  d ispos i ti fs  de  protection  (parafoudres,  varistances,  l ignes  b l i ndées,  etc. )  et l a  
l ongueur et l e  type  réels  des  l ignes  d ' i n terconnexion .   

Cet essai  vise  l a  s imu lation  la  p lus  proche  possib le  des  cond i tions  d ' instal lation  dans  
l esquel l es  i l  est prévu  que  l e  ou  l es  EUT fonctionnen t u l térieurement.  
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Dans  l e  cas  de  l ' immun i té  dans  des  cond i tions  réel l es  d ' i nstal lation ,  de  p lus  hau ts  n iveaux 
d 'essai  peuvent être  appl iqués,  mais  l 'énerg ie  concernée  sera  l im i tée  par l es  d ispos i ti fs  de  
protection  selon  l eurs  caractéristi ques  de  l im i tation  du  courant.  

L'essai  est auss i  prévu  pour mon trer que  l es  effets  secondaires  produ i ts  par l es  d i spos i ti fs  de  
protection  (mod i fications  de  l a  forme d 'onde,  du  mode,  de  l 'ampl i tude  des  tensions  ou  des  
courants)  ne  causent pas  d 'effets  i nacceptables  su r l 'EUT.  

R.3  Classi fication  d ' instal lation  

R.3. 1  Général i tés  

Les  class i fications  d ’ i nsta l l ation  sont l es  su ivantes:  

Classe  2 :  Environnement  é l ectrique  où  les  câbles  sont b ien  séparés,  même sur de  fa ib les  
l ongueurs   

 L ' i nstal l ation  est m ise  à  l a  terre,  via  une  l i gne  de  terre  séparée,  au  système de  
m ise  à  l a  terre  de  l 'a l imentation ,  qu i  peu t être  essentie l lement soum is  à  des  
i n terférences  de  tension  générées  par l ' i nsta l l ation  e l le-même ou  par l a  foudre.  
L'al imentation  des  matérie ls  é lectron iques  est  séparée  de  cel le  des  au tres  
ci rcu i ts,  pri ncipalement par un  transformateur spécial  pour l 'a l imentation .  I l  peut y 
avoir dans  l ' i nsta l lation  des  ci rcu i ts  non  protégés  s ' i l s  son t b ien  séparés  et en  
nombre  rédu i t.  

  Cette  classe  s 'appl i que  au  matérie l  de  catégorie  de  su rtens ion  I .  La  catégorie  de  
surtension  I  s 'appl i que  aux disposi ti fs  de  commande  raccordés  après  des  
matérie ls  de  catégorie  de  surtens ion  I I  et  qu i ,  par exemple,  comprennent des  
systèmes  é lectron iques  l og iques  TBT ,  des  ci rcu i ts  secondai res  l im ités  isolés ,  
des  ci rcu i ts  TBTS ,  des  ci rcu i ts  TBTP ,  et des  ci rcu i ts  sur l a  partie  secondaire  des  
transformateurs.  

  La  surtens ion  ne  peu t dépasser 1  kV.  

Classe  3:  Environnement  é lectrique  où  les  câbles  d 'a l imentation  et de  s ignaux couren t en  
para l l èle  

 L ' instal l ation  est m ise  à  l a  terre  au  système commun  de  m ise  à  l a  terre  de  
l 'a l imentation  qu i  peut être  pri ncipa lement soum is  à  des  in terférences  de  tens ion  
générées  par l ' insta l lation  e l le-même ou  par l a  foudre.  

  Le  courant dû  à  des  pannes  à  l a  terre,  des  opérations  de  commutation  et  à  des  
coups  de  foudre  sur l ' i nsta l l ation  de  pu issance  peut générer des  i n terférences  de  
tens ion  avec des  ampl i tudes  re lati vement grandes  dans  l e  système de  m ise  à  la  
terre.  Le  matérie l  é lectron ique  protégé  et l es  matérie ls  é lectri ques  moins  
sens ib les  son t re l i és  au  même réseau  d 'a l imentation .  Les  câbles  d ' in terconnexion  
peuvent passer en  partie  comme câbles  extérieurs  mais  à  proxim i té  du  réseau  de  
m ise  à  l a  terre.  I l  reste  dans  l ' i nsta l lation  des  charges  i nductives  non  supprimées  
et  i l  n ' y a  habi tuel l ement pas  de  séparation  des  d i fférentes  nappes  de  câbles.  

 Cette  classe  s 'appl i que  au  matérie l  de  catégorie  de  surtension  I I I  ou  au  matérie l  
de  catégorie  de  surtens ion  I I .  

 La  catégorie  de  surtens ion  I I I  s 'appl ique  normalement aux disposi ti fs  de  
commande  prévus  pour l a  connexion  au  câblage fixe  ou  pour l ' i ncorporation  
dans  le  matériel  prévu  pour une  connexion  permanente  au  câblage fixe ,  à  moins  
que  l e  dispositi f de  commande  ou  l e  matérie l  d 'u ti l i sation  fourn isse  des  moyens  
de  suppress ion  de  la  tension  transi to i re,  auquel  cas  une  catégorie  in férieu re  
s 'appl i quera.  

 La  catégorie  de  surtension  I I  s 'appl ique  normalement aux disposi ti fs  de  
commande  connectés  en  aval  d 'un  socle  de  prise  de  couran t ou  pour 
l ' i ncorporation  dans  un  matérie l  connecté  en  aval  d 'un  socle  de  prise  de  couran t.  
Les  dispositi fs  de  commande  prévus  pour l a  connexion  permanente  au  câblage  
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fixe  peuvent auss i  en trer dans  cette  catégorie,  où  les  méthodes  de  suppress ion  
de  l a  tension  trans i toi re,  te l l es  que  des  moyens  l im i teurs  de  tens ion  en  bou t de  
l i gne  ou  l es  distances  dans  l 'ai r  en tre  parties  acti ves,  sont i ncorporées  dans  l es  
dispositi fs  de  commande  ou  l e  matériel .  S i  l es  con tacts  des  dispositi fs  de  
commande  son t conçus  pour permettre  l e  con tournement de  la  tens ion  trans i toi re  
et son t aptes  à  rés ister au  couran t coupé l im i té,  i l s  peuven t fourn ir une  
suppress ion  adéquate.  Ce  sont,  par exemple,  des  dispositi fs  de  commande  pour 
apparei ls  domestiques  satisfaisan t aux descriptions  ci -dessus.  

  La  surtens ion  ne  peu t dépasser 2  kV.  

Classe  4:   Environnement  é l ectrique  où  l es  câbles  d ' in terconnexion  son t d isposés  comme 
des  câbles  extérieurs  avec l es  câbles  d 'a l imentation ,  e t où  les  câbles  son t u ti l i sés  
à  l a  fo is  pour l es  ci rcu i ts  é lectron iques  et pour les  ci rcu i ts  é lectriques.  

  L ' i nstal l ation  est re l iée  au  système de  m ise  à  l a  terre  de  l 'a l imentation  qu i  peu t  
être  soum is  à  des  in terférences  de  tens ion  générées  par l ' i nsta l lation  e l l e-même 
ou  par la  foudre.  Les  courants ,  dans  la  gamme des  ki loampères,  dus  à  des  
pannes  à  l a  terre,  des  opérations  de  commutation  et aux chocs  de  foudre  sur 
l ' i nsta l l ation  de  pu issance  peuven t générer des  i n terférences  de  tens ion  avec des  
ampl i tudes  re lativement grandes  dans  l e  système de  m ise  à  l a  terre.  Le  matérie l  
é lectron ique  et  l e  matérie l  é l ectri que  peuvent être  re l i és  au  même réseau  
d 'al imen tation .  Les  câbles  d ' i n terconnexion  peuven t passer comme câbles  
extérieurs ,  même pour l e  matérie l  hau te  tension .  

  Un  cas  particu l ier de  cet  environnement  est celu i  où  le  matérie l  é l ectron ique  est  
re l i é  au  réseau  de  té lécommunication  dans  une  zone  de  popu lation  dense.  I l  n ' y a  
pas  réseau  de  m ise  à  l a  terre  systématiquement constru i t  à  l 'extérieur du  matérie l  
é lectron ique  et le  système de  m ise  à  la  terre  est seu lement composé  de  condu i ts ,  
câbles,  etc.   

  La  surtension  ne  peu t dépasser 4  kV.  

  Des  exemples  d ' i nstal lation  du  matérie l  é lectron ique  dans  l es  d i fféren ts  cas  son t  
donnés  aux F igures  R. 1 ,  R. 2  et  R. 3.  

R.3.2  Immunité  au  n iveau  du  matériel  des  ports  connectés  au  réseau  d 'al imentation  

Le  n iveau  m in imal  d ' immun i té  pour connexion  au  réseau  d 'a l imentation  publ ic  est:  

Couplage  en tre  phases:     0 , 5  kV 

Couplage  en tre  phase  et  terre:   1  kV 

R.3.3  Immunité  au  n iveau  du  matériel  des  ports  connectés  à  des  l ignes  
d ' interconnexion  

Les  essais  de  chocs  électri ques  sur l es  ci rcu i ts  d ' i n terconnexion  sont  un iquement requ is  pour 
l es  connexions  externes  (à  l 'extérieur du  coffret/enveloppe) .  S i  l ' essai  est poss ib le  au  n iveau  
du  système  (EUT avec des  câbles  d ' i n terconnexion  re l iés) ,  i l  n 'est  pas  nécessaire  de  fa i re  
l 'essai  au  n i veau  du  matérie l  (par exemple,  ports  du  processus  de  commande/entrées-sorties  
de  s i gnaux)  particu l ièrement dans  les  cas  où  l e  b l i ndage du  câble  d ' i n terconnexion  fa i t  partie  
des  mesures  de  protection .  S i  l ' i nsta l lation  de  l 'apparei l  est effectuée  par quelqu 'un  d 'au tre  
que  l e  fabricant du  matérie l ,  i l  convient que  l a  tens ion  adm iss ible  pour l es  entrées/sorties  
(particu l ièrement pour l es  i n terfaces  du  processus  de  contrôle)  de  l 'EUT soi t  spéci fiée.  

I l  convient que  l e  fabrican t soumette  à  essai  son  matérie l  sur l a  base  des  n iveaux d 'essai  
spéci fiés  pour confi rmer l ' immun i té  au  n iveau  du  matérie l ,  par exemple  avec la  protection  
secondaire  des  ports  de  l 'EUT pour un  n i veau  de  tens ion  d 'essai  de  0, 5  kV.  I l  convient que  
l 'uti l i sateur  d e  l ’ i nsta l l ation  ou  les  responsables  de  son  i nstal lation  appl iquent l es  mesures  
(par exemple,  b l i ndage,  équ ipoten tia l i té,  m ise  à  l a  terre,  protection)  nécessai res  pour assurer 
que  l a  tension  d ' i n terface  causée,  par exemple,  par des  coups  de  foudre  ne  dépasse  pas  l e  
n iveau  d ' immun i té  chois i .  
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Figure R. 1  – Exemple  de  protection  contre  l es  chocs  électriques  par bl indage   
dans  l es  bâtiments  avec des  systèmes de  terre  de  référence  commune  
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Figure R.2  – Exemple  de  protection  secondaire  contre  l es  chocs  électriques  dans   
les  bâtiments  avec des  systèmes de  terre  de  référence commune  séparés  
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Figure  R.3  – Exemple  de  protection  primaire  et  secondaire  contre   
les  chocs  électriques  du  matériel  in térieur et  extérieur 
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Annexe S   
(informative)  

 
Gu ide pour l 'appl ication  de  l 'Article  20  

Le  gu ide  pour l ’ appl ication  de  l ’Article  20  est  i nd iqué  dans  l a  F igure  S . 1 ,  l e  Tableau  S. 1  et l e  Tableau  S .2 .  

 

Non  

 
Essai  

d’ impulsion 
conduite ? 
20.1 .1 2  

Isolation 
accessible 

?  

Isolation 
accessible 

?  

Distance dans l ’air Ligne de fuite  Isolation solide  

Paragraphe 20.1  Paragraphe 20.2 Paragraphe 20.3 

Informations requises 
Système d’al imentation ou  tension 

de service 
Catégorie de surtension (Annexe L) 

Tension de choc assignée (Tableau  21 ) 
Degré de pol lution (Annexe N)  

Informations requises 
Système d’al imentation ou  tension  

de service 
Degré de pollution (Annexe N) 

Groupe de matériaux (Paragraphe 6.1 3,  
20.2.2 Note 2)  

Type d’isolation (voir Article 2)  

Supplémentaire 
20.3.2 

Renforcée 
20.3.2 

Fonctionnel le 
ou  

principale 20.3.1  

Type d’ isolation (voir Article 2)  Type d’ isolation  (voir Article 2)  

Supplémentaire 
20.1 .8 

Renforcée 20.1 .9 
Coupure totale 

du  circuit 20.1 .7.2  

Principale 20.1 .1  
Fonctionnel le 20.1 .2 

Micro-coupure 20.1 .7.1  
Micro-interruption  

20.1 .7.1  

Supplémentaire 
20.2.3 

Renforcée 20.2.4 
Principale 20.2.1  

Fonctionnelle 
comprenant 

Coupure totale de circuit 
Micro-coupure 

Micro-interruption 

20.2.2 

 
Ligne de fuite 

minimale requise 
_______ 

Tableau  23  

Ligne de fuite 
minimale requise 

_______ 
Tableau 24  

Non  

Oui  

Epaisseur 
minimale 0,7 mm 
ou 3 couches 
d’ isolation 
(20.3.2)  

Epaisseur 
minimale 0,7 mm 
ou 2 couches 
d’ isolation 
(20.3.1 )  

Oui  

Considération de l ’essai  d’échauffement et 
essais de viei l l issement 

Mécanique requise  
(20.3.1  ou  20.3.2)  

Pas de 
spécification pour 

l ’épaisseur 
requise 

Non  

Distance dans l ’air 

minimale requise 

_______ 
Cas B 

Tableau 22  

Distance dans l ’air 

minimale requise 

_______ 
Cas A 

Tableau 22  

Oui  

Type de distance à l ’étude (voir Article 2) 

IEC   2522/13  
Figure S.1  – Gu ide pour l ’ appl ication  des  exigences  de  l ’Article  20  
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Tableau  S. 1  – Exemple  A – U ti l i sation  de  l 'Annexe  S  pour l 'appl ication  de  l 'Article  20  

Question  Réponse  I nstruction  

La  d i stance  est-e l l e  consi dérée  
dans  l 'a i r ou  à  travers  u ne  su rface  ?  

Dans  l ’ a i r Su ivre  l e  tra j et  des  distances  dans  
l 'ai r  d e  l a  carte  

Quel l e  est  l a  tensi on  d 'a l imentation  
du  système ,  ou  pour l ' i sol ation  
fonctionnel le ,  l a  tension  de  
service  ?  

230  V/400  V,  tri phasée,  4  fi l s  Enreg istrer en  a)  

Quel l e  est  l a  catégorie  de  
surtension  ?  (Voi r Annexe  L)  

Voi r catégorie  I I  Enreg istrer en  b)  

Quel l e  est  l a  tension  assignée  de  
choc ?  

À déterm iner dans  l e  Tableau  21  en  
u ti l i sant  a )  et  b )  

Enreg i strer en  c)  

Quel  est  l e  degré  de  pol lu tion  ?  
(Voi r Annexe  N )  

Degré  de  pol lu tion  2  Enreg istrer en  d )  

Quel  est  l e  type  d ' i sol ation  ?   
(se  référer aux défi n i ti ons,  etc. )  

I solation  renforcée  Se  référer à  20. 1 . 9 .  Pour l ' i so l ation  
renforcée,  u ti l i ser l e  cas  A et  l e  
n i veau  de  tens ion  de  choc 
imméd iatement supérieu r d ans  l e  
Tableau  22 .  Enreg istrer en  e) .  

Quel l e  est  l a  l im i te  de  cette  
d i s tance  ?  

Se  référer au  Tabl eau  22   Déterm iner l a  l im i te  en  u ti l i sant  d )  
et  e)  

 La l im i te  est 3  mm   

 

Tableau  S.2  – Exemple  B  – U ti l i sation  de  l 'Annexe  S  pour l 'appl ication  de  l 'Article  20  

Question  Réponse  Instruction  

La  d i s tance  est-e l l e  consi dérée  
dans  l 'a i r ou  à  travers  u ne  su rface  ?  

À travers  une  surface  Su ivre  l e  tra j et  des  l i gnes  de  fu i te  

Quel l e  est  l a  tens i on  d 'a l imentation  
du  système ,  ou  pour l ' i sol ation  
fonctionnel l e ,  l a  tension  de  
service  ?  

230  V  Enreg istrer en  a)  

Quel  est  l e  degré  de  pol lu tion  ?  
(Voi r Annexe  N )  

Degré  de  pol lu tion  2  Enreg istrer en  b)  

Quel  est  l e  g roupe  de  matériau  ?  
(se  référer à  20. 2 . 2 ,  Note  2)  

I I I b)  Enreg istrer en  c)  

Quel  est  l e  type  d ' i sol ation  ?  (se  
référer aux défi n i ti ons,  etc. )  

I solation  fonctionnel le  Se  référer à  20. 2 . 2 .  

Quel l e  est  l a  l im i te  de  cette  
d i stance  ?  

Se  référer au  Tabl eau  24   Déterm iner l a  l im i te  en  u ti l i san t  a) ,  
b)  et  c)  

 La l im i te  est 2 , 5  mm   
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Annexe T  
(normative)  

 
Exigences  pour la  TBTS et TBTP  

T.1  Vue d 'ensemble des  exigences  pour la  TBTS et l a  TBTP 

T.1 . 1  Protection  par TBTS  

 

 

 

 
Protection par TBTS  

(voir T.2.1 ) 

 
L im i tation  de  

tens ion  
(voi r T. 3 . 1 )  

 
SEPARATION  

DE  
PROTECTION  

(voir T.3.2) 

 
SEPARATION SIMPLE de la 

TERRE,  réseaux TBTP et autres 
réseaux TBTS  
(voir T.3.3) 

_et_ 
_et_ 

 

T.1 .2  Protection  par TBTP  

 

 

 

 

 
Options  pou r  

M ISE  A LA TERRE  
FONCTIONNELLE  

(voir T.3.4) 
 

Dans certains cas isolation 
principale complémentaire 

(voir 2.7.1 0) 
 
 

Protection par TBTP 

(voi r T. 2 . 2)  

L im i tati on  de  
tension  

(voi r T. 3. 1 )  

_et_ 
 

SEPARATION  
DE  

PROTECTION  
(voi r T. 3 . 2)  

_et__ 

(Adopté  de  l ’ I EC 61 1 40)  

 

NOTE  Les  exigences  de  l ’ I EC 61 1 40  pou r l es  séparati ons  on t  été  cons idérées  et  i ncl uses  dans  l es  exi gences  de  
l a  présente  norme  y compris ,  sans  tou tefoi s  s 'y l im i ter,  l es  Art i cl es  8,  1 1 ,  1 8  et  20.  

T.2  Protection  contre  les  chocs  électriques  par l 'uti l isation  de  la  TBTS ou  de  
la  TBTP 

T.2. 1  TBTS 

La  protection  con tre  les  chocs  é lectriques  doi t être  fourn ie  par l es  mesures  su ivantes:  

– une  l im i tation  de  l a  tension  TBT  se lon  T.3. 1  dans  un  ci rcu i t ( l e  réseau  TBTS) ,  et  

– une  séparation  de  protection  selon  T. 3. 2  du  réseau  TBTS  d e  tous  l es  ci rcu i ts  au tres  que  
l es  ci rcu i ts  TBTS  et  l es  ci rcu i ts  TBTP,  et  

– une  séparation  s imple  se lon  T.3. 3  du  réseau  TBTS  des  au tres  réseaux TBTS ,  des  
réseaux TBTP  et  de  la  terre.  

Le  raccordement dél i béré  des  masses  d u  dispositi f de  commande  à  un  conducteur de  
commande de  protection  ou  à  un  conducteur de  terre  n 'est pas  adm is.   

Dans  l es  l ocaux particu l i ers  où  l a  TBTS  est exigée  et  l orsque  la  protection  par écran  selon  
T. 3. 2. 1  est appl iquée,  l 'écran  de  protection  doi t  être  séparé  de  chaque  ci rcu i t ad j acent par 
une  i solation  principale  ass ignée  pour la  tens ion  l a  p l us  é levée  présente.  

Les  exigences  pour l es  é léments  de  l a  TBTS  son t données  à  l 'Article  T. 3.  
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T.2.2  TBTP  

La  protection  con tre  les  chocs  électri ques  doi t être  fourn ie  par l es  mesures  su ivantes:  

–  une  l im i tation  de  l a  tension ,  TBT  selon  T. 3. 1  dans  un  ci rcu i t qu i  peu t être  m is  à  l a  terre  
et/ou  dont les  parties  conductrices  accessibles  peuven t être  m ises  à  l a  terre  ( l e  réseau  
TBTP) ,  et   

–  une  séparation  de  protection  se lon  T. 3. 2  du  réseau  TBTP  de  tous  les  ci rcu i ts  au tres  que  
l es  ci rcu i ts  TBTS  et  l es  ci rcu i ts  TBTP.  

S i  l e  ci rcu i t TBTP  est m is  à  l a  terre  et s i  l a  protection  par écran  selon  T. 3. 2 . 1  est u ti l i sée,  i l  
n 'est pas  nécessaire  de  fourn i r une  i solation  principale  en tre  l 'écran  de  protection  et l e  
réseau  TBTP .   

S i  l es  parties  actives  d u  réseau  TBTP  son t  accessibles  (au  toucher)  s imu l tanément avec l es  
parties  conductrices  qu i ,  en  cas  de  panne ,  son t susceptib les  d 'atteindre  l e  potentie l  du  ci rcu i t 
primaire,  l a  protection  contre  l es  chocs  é lectri ques  dépend  de  la  l i aison  équ ipotentiel le  de  
protection  (T. 3 . 4)  de  toutes  l es  parties  conductrices.  De  tel l es  parties  doiven t être  rel iées  à  
l a  borne  ou  connexion  d e  m ise  à  l a  terre  de  protection  du  dispositi f de  commande .   

Les  exigences  pour l es  é léments  de  l a  TBTP sont données  à  l 'Article  T. 3.  

T.3  TBT,  séparation  de  protection,  séparation  s imple,  l i aison  de  protection  en  
tant qu 'éléments  de  la  TBTS et de  la  TBTP 

T.3. 1  La  l im i tation  de  tens ion  doi t condu i re  à  ce  que  la  tens ion  entre  les  parties  
simu l tanément accessibles  n e  dépasse  pas  les  l im i tes  TBT  appropriées  comme spéci fié  en  
2 . 1 . 4  et 8. 1 . 1 .  

T.3.2  La  séparation  de  protection  en tre  un  ci rcu i t TBTS /TBTP et d 'autres  ci rcu i ts  acti fs  
doi t être  assurée  par les  mesures  su ivan tes:   

– une  isolation  principale  et  u ne  i solation  supplémentaire ,  chacune étant  ass ignée  pour 
l a  tens ion  l a  p l us  é levée présente,  c'est-à-d i re  double  isolation ,  ou  

– une  i solation  renforcée  ass ignée  pour l a  tension  l a  p lus  é levée  présente,  ou   

– une  protection  par écran  se lon  T.3. 2 . 1  avec l 'écran  de  protection  séparé  de  chaque ci rcu i t  
ad j acent par une  i solation  principale  ass ignée  pour l a  tens ion  l a  p lus  é levée du  ci rcu i t 
ad j acent (voi r auss i  T. 2 . 1 ,  dern ier a l inéa),  ou  

– une  combinaison  de  ces  d isposi ti ons.  

Les  conducteurs  du  ci rcu i t séparé,  l orsqu ' i ls  son t contenus  ensemble  avec l es  conducteurs  
d 'au tres  ci rcu i ts  dans  un  câble  mu l ticonducteurs  ou  dans  un  au tre  groupement de  
conducteurs,  doiven t être  i so lés,  ind ividuel lemen t ou  col l ecti vement,  pour l a  tens ion  présente  
l a  p lus  é levée,  de  façon  qu 'une  double  i solation  ou  une  i solation  renforcée  soi t  réa l isée.   

S i  un  des  composan ts  est raccordé  en tre  des  ci rcu i ts  séparés,  ce  composant doi t  satisfai re  
aux exigences  pour l ' impédance  de  protection .  

Lorsque  l 'a l imentation  des  ci rcu i ts  TBTS  ou  TBTP est obtenue  à  parti r d 'un  réseau  
d 'al imentation  de  tens ion  p l us  é levée,  e l l e  doi t  

– soi t  ê tre  réa l isée  à  travers  un  transformateur de  sécuri té ,  so i t   

– être  un  convertisseur à  enrou lements  séparés  fourn issant une  isolation  équ ivalente  et 
avec des  exigences  comme ci -dessous.  

NOTE  1  Les  l im i tes  de  tension  son t  établ i es  su r l ' hypothèse  d 'un  transformateur de  sécuri té  a l imenté  à  l a  l im i te  
supérieu re  de  sa  tension  assignée.  
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NOTE  2  Au  Canada  et  aux États-Un is ,  l es  parti es  raccordées  à  l a  TBT  à  parti r d 'u n  transformateur de  sécuri té  
son t  à  u ne  tension  ne  dépassant  pas  42, 4  V crête  ou  30  V effi caces  en  cond i ti ons  sèches,  ou  21 , 2  V crête  ou  1 5  V  
effi caces  l orsque  u n  contact  hum ide  est  suscepti ble  de  se  produ i re.  

Si  un  convertisseur est u ti l i sé,  et  s i  l e  disposi ti f de  commande  est  déclaré   

–  I PX7  se lon  6. 5. 2,  l e  d isposi ti f de  commande  d o i t  être  déclaré  comme devan t être  soum is  
à  une  anal yse  de  seconde panne  (exigence 73  du  Tableau  1 )  pour l es  ci rcu i ts  et l ' i solation  
en tre  l es  enrou lements  du  convertisseur et,  résu l tan t de  cette  seconde  panne ,  l a  valeur 
TBT  de  0  V ne  doi t pas  être  dépassée.  Le  couran t en tre  les  pôles  de  l a  sortie  doi t 
satisfai re  à  H . 8 . 1 . 1 0 .  

La conformité est vérifiée par examen,  mesure et réalisation du ou des essais appropriés 
dans l'ordre de la  présente norme.  

T.3.2. 1  La  protection  par écran  doi t comprendre  un  écran  conducteur  i nséré  entre  l es  
parties  actives  dangereuses  d u  disposi ti f de  commande ,  de  l ' i nsta l lation  ou  du  réseau  et  
l a  partie  protégée (par exemple  un  ci rcu i t  TBTS  ou  un  ci rcu i t  TBTP).  L'écran  de  protection :  

– doi t  être  raccordé  en  permanence et de  façon  sûre  à  l a  borne  de  m ise  à  l a  terre  de  
protection  du  d isposi ti f de  commande  et  l a  connexion  doi t  satisfai re  aux exigences  de  
l 'Article  9 ;  et   

– i l  doi t  l u i -même satisfai re  aux exigences  de  l 'Article  9.  

T.3.3  La  séparation  s imple  en tre  un  ci rcu i t TBTS  e t  d 'au tres  réseaux TBTS  ou  réseaux 
TBTP  ou  l a  terre  doi t satisfai re  aux exigences  de  l ' isolation  principale  dans  l eur tota l i té ,  
ass ignées  pour l a  tension  présente  l a  p l us  é levée.  

S i  u n  quelconque  des  composants  est raccordé  entre  les  ci rcu i ts  séparés,  ce  composant doi t  
supporter l es  con train tes  électriques  spéci fiées  pour l ' i solation  qu ' i l  contourne  et  son  
impédance doi t  l im i ter l e  courant présumé à  travers  l e  composan t aux valeurs  de  courant en  
régime  établ i  i nd iquées  en  H . 8. 1 . 1 0  et  H . 1 1 . 2 . 5  pour l ' impédance  de  protection .  

T.3.4 Liaison  de  protection  

Les  exigences  pour l a  l i a ison  de  protection  son t  ce l les  prévues  pour la  m ise  à  la  terre  de 
protection  à  l 'Article  9  de  l a  présente  norme.  

Pour l ' i nsta l lation  des  dispositi fs  de  commande  q u i  comprennent p lus ieurs  composan ts  
(é lémen t thermosensib le,  transmetteurs,  u n i té  de  commande  centrale ,  récepteurs,  
actionneurs,  u n i tés  d ' in terfaces)  et  l orsque  de  te ls  composants  sont des  parties  de  
l ' i nsta l l ation  é lectri que  fixe  d 'un  bâtiment,  l es  exigences  pour l a  l i a ison  de  protection  dans  l es  
normes  de  l ’ I EC pour l ' i n sta l lation  des  bâtiments  s 'appl iquent.   

NOTE  La  m ise  à  l a  terre  fonctionnel l e  est  l e  raccordement d 'un  ci rcu i t  é l ectri que  l ocal  à  l a  terre  pou r des  ra i sons  
fonctionnel l es  par opposi ti on  à  l a  m ise  à  l a  terre  pou r des  ra i sons  de  protection .  Selon  l e  type  d u  réseau  
d ' i nstal l ati on ,  d i fférentes  exigences  s 'appl i quen t et  sont  données  dans  l es  normes  de  l ’ I EC pour l ' i nsta l l ati on  des  
bâtiments .  La  m ise  à  l a  terre  fonctionnel l e  peu t  être  nécessai re  pour l es  matériel s  d e  tél écommun ications,  pour 
l esque ls  l es  normes  produ i ts  d e  l ’ I EC s 'appl i q uen t.   

La présente norme admet l'utilisation des parties conductrices accessibles  en tant que 
conducteurs internes  d'un circuit TBTP interne pour la  mise à  la  terre fonctionnelle,  sous 
réserve des conditions spécifiées dans la  présente Partie  1 ,  et pour les usages particuliers 
dans la  partie  2 appropriée.  
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Annexe U   
(normative)  

 
Exigences  pour les  relais  u ti l isés  comme disposi ti fs   

de  commande dans  les  apparei ls  de  l ’ IEC 60335 

L'  Annexe  U  complète  ou  mod i fie  les  articles  correspondan ts  de  cette  norme.  

NOTE  Ces  exigences  éta ient  précédemment  contenues  dans  l ’ I EC 60730-2-1 ,  l aquel l e  a  été  reti rée. 6  

U.2   Termes et défin i tions  

U.2.2  Défin i tions  des  d i fférents  types  de  d ispositi fs  de  commande  en  fonction  de  
l 'appl ication  

U .2.2. 1 2  
d isposi ti f de  commande à  fonctionnement électrique  
pour l es  besoins  de  l a  présente  annexe,  un  re la i s  est un  disposi ti f de  commande  te l  que  
défin i  en  2 . 2 . 1 2  

Remplacer la  note à  l'article par la  nouvelle  note  à  l'article  suivante:  

NOTE  Les  rela i s  de  couran t,  l es  re la i s  de  tensi on  ou  l es  re la i s  de  cyclage  sont  d es  exemples  de  re la i s .  

U.4  Général i tés  sur les  essais  

U.4.3  Instructions  pour les  essais  

U .4.3.5  Selon  la  fonction  

Paragraphe complémentaire:  

U.4.3.5.4  Si un  relais incorpore un dispositif de ventilation,  il convient de mettre celui-ci hors 
de service pour réaliser les essais des Articles 12 à  17,  si déclaré ainsi.  

U.6   Classification  

U.6.3  Selon  les  fonctions  

Paragraphes complémentaires:  

U.6.3. 1 0. 1  – re la is   

U . 6.3. 1 0.2  – re la is  de  couran t  

U . 6.3. 1 0.3  – re la is  de  tension  

  

___________ 

6  I EC 60730-2-1 : 1 989,  Dispositifs de commande électrique automatiques à  usage domestique et analogue  
Deuxième partie:  Règles particulières pour dispositifs de commande électrique pour appareils 
électrodomestiques 
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U.6.6  Selon  le  mode de  connexion  

Paragraphes complémentaires:  

U.6.6.6   –  d i spositi f de  commande  pour mon tage  sur carte  imprimée  

U .6.6.7  –  d i spositi f de  commande  pou r montage  sur carte  imprimée,  avec connexion  
des  con tacts  au trement que  par les  p istes  de  la  carte  imprimée  

U .6.6.8   – re la is  enfichable  

U . 6.8  Selon  la  protection  contre  les  chocs  électriques  

Paragraphes complémentaires:  

U.6.8.5 Pour un  re la is :  i solation  entre  l a  bobine  et l es  ci rcu i ts  des  contacts :  

U . 6.8.5.1  – de  classe  0 ;  

U . 6.8.5.2  – de  classe  0 I ;  

U . 6.8.5.3  – de  classe  I ;  

U . 6.8.5.4  – de  classe  I I ;  

U . 6.8.5.5  – de  classe  I I I .  

U . 6.8.6  Pour un  re la is :  i solation  en tre  l es  parties  actives  e t  l a  fonction  d 'essai ,  organe  de  
manœuvre à  action  manuel le :  

U .6.8.6. 1  – de  classe  0 ;  

U .6.8.6.2  – de  classe  0 I ;  

U .6.8.6.3  – de  classe  I ;  

U .6.8.6.4  – de  classe  I I ;  

U .6.8.6.5  – de  classe  I I I .  

U.7   Information  

Remplacer les lignes 3,  4  et 88 du Tableau 1  comme suit:  

In formation  Arti cle  ou  
paragraphe  

Méthode  

3  Tens ions  assignées  pour à  l a  foi s  l a  bobine  et  l es  contacts ,  s i  d i fférente  U . 1 4 ,  U . 1 7  C  

4  Natu re  de  l 'a l imentation  é l ectri que  pou r à  l a  fo i s  l a  bobi ne  et  l es  contacts,  s i  
d i fférente  

U . 1 4 ,  U . 1 7  C  

88  Cadence  de  répéti ti on  maximal e  prévue  U . 23  D  
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U.1 4 Échauffements  

Remplacement du paragraphe:  

U.1 4.4  Les essais doivent être réalisés dans les conditions suivantes:  

– Tension de bobine ×  0, 9 +  contacts chargés ou courant de bobine  ×  0, 9 +  contacts 
chargés 

– Tension de bobine ×  1 , 1  +  contacts chargés ou courant de bobine  ×  1 , 1  +  contacts 
chargés 

– Bobine désalimentée +  contacts chargés (contacts N.C. ) .  

– Les relais doivent être montés comme indiqué – les relais connectés à  la  carte imprimée 
doivent être montés sur la  carte imprimée si elle est proposée avec les relais à  soumettre 
à  essai.  Si la  carte imprimée n'est pas fournie,  les relais doivent être montés sur un 
matériau lisse de carte  imprimée,  les conducteurs de la  section appropriée (selon le 
Tableau 6)  doivent être soudés aux broches de la  carte imprimée.  

U.1 7  Endurance   

U.1 7. 1 4  Évaluation  de  la  conformité  

Remplacer le  second tiret de la  liste par ce qui suit:  

– si les exigences de l'Article  14,  dans les conditions établies par U. 14. 4,  concernant les 
points désignés à  la  note de bas de tableau a  du Tableau 13,  c'est-à-dire les bornes,  les 
parties transportant le courant et les surfaces de support,  sont satisfaites.  

U.1 7. 1 6  Essai  pour l es  d ispositi fs  de  commande à  usages  particu l iers  

Les relais doivent être soumis à  un essai d'endurance selon le programme suivant:  

– Essai de vieillissement de 17. 6 si applicable  

– Essai de surtension pour action automatique  de  17. 7 

– Essai d'action automatique  accélérée de 17. 8  

– Essai d'action automatique  lente de 17. 9 si applicable  

– Essai de surtension pour une action manuelle  accélérée de 17. 10 si applicable  

– Essai d'action manuelle  à  faible  vitesse de 17. 11  si applicable  

– Essai d'action manuelle  à  grande vitesse de 17. 12 si applicable  

– Essai d'action manuelle  à  vitesse accélérée de 17. 13 si applicable  

U.20  Lignes  de  fu i te,  d istances  dans  l 'ai r et d istances  à  travers  l ' isolation  
sol ide  

L'évaluation  doi t être  condu i te  avec l e  re lais  a l imenté,  désal imenté  et manœuvré  
manuel l ement (s i  appl icable) .  

U.23 Exigences  de  compatibi l i té  électromagnétique (CEM)  – Émission   

I l  convient de  porter atten tion  à  l a  déterm ination  de  l 'appl icabi l i té  des  exigences  CEM  aux 
re la is .  

U.24 Éléments  consti tuants  

Les  rela is  i ncorporant  des  composants  é lectron iques  doiven t être  évalués  selon  l 'Annexe  H .  
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Annexe V  
(normative)  

 
Exigences  appl icables  aux d isposi ti fs  de  commande  
al imentés  par pi les  secondaires  (rechargeables)  

Les  mod i fications  su ivan tes  apportées  à  l a  présente  norme s ’appl i quent  aux dispositi fs  de  
commande  a l imentés  par p i les  susceptib les  d ’être  rechargées  dans  le  dispositi f de  
commande .  

V.4.3.2  Selon  l es  caractéristiques  assignées  

Paragraphes complémentaires:  

V.4.3.2 . 1 1  Le  fonctionnement  d u  dispositi f de  commande  se  fa i t  dans  l es  cond i tions  
su ivantes:  

– l e  dispositi f de  commande ,  a l imenté  par sa  p i l e  complètement chargée,  fonctionne  
comme spéci fié  dans  l a  présente  norme ou  l a  partie  2  appropriée;  

– l a  p i l e  est  chargée,  la  p i l e  étant i n i ti a lement déchargée  de  sorte  que  l e  disposi ti f de  
commande  ne  peu t pas  fonctionner;  

– si  possib le,  l e  disposi ti f de  commande  est a l imen té  à  parti r d u  réseau  par son  chargeur 
de  p i l e ,  l a  p i l e  étant i n i ti a lement déchargée de  sorte  que  l e  disposi ti f de  commande  ne  
peu t pas  fonctionner.  Le  dispositi f de  commande  fonctionne  comme spéci fié  dans  la  
partie  2  appropriée;  

– s i  l e  disposi ti f de  commande  i ncorpore  un  couplage  i nducti f en tre  deux parties  qu i  son t 
débrochables,  l e  disposi ti f de  commande  est  a l imenté  par l e  réseau  en  reti ran t l a  partie  
amovible .  

V.7  Information  

Paragraphes complémentaires:  

V.7 .4  Exigences  supplémentai res  de  marquage  

V.7.4. 1 0  Les  instructions  doiven t donner des  i n formations  concernan t l es  opérations  de  
charge  des  p i les.  

V.8  Protection  contre  les  chocs  électriques  

Paragraphes complémentaires:  

V.8.5  Les  dispositi fs  de  commande  fonctionnant à  p i le  doiven t être  conçus  de  sorte  qu ’au  
poin t  externe  de  coupure  de  l ’ a l imentation  réseau  en  courant con tinu  access i b le  à  
l ’uti l i sateur,   

–  l a  tens ion  maximale  accessible  soi t  i n férieure  ou  égale  aux l im i tes  d ’un  ci rcu i t TBTS /TBTP 
(par exemple,  en  ra ison  de  l a  charge  emmagasinée  sur une  p i l e  dans  l e  dispositi f de  
commande  ou  une  a l imentation  réseau  en  couran t con tinu  redondante  pour sauvegarde) ,  
et   

– l a  pu issance  d ispon ib le  soi t  i n férieure  à  1 5  W  au  bou t de  5  s .  
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V.8.5.1  La  vérification est réalisée par l’essai suivant:  

Un essai est réalisé en coupant l’alimentation réseau en courant continu d’un dispositif de 
commande  à  pile complètement chargée.  La tension entre les bornes d’alimentation réseau 
est mesurée 1  s après coupure de l’alimentation réseau.  Une charge résistive variable est 
ensuite raccordée aux bornes d’entrée où l’alimentation réseau en courant continu est 
généralement raccordée.  Le dispositif de commande  fonctionne à  partir de sa pile  interne.  
La  charge variable est réglée de sorte qu’elle tire une puissance maximale par le circuit.  La  
puissance maximale est enregistrée au bout de 5 s.  

Si la  tension et la  puissance enregistrées s’inscrivent dans les limites spécifiées en V. 8.5,  le  
circuit est considéré satisfaire à  l’objet de V. 8. 5.  

V.1 1 . 1 3.4.4.3  La pile  utilisée pour les essais suivants est une pile  rechargeable 
complètement chargée telle que fournie ou recommandée par le fabricant pour utilisation avec 
le  matériel.  

V.1 1 . 1 3.4.4.3.1  Surcharge d’une pile rechargeable.  La pile  est chargée dans chacune des 
conditions suivantes à  la  fois.   

V.1 1 . 1 3.4.4.3.1 . 1  Le  circuit de charge de pile est réglé,  avec la  pile déconnectée,  pour 
obtenir 106 % de la  tension de sortie assignée du chargeur,  ou la  tension maximale de charge 
disponible à  partir du chargeur (sans simulation de pannes) ,  selon la  valeur la  plus élevée 
qu’il est possible d’atteindre.  La pile  est ensuite chargée pendant 7 h.  

V.1 1 . 1 3.4.4.3.1 .2  Le circuit de charge de pile est réglé,  avec la  pile déconnectée,  pour 
obtenir 100 % de la  tension de sortie assignée du chargeur.  La  pile est chargée tout en 
faisant rapidement l’objet d’une simulation d’une simple défaillance  de  composant 
susceptible de se produire dans le circuit de charge et donnant lieu à  une surcharge de la  
pile.  Pour réduire au minimum la  durée de l’essai,  la  défaillance  choisie est celle qui 
engendre le courant de  surcharge le plus élevé.  La pile  est ensuite chargée pendant une 
seule période de 7 h  en maintenant la  défaillance  simulée.  

V.1 1 . 1 3.4.4.3.2  Inversion de charge d’une pile rechargeable.  La pile est mise en charge 
inversée tout en faisant rapidement l’objet d’une simulation d’une simple défaillance  de 
composant susceptible de se produire dans le  circuit de charge et donnant lieu à  une 
inversion de charge de la  pile.  Pour réduire au minimum la  durée de l’essai,  la  défaillance  
choisie est celle qui engendre le courant d’inversion de charge le  plus élevé.  La pile est 
ensuite mise en charge inversée pendant une seule période de 7 h  en maintenant la  
défaillance  simulée.  

V.1 1 . 1 3.4.4.3.3  Régime de décharge excessif de pile.  La pile est soumise à  une décharge 
rapide en mettant en circuit ouvert ou en court-circuit tout composant limiteur de courant ou 
de tension dans le  circuit de charge de la  pile en essai.  

V.1 1 . 1 3.4.4.3.4  La  conformité est considérée conformément à  11 . 13. 4. 4. 4 et 11 . 13. 4.5.    
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