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ELECTRICAL ACCESSORIES –  

CIRCUIT-BREAKERS FOR OVERCURRENT PROTECTION   
FOR HOUSEHOLD AND SIMILAR INSTALLATIONS –  

 
Part 1 :  Ci rcui t-breakers  for a.c.  operation  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  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 cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l 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 Standard 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 ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi 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 National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi b le  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  exten t  possib le  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  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 ble  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,  servants  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  Nati onal  Commi ttees  for any personal  i n j u ry,  property d amage  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 Publ i cati on  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 cation .  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  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t  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 .  

I n ternational  Standard  I EC  60898-1  has  been  prepared  by sub-committee  23E:  C ircu i t-
breakers  and  s im i l ar equ ipment for household  use,  of I EC techn ical  committee  23:  E lectrica l  
accessories.  

Th is  second  ed i tion  cancels  and  replaces  the  fi rst  ed i ti on  publ ished  in  2002,  
Amendment 1 : 2002  and  Amendment 2 : 2003.  Th is  ed i ti on  consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fol l owing  s i gn i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  Revis ion  of 9 . 5  Term inals  

b)  Revis ion  of the  test  of g l ow wi re  

c)  S impl i fication  of the  fi gures  for short ci rcu i t  tests .  
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The  text of th is  s tandard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

23E/881 /FDIS  23E/894/RVD  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voting  ind icated  in  the  above  table.  

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

I n  th is  s tandard ,  the  fol lowing  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.  

A l ist of a l l  parts  i n  the  I EC  60898  series,  publ ished  under the  general  ti tl e  Electrical 
accessories – Circuit-breakers for overcurrent protection for household and similar 
installations,  can  be  found  on  the  I EC  websi te.  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  i nd icated  on  the  I EC websi 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 tion ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  
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ELECTRICAL ACCESSORIES –  
CIRCUIT-BREAKERS FOR OVERCURRENT PROTECTION   
FOR HOUSEHOLD AND SIMILAR INSTALLATIONS –  

 
Part 1 :  Ci rcui t-breakers  for a.c.  operation  

 
 
 

1  Scope 

This  part of I EC 60898  appl ies  to  a. c.  a i r-break ci rcu i t-breakers  for operation  at 50  Hz,  60  Hz 
or 50/60  Hz,  having  a  rated  vol tage  not exceed ing  440  V (between  phases),  a  rated  curren t 
not exceed ing  1 25  A and  a  rated  short-ci rcu i t capaci ty not  exceed ing  25  000  A.  

As  far as  poss ib le,  i t  i s  in  l i ne  wi th  the  requ i rements  contained  i n  I EC  60947-2.  

These  ci rcu i t-breakers  are  i n tended  for the  protection  against  overcurren ts  of wi ri ng  
i nsta l l ations  of bu i l d i ngs  and  s im i lar appl ications;  they are  des igned  for use  by un instructed  
people  and  for not be ing  mainta ined .  

They are  i n tended  for use  i n  an  envi ronment wi th  pol l u tion  degree  2 .  

They are  su i table  for i solation .  

Ci rcu i t-breakers  of th is  standard ,  wi th  exception  of those  rated  1 20  V or 1 20/240  V  
(see  Table  1 ) ,  are  su i table  for use  in  I T  systems.  

Th is  standard  a lso  appl ies  to  ci rcu i t-breakers  having  more  than  one  rated  curren t,  provided  
that  the  means  for chang ing  from  one  d iscrete  rati ng  to  another is  not accessib le  i n  normal  
service  and  that the  rating  cannot be  changed  wi thou t the  use  of a  tool .  

Th is  s tandard  does  not appl y to  

– ci rcu i t-breakers  i n tended  to  protect motors;  

– ci rcu i t-breakers,  the  curren t setti ng  of wh ich  is  ad j ustable  by means  access ib le  to  the  
user.  

For ci rcu i t-breakers  having  a  degree  of protection  h igher than  I P20  accord ing  to  I EC  60529,  
for use  i n  locations  where  arduous  environmental  cond i ti ons  prevai l  (e. g .  excess ive  hum id i ty,  
heat or cold  or deposi ti on  of d ust)  and  i n  hazardous  l ocations  (e. g .  where  explos ions  are  
l iable  to  occur) ,  specia l  constructions  may be  requ i red .  

Th is  standard  does  not apply to  ci rcu i t-breakers  for a. c.  and  d . c.  operation ,wh ich  is  covered  
by I EC  60898-2.  

Th is  standard  does  not appl y to  ci rcu i t-breakers  wh ich  i ncorporate  res idual  curren t tri pping  
devices,  wh ich  is  covered  by  I EC 61 009-1 ,  I EC  61 009-2-1 ,  and  I EC 61 009-2-2.  

A gu ide  for co-ord ination  under short-ci rcu i t cond i ti ons  between  a  ci rcu i t-breaker and  another 
short-ci rcu i t protecti ve  device  (SCPDs)  is  g iven  i n  Annex D.  For more  severe  overvol tage  
cond i ti ons,  ci rcu i t-breakers  complying  wi th  other standards  (e. g .  I EC  60947-2)  shou ld  be  
used .  

For an  environment wi th  a  h i gher pol l u tion  degree,  enclosures  g i ving  the  appropriate  degree  
of protection  shou ld  be  used .  
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NOTE  1  Ci rcu i t-breakers  wi th i n  the  scope  of th i s  standard  can  a l so  be  used  for protection  against  e l ectri c  shock 
i n  case  of fau l t,  depend ing  on  thei r tri pping  characteri sti cs  and  on  the  characteri sti cs  of the  i nstal l ati on .  The  
cri teri on  of appl i cation  for such  purposes  i s  deal t  wi th  by i nsta l l ati on  ru l es .  

This  standard  contains  a l l  requ i rements  necessary to  ensure  compl iance  wi th  the  operational  
characteristics  requ ired  for these  devices  by type  tests.  

I t  a lso  con tains  the  detai l s  re lati ve  to  test requ i rements  and  methods  of testi ng  necessary to  
ensure  reproducibi l i ty of test  resu l ts .  

Th is  s tandard  states  

a)  the  characteristics  of ci rcu i t-breakers;  

b)  the  cond i tions  wi th  wh ich  ci rcu i t-breakers  shal l  comply,  wi th  reference  to:  

1 )  thei r operation  and  behaviour i n  normal  service;  

2)  the ir operation  and  behaviour in  case  of overload ;  

3)  the ir operation  and  behaviour i n  case  of short-ci rcu i ts  up  to  the ir rated  short-ci rcu i t  
capaci ty;  

4)  the ir d ie lectric  properties;  

c)  the  tests  i n tended  for confi rm ing  that these  cond i ti ons  have  been  met and  the  methods  to  
be  adopted  for the  tests;  

d )  the  data  to  be  marked  on  the  devices;  

e)  the  test sequences  to  be  carried  ou t  and  the  number of samples  (see  Annex C) ;  

f)  the  co-ord ination  under short-ci rcu i t cond i ti ons  wi th  another short-ci rcu i t  protective  device  
(SCPD)  associated  in  the  same ci rcu i t  (see  Annex D);  

g )  the  rou tine  tests  to  be  carried  ou t on  each  ci rcu i t-breaker to  reveal  unacceptable  
variations  i n  materia l  or manufacture,  l ikel y to  affect safety (see  Annex I ) .  

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  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies .  

I EC 60050  (a l l  parts) ,  International Electrotechnical Vocabulary (IEV) .  Avai l able  from :  
h ttp: //www.electroped ia. org/  

I EC 60227  (a l l  parts),  Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V 

IEC 60269  (a l l  parts) ,  Low-voltage fuses 

IEC 60364-4-41 :2005,  Low-voltage electrical installations – Part 4-41: Protection for safety – 
Protection against electric shock 

IEC 6041 7,  Graphical symbols for use on equipment.  Avai l able  from :  h ttp: //www.graph ica l -

symbols. i n fo/equ ipment  

IEC 60529,  Degrees of protection provided by enclosures (IP Code)  

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

IEC 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 

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

IEC 60947-2: 2006,  Low-voltage switchgear and controlgear – Part 2:  Circuit-breakers 

I EC 61 545: 1 996,  Connecting devices – Devices for the connection of aluminium conductors in 
clamping units of any material and copper conductors in aluminium bodied clamping units  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms and  defin i ti ons  g iven  i n  I EC  60050-441 ,  as  wel l  
as  the  fol lowing  appl y.  

3.1  Devices  

3. 1 . 1   
switch ing  device   
device  des igned  to  make  or break the  current  i n  one  or more  e lectric  ci rcu i ts  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 4-01 ]  

3. 1 .2   
mechanical  switch ing  device   
swi tch ing  device  designed  to  close  and  open  one  or more  electri c ci rcu i ts  by means  of 
separable  contacts  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 4-02]  

3. 1 .3   
fuse  
device  that,  by the  fus ing  of one  or more  of i ts  specia l l y designed  and  proportioned  
components ,  opens  the  ci rcu i t  i n  wh ich  i t  i s  i nserted  and  breaks  the  curren t when  th is  exceeds  
a  g i ven  value  for a  sufficien t t ime  

[SOURCE:  I EC  60050-441 : 1 984,  441 -1 8-01 ,  mod i fied  – "The  fuse  comprises  al l  the  parts  that 
form  the  complete  device"  has  been  deleted . ]  

3.1 .4   
ci rcu i t-breaker   
<mechan ical>  mechan ical  swi tch ing  device,  capable  of making ,  carrying  and  breaking  
curren ts  under normal  ci rcu i t cond i ti ons  and  a lso  making ,  carrying  for a  speci fied  time,  and  
au tomatical l y breaking  curren ts  under speci fied  abnormal  ci rcu i t cond i ti ons  such  as  those  of 
short-ci rcu i t  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 4-20]  

3.1 .5   
plug-in  circu i t-breaker  
ci rcu i t-breaker having  one  or more  p lug- in  term inals  (see  3. 3. 20)  and  designed  for use  wi th  
appropriate  means  for the  p lug- i n  connection  
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3.2  General  terms  

3.2. 1   
overcurrent  
curren t exceed ing  the  rated  curren t 

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 1 -06]  

3.2.2   
overload  current  
overcurrent occurring  in  an  electrical l y undamaged  ci rcu i t  

Note  1  to  en try:  An  overl oad  cu rrent  may cause  damage  i f sustained  for a  su ffi cien t  t ime.  

3.2.3   
short-ci rcu i t current  
overcurrent resu l ti ng  from  a  fau l t  of neg l i g ib le  impedance between  poin ts  i n tended  to  be  at 
d i fferent  potentia ls  i n  normal  service  

Note  1  to  en try:  A short-ci rcu i t  curren t  may resu l t  from  a  fau l t  or from  an  i ncorrect  connecti on .  

3.2.4   
main  ci rcu i t  
<of a  ci rcu i t-breaker>  a l l  the  conductive  parts  of a  ci rcu i t-breaker i ncluded  i n  the  ci rcu i t  wh ich  
i t  i s  designed  to  close  and  open  

3.2.5   
control  ci rcu i t  
<of a  ci rcu i t-breaker>  ci rcu i t (other than  a  path  of the  main  ci rcu i t)  i n tended  for the  closing  
operation  or open ing  operation ,  or both ,  of the  ci rcu i t-breaker 

3.2.6   
auxi l i ary ci rcu i t  
<of a  ci rcu i t-breaker>  al l  the  conductive  parts  of a  ci rcu i t-breaker i n tended  to  be  i ncluded  in  a  
ci rcu i t other than  the  main  ci rcu i t  and  the  control  ci rcu i t of the  ci rcu i t-breaker 

3.2.7   
pole   
<of a  ci rcu i t-breaker>  that part  of a  ci rcu i t-breaker associated  exclus ivel y wi th  one  e lectrica l l y 
separated  conducting  path  of i ts  main  ci rcu i t  provided  wi th  con tacts  i n tended  to  connect and  
d isconnect the  main  ci rcu i t i tsel f and  exclud ing  those  portions  wh ich  provide  a  means  for 
mounting  and  operating  the  poles  together 

3.2.7. 1   
protected  pole  
pole  provided  wi th  an  overcurrent re lease  (see  3. 3. 6)  

3.2.7.2   
unprotected  pole   
pole  wi thout overcurren t re lease  (see  3 . 3 .6) ,  bu t otherwise  general l y capable  of the  same 
performance  as  a  protected  pole  of the  same ci rcu i t-breaker 

Note  1  to  en try:  To  ensure  compl iance  wi th  th i s  requ i rement,  the  unprotected  pole  may be  of the  same 
construction  as  the  protected  pole(s),  or of a  parti cu l ar construction .  

Note  2  to  en try:  I f the  short-ci rcu i t  capaci ty of the  unprotected  pole  i s  d i fferen t  from  that  of the  protected  pole(s) ,  
th i s  has  to  be  i nd icated  by the  manufacturer.  
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3.2.7.3   
switched  neutral  pole   
pole  on l y i n tended  to  swi tch  the  neutral ,  and  not  i n tended  to  have  a  short-ci rcu i t  capaci ty 

3.2.8   
closed  position   
posi tion  i n  wh ich  the  predeterm ined  continu i ty of the  main  ci rcu i t  of the  ci rcu i t-breaker is  
secured  

3.2.9   
open  position  
posi tion  i n  wh ich  the  predeterm ined  clearance between  open  contacts  i n  the  main  ci rcu i t  of 
the  ci rcu i t-breaker i s  secured  

3.2. 1 0   
ai r temperature  

3.2. 1 0. 1   
ambient air temperature   
temperature,  determ ined  under prescribed  cond i ti ons,  of the  a i r surround ing  the  ci rcu i t-
breaker  

Note  1  to  en try:  For ci rcu i t  breakers  i nstal l ed  i ns i de  an  enclosu re,  i t  i s  the  temperature  of a i r ou ts i de  the  
enclosu re  

[SOURCE:  I EC  60050-441 : 1 984,  441 -1 1 -1 3,  mod i fied  – "complete  swi tch ing  device  or fuse"  
has  been  replaced  by "ci rcu i t-breaker". ]  

3.2. 1 0.2   
reference  ambient ai r temperature  
ambien t a i r temperature  on  wh ich  the  time-curren t  characteristics  are  based  

3.2. 1 1   
operation  
transfer of the  moving  contact(s)  from  the  open  posi tion  to  the  closed  posi ti on  or vice  versa  

Note  1  to  en try:  I f d i sti nction  i s  necessary,  an  operation  i n  the  e l ectri ca l  sense  (make  or break)  i s  referred  to  as  a  
“swi tch ing  operation ”  and  an  operati on  i n  the  mechan ical  sense  (close  or open )  i s  referred  to  as  a  “mechan ica l  
operati on ” .  

3.2. 1 2   
operating  cycle  
succession  of operations  from  one  posi ti on  to  another and  back to  the  fi rst pos i tion  

3.2. 1 3   
operation  sequence   
<of a  mechan ical  swi tch ing  device>  success ion  of speci fi ed  operations  wi th  speci fied  time 
i n tervals  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 6-03]  

3.2. 1 4   
un interrupted  duty 
du ty in  wh ich  the  main  con tacts  of a  ci rcu i t-breaker remain  closed  wh i l st  carrying  a  steady 
curren t wi thou t i n terruption  for l ong  periods  (wh ich  cou ld  be  weeks,  months,  or even  years)  
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3.3  Constructional  elements  

3.3. 1   
main  contact  
contact included  in  the  main  ci rcu i t of a  ci rcu i t-breaker and  in tended  to  carry i n  the  closed  
posi tion  the  cu rrent  of the  main  ci rcu i t  

3.3.2   
arcing  contact   
contact on  wh ich  the  arc i s  i n tended  to  be  establ ished  

Note  1  to  en try:  An  arci ng  contact  may serve  as  a  main  contact.  I t  may a l so  be  a  separate  con tact  so  des igned  
that  i t  opens  after and  cl oses  before  another con tact,  wh ich  i t  i s  i n tended  to  protect  from  damage.  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 5-08]  

3.3.3   
control  contact  
con tact i ncluded  i n  a  control  ci rcu i t  of a  ci rcu i t-breaker and  mechan ical l y operated  by the  
ci rcu i t-breaker 

3.3.4   
auxi l i ary contact  
contact i ncluded  i n  an  auxi l i ary ci rcu i t and  mechan ical l y operated  by the  ci rcu i t-breaker (e. g .  
for i nd icati ng  the  pos i tion  of the  contacts)  

3.3.5   
release  
device,  mechan ica l l y connected  to  (or i n tegrated  i n to)  a  ci rcu i t-breaker,  wh ich  re leases  the  
hold ing  means  and  perm i ts  the  au tomatic open ing  of the  ci rcu i t-breaker 

3.3.6   
overcurrent release  
re lease  wh ich  causes  a  ci rcu i t-breaker to  open ,  wi th  or wi thou t time-delay,  when  the  curren t i n  
the  re lease  exceeds  a  pre-determ ined  value  

Note  1  to  en try:  I n  some  cases  th i s  val ue  can  depend  upon  the  rate  of ri se  of curren t.  

3.3.7   
inverse  time-delay overcurrent  release  
overcurrent re lease  wh ich  operates  after a  time-delay i nversel y dependen t upon  the  value  of 
the  overcurren t  

Note  1  to  en try:  Such  a  re l ease  may be  desi gned  so  that  the  t ime-delay approaches  a  defi n i te  m in imum  for h i gh  
val ues  of overcurrent.  

3.3.8   
d i rect overcurrent  release   
overcurrent re lease  d i rectl y energ ized  by the  current in  the  main  ci rcu i t  of a  ci rcu i t-breaker 

3.3.9   
overload  release  
overcurrent  re lease  in tended  for protection  against overloads  

3.3. 1 0   
conductive  part  
part wh ich  i s  capable  of conducting  curren t a l though  i t  may not necessari l y be  used  for 
carrying  current in  normal  service  
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3.3. 1 1   
exposed  conductive  part  
conductive  part wh ich  can  be  read i l y touched  and  wh ich  normal l y i s  not l i ve,  bu t wh ich  may 
become l i ve  under fau l t  cond i ti ons  

Note  1  to  en try:  Typical  exposed  conducti ve  parts  are  wal l s  of metal  enclosures,  metal  operati ng  hand l es,  etc.  

3.3. 1 2   
terminal  
conductive  part  of a  device,  provided  for re-usable  e lectrical  connection  to  external  ci rcu i ts  

3.3. 1 2. 1   
screw-type terminal   
term inal  for the  connection  and  subsequent d i sconnection  of a  conductor or the  i n ter-
connection  of two or more  conductors,  capable  of be ing  d ismantled ,  the  connection  being  
made,  d i rectl y or i nd i rectly,  by means  of screws  or nu ts  of any ki nd  

3.3. 1 2.2   
pi l lar terminal   
screw-type  term inal  i n  wh ich  the  conductor is  i nserted  i n to  a  hole  or cavi ty,  where  i t  i s  
clamped  under the  shank of the  screw(s).   

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 iate  cl amping  e l ement  to  wh ich  pressure  i s  appl i ed  by the  shank of the  screw 

Note  2  to  en try:  Examples  of p i l l ar term inal s  are  shown  i n  Annex F ,  F i gure  F . 1 .  

[SOURCE:  I EC 60050-442: 1 984,  442-06-22]  

3.3. 1 2.3   
screw terminal  
term inal  i n  wh ich  the  conductor is  clamped  under the  head  of the  screwand  where  the  
clamping  pressure  can  be  appl ied  d i rectl y by the  head  of the  screw or through  an  i n termed iate  
part,  such  as  a  washer,  a  cl amping  p late  or an  anti -spread  device  

Note  1  to  en try:  Examples  of screw term inal s  are  shown  i n  Annex F ,  F i gure  F . 2 .  

[SOURCE:  I EC 60050-442: 1 984,  442-06-08]  

3.3. 1 2.4   
stud  terminal  
screw-type  term inal  i n  wh ich  the  conductor i s  cl amped  under a  nu t.   

Note  1  to  en try:  The  cl ampi ng  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 iate  part,  such  as  a  washer,  a  cl amping  pl ate  or an  an ti -spread  device  

Note  2  to  en try:  Examples  of s tud  term inal s  are  shown  i n  Annex F ,  F i gu re  F . 2 .  

[SOURCE:  I EC 60050-442: 1 984,  442-06-23]  

3.3. 1 2.5   
saddle  terminal   
screw-type  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  

Note  1  to  en try:  Examples  of sadd le  term inal s  are  shown  i n  Annex F ,  F i gu re  F . 3.  

[SOURCE:  I EC 60050-442: 1 984,  442-06-09]  
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3.3. 1 2.6   
lug  terminal  
screw term inal  or s tud  term inal ,  designed  for cl amping  a  cable  l ug  or a  bar d i rectl y or 
i nd i rectl y by means  of a  screw or nu t  

Note  1  to  en try:  Examples  of l ug  term inal s  are  shown  i n  Annex F ,  F i gure  F . 4 .  

[SOURCE:  I EC 60050-442: 1 984,  442-06-1 6]  

3.3. 1 2.7   
screwless  terminal  
connecting  term inal  for the  connection  and  subsequent d isconnection  of one  conductor or the  
i n terconnection  of two or more  conductors  capable  of be ing  d ismantled ,  the  connection  being  
made,  d i rectl y or i nd i rectl y,  by means  of springs,  wedges,  eccentrics  or cones,  etc. ,  wi thou t 
specia l  preparation  of the  conductor other than  removal  of i nsu lation  

[SOURCE:  I EC 60050-442: 1 984,  442-06-1 3  mod i fied  by add ing  the  l ast  part  of the  text]  

3.3. 1 2.8   
plug-in  terminal  
term inal  the  e lectrical  connection  and  d isconnection  of wh ich  can  be  effected  wi thout  
d isplacing  the  conductors  of the  correspond ing  ci rcu i t  

Note  1  to  en try:  The  connecti on  i s  effected  wi thou t  the  use  of a  tool  and  i s  provided  by the  res i l i ence  of the  fi xed  
and /or moving  parts  and /or by spri ngs  

3.3. 1 3   
tapping  screw 
screw manufactured  from  a  materia l  having  a  g reater res istance  to  deformation  when  appl ied  
by rotary i nsertion  to  a  hole  in  a  materia l  having  a  l esser res istance  to  deformation .  

Note  1  to  en try:  The  screw i s  made  wi th  a  tapered  th read ,  the  taper being  appl i ed  to  the  core  d i ameter of the  
th read  at  the  end  section  of the  screw.  

Note  2  to  en try:  The  th read  produced  by appl i cati on  of the  screw i s  formed  secu re ly on l y after su ffi cien t  
revol u tions  have  been  made  to  exceed  the  number of th reads  on  the  tapered  section  

3.3. 1 3. 1   
thread-forming  tapping  screw 
tapping  screw having  an  un in terrupted  thread  

Note  1  to  en try:  I t  i s  not  a  fu nction  of th i s  th read  to  remove  materia l  from  the  hole  

Note  2  to  en try:  An  example  of th read -form ing  tappi ng  screw i s  shown  i n  F i gure  1 .  

3.3. 1 3.2   
thread-cutting  tapping  screw 
tapping  screw having  an  in terrupted  thread .  The  thread  is  i n tended  to  remove materia l  from  
the  hole.  

Note  1  to  en try:  An  example  of th read -cutti ng  tapp ing  screw i s  shown  i n  F i gu re  2 .  

3.4  Cond i tions  of operation  

3.4. 1   
closing  operation   
operation  by wh ich  the  ci rcu i t-breaker is  brough t from  the  open  pos i ti on  to  the  closed  posi tion  

3.4.2   
open ing  operation   
operation  by wh ich  the  ci rcu i t-breaker is  brough t from  the  closed  pos i ti on  to  the  open  pos i tion  
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3.4.3   
dependent  manual  operation   
operation  sole l y by means  of d i rectl y appl ied  manual  energy,  such  that the  speed  and  force  of 
the  operation  are  dependen t upon  the  action  of the  operator  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 6-1 3]  

3.4.4   
independent manual  operation   
stored  energy operation  where  the  energy orig inates  from  manual  power,  stored  and  re leased  
i n  one  con tinuous  operation ,  such  that the  speed  and  force  of the  operation  are  i ndependent  
of the  action  of the  operator 

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 6-1 6]  

3.4.5   
trip-free circu i t-breaker 
circu i t-breaker,  the  moving  con tacts  of wh ich  return  to  and  remain  i n  the  open  posi tion  when  
the  au tomatic open ing  operation  is  i n i ti ated  after the  i n i tiation  of the  clos ing  operation ,  even  i f 
the  clos ing  command  i s  main tained  

Note  1  to  en try:  To  ensu re  proper breaking  of the  cu rren t  wh ich  may have  been  establ i shed ,  i t  may be  necessary 
that  the  con tacts  momentari l y reach  the  cl osed  posi ti on .  

3.5  Characteristic quanti ties  

NOTE  Un less  otherwise  speci fi ed ,  a l l  val ues  of cu rren t  and  vol tage  are  r.m . s.  va l ues.  

3.5. 1   
rated  value  
stated  value  of any one  of the  characteristic quanti ti es  that serve  to  define  the  working  
cond i ti ons  for wh ich  the  ci rcu i t-breaker is  des igned  and  bu i l t  

3.5.2   
prospective  current  
curren t that wou ld  flow i n  the  ci rcu i t i f each  pole  of the  ci rcu i t-breaker were  replaced  by a  
conductor of neg l i g ib le  impedance  

Note  1  to  en try:  The  prospecti ve  cu rren t  may be  qua l i fi ed  i n  the  same  manner as  an  actual  cu rren t,  for example  
prospecti ve  breaking  cu rrent,  prospecti ve  peak current.  

[SOURCE:  I EC  60050-441 : 1 984,  441 -1 7-01 ,  mod i fied  – "complete  swi tch ing  device  or fuse"  
has  been  replaced  by "ci rcu i t-breaker". ]  

3.5.3   
prospective  peak current  
peak value  of a  prospective  curren t during  the  transien t period  fol lowing  i n i ti ation  

Note  1  to  en try:  The  defi n i ti on  assumes  that  the  curren t  i s  establ i shed  by an  i d eal  ci rcu i t-breaker,  that  i s ,  wi th  
i nstan taneous  trans i ti on  from  i n fi n i te  to  zero  impedance.  For ci rcu i ts  where  the  cu rren t  can  fol l ow several  d i fferen t  
paths,  for example  pol yphase  ci rcu i ts ,  i t  fu rther assumes  that  the  cu rrent  i s  establ i shed  s imu l taneousl y i n  a l l  poles,  
even  i f the  cu rren t  i n  on l y one  pole  i s  cons i dered .  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-02]  

3.5.4   
maximum  prospective  peak current   
prospective  peak curren t  when  the  i n i ti ation  of the  current takes  place  at the  i nstant wh ich  
l eads  to  the  h i ghest poss ible  va lue  
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Note  1  to  en try:  For a  mu l ti pole  ci rcu i t-breaker i n  a  pol yphase  ci rcu i t,  the  maximum  prospecti ve  peak current  
refers  to  a  s i ng l e  pole  on l y.  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-04]  

3.5.5   
short-ci rcu i t making  and  breaking  capacity 
al ternating  componen t of the  prospective  curren t,  expressed  by i ts  r.m .s.  value,  wh ich  the  
ci rcu i t-breaker is  des igned  to  make,  to  carry for i ts  open ing  time and  to  break under speci fied  
cond i ti ons  

3.5.5.1   
u l timate  short-ci rcu i t  breaking  capacity 
breaking  capaci ty for wh ich  the  prescribed  cond i ti ons  accord ing  to  a  speci fied  test sequence  
do  not i nclude  the  capabi l i ty of the  ci rcu i t-breaker to  carry 0 , 85  times  i ts  non-tripping  curren t 
for the  conventional  time 

3.5.5.2   
service  short-ci rcu i t breaking  capacity 
breaking  capaci ty for wh ich  the  prescribed  cond i tions  accord ing  to  a  speci fied  test sequence  
i nclude  the  capabi l i ty of the  ci rcu i t-breaker to  carry 0 , 85  times  i ts  non-tripping  current for the  
conventional  time  

3.5.6   
breaking  current 
curren t i n  a  pole  of a  ci rcu i t-breaker at the  i nstant of i n i ti ation  of the  arc  during  a  breaking  
operation  

3.5.7   
appl ied  vol tage  
vol tage  wh ich  exists  across  the  term inals  of a  pole  of a  ci rcu i t-breaker j ust  before  the  making  
of the  curren t  

Note  1  to  en try:  Th i s  d efi n i ti on  refers  to  a  s i ng l e-pol e  devi ce.  For a  mu l ti pole  d evice  the  appl i ed  vol tage  i s  the  
vol tage  across  the  suppl y term inal s  of the  device.  

3.5.8   
recovery vol tage   
vol tage  wh ich  appears  across  the  term inals  of a  pole  of a  ci rcu i t-breaker after the  breaking  of 
the  current  

Note  1  to  en try:  Th i s  vol tage  may be  cons idered  i n  two  successive  i n terval s  of time,  one  du ri ng  wh ich  a  transi en t  
vol tage  exi sts ,  fo l l owed  by a  second  one  du ri ng  wh ich  the  power-frequency or the  steady-state  recovery vol tage  
a lone  exi sts .  

Note  2  to  en try:  Th i s  d efi n i ti on  refers  to  a  s i ng le-pole  device.  For a  mu l ti pol e  d evice  the  recovery vol tage  i s  the  
vol tage  across  the  suppl y term inal s  of the  device.  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-25,  mod i fied  –Note  2  to  en try has  been  added . ]  

3.5.8.1   
transient recovery vol tage  
recovery vol tage  during  the  time i n  wh ich  i t  has  a  s i gn i ficant  trans ient  character 

Note  1  to  en try:  The transient vol tage may be osci l latory or non-osci l latory or a  combination  of these,  depending  on  the 
characteri sti cs  of the  ci rcu i t  and  of the  ci rcu i t-breaker.  I t  i n cl udes  the  vol tage  sh i ft  of the  neu tra l  of a  po lyphase  
ci rcu i t.  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-26,  mod i fied  –Note  2  has  been  deleted . ]  
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3.5.8.2   
power-frequency recovery vol tage  
recovery vol tage  after the  trans ien t vol tage  phenomena have  subsided  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-27]  

3.5.9   
open ing  time  
time  measured  from  the  i nstan t at wh ich ,  the  ci rcu i t-breaker being  i n  the  closed  pos i ti on ,  the  
curren t i n  the  main  ci rcu i t  reaches  the  operating  value  of the  overcurren t re lease  to  the  i nstant  
when  the  arcing  con tacts  have  separated  i n  a l l  po les  

Note  1  to  en try:  The  open ing  time  i s  common ly referred  to  as  tri ppi ng  time,  a l though ,  s tri ctl y speaking ,  tri ppi ng  
time  appl i es  to  the  t ime  between  the  i nstant  of i n i ti ati on  of the  open ing  time  and  the  i nstant  at  wh ich  the  open ing  
command  becomes  i rreversib l e .  

3.5. 1 0   
arcing  time   

3.5. 1 0. 1   
arcing  time  of a  pole  
i n terval  of t ime between  the  i nstan t of i n i tiation  of the  arc i n  a  pole  and  the  i nstant of fi nal  arc  
extinction  i n  that  pole  

[SOURCE:  I EC  60050-441 : 1 984,  441 -1 7-37,  mod i fied  – “or a  fuse”  and  "or that fuse"  have  
been  deleted . ]  

3.5. 1 0.2   
arcing  time  of a  mu l tipole  ci rcu i t-breaker 
i n terval  of t ime between  the  i nstant of fi rst i n i ti ation  of an  arc and  the  i nstant of fi na l  extinction  
i n  a l l  poles  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-38]  

3.5. 1 1   
break time  
i n terval  of t ime between  the  beg inn ing  of the  open ing  time of a  ci rcu i t-breaker and  the  end  of 
the  arcing  time  

3.5. 1 2   
I2t  
Jou le  in tegral  
i n tegra l  of the  square  of the  curren t over a  g iven  time in terval  

∫=
1

0

d2
t

t

titl2  

3.5. 1 3   
I2t characteristic  of a  ci rcu i t-breaker 
curve  g i ving  the  maximum  va lues  of I 2t as  a  function  of the  prospective  curren t under s tated  

cond i ti ons  of operation  

3.5. 1 4  
co-ord ination  between  overcurrent protective  devices  in  series  

3.5. 1 4. 1   
overcurrent protective  co-ord ination  of overcurrent protective  devices   
co-ord ination  of two or more  overcurren t protecti ve  devices  i n  series  to  ensure  overcurrent 
selecti vi ty)  and /or back-up  protection   
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[SOURCE:  I EC 60947-1 : 2007,  2 . 5. 22]  

3.5. 1 4.2   
overcurrent selectivi ty  
co-ord ination  of the  operati ng  characteristics  of two or more  overcurrent protective  devices  i n  
series  such  that,  on  the  i ncidence of overcurren ts  wi th in  stated  l im i ts,  the  device  i n tended  to  
operate  wi th in  these  l im i ts  does  so,  wh i le  the  other(s)  does  (do)  not  

[SOURCE:  I EC 60947-2: 2006/AMD2:201 3,  2 . 1 7. 1 ]  

3.5. 1 4.3   
back-up protection   
overcurrent co-ord ination  of two overcurren t protecti ve  devices  in  seri es ,  where  the  protecti ve  
device,  general l y bu t not necessari l y on  the  suppl y s i de,  effects  the  overcurren t protection  
wi th  or wi thou t the  ass istance  of the  other protecti ve  device  and  prevents  excess ive  stress  on  
the  l atter  

[SOURCE:  I EC 60947-1 : 2007,  2 . 5. 24]  

3.5. 1 4.4   
total  selectivi ty  
overcurrent se lectivi ty where,  i n  the  presence of two  overcurren t protecti ve  devices  i n  series,  
the  protecti ve  device  on  the  l oad  s ide  effects  the  protection  wi thou t causing  the  other 
protecti ve  device  to  operate   

[SOURCE:  I EC 60947-2: 2006,  2 . 1 7 .2 ]  

3.5. 1 4.5   
partial  selectivi ty  
overcurrent selecti vi ty where,  i n  the  presence of two overcurren t protective  devices  i n  series,  
the  protecti ve  device  on  the  l oad  s ide  effects  the  protection  up  to  a  g iven  l evel  of overcurrent,  
wi thout  caus ing  the  other protecti ve  device  to  operate   

[SOURCE:  I EC 60947-2: 2006,  2 . 1 7 .3 ]  

3.5. 1 4.6   
selectivi ty l imit  current  
Is   
curren t co-ord inate  of the  i n tersection  between  the  tota l  time-curren t characteristic of the  
protecti ve  device  on  the  l oad  s ide  and  the  pre-arcing  (for fuses),  or tri pping  (for ci rcu i t-
breakers)  time-current characteristic of the  other protecti ve  device   

Note  1  to  en try:  The  sel ecti vi ty l im i t  cu rren t  (see  F i gu re  D. 1 )  i s  a  l im i ti ng  value  of cu rrent  

– below wh ich ,  i n  the  presence  of two  overcu rrent  protecti ve  devices  i n  seri es,  the  protecti ve  device  on  the  l oad  
s i de  completes  i ts  breaki ng  operati on  i n  t ime  to  prevent  the  other protecti ve  device  from  starti ng  i ts  operati on  
( i . e.  selecti vi ty i s  ensured );  

– above  wh ich ,  i n  the  presence  of two  overcu rrent  protecti ve  devices  i n  seri es,  the  protecti ve  device  on  the  l oad  
s i de  may not  complete  i ts  breaking  operation  i n  t ime  to  prevent the  other protecti ve  devi ce  from  starti ng  i ts  
operati on  ( i . e.  selecti vi ty i s  not  ensured )  

[SOURCE:  I EC 60947-2: 2006,  2 . 1 7 .4]  

3.5. 1 4.7   
take-over current  
IB  
curren t co-ord inate  of the  i n tersection  between  the  time-curren t characteristics  of two  
overcurrent protecti ve  devices   
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Note  1  to  en try:  The  take-over cu rren t  i s  the  cu rren t  co-ord i nate  of the  i n tersection  between  the  maximum  break-
time  /  current  characteri sti cs  of two  overcurren t  protecti ve  devices  i n  series.  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-1 6]  

3.5. 1 4.8   
cond i tional  short-ci rcu i t current (of a  ci rcu i t  or a  switch ing  device)   
prospective  curren t that a  ci rcu i t  or a  swi tch ing  device,  protected  by a  speci fi ed  short-ci rcu i t  
protective  device,  can  satisfactori l y wi thstand  for the  tota l  operati ng  time of that device  under 
speci fied  cond i tions  of use  and  behaviour  

Note  1  to  en try:  For the  pu rpose  of th i s  standard ,  the  short-ci rcu i t  protecti ve  device  i s  general l y a  ci rcu i t-breaker 
or a  fuse.  

Note  2  to  en try:  Th i s  d efi n i ti on  d i ffers  from  I EC  60050-441 : 1 984,  441 -1 7-20  by broaden ing  the  concept  of cu rrent  
l im i ti ng  device  i n to  a  short-ci rcu i t  protecti ve  device,  the  functi on  of wh ich  i s  not  on l y to  l im i t  the  cu rrent.  

[SOURCE:  I EC 60947-1 : 2007,  2 . 5. 29]  

3.5. 1 4.9   
rated  cond itional  short-ci rcu i t  current  
Inc   
value  of prospective  curren t,  stated  by the  manufacturer,  wh ich  the  equ ipment,  protected  by a  
short-ci rcu i t protecti ve  device  speci fi ed  by the  manufacturer,  can  wi thstand  satisfactori l y for 
the  operati ng  time of th is  device  under the  test  cond i tions  i n  the  relevant product s tandard  

[SOURCE:  I EC 60947-1 : 2007,  4 . 3. 6. 4]  

3.5. 1 5   
conventional  non-tripping  current  
Int  
speci fied  value  of curren t wh ich  the  ci rcu i t-breaker is  capable  of carrying  for a  speci fi ed  time 
(conventional  t ime)  wi thout  tripping  

3.5. 1 6   
conventional  tripping  current  
It  
speci fied  value  of current wh ich  causes  the  ci rcu i t-breaker to  trip  wi th in  a  speci fied  time 
(conventional  time)  

3.5. 1 7   
i nstantaneous  tripping  current 
min imum  va lue  of curren t caus ing  the  ci rcu i t-breaker to  operate  au tomatical l y wi thou t  
i n ten tional  time-delay 

3.6  Defin i tions  related  to  insu lation  co-ord ination  

3.6. 1   
i nsu lation  coord ination  
mutual  correlation  of insu lation  characteristics  of e l ectrical  equ ipment taking  i n to  account the  
expected  m icro-environment and  the  i n fl uencing  stresses  

[SOURCE:  I EC 60664-1 : 2007,  1 . 3. 1 ]  

3.6.2   
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:  Trans ien ts  are  d i sregarded .  
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Note  2  to  en try:  Both  open -ci rcu i t  cond i ti ons  and  normal  operati ng  cond i ti ons  are  taken  i n to  account.  

[SOURCE:  I EC 60664-1 : 2007,  3 . 5]  

3.6.3   
overvoltage  
any vol tage  having  a  peak value  exceed ing  the  correspond ing  peak value  of maximum  
steady-state  vol tage  at  normal  operating  cond i tions  

[SOURCE:  I EC 60664-1 : 2007,  3 . 7]  

3.6.4   
impu lse  wi thstand  vol tage  
h ighest peak value  of impu lse  vol tage  of prescribed  form  and  polari ty,  wh ich  does  not cause  
breakdown  of the  i nsu lation  under speci fic cond i ti ons  

[SOURCE:  I EC 60664-1 : 2007,  3 . 8. 1 ]  

3.6.5   
overvoltage  category 
numeral  defin ing  a  trans ien t overvol tage  cond i tion  

[SOURCE:  I EC 60664-1 : 2007,  . 3. 1 0,  mod i fied  – The  notes  have  been  deleted . ]  

3.6.6   
macro-envi ronment 
environment of the  room  or other l ocation ,  i n  wh ich  the  equ ipment i s  i nsta l l ed  or used  

[SOURCE:  I EC 60664-1 : 2007,  3 . 1 2 . 1 ]   

3.6.7   
m icro-environment 
immed iate  envi ronment of the  insu lation  wh ich  particu larl y i n fluences  the  d imension ing  of the  
creepage  d istances  

[SOURCE:  I EC 60664-1 : 2007,  3 . 1 2 . 2 ]  

3.6.8   
pol lution  
any add i tion  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 isti vi ty of the  i nsu lation  

[SOURCE:  I EC 60664-1 : 2007,  3 . 1 1 ]  

3.6.9   
pol lution  degree  
numeral  characteris ing  the  expected  pol lu tion  of the  m icro-envi ronment 

Note  1  to  en try:  The  pol l u ti on  degree  to  wh ich  equ i pment i s  exposed  may be  d i fferen t  from  that  of the  macro-
envi ronment  where  the  equ ipment i s  l ocated  because  of protection  offered  by means  such  as  an  encl osure  or 
i n ternal  heati ng  to  prevent absorpti on  or condensation  of moisture.  

[SOURCE:  I EC 60664-1 : 2007,  3 . 1 3 ,  mod i fied  – Note  1  to  entry has  been  added . ]  
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3.6. 1 0   
i solation   
i solating  function  
function  i n tended  to  cu t  off the  supply from  al l  or a  d iscrete  section  of the  i nstal l ation  by 
separating  the  i nsta l lation  from  every source  of electrical  energy for reasons  of safety 

[SOURCE:  I EC 60947-1 : 2007,  2 . 1 . 1 9, ]  

3.6. 1 1   
isolating  d istance  
<of a  pole  of a  mechan ical  swi tch ing  device>  clearance between  open  con tacts,  meeting  the  
safety requ i rements  speci fied  for i solation  purposes  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-35]  

3.6. 1 2   
cl earance   
shortest d istance  in  a i r between  two conductive  parts  a long  a  string  stretched  the  shortest 
way between  these  conductive  parts  (see  Annex B)  

Note  1  to  en try:  For the  purpose  of d eterm in ing  a  cl earance  to  accessib le  parts ,  the  access ible  su rface  of an  
i nsu lati ng  enclosu re  i s  considered  conducti ve  as  i f i t  was  covered  by a  metal  fo i l  wherever i t  can  be  touched  by a  
hand  or a  s tandard  test  fi nger accord i ng  to  F i gu re  8 .  

[SOURCE:  I EC 60050-441 : 1 984,  441 -1 7-31 ,  mod i fied  – Note  1  to  entry has  been  added . ]  

3.6. 1 3   
creepage d istance  
shortest d is tance  a long  the  surface  of an  i nsu lating  materia l  between  two  conductive  parts   

Note  1  to  en try:  See  Annex B .  

Note  2  to  en try:  For the  purpose  of determ in ing  a  creepage  d i stance  to  accessib le  parts ,  the  access ible  surface  of 
an  i nsu l ati ng  enclosu re  i s  cons idered  conducti ve  as  i f i t  was  covered  by a  metal  fo i l  wherever i t  can  be  touched  by 
a  hand  or a  s tandard  test  fi nger accord ing  to  F i gu re  8 .  

[SOURCE:  I EC  60050-1 51 : 1 984,  1 51 -1 5-50  mod i fied  – Notes  1  and  2  to  en try have  been  
added . ]  

4 Classification  

4.1  General  

Circu i t-breakers  are  classi fi ed  accord ing  to  several  cri teria.  

4.2  Accord ing  to  the  number of poles:  

– s ing le-pole  ci rcu i t-breakers;  

– two-pole-ci rcu i t-breakers  wi th  one  protected  pole ;   

– two-pole  ci rcu i t-breakers  wi th  two  protected  poles ;   

– three-pole  ci rcu i t-breakers  wi th  three  protected  poles;   

– four-pole  ci rcu i t-breakers  wi th  three  protected  poles;  

– four-pole  ci rcu i t-breakers  wi th  four protected  poles.  

NOTE  The  pole  wh ich  i s  not  a  protected  pole  can  be  

– "unprotected"  (see  3 . 2 . 7 . 2),  or 

– "swi tched  neu tral "  (see  3. 2 . 7 . 3).  
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4.3  Accord ing  to  the  protection  against external  i nfluences:  

– enclosed-type  (not requ iri ng  an  appropriate  enclosure);   

– unenclosed-type  (for use  wi th  an  appropriate  enclosure) .  

4.4 Accord ing  to  the  method  of mounting:  

– surface-type;   

– fl ush-type;   

– panel  board  type,  a lso  referred  to  as  d istribu tion  board  type.  

NOTE  These  types  may be  i n tended  to  be  rai l  mounted .   

4.5  Accord ing  to  the  methods  of connection  

4.5. 1  Accord ing  to  the  fixation  system:  

– ci rcu i t-breakers,  the  e lectrical  connections  of wh ich  are  not associated  wi th  the  mecha-
n ical  mounting ;  

– ci rcu i t-breakers,  the  e lectrical  connections  of wh ich  are  associated  wi th  the  mechan ical  
mounting .  

NOTE  Examples  of th i s  type  are:  

– p l ug -i n  type;  

– bol t-on  type;  

– screw-i n  type.  

Some ci rcu i t-breakers  can  be  of the  p l ug-i n  type  or bol t-on  type  on  the  l i ne  s i de  on ly,  the  l oad  term inal s  being  
usual l y su i table  for wi ri ng  connection .  

4.5.2  Accord ing  to  the  type of terminals:   

– ci rcu i t-breakers  wi th  screw-type  term inals  for external  copper conductors;  

– ci rcu i t-breakers  wi th  screwless  type  term inals  for external  copper conductors;  

NOTE  1  The  requ i rements  for ci rcu i t-breakers  equ i pped  wi th  th i s  type  of term inal s  are  g i ven  i n  Annex J .  

– ci rcu i t-breakers  wi th  flat  qu ick-connect term inals  for external  copper conductors;  

NOTE  2  The  requ i rements  for ci rcu i t-breakers  equ i pped  wi th  th i s  type  of term inal s  are  g i ven  i n  Annex K.  

– ci rcu i t-breakers  wi th  screw-type  term inals  for external  a lum in ium  conductors;  

NOTE  3  The  requ i rements  for ci rcu i t-breakers  wi th  th i s  type  of term inal  are  g i ven  i n  Annex L  .  

4.6  Accord ing  to  the  i nstantaneous  tripping  current (see 3.5. 1 7)  

– B-type;   

– C-type;   

– D-type.  

NOTE  The  sel ection  of a  parti cu lar type  can  depend  on  the  i nstal l ati on  ru les.  

4.7  Accord ing  to  the  I 2t characteristic  

In addition to the I2t characteristic provided by the manufacturer,  circuit-breakers may be 
classified according to their I2t characteristic.  

5 Characteristics  of ci rcui t-breakers  

5.1  List  of characteristics   

The characteristics  of a  ci rcu i t-breaker shal l  be  stated  i n  the  fo l lowing  terms:   
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– number of poles  (see  4. 2);   

– protection  against external  i n fl uences  (see  4. 3);   

– method  of mounting  (see  4 . 4) ;   

– method  of connection  (see  4 . 5) ;   

– va lue  of rated  operational  vol tage  (see  5. 3. 1 );   

–  va lue  of rated  curren t (see  5. 3 . 2) ;   

– va lue  of rated  frequency (see  5. 3. 3) ;   

– range  of instan taneous  tri pping  curren t (see  4 . 5  and  5. 3. 5);   

– va lue  of rated  short-ci rcu i t  capaci ty (see  5 . 3 . 4);   

– I 2t characteristic (see  3. 5. 1 3);   

– I 2t c l assi fication  (see  4 . 6).  

5.2  Rated  quanti ti es  

5.2. 1  Rated  vol tages  

5.2. 1 .1  Rated  operational  vol tage (Ue )  

The rated  operational  vol tage  (hereinafter referred  to  as  rated  vol tage)  of a  ci rcu i t-breaker is  
the  value  of vol tage,  ass igned  by the  manufacturer,  to  wh ich  i ts  performance (particu larl y the  
short-ci rcu i t performance)  is  referred .  

NOTE  The  same ci rcu i t-breaker can  be  ass igned  a  number of rated  vol tages  and  associated  rated  short-ci rcu i t  
capaci ti es.  

5.2. 1 .2  Rated  insu lation  vol tage (Ui )  

The rated  insu lation  vol tage  of a  ci rcu i t-breaker i s  the  value  of vol tage,  ass igned  by the  
manufacturer,  to  wh ich  d ie lectric test vol tages  and  creepage d istances  are  referred .  

Un less  otherwise  stated ,  the  rated  i nsu lation  vol tage  i s  the  va lue  of the  maximum  rated  
vol tage  of the  ci rcu i t-breaker.  I n  no  case shal l  the  maximum  rated  vol tage  exceed  the  rated  
i nsu lation  vol tage.  

5.2. 1 .3  Rated  impu lse  withstand  voltage (Uimp)  

The  rated  impu lse  wi thstand  vol tage  of a  ci rcu i t-breaker shal l  be  equal  to  or h igher than  the  
standard  values  of rated  impu lse  wi thstand  vol tage  g i ven  in  Table  3 .  

5.2.2  Rated  current (In )  

A curren t assigned  by the  manufacturer as  the  cu rrent wh ich  the  ci rcu i t-breaker i s  designed  to  
carry i n  un in terrupted  du ty (see  3 . 2 . 1 4) ,  at  a  speci fied  reference  ambien t a i r temperature.  

The  s tandard  reference  ambien t a i r temperature  is  30  °C.  I f a  d i fferen t reference  ambien t a i r 
temperature  for the  ci rcu i t-breaker is  used ,  the  effect on  the  overload  protection  of cables  
shal l  be  taken  in to  account,  s ince  th is  i s  a lso  based  on  a  reference ambien t  a i r temperature  of 
30  °C  accord ing  to  i nsta l l ation  ru les .  

NOTE  The  reference  ambien t  a i r temperatu re  for the  overload  protection  of cables  has  been  fi xed  at  25  °C  
accord i ng  to  I EC 60364.  

5.2.3  Rated  frequency  

The rated  frequency of a  ci rcu i t-breaker is  the  power frequency for wh ich  the  ci rcu i t-breaker is  
des igned  and  to  wh ich  the  values  of the  other characteristics  correspond .  
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The  same ci rcu i t-breaker may be  ass igned  a  number of rated  frequencies.  

5.2.4  Rated  short-ci rcu i t  capaci ty (Icn )  

The  rated  short-ci rcu i t capaci ty of a  ci rcu i t-breaker is  the  value  of the  u l timate  short-ci rcu i t  
breaking  capaci ty (see  3 . 5. 5. 1 )  ass igned  to  that ci rcu i t-breaker by the  manufacturer.  

NOTE  A ci rcu i t-breaker havi ng  a  g i ven  rated  short-ci rcu i t  capaci ty has  a  correspond ing  service  short-ci rcu i t  
capaci ty (I

cs
)  (see  Tabl e  1 7).  

5.2.5  Rated  making  and  breaking  capacity of an  ind ividual  pole  (Icn1 )  

The value  of the  l im i ti ng  short-ci rcu i t making  and  breaking  capaci ty on  each  ind ividual  
protected  pole  of mu l tipole  ci rcu i t  breakers.  

NOTE  The  correspond i ng  rated  q uan ti ty of RCBOs  i s  the  rated  res idual  making  and  breaking  capaci ty I∆m (see  

5. 2 . 7  of I EC 61 009-1 : 201 0).  

The standard  va lues  are  those  g i ven  i n  5 . 3 . 4 . 1 .  

5.3  Standard  and  preferred  values  

5.3. 1  Preferred  values  of rated  vol tage  

Preferred  values  of rated  vol tage  are  g i ven  i n  Table  1 .  
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Table  1  – Preferred  values  of rated  vol tage  

Circu i t-breakers  Ci rcu i t  suppl ying   
the  ci rcu i t-breaker 

See  al so  IEC  60364-1  

Rated  vol tage  of ci rcu i t-
breakers  for use  in  

systems 230  V,  
230/400  V,  400  V 

V  

Rated  vol tage  of ci rcu i t-
breakers  for u se  in  

systems  1 20/240V,  240  V 
 
V  

Sing le  pol e  

S ing le  phase  
(phase  to  neu tral  or phase  
to  phase)  

230   

Three-phase  (4 -wi re)  230   

S i ng le  phase  
(phase  to  earthed  m idd l e  
conductor,  or phase  to  
neu tral )  

 1 20  

240  

S ing le  phase   
(phase  to  neu tral )  
or 
th ree  phase,  us i ng  three  
s i ng le-pole  ci rcu i t-
breakers  (3-wi re  or 4 -wi re)  

230/400   

Two-pol e  

S ing le  phase  (phase  to  
neu tral  or phase  to  phase)  

230   

S i ng le  phase   
(phase  to  phase)  

400  240  

S ing le  phase  (phase  to  
phase,  3 -wi re)   

 1 20/240  

Three  phase  (4-wi re)  230   

Three-pol e  Three  phase   
(3-wi re  or 4 -wi re)  

400  240  

S ing le  phase  (3-wi re)   1 20/240  

Four-pole  Three  phase  (4-wi re)  400   

NOTE  1  I n  I EC 60038  the  network vol tage  value  of 230/400  V has  been  s tandard i zed .  Th i s  val ue  wi l l  
progressivel y superseed  the  va lues  of 220/380V and  240/41 5  V.  

NOTE  2  Wherever i n  th i s  standard  there  i s  a  reference  to  230  V or 400  V,  they can  be  read  as  220  V or 240  V,  
380  V or 41 5  V,  respecti ve ly.  

NOTE  3  Wherever i n  th i s  s tandard  there  i s  a  reference  to  1 20  V,  240  V or 1 20/240  V,  they can  be  read  as  
1 00  V,  200  V or 1 00/200  V,  respecti vely.  

 

5.3.2  Preferred  values  of rated  current 

Preferred  values  of rated  current  are:  

6  A,  8  A,  1 0  A,  1 3  A,  1 6  A,  20  A,  25  A,  32  A,  40  A,  50  A,  63  A,  80  A,  1 00  A and  1 25  A.  

5.3.3  Standard  values  of rated  frequency 

Standard  values  of rated  frequency are  50  Hz and  60  Hz.  

5.3.4  Values  of rated  short-ci rcu i t  capaci ty 

5.3.4. 1  Standard  values  up  to  and  i nclud ing  1 0  000  A 

Standard  values  of rated  short-ci rcu i t capaci ties  up  to  and  i nclud ing  1 0  000  A are:  

1  500  A,  3  000  A,  4  500  A,  6  000  A,  1 0  000  A.  
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NOTE  The  values  of 1  000  A,  2  000  A,  2  500  A,  5  000  A,  7  500  A and  9  000  A are  a l so  consi dered  as  standard  i n  
some countries.  

The correspond ing  power factor ranges  are  g iven  i n  9. 1 2. 5.  

5.3.4.2  Values  above 1 0  000  A up  to  and  including  25 000  A 

For values  above 1 0  000  A up  to  and  i nclud ing  25  000  A the  preferred  value  is  20  000  A.  

The  correspond ing  power factor range  i s  g i ven  i n  9 . 1 2. 5.  

5.3.5  Standard  ranges  of i nstantaneous  tripping  

Standard  ranges  of i nstantaneous  tripping  are  g i ven  in  Table  2 .  

Table  2  – Ranges  of instantaneous  tripping  

Type  Range  

B  Above  3  In  up  to  and  i ncl ud ing  5  In  

C  Above  5  In  up  to  and  i ncl ud ing  1 0  In  

D  Above  1 0  In  u p  to  and  i ncl ud ing  20  In  
a  

a  For speci a l  cases  val ues  up  to  50  In  may a l so  be  used .  

 

5.3.6  Standard  values  of rated  impu lse  withstand  vol tage (Uimp)  

Table  3  g ives  the  standard  values  of rated  impu lse  wi thstand  vol tages  as  a  function  of the  
nom inal  vol tage  of the  i nstal l ation .  

Table  3  – Rated  impu lse  withstand  vol tage as  a  function   
of the  nominal  vol tage of the  instal lation  

Rated  impu lse  
wi thstand  vol tage  U

imp
 

Nominal  vol tage  of the  i nstal l ation  

Three-phase  systems   
S ing le-phase system   
wi th  m id-point earthed  

kV  V V 

2 , 5  a   1 20/240  b
 

4  a  230/400,  250/440  1 20/240,  240  c
 

NOTE  1  For test  vol tages  to  check the  i nsu l ation ,  see  Table  1 4.  

NOTE  2  For test  vol tages  to  check the  i solati on  d i stance  across  open  contacts,  see  Tabl e  1 3 .  

a   The  val ues  3  kV and  5  kV respecti vely are  used  for veri fyi ng  the  i sol ati ng  d i s tances  across  open  con tacts  at  
the  a l ti tu de  of 2  000  m  (see  Table  4  and  Tabl e  1 3).  

b   For i nsta l l ati on  practi ce  i n  J apan .  

c  For i nsta l l ati on  practi ce  i n  North  American  coun tries.  

 

6 Marking  and  other product information  

Each  ci rcu i t-breaker shal l  be  marked  in  a  durable  manner wi th  the  fol l owing :  

a)  manufacturer's  name or trade  mark;  

b)  type  des ignation ,  cata logue  number or seria l  number;  

c)  rated  vol tage(s) ;  
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d )  rated  current wi thou t symbol  "A",  preceded  by the  symbol  of i nstantaneous  tri pping  (B ,  C  
or D),  for example  B  1 6 ;  

e)  rated  frequency i f the  ci rcu i t-breaker is  des igned  on l y for one  frequency (see  5. 3. 3);  

f)  rated  short-ci rcu i t  capaci ty,  i n  amperes;  

g )  wi ri ng  d iagram ,  un less  the  correct mode  of connection  i s  eviden t;  

h )  reference  ambient ai r temperature,  i f d i fferen t from  30  °C;  

i )  degree  of protection  (on ly i f d i fferent from  I P20);  

j )  for type  D  ci rcu i t-breakers:  the  maximum  instantaneous  tripping  curren t,  i f h igher than  
20  In  (see  Table  2 );  

k)  rated  impu lse  wi thstand  vol tage  Uimp  i f i t  i s  2 , 5  kV.  

l )  making  and  breaking  capaci ty on  an  i nd ividual  protected  pole  of mu l tipole  ci rcu i t breakers  
(Icn1 ) ,  i f d i fferen t from  Icn .  

Marking  d )  shal l  be  read i l y vis ib le  when  the  ci rcu i t-breaker i s  i nsta l l ed .  I f,  for smal l  devices,  
the  avai lable  space i s  i n sufficient,  markings  a),  b) ,  c) ,  e) ,  f) ,  h ) ,  i ) ,  j )  and  l )  may be  pu t on  the  
s i de  or on  the  back of the  ci rcu i t-breaker.  Marking  g )  may be  on  the  i ns ide  of any cover wh ich  
has  to  be  removed  in  order to  connect the  supply wi res  bu t sha l l  not be  on  a  l abel  l oosel y 
attached  to  the  ci rcu i t-breaker.  Any other i n formation  not marked  shal l  be  g i ven  in  the  
manufacturer's  documentation .  

The  su i tabi l i ty for i solation ,  wh ich  is  provided  by al l  ci rcu i t-breakers  of th i s  standard ,  may be  

i nd icated  by the  symbol   ( I EC 6041 7-61 69-1 )  on  the  device.  When  affixed ,  th is  marking  
may be  i ncluded  i n  a  wiring  d iagram ,  where  i t  may be  combined  wi th  symbols  of other 
functions,  e . g .  overload  protection ,  or other symbols  of I EC  6041 7.  When  the  symbol  i s  used  
on  i ts  own  ( i . e.  not i n  a  wi ring  d iagram),  combination  wi th  symbols  of other functions  is  not 
a l l owed .  

NOTE  1  I n  the  fol l owing  countries:  DK,  F I ,  NO,  SE  and  ZA the  marki ng  of the  symbol  on  the  ci rcu i t-breaker i s  
mandatory to  i n d icate  that  the  device  provi des  i solation  for the  i nstal l ati on  downstream .  I n  these  coun tries  i t  i s  
requ i red  that  the  symbol  be  cl earl y and  unm istakabl y vi s ib le  when  the  ci rcu i t-breaker i s  i nstal l ed  as  i n  service  and  
the  actuator i s  access ible.  

NOTE  2  I n  Austral i a  th i s  marking  on  the  ci rcu i t-breaker i s  mandatory bu t  i s  not  requ i red  to  be  vi s ib le  after 
i nstal l ati on .  

I f a  degree  of protection  h igher than  I P20  accord ing  to  I EC  60529  is  marked  on  the  device,  i t  
shal l  comply wi th  i t,  wh ichever the  method  of i nsta l l ation .  I f the  h igher degree  of protection  is  
obtained  on l y by a  speci fic method  of i nsta l lation  and /or wi th  the  use  of speci fic accessories  
(e. g .  term inal  covers,  enclosures,  etc. ) ,  th is  shal l  be  speci fied  i n  the  manufacturer's  l i terature.  

The  manufacturer shal l  make  avai lable,  on  request,  the  I 2t characteristic  (see  3. 5. 1 3).  

The  manufacturer may i nd icate  the  I 2t c l assi fication  (see  4 . 7)  and  mark the  ci rcu i t-breakers  

accord ing l y.  

For ci rcu i t-breakers  other than  those  operated  by means  of push-buttons  the  open  posi tion  
shal l  be  ind icated  by the  symbol  O  (a  ci rcle)  I EC  6041 7-5008  and  the  closed  pos i tion  by the  
symbol  I  (a  short vertica l  stra igh t l i ne)  I EC  6041 7-5007.  Add i tional  national  symbols  for th is  
i nd ication  are  a l lowed .  Provisional l y the  use  of th is  national  ind ication  alone  is  a l l owed .  These  
i nd ications  shal l  be  read i l y vi s ib le  when  the  ci rcu i t-breaker i s  insta l led .  

For ci rcu i t-breakers  operated  by means  of two push-buttons,  on l y the  push-bu tton  des igned  
for the  open ing  operation  shal l  be  red  and/or be  marked  wi th  the  symbol  O  ( IEC 6041 7-5008).  

Red  shal l  not be  used  for any other push-button  of the  ci rcu i t-breaker.  
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I f a  push-button  is  used  for clos ing  the  contacts  and  i s  clearl y i den ti fi ed  as  such ,  i ts  
depressed  pos i ti on  is  sufficient to  i nd icate  the  closed  posi ti on .  

I f a  s i ng le  push-bu tton  i s  used  for clos ing  and  open ing  the  contacts  and  is  i den ti fi ed  as  such ,  
the  bu tton  remain ing  in  i ts  depressed  pos i ti on  i s  sufficient to  i nd icate  the  closed  pos i tion .  On  
the  other hand ,  i f the  bu tton  does  not remain  depressed ,  an  add i tional  means  ind icati ng  the  
posi tion  of the  contacts  shal l  be  provided .  

For ci rcu i t-breakers  wi th  mu l tip le  current rati ngs,  the  maximum  value  shal l  be  marked  i n  
accordance  wi th  marking  d ) ,  and  i n  add i tion  the  va lue  for wh ich  the  ci rcu i t-breaker is  ad justed  
shal l  be  i nd icated  wi thou t  ambigu i ty.  

I f i t  i s  necessary to  d istingu ish  between  the  supply and  the  l oad  term inals,  the  former shal l  be  
i nd icated  by arrows  poin ting  towards  the  ci rcu i t-breaker and  the  l atter by arrows  poin ting  
away from  the  ci rcu i t-breaker.  

Term inals  i n tended  exclusivel y for the  neu tra l  sha l l  be  i nd icated  by the  letter N .  

Terminals intended for the protective conductor,  if any,  shall be indicated by the symbol  
(IEC 60417-5019) .  

NOTE  3  The  symbol   ,  ( I EC 6041 7-501 7),  previ ousl y recommended ,  wi l l  be  progress i vel y superseded  by the  
preferred  symbol  I EC 6041 7-501 9  g i ven  above.  

Marking  shal l  be  i ndel i b le  and  eas i l y l eg ib le,  and  shal l  not be  p laced  on  screws,  washers  or 
other removable  parts.  

Compliance is checked by inspection and by the test of 9. 3.  

7 Standard  conditions  for operation  in  service 

7. 1  General  

Circu i t-breakers  complyi ng  wi th  th is  standard  shal l  be  capable  of operating  under the  
fol lowing  standard  cond i tions.  

7.2  Ambient ai r temperature  range  

The ambien t a i r temperature  does  not exceed  +40  °C  and  i ts  average  over a  period  of 24  h  

does  not  exceed  +35 °C.  

The  l ower l im i t  of the  ambient ai r temperature  i s  –5  °C.  

Ci rcu i t-breakers  i n tended  to  be  used  i n  ambient a i r temperatures  above +40  °C  (particu larl y in  
tropical  countries)  or below –5  °C  shal l  e i ther be  specia l l y des igned  or be  used  accord ing  to  
the  i n formation  g i ven  i n  the  manufacturer's  catalogue.  

7.3  Al ti tude  

I n  general  the  a l ti tude  of the  s i te  of i nsta l l ation  does  not  exceed  2  000  m  (6  600  ft) .  

For insta l l ations  at h igher al ti tudes,  i t  i s  necessary to  take  i n to  account the  reduction  of the  
d ie lectric s trength  and  of the  cool ing  effect of the  a i r.  C i rcu i t-breakers  i n tended  to  be  so  used  
shal l  be  des igned  specia l l y or used  accord ing  to  an  agreement between  manufacturer and  
user.  I n formation  g iven  i n  the  manufacturer's  catalogue  may take  the  p lace  of such  an  
agreement.  
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7.4  Atmospheric  condi tions  

The a i r i s  cl ean  and  i ts  re lative  hum id i ty does  not exceed  50  %  at a  maximum  temperature  of 

+40  °C.  

H igher relative  hum id i ties  may be  perm i tted  at l ower temperatures,  for example  90  %  at  

+20  °C.  

Care  shou ld  be  taken  by appropriate  means  (for example  d rain  holes)  of moderate  
condensation  wh ich  may occasional l y occur due  to  variations  i n  temperature.  

7.5  Cond itions  of instal lation  

The ci rcu i t-breaker shal l  be  instal l ed  i n  accordance wi th  the  manufacturer's  i nstructions.  

7.6  Pol lution  degree  

Circu i t-breakers  to  th is  standard  are  in tended  for environment wi th  pol l u tion  degree  2 ,  i . e.  
normal l y on l y non-conductive  pol l u tion  occurs;  occasional l y,  however,  a  temporary 
conductivi ty caused  by condensation  may be  expected .  

8 Requirements  for construction  and  operation  

8. 1  Mechan ical  design  

8. 1 . 1  General  

Circu i t-breakers  shal l  be  so  des igned  and  constructed  that,  i n  normal  use,  their performance 
is  re l iable  and  wi thout danger to  the  user or su rround ings.  

In  general,  compliance is checked by carrying out all the relevant tests specified.  

8. 1 .2  Mechan ism  

The moving  contacts  of a l l  poles  of mu l ti pole  ci rcu i t-breakers  shal l  be  so  mechan ical l y 
coupled  that a l l  po les ,  except the  swi tched  neu tra l ,  i f any,  make and  break substan tia l l y 
together,  whether operated  manual l y or au tomatica l l y,  even  i f an  overload  occurs  on  one  
protected  pole  on l y.   

The  swi tched  neu tral  pole  (see  3 . 2. 7. 3)  of four-pole  ci rcu i t-breakers  shal l  not cl ose  after and  
shal l  not  open  before  the  protected  poles.  

Compliance is checked by inspection and by manual test,  using any appropriate means (e. g.  
indicator lights,  oscilloscope,  etc. ) .  

I f a  pole  having  an  appropriate  short-ci rcu i t making  and  breaking  capaci ty i s  used  as  a  neutral  
pole  and  the  ci rcu i t-breaker has  an  i ndependent manual  operation  (see  3 . 4. 4),  then  a l l  poles,  
i nclud ing  the  neutral  pole ,  may operate  substantial l y together.  

Ci rcu i t-breakers  shal l  have  a  trip-free  mechan ism .  

Compliance with  the above requirements is checked by inspection,  by manual test and,  for the 
trip-free function,  by the test of 9. 10. 3.  

I t  sha l l  be  possib le  to  swi tch  the  ci rcu i t-breaker on  and  off by hand .  For p lug- i n  type  ci rcu i t-
breakers  wi thou t operati ng  hand le ,  th is  requ i rement i s  not considered  met by the  fact that the  
ci rcu i t-breaker can  be  removed  from  i ts  base.  
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Circu i t-breakers  shal l  be  so  constructed  that the  moving  contacts  can  come to  rest on l y in  the  
closed  pos i tion  (see  3. 2 .8)  or i n  the  open  posi ti on  (see  3. 2. 9) ,  even  when  the  operati ng  
means  i s  re leased  i n  an  i n termed iate  posi tion .  

Ci rcu i t-breakers  shal l  provide  i n  the  open  pos i tion  (see  3. 2 .9)  an  i so lation  d istance  i n  
accordance wi th  the  requ i rements  necessary to  satisfy the  i solati ng  function  (see  8. 3).  
I nd ication  of the  open  and  closed  pos i tion  of the  main  con tacts  shal l  be  provided  by one  or 
both  of the  fol lowing  means:  

– the  posi ti on  of the  actuator ( th is  being  preferred) ,  or  

– a  separate  mechan ical  i nd icator.  

I f a  separate  mechan ical  ind icator i s  used  to  ind icate  the  pos i ti on  of the  main  contacts,  th is  
sha l l  show the  colour red  for the  closed  pos i tion  (ON)  and  the  colour g reen  for the  open  
pos i tion  (OFF) .  

The  means  of i nd ication  of the  con tact  posi ti on  shal l  be  re l i able .   

Compliance is checked by inspection and by the tests of 9. 10. 3.  

Circu i t-breakers  shal l  be  des igned  so  that the  actuator,  front p late  or cover can  on l y be  
correctl y fi tted  i n  a  manner wh ich  ensures  correct i nd ication  of the  con tact pos i tion .  

Compliance is checked by inspection and by the tests of 9. 12. 12. 1  and 9. 12. 12. 2.  

Where  the  operating  means  i s  used  to  i nd icate  the  pos i tion  of the  con tacts ,  the  operating  
means,  when  re leased ,  shal l  au tomatica l l y take  up  the  pos i ti on  correspond ing  to  that of the  
moving  con tact(s);  i n  th is  case,  the  operati ng  means  shal l  have  two d isti nct rest pos i ti ons  
correspond ing  to  the  posi ti on  of the  con tacts  bu t,  for au tomatic open ing ,  a  th i rd  d is tinct 
pos i tion  of the  operating  means  may be  provided .  

The  action  of the  mechan ism  shal l  not be  i n fl uenced  by the  posi tion  of enclosures  or covers  
and  shal l  be  independent  of any removable  part.  

A cover sealed  i n  pos i ti on  by the  manufacturer is  cons idered  to  be  a  non-removable  part.  

I f the  cover i s  used  as  a  gu id ing  means  for push -bu ttons,  i t  shal l  not be  poss ib le  to  remove  
the  bu ttons  from  the  outs ide  of the  ci rcu i t-breaker.  

Operating  means  shal l  be  securel y fixed  on  thei r shafts  and  i t  shal l  not be  possib le  to  remove  
them  wi thout the  a i d  of a  tool .  Operati ng  means  d i rectl y fixed  to  covers  are  a l l owed .  

I f the  operating  means  has  an  "up-down"  movement,  when  the  ci rcu i t-breaker i s  moun ted  as  
i n  normal  use,  the  con tacts  shal l  be  closed  by the  up  movement.  

NOTE  1  Provis ional l y i n  certa in  countries  down-closi ng  movement  i s  a l l owed .  

Compliance is checked by inspection and by manual test.  

When  means  are  provided  or speci fied  by the  manufacturer to  l ock the  operating  means  in  the  
open  posi tion ,  locking  in  that  pos i tion  shal l  on l y be  poss ib le  when  the  main  con tacts  are  i n  the  
open  posi tion .  

NOTE  2  Locking  of the  operati ng  means  i n  the  cl osed  posi ti on  i s  possibl e  for parti cu l ar app l i cations.  

Compliance is checked by inspection,  taking into account the instructions of the manufacturer.  
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8. 1 .3  Clearances  and  creepage d istances  (see  Annex B)  

The m in imum  requ ired  clearances  and  creepage d istances  are  g i ven  i n  Table  4  wh ich  i s  
based  on  the  ci rcu i t  breaker being  designed  for operating  i n  an  envi ronment wi th  pol l u tion  
degree  2 .  

Compl iance  for i tem  1  i n  Table  4  i s  checked  by measurement and  by the  test of clause  
9. 7. 5.4 . 1  and  9. 7 . 5.4 . 2 .  The  test i s  carried  ou t wi th  samples  not subm itted  to  the  hum id i ty 
treatment described  i n  9 . 7. 1 .  

The  clearances  of i tems  2  and  4  (except access ible  surfaces  after instal lation ,  see  Note  1 )  
may be  reduced  provided  that the  measured  clearances  are  not shorter than  the  m in imum  
a l l owed  i n  I EC  60664-1  for homogenous  fi e l d  cond i ti ons .  

NOTE  1  Accessib le  su rface  after i nsta l l ati on  means  any su rface  accessib le  by the  user when  the  RCD i s  i nsta l l ed  
accord i ng  to  the  manufacturer's  i nstructions.  The  test  fi nger can  be  appl i ed  to  d eterm ine  whether a  su rface  i s  
accessible  or not.  

I n  th is  case,  after the  hum id i ty treatment described  i n  9. 7. 1 ,  compl iance  for i tem  2  and  4  and  
arrangements  of 9 . 7 . 2  i tems b),  c) ,  d )  and  e)  i s  checked  i n  the  fol lowing  order:  

– Tests  accord ing  to  9 . 7 . 2  to  9. 7 . 4  as  appl icable ,  

– Test accord ing  to  9 . 7 . 5.2  i s  appl ied  wi th  test  vol tages  g i ven  i n  Table  1 3  wi th  test  
arrangements  of 9 . 7 . 2  i tems  b),  c) ,  d ) ,  e) ,  

I f measurement does  not show any reduced  clearance,  test 9 . 7 . 5.2  is  not  appl i ed .  

Compliance for item 3 in Table  4  is checked by measurement.  

The i nsu lati ng  materia ls  are  class i fi ed  i n to  materia l  g roups  on  the  bas is  of thei r comparative  
tracking  index (CTI )  accord ing  to  4. 8. 1  of I EC  60664-1 : 2007.  
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Table  4 – M in imum  clearances  and  creepage d istances  

 

Min imum   
clearances  

mm  

M in imum  creepage  d istancese,  f  
mm  

Group  I I I a  h  

(1 75  V ≤  CTI  <  400  V)d  
Group I I  

(400  V ≤  CTI  <  600  V)d  
Group  I  

(600  V ≤  CTI  )d  

Rated  vol tage  
V  

Working  vol tage  e  

V  U
imp

 

2 , 5  kV 4  kV 4  kV 

Descripti on  
1 20/240  

1 20  
1 20/240  

240  

230/400  
230  
400  

>25  
≤50 i  

1 20  250  400  
>25  
≤50 i  1 20  250  400  

>25  
≤50 i  1 20  250  400  

1 .  between  l i ve  parts  
wh ich  are  
separated  when  the  
main  contacts  are  
i n  the  open  pos i ti on  
a, j  

2 , 0  4 , 0  4 , 0  1 , 2  2 , 0  4 , 0  4 , 0  0 , 9  2 , 0  4 , 0  4 , 0  0 , 6  2 , 0  4 , 0  4 , 0  

2 .  between  l i ve  parts  
of d i fferent  polari ty 
a, j  

1 , 5  3 , 0  3 , 0  1 , 2  1 , 5  3 , 0  4 , 0  0 , 9  1 , 5  3 , 0  3 , 0  0 , 6  1 , 5  3 , 0  3 , 0  

3 .  between  ci rcu i ts  
suppl i ed  from  
d i fferen t  sou rces,  
one  of wh ich  bei ng  
PELV or SELV g  

3 , 0  6 , 0  8, 0   3 , 0  6 , 0  8, 0   3 , 0  6 , 0  8 , 0   3 , 0  6 , 0  8, 0  

  

Rated  vol tage  
V  

1 20  /  240  230  /  400  1 20  /  240  230  /  400  1 20  /  240  230  /  400  

4 .  between  l i ve  parts  
and  

– accessible  
surfaces  of 
operati ng  means  

– screws  or other 
means  for fi xi ng  
covers  wh ich  
have  to  be  
removed  when  
mounti ng  the  
ci rcu i t–breaker 

– surface  on  wh ich  
the  ci rcu i t-
breaker i s  
mounted  b  

– screws  or other 
means  for fi xi ng  
the  ci rcu i t-
breaker b  

–  metal  covers  or 
boxes  b  

– other accessib le  
metal  parts  c  

– metal  frames  
supporti ng  fl ush -
type  ci rcu i t-
breakers  

1 , 5  3 , 0  3 , 0  1 , 5  4 , 0  1 , 5  3 , 0  1 , 5  3 , 0  
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NOTE  1  The  val ues  g i ven  for 400  V are  a l so  val i d  for 440  V.  

NOTE  2  The  parts  of the  neu tral  path ,  i f any,  are  cons idered  to  be  l i ve  parts .  

Care  shou l d  be  taken  to  provi de  adequate  cl earances  and  creepage  d i stances  between  l i ve  parts  of d i fferent  polari ty of ci rcu i t-
breakers,  e . g .  of the  pl ug -i n  type  mounted  cl ose  to  one  another.  

a   For auxi l i ary and  con trol  con tacts  the  values  are  g i ven  i n  the  re l evant standard .  

b   The  values  are  doubl ed  i f cl earances  and  creepage  d i stances  between  l i ve  parts  of the  device  and  the  metal l i c  screen  or the  
su rface  on  wh ich  the  ci rcu i t-breaker i s  mounted  are  not  dependent  on  the  design  of the  ci rcu i t-breaker on l y,  so  that  they can  
be  reduced  when  the  ci rcu i t-breaker i s  mounted  i n  the  most un favou rable  cond i ti on .  

c   I ncl ud ing  a  metal  foi l  i n  con tact  wi th  the  su rfaces  of i nsu lati ng  material  wh ich  are  accessib l e  after i nsta l l ati on  for normal  u se.  
The  foi l  i s  pushed  i n to  corners ,  g rooves,  etc. ,  by means  of a  s tra igh t  un j oin ted  test  fi nger accord ing  to  9 . 6  (see  F igure  8).  

d   See  I EC 601 1 2.  

e   I n terpolati on  i s  a l l owed  i n  determ in ing  creepage  d i stances  correspond ing  to  vol tage  values  i n termed iate  to  those  l i sted  as  
worki ng  vol tage.  When  i n terpolati ng ,  l i near i n terpolati on  shal l  be  used  and  val ues  shal l  be  rounded  to  the  same number of 
d i g i ts  as  the  val ues  p i cked  up  from  the  tables.  For d eterm inati on  of creepage  d i stances,  see  Annex B .   

f  Creepage  d i stances  cannot  be  l ess  than  the  associated  cl earances.  

g   To  cover a l l  d i fferen t  vol tages  i ncl ud i ng  ELV i n  an  auxi l i ary contact.  

h   For materi al  g roup  I I I b  (1 00  V ≤  CTI  <  1 75  V)  the  values  for materia l  g roup  I I I a  mu l ti pl i ed  by 1 , 6  appl y.  

i   For worki ng  vol tages  up  to  and  i ncl ud i ng  25  V reference  may be  made  to  I EC 60664-1 .  

j   The  cl earance  d i stances  between  the  metal  parts  wi th i n  the  arc chamber may be  l ess  than  1 mm,  provided  that  the  sum  of 
d i stances  i s  g reater than  prescribed  i n  i tem  1  of Table  4 .  

 

8. 1 .4  Screws,  current-carrying  parts  and  connections  

8. 1 .4. 1  Connections,  whether e lectrical  or mechan ical ,  sha l l  wi thstand  the  mechan ical  

stresses  occurring  i n  normal  use.  

Screws  operated  when  mounting  the  ci rcu i t-breaker during  instal l ation  shal l  not  be  of the  
thread-cu tti ng  type.  

NOTE  1  Screws  (or n u ts)  wh i ch  are  operated  when  mounti ng  the  ci rcu i t-breaker i ncl ude  screws  for fi xi ng  covers  
or cover-p lates,  bu t  not  connecti ng  means  for screwed  condu i ts  and  for fi xi ng  the  base  of a  ci rcu i t-breaker.  

Compliance is checked by inspection and by the test of 9. 4.  

NOTE  2  Screwed  connections  are  considered  as  checked  by the  tests  of 9 . 8 ,  9 . 9 ,  9 . 1 2 ,  9 . 1 3  and  9. 1 4.  

8. 1 .4.2  For screws i n  engagement wi th  a  thread  of insu lating  material  and  wh ich  are  
operated  when  mounting  the  ci rcu i t-breaker du ring  i nstal l ation ,  correct  in troduction  of the  
screw in to  the  screw hole  or nu t shal l  be  ensured .  

Compliance is checked by inspection and by manual test.  

The requ irement wi th  regard  to  correct i n troduction  is  met,  i f i n troduction  of the  screw in  a  
s l an ting  manner is  prevented ,  for example  by gu id ing  the  screw by the  part to  be  fixed  by a  
recess  in  the  female  thread ,  or by the  use  of a  screw wi th  the  l ead ing  thread  removed .  

8. 1 .4.3  E l ectrical  connections  shal l  be  so  des igned  that con tact pressure  is  not transm i tted  
through  i nsu lating  materia l  other than  ceram ic,  pu re  m ica  or other materia l  wi th  characteristics  
no  l ess  su i table,  un less  there  is  sufficien t res i l i ence  i n  the  metal l ic parts  to  compensate  for 
any poss ib le  shrinkage  or yie ld ing  of the  i nsu lati ng  materia l .  

Compliance is checked by inspection.  

NOTE  The  su i tabi l i ty of the  materi al  i s  considered  i n  respect  of the  s tabi l i ty of the  d imensions.  
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8. 1 .4.4  Curren t-carrying  parts  i nclud ing  parts  i n tended  for protecti ve  conductors,  i f any,  shal l  
be  made of a  meta l  having ,  under the  cond i tions  occurring  i n  the  equ ipment,  mechan ical  
strength ,  e l ectrica l  conductivi ty and  res istance  to  corrosion  adequate  for the ir i n tended  use.  

EXAMPLE  Examples  of su i table  materia l s  are  g i ven  bel ow:  

– copper;  

– an  a l l oy con tai n i ng  at  l east  58  %  copper for parts  worked  cold ,  or at  l east  50  %  copper for other parts ;  

– other metal  or su i tabl y coated  metal ,  no  l ess  res i stant  to  corrosi on  than  copper and  having  mechan ical  
properties  no  l ess  su i tabl e.  

I n  case  of us ing  ferrous  a l loys  or su i tabl y coated  ferrous  al l oys,  compl iance  to  res istance  to  
corrosion  i s  checked  by a  test of res istance  to  rusti ng  (see  9. 1 6).  

The  requ irements  of th i s  subclause  do  not appl y to  con tacts,  magnetic ci rcu i ts,  heater 
e lemen ts,  b imetals,  shun ts,  parts  of e l ectron ic devices  or to  screws,  nu ts ,  washers,  cl amping  
p lates,  s im i lar parts  of term inals  and  parts  of the  test  ci rcu i t.  

8. 1 .5  Terminals  for external  conductors  

8. 1 .5. 1  Term inals  for external  conductors  shal l  be  such  that the  conductors  may be  

connected  so  as  to  ensure  that the  necessary con tact pressure  is  main tained  permanentl y.  

Connection  arrangements  i n tended  for busbar connection  are  adm issible,  provided  they are  
not used  for the  connection  of cables.  

Such  arrangements  may be  ei ther of the  p l ug- in  or of the  bol t-on  type.   

The  term inals  shal l  be  read i l y accessib le  under the  i n tended  cond i ti ons  of use.  

Compliance is checked by inspection,  by the tests of 9. 5 for screw-type terminals,  by specific 
tests for plug-in or bolt-on circuit-breakers included in the standard,  or by the tests of Annex J 
or K,  as relevant for the type of connection.  

8. 1 .5.2  C i rcu i t  breakers  shal l  be  provided  wi th :  

– e i ther term inals  wh ich  shal l  a l l ow the  connection  of copper conductors  having  nom inal  
cross-sectional  areas  as  shown  i n  Table  5 ;  

NOTE  Examples  of poss ibl e  designs  of screw-type  term inal s  are  g i ven  i n  Annex F .  

– or term inals  for external  un treated  a lum in ium  conductors  and  wi th  al um in ium  screw-type  
term inals  for use  wi th  copper or wi th  al um in ium  conductors  accord ing  to  Annex L.  

Compliance is checked by inspection,  by measurement and by fitting,  in turn,  one conductor 
of the smallest and one of the largest cross-sectional area as specified.  
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Table  5  – Connectable  cross-sections  of copper conductors  for screw-type terminals  

Rated  cu rren t b  
A  

Range  of nominal  cross-section  to  be  clamped  a  
mm 2  

Greater than  Up  to  and  includ ing  
Rig id   

(sol id  or s tranded  c)  
conductors  

F lexible   
conductors  

– 1 3  1  to  2 , 5  1  to  2 , 5  

1 3  1 6  1  to  4  1  to  4  

1 6  25  1 , 5  to  6  1 , 5  to  6  

25  32  2 , 5  to  1 0  2 , 5  to  6  

32  50  4  to  1 6  4  to  1 0  

50  80  1 0  to  25  1 0  to  1 6  

80  1 00  1 6  to  35  1 6  to  25  

1 00  1 25  25  to  50  25  to  35  

a  I t  i s  requ i red  that,  for cu rren t  rati ngs  up  to  and  i ncl ud ing  50  A,  term inal s  be  desi gned  to  cl amp  sol i d  
conductors  as  wel l  as  ri g i d  stranded  conductors.  Nevertheless,  i t  i s  perm i tted  that  term ina l s  for conductors  
having  cross-sections  from  1  mm 2  u p  to  6  mm 2  be  designed  to  cl amp  sol i d  conductors  on l y.  

b  A range  of CBs  havi ng  the  same fundamental  d esign  and  having  the  same  design  and  construction  of 
term inal s ,  the  term inal s  are  fi tted  wi th  copper conductors  of the  smal l est  cross-section  for the  m in imum  rated  
cu rren t  and  l argest  cross-section  for the  maximum  rated  cu rrent,  as  speci fi ed ,  sol i d  and  s tranded ,  as  
appl i cabl e.  

c  Ri g i d  stranded  conductors  shal l  be  used  for conductors  havi ng  cross-sections  from  1 , 5  mm 2  u p  to  50  mm 2  
and  shal l  be  i n  compl iance  wi th  cl ass  2  of I EC 60228: 2004,  re lated  to  stranded  conductors  for s i ng le-core.  

 

NOTE  2  For the  correspondence  between  I SO and  AWG copper conductors  see  Annex G .  

8. 1 .5.3  The  means  for cl amping  the  conductors  i n  the  term inals  sha l l  not serve  to  fix any 
other component,  a l though  they may hold  the  term inals  i n  p l ace  or preven t them  from  turn ing .  

Compliance is checked by inspection and by the tests of 9. 5.  

8. 1 .5.4  Term inals  for rated  currents  up  to  and  i nclud ing  32  A shal l  a l l ow the  conductors  to  be  
connected  wi thout specia l  preparation .  

Compliance is checked by inspection.  

NOTE  The  term  "specia l  preparati on "  covers  sol deri ng  of the  wi re  of the  conductor,  use  of cable  l ugs ,  formation  of 
eye lets,  etc. ,  bu t  not  the  reshaping  of the  conductor before  i ts  i n troduction  i n to  the  term inal  or the  twisti ng  of a  
fl exi ble  conductor to  consol i date  the  end .  

8. 1 .5.5  Term inals  shal l  have  adequate  mechan ical  strength .  Screws  and  nu ts  for clamping  
the  conductors  shal l  have  a  metric I SO  thread  or a  th read  comparable  i n  p i tch  and  mechan ical  
strength .  

Compliance is checked by inspection and by the tests of 9. 4 and 9. 5. 2.  

NOTE  Provis ional l y,  S l ,  BA and  UN  th reads  can  be  used  as  they are  vi rtual l y equ i val ent  i n  p i tch  and  mechan ical  
s trength  to  metri c  I SO  threads.  

8. 1 .5.6  Term inals  shal l  be  so  des igned  that they clamp the  conductor wi thou t u ndue  damage  
to  the  conductor.  

Compliance is checked by inspection and by the test of 9. 5. 3.  
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8. 1 .5.7  Term inals  sha l l  be  so  designed  that they clamp the  conductor re l i abl y and  between  

metal  surfaces.  

Compliance is checked by inspection and by the tests of 9. 4 and 9. 5. 2.  

8. 1 .5.8  Term inals  sha l l  be  so  des igned  or posi ti oned  that nei ther a  ri g i d  sol i d  conductor nor 
a  wi re  of a  stranded  conductor can  s l i p  ou t wh i l e  the  clamping  screws or nu ts  are  ti gh tened .  

Th is  requ i rement does  not appl y to  lug  term inals .  

Compliance is checked by the test of 9. 5. 4.  

8. 1 .5.9  Term inals  sha l l  be  so  fixed  or located  that,  when  the  clamping  screws  or nu ts  are  
ti ghtened  or loosened ,  the  term inals  shal l  not  work loose  from  thei r fixi ngs  to  ci rcu i t-breakers.  

NOTE  1  These  requ i rements  do  not  imply that  the  term inal s  are  so  designed  that  thei r rotation  or d i spl acement i s  
prevented ,  bu t  any movement  i s  to  be  su ffi cien tl y l im i ted  so  as  to  prevent non -compl iance  wi th  the  requ i rements  of 
th i s  s tandard .  

NOTE  2  The  use  of seal i ng  compound  or res i n  i s  consi dered  to  be  su ffi cien t  for preventi ng  a  term inal  from  
worki ng  l oose,  provided  that  

– the  seal i ng  compound  or res in  i s  not  subject  to  stress  du ri ng  normal  use,  and  

– the  effecti veness  of the  seal i ng  compound  or res in  i s  not  impai red  by temperatures  atta i ned  by the  term inal  
under the  most  unfavourabl e  cond i ti ons  speci fi ed  i n  th i s  s tandard .  

Compliance is checked by inspection,  by measurement and by the test of 9. 4.  

8. 1 .5. 1 0  C lamping  screws or nu ts  of term inals  i n tended  for the  connection  of protective  
conductors  shal l  be  adequatel y secured  against  accidental  l oosen ing .  

Compliance is checked by manual test.  

NOTE  I n  general ,  the  designs  of term inal s  (examples  of wh ich  are  shown  i n  Annex F)  can  provi de  su ffi cien t  
es i l i ence  to  comply wi th  th i s  requ i rement;  for other d esigns,  specia l  provis i ons,  such  as  the  use  of an  adequately  
res i l i en t  part  wh ich  i s  not  l i kel y  to  be  removed  i nadvertentl y,  can  be  necessary.  

8. 1 .5. 1 1  P i l l ar term inals  sha l l  a l l ow fu l l  i nsertion  and  re l i ab le  clamping  of the  conductor.  

Compliance is checked by inspection after a  rigid conductor of the largest cross-sectional 
area specified for the relevant rated current in  Table 5 has been fully inserted and fully 
clamped by applying the torques according to Table 11 .  

8. 1 .5. 1 2  Screws  and  nu ts  of term inals  in tended  for the  connection  of external  conductors  
shal l  be  i n  engagement wi th  a  meta l  th read  and  the  screws  shal l  not be  of the  tapping  screw 
type.  

8. 1 .6  Non-interchangeabi l i ty 

For ci rcu i t-breakers  i n tended  to  be  moun ted  on  bases  form ing  a  un i t  therewi th  (p lug - i n  type  or 
screw-in  type)  i t  shal l  not be  possib le,  wi thout the  a i d  of a  tool ,  to  replace  a  ci rcu i t-breaker 
when  mounted  and  wi red  as  for normal  use  by another of the  same make having  a  h igher 
rated  curren t.  

Compliance is checked by inspection.  

NOTE  The  express ion  "as  for normal  use"  impl i es  that  the  ci rcu i t-breaker i s  i nsta l l ed  accord i ng  to  the  
manufacturer's  i nstructions.  
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8. 1 .7  Mechan ical  mounting  of plug-in  type ci rcu i t-breakers  

8. 1 . 7.1  General  

The mechan ical  mounting  of p lug- i n  type  ci rcu i t-breakers,  the  hold i ng  i n  posi ti on  of wh ich  
does  not depend  sole l y on  thei r p lug - i n  connection(s),  sha l l  be  re l i able  and  have  adequate  
stabi l i ty.  

8. 1 .7.2  Plug-in  type ci rcu i t-breakers,  the  hold ing  in  posi tion  of which  does  not 
depend  solely on  thei r plug-in  connection(s)  

Compliance of the mechanical mounting is checked by the relevant tests of 9. 13.  

8. 1 .7 .3  Plug-in  type circu i t-breakers,  the  hold ing  in  posi tion  of wh ich  depends  solely 
on  thei r plug-in  connection(s)  

Compliance of the  mechanical mounting is checked by the relevant tests of 9. 13.  

8.2  Protection  against  electric shock 

Circu i t-breakers  shal l  be  so  des igned  that,  when  they are  mounted  and  wi red  as  for normal  
use  (see  note  i n  8. 1 . 6),  l i ve  parts  are  not  access ib le.  

A part  i s  considered  to  be  "access ib le"  i f i t  can  be  touched  by the  test  fi nger (see  9 . 6) .  

For ci rcu i t-breakers  other than  those  of the  plug- i n  type,  external  parts ,  other than  screws or 
other means  for fixing  covers  and  l abels,  wh ich  are  accessib le  when  the  ci rcu i t-breakers  are  
mounted  and  wi red  as  for normal  use,  shal l  e i ther be  of insu lati ng  materia l  or be  l i ned  
throughou t wi th  i nsu lating  materia l ,  un less  the  l i ve  parts  are  wi th in  an  in ternal  enclosure  of 
i nsu lati ng  materia l .  

L in i ngs  shal l  be  fixed  i n  such  a  way that they are  not l i kel y to  be  l ost during  i nstal lation  of the  
ci rcu i t-breakers.  They shal l  have  adequate  th ickness  and  mechan ical  strength  and  shal l  
provide  adequate  protection  at p l aces  where  sharp  edges  occur.  

I n l et open ings  for cables  or condu i ts  shal l  e i ther be  of insu lati ng  material  or be  provided  wi th  
bush ings  or s im i lar devices  of i nsu lating  materia l .  Such  devices  shal l  be  re l iabl y fixed  and  
shal l  have  adequate  mechan ical  strength .  

For p l ug- i n  ci rcu i t-breakers,  external  parts  other than  screws or other means  for fixing  covers,  
wh ich  are  accessib le  i n  normal  cond i tions  of use,  sha l l  be  of i nsu lati ng  materia l .  

Metal l ic  operating  means  shal l  be  i nsu lated  from  l i ve  parts  and  thei r exposed  conductive  parts  
shal l  be  covered  by i nsu lating  materia l .  Th is  requ irement does  not appl y to  means  for 
coupl ing  i nsu lated  operating  means  of several  poles.   

I t  shal l  be  poss ib le  to  replace  p l ug - in  ci rcu i t-breakers  easi l y wi thout  touch ing  l i ve  parts.  

Lacquer or enamel  are  not cons idered  to  provide  adequate  i nsu lation  for the  purpose  of th is  
subclause.  

Compliance is checked by inspection and by the  test of 9. 6.  

8.3  Dielectric properties  and  i solating  capabi l i ty  

8.3. 1  General  

Circu i t-breakers  shal l  have  adequate  d ie lectric  properties  and  shal l  ensure  i solation .  
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8.3.2  Dielectric strength  at  power frequency 

Circu i t-breakers  shal l  have  adequate  d ie lectric  properties  at power frequency.  

Compliance is checked by the tests of 9. 7. 1 ,  9. 7. 2 and 9.7. 3 on the circuit-breaker in new 
condition.  

Moreover,  after the endurance tests of 9. 11  and after the short-circuit tests of 9. 12,  the 
circuit-breakers shall withstand the  test of 9. 7. 3 but at the reduced test voltage specified in  
9. 11 . 3 and 9. 12. 12.2 respectively and without the previous humidity treatment of 9. 7. 1 .  

8.3.3  Isolating  capabi l i ty  

Circu i t-breakers  shal l  be  su i table  for i solation .  

Compliance is checked by the verification of compliance with  the minimum clearances and 
creepage distances of item 1  of Table 4 and by the tests of 9. 7. 5. 1  and 9. 7. 5. 3.  

8.3.4  Dielectric strength  at  rated  impulse  withstand  vol tage  (Uimp)  

Circu i t-breakers  shal l  adequatel y wi thstand  impu lse  vol tages.  

Compliance is checked by the tests of 9. 7. 5. 2.  

8.4  Temperature-rise  

8.4. 1  Temperature-rise  l im i ts  

The temperature  rises  of the  parts  of a  ci rcu i t-breaker speci fi ed  in  Table  6,  measured  under 
the  cond i tions  speci fied  i n  9. 8 . 2 ,  shal l  not exceed  the  l im i ti ng  values  stated  i n  that tab le.  

The  ci rcu i t-breaker shal l  not su ffer damage  impairi ng  i ts  functions  and  i ts  safe  use.  

Table  6  – Temperature-rise  values  

Parts  a  b  
Temperature-ri se  

K 

Term inal s  for external  connecti ons  c  60  

External  parts  l i abl e  to  be  touched  duri ng  manual  operation  of the  ci rcu i t-breaker,  
i ncl ud i ng  operati ng  means  of i nsu lati ng  materia l  and  metal l i c  means  for coupl i ng  i nsu lated  
operati ng  means  of several  pol es  

40  

External  metal l i c  parts  of operati ng  means   25  

Other external  parts ,  i ncl ud ing  that  face  of the  ci rcu i t-breaker i n  d i rect  contact  wi th  the  
mounti ng  surface   

60  

a   No  val ue  i s  speci fi ed  for the  con tacts,  s i nce  the  des ign  of most  ci rcu i t-breakers  i s  such  that  a  d i rect  measure-
ment of the  temperatu re  of those  parts  cannot be  made  wi thout  the  ri sk of caus i ng  a l terati ons  or 
d i splacements  of parts  l i kely to  affect  the  reproducibi l i ty of the  tests.  The  28-day test  (see  9 . 9)  i s  cons idered  
to  be  su ffi cien t  for checking  i nd i rectl y  the  behavi our of the  contacts  wi th  respect  to  u ndue  overheati ng  i n  
service.  

b   No  val ue  i s  speci fi ed  for parts  other than  those  l i sted ,  bu t  no  damage  shal l  be  caused  to  ad jacent  parts  of 
i nsu lati ng  materi a l s ,  and  the  operation  of the  ci rcu i t-breaker shal l  not  be  impai red .  

c   For p l ug -i n  type  ci rcu i t-breakers,  the  term inal s  of the  base  on  wh ich  they are  i nstal l ed .  

 

8.4.2  Ambient ai r temperature  

The temperature-rise  l im i ts  g i ven  i n  Table  6  are  appl icable  on l y i f the  ambient a i r tempe-
ratures  remain  between  the  l im i ts  g i ven  i n  7 . 2 .  
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8.5  Un in terrupted  duty 

Circu i t-breakers  shal l  operate  re l iabl y even  after l ong  service.  

Compliance is checked by the test of 9. 9.  

8.6  Automatic  operation  

8.6. 1  Standard  time-current zone  

The tripping  characteristic  of ci rcu i t-breakers  shal l  be  such  that they ensure  adequate  
protection  of the  ci rcu i t,  wi thout premature  operation .  

The  zone  of the  time-curren t characteristic ( tripping  characteristic)  of a  ci rcu i t-breaker is  
defined  by the  cond i tions  and  the  values  stated  i n  Table  7 .  

Th is  table  refers  to  a  ci rcu i t-breaker mounted  i n  accordance wi th  the  reference cond i ti ons  
(see  9. 2)  operati ng  at the  reference cal i bration  temperature  of 30  °C,  wi th  a  to lerance of  

C
0

5
°

+
.  

Compliance is checked by the  tests specified in 9. 10.  

The test may be made at any convenient temperature,  the results being referred to 30 °C,  
using the information given by the manufacturer.  

In any case the  variation from the test current of Table 7 shall not exceed 1 , 2 %/ per K of 
calibration temperature variation.  

If the circuit-breakers are marked for a  calibration temperature different from 30 °C,  they are  
tested for that different temperature.  

The manufacturer shal l  be  prepared  to  g ive  i n formation  on  the  variation  of the  tri pping  
characteristic for cal i bration  temperatures  d i ffering  from  the  reference  value.  
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Table  7  – Time-current operating  characteristics  

Test  Type  Test current  I n i ti al  
condi tion  

Limi ts  of 
tripping  or 
non-tripping  

time 

Resu l t  to  be  
obtained  

Remarks  

a  B ,  C,  D  1 , 1 3  I
n
 Col d  a

 
t ≤  1  h   
(for I

n  
≤  63  A)  

t ≤  2  h   
(for I

n
 >  63  A)  

No  tri ppi ng   

b  B ,  C,  D  1 , 45  I
n
 I mmed iately 

fol l owing  
test  a  

t <  1  h   
( for I

n
 ≤  63  A)  

 t <  2  h   
(for I

n
 >  63  A)  

Tripping  Current  
stead i l y 
i ncreased  
wi th i n  5  s  

c  B ,  C,  D  2 , 55  I
n
 Col d  a  1  s  <  t <  60  s   

( for I
n
 ≤  32  A)  

1  s  <  t <  1 20  s   
( for I

n  
>  32  A)  

Tripping   

d  B  

C  

D  

3  I
n
 

5  I
n
 

1 0  I
n
 

Col d  a  t  ≤  0 , 1  s  No  tri ppi ng  Current  
establ i shed  by 
cl os ing  an  
auxi l i ary 
swi tch  

e  B  

C  

D  

5  I
n
 

1 0  I
n
 

20  I
n
 b  

Col d  a  t <  0 , 1  s  Tripping   Current  
establ i shed  by 
cl os ing  an  
auxi l i ary 
swi tch  

NOTE  An  add i ti onal  test,  i n termed iate  between  c  and  d ,  i s  u nder consi deration  for ci rcu i t-breakers  of type  D.  

a
 The  term  "cold "  means  wi thout  previ ous  l oad ing .  

b
 50  I

n
 for specia l  cases.  

 

8.6.2  Conventional  quanti ti es  

8.6.2 . 1  Conventional  time  

The conventional  t ime is  1  h  for ci rcu i t-breakers  of rated  curren t up  to  and  i nclud ing  63  A,  
and  2  h  for ci rcu i t-breakers  of rated  current  above  63  A.  

8.6.2 .2  Conventional  non-tripping  current  (Int)  

The conventional  non-tripping  curren t of a  ci rcu i t-breaker i s  1 , 1 3  times  i ts  rated  curren t.  

8.6.2 .3  Conventional  tripping  current (It)  

The  conventional  tri pping  current  of a  ci rcu i t-breaker i s  1 , 45  times  i ts  rated  curren t.  

8.6.3  Tripping  characteristic  

8.6.3. 1  General  

The tripping  characteristic of ci rcu i t-breakers  shal l  be  contained  wi th in  the  zone  defined  
i n  8. 6. 1 .  

NOTE  Cond i ti ons  of temperature  and  mounti ng  d i fferen t  from  those  speci fi ed  i n  9 . 2  (e. g .  mounti ng  i n  a  specia l  
enclosu re,  g rouping  of severa l  ci rcu i t-breakers  i n  the  same  enclosure)  can  affect  the  tri pping  characteri sti c  of 
ci rcu i t-breakers.  
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The  manufacturer shal l  be  prepared  to  g ive  i n formation  on  the  variation  of the  tripping  
characteristic for ambien t temperatures  d i ffering  from  the  reference value,  wi th in  the  l im i ts  of 
7. 2.  

8.6.3.2  Effect of sing le-pole  load ing  of mu l tipole  circu i t-breakers  on  the  tripping  
characteristic  

When  ci rcu i t-breakers  having  more  than  one  protected  pole  are  l oaded  on  on l y one  of the  
protected  poles,  starting  from  cold ,  wi th  a  curren t equal  to  

•  1 , 1  times  the  conventional  tripping  current,  for two-pole  ci rcu i t-breakers  wi th  two  protected  
poles,  

•  1 , 2  times  the  conventional  tripping  current,  for three-pole  and  four-pole  ci rcu i t-breakers,   

the  ci rcu i t-breakers  shal l  trip  wi th in  the  conventional  time speci fied  i n  8 . 6. 2. 1 .  

Compliance is checked by the  test of 9. 10. 4.  

8.6.3.3  Effect of the  ambient ai r temperature  on  the  tripping  characteristic  

Ambient temperatures  other than  the  reference temperature,  wi th in  the  l im i ts  of –5  °C  and   

+40  °C,  shal l  not  unacceptabl y affect the  tri pping  characteristic of ci rcu i t-breakers.  

Compliance is checked by the tests of 9. 10. 5.  

8.7  Mechan ical  and  electrical  endurance  

Circu i t-breakers  shal l  be  capable  of perform ing  an  adequate  number of cycles  wi th  rated  
curren t.  

Compliance is checked by the test of 9. 11 .  

8.8  Performance  at  short-ci rcu i t  currents  

Circu i t-breakers  shal l  be  capable  of perform ing  a  speci fied  number of short-ci rcu i t operations,  
during  wh ich  they shal l  ne i ther endanger the  operator nor i n i ti ate  a  fl ashover between  l i ve  
conductive  parts  or between  l i ve  conductive  parts  and  earth .  

Compliance is checked by the tests of 9. 12.   

I t  i s  requ ired  that ci rcu i t-breakers  be  able  to  make and  to  break any value  of curren t up  to  and  
i nclud ing  the  value  correspond ing  to  the  rated  short-ci rcu i t capaci ty at  rated  frequency,  at  a  

power-frequency recovery vol tage  equal  to  1 05  %  (±5  %)  of the  rated  vol tage  and  at  any 
power factor not l ess  than  the  appropriate  lower l im i t of the  range  stated  i n  9. 1 2. 5;  i t  i s  a lso  
requ i red  that  the  correspond ing  va lues  of I 2t l i e  below the  I 2t characteristi c (see  3 . 5. 1 3) .   

8.9  Resistance  to  mechanical  shock and  impact  

Circu i t-breakers  shal l  have  adequate  mechan ical  behaviour so  as  to  wi thstand  the  stresses  
imposed  during  i nstal l ation  and  use.   

Compliance is checked by the tests of 9. 13.   

8. 1 0  Resistance  to  heat  

Circu i t-breakers  shal l  be  sufficien tl y res istan t to  heat.  

Compliance is checked by the test of 9. 14.  
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8. 1 1  Resistance  to  abnormal  heat  and  to  fi re  

External  ci rcu i t-breaker parts  made of i nsu lating  material  shal l  not be  l ikel y to  i gn i te  and  to  
spread  fi re  i f current-carrying  parts  i n  thei r vicin i ty atta in  a  h igh  temperature  under fau l t or 
overload  cond i tions.  

Compliance is checked by inspection and by the test of 9. 15.   

8. 1 2  Resistance  to  rusting  

Ferrous  parts  shal l  be  adequatel y protected  against rusti ng .  

Compliance is checked by the  test of 9. 16.  

8. 1 3  Power loss   

Circu i t-breakers  shal l  not have  excessive  power l oss.  The  maximum  perm issib le  va lues  per 
pole  are  i nd icated  i n  Table  8.   

Compliance is checked by the test of 9. 8. 5.  

Table  8  – Maximum power loss  per pole  

Range of rated  current  I
n
 

A 

Maximum  power loss  per pol e  

W 

I
n
 ≤1 0  3  

1 0<  I
n
 ≤  1 6  3 , 5  

1 6<  I
n
 ≤  25  4 , 5  

25<  I
n
 ≤  32  6  

32<  I
n
 ≤  40  7 , 5  

40<  I
n
 ≤  50  9  

50<  I
n
 ≤  63  1 3  

63<  I
n
 ≤  1 00  1 5  

1 00<  I
n
 ≤  1 25  20  

 

9  Tests  

9. 1  Type tests  and  test  sequences  

The characteristics of circuit-breakers are verified by means of type tests.  

Type  tests  requ i red  by th i s  standard  are  l i sted  i n  Table  9 .  
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Table  9  – List of type tests  

Test  Subclause  

I ndel i b i l i ty of marking  9. 3  

Rel i abi l i ty of screws,  cu rren t-carryi ng  parts  and  connections  9. 4  

Rel i abi l i ty of term inal s  for externa l  conductors  9. 5  

Protecti on  against  e l ectri c  shock 9. 6  

D iel ectri c  properties  and  i sol ati ng  capabi l i ty  9 . 7  

Temperatu re-ri se  9. 8  

28-day test  9 . 9  

Tripping  characteri sti c  9 . 1 0  

Mechan ica l  and  e l ectri cal  endu rance  9 . 1 1  

Short-ci rcu i t  9 . 1 2  

Res istance  to  mechan ical  shock and  impact  9 . 1 3  

Res istance  to  heat  9 . 1 4  

Res istance  to  abnormal  heat  and  to  fi re  9 . 1 5  

Res istance  to  rusti ng  9 . 1 6  

 

For the purpose of verification of conformity with  the standard,  type tests are carried out in  
test sequences.  

The test sequences and the number of samples to be submitted are stated in Annex C.  

Unless otherwise specified,  each type test (or sequence of type tests)  is carried out on circuit-
breakers in a  clean and new condition.  

9.2  Test condi tions  

The circuit-breaker is mounted individually,  vertically and in free air at an ambient tempe-
rature between 20 °C and 25 °C,  unless otherwise specified,  and is protected against undue 
external heating or cooling.  

Circuit-breakers designed for installation in  an individual enclosure are tested in the smallest 
of such  enclosures specified by the manufacturer.  

Unless otherwise specified,  the circuit-breakers are wired with the appropriate cable specified 
in  Table 10 and are fixed on a  dull,  black-painted plywood board of about 20 mm thickness,  
the method of fixing complying with  any requirements relating to the means of mounting 
recommended by the manufacturer.  

Where a  tolerance is not specifically specified,  type tests are carried out at values not less 
severe than those specified in  this standard.  

Unless otherwise specified,  tests are carried out at the rated frequency ±5 Hz and at any 
convenient voltage.  

During the tests,  no maintenance or dismantling of the  samples is allowed.  

For the tests of 9. 8,  9. 9,  9. 10 and 9. 11  the circuit-breaker is connected as follows.  

a)  The connections are made by means of single-core,  PVC insulated copper cables,  
according to IEC 60227 series.  

b)  Unless otherwise specified,  the tests are carried out with  single-phase current.  
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c)  The connections are  in  free air and spaced not less than the distance between the 
terminals.  

d)  The minimum length of each  temporary connection from terminal to  terminal is:  

– 1  m for cross-sections up to and including 10 mm2 ;  

– 2 m for cross-sections larger than 10 mm2 .  

The tightening torques to be applied to the terminal screws are two-thirds of those specified in  
Table 11 .  

Table  1 0  – Cross-sectional  areas  (S)  of test copper conductors   
corresponding  to  the  rated  currents  

S  Values  of the  rated  curren t ln  

mm 2  A 

1  I
n
 ≤  6  

1 , 5  6  <  I
n
 ≤  1 3  

2 , 5  1 3  <  I
n
 ≤  20  

4  20  <  I
n
 ≤  25  

6  25  <  I
n
 ≤  32  

1 0  32  <  I
n
 ≤  50  

1 6  50  <  I
n
 ≤  63  

25  63  <  I
n
 ≤  80  

35  80  <  I
n
 ≤  1 00  

50  1 00  <  I
n
 ≤  1 25  

 

NOTE  For AWG  copper conductors  see  Annex G .  

9.3  Test of i ndel ibi l i ty of marking  

The test is made by rubbing the marking by hand for 15 s with a  piece of cotton soaked with  
water and again for 15 s with  a  piece of cotton soaked with aliphatic solvent hexane with a  
content of aromatics of maximum 0, 1  % by volume,  a  kauributanol value of 29,  an initial 
boiling-point approximately 65 °C,  a  dry-point of approximately 69 °C and a  density of 
approximately 0, 68 g/cm3.  

Marking made by impression,  moulding,  or engraving is not subjected to this test.  

After this test,  the marking shall be  easily legible.  

The marking shall also remain easily legible after all the tests of this standard.  

It shall not be easily possible to remove labels and they shall show no curling.  

9.4  Test of rel i abi l i ty of screws,  current-carrying  parts  and  connections  

Compliance with the requirements of 8. 1 . 4 is checked by inspection and,  for screws and nuts 
which are operated when mounting and connecting up the circuit-breaker,  by the following 
test.  

The screws or nuts are tightened and loosened 

– ten times for screws in engagement with  a  thread of insulating material;  

– five times in  all other cases.  
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Screws or nuts in engagement with  a  thread of insulating material are completely removed 
and reinserted each time.   

The test is made by means of a  suitable test screwdriver or spanner applying a  torque as 
shown in Table 11 .  

The screws and nuts shall not be tightened in  jerks.  

The conductor is moved each time the screw or nut is loosened.  

Plug-in connections are tested by plugging the circuit-breaker in  and pulling it out five times.  

After the test the connections shall not have become loose nor shall their electrical function 
be impaired.  

Table  1 1  – Screw thread  d iameters  and  appl ied  torques  

Nominal  d iameter of thread  

mm 

 Torque  

Nm  

 

I  I I  I I I  

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 ing  3 , 0  0 , 25  0 , 5  0 , 5  

over 3 , 0  up  to  and  i ncl ud ing  3 , 2   0 , 3  0 , 6  0 , 6  

over 3 , 2  up  to  and  i ncl ud ing  3 , 6   0 , 4  0 , 8  0 , 8  

over 3 , 6  up  to  and  i ncl ud ing  4 , 1   0 , 7  1 , 2  1 , 2  

over 4 , 1  up  to  and  i ncl ud ing  4 , 7   0 , 8  1 , 8  1 , 8  

over 4 , 7  up  to  and  i ncl ud ing  5, 3   0 , 8  2 , 0  2 , 0  

over 5, 3  up  to  and  i ncl ud ing  6, 0   1 , 2  2 , 5  3 , 0  

over 6 , 0  up  to  and  i ncl ud ing  8 , 0   2 , 5  3 , 5  6 , 0  

over 8, 0  up  to  and  i ncl ud ing  1 0 , 0   3 , 5  4 , 0  1 0, 0  

Column  I  app l i es  to  screws  wi thou t  heads  i f the  screw,  when  ti gh tened ,  d oes  not  protrude  from  the  hol e,  and  to  
other screws  wh ich  cannot be  ti gh tened  by means  of a  screwdriver wi th  a  b l ade  wider than  the  d iameter of the  
screw.  

Column  I I  app l i es  to  other screws  wh ich  are  ti gh tened  by means  of a  screwdri ver.  

Column  I I I  appl i es  to  screws  and  nu ts  wh ich  are  ti gh tened  by means  other than  a  screwdri ver.  

Where  a  screw has  a  hexagonal  head  wi th  a  s l ot  for ti gh ten i ng  wi th  a  screwdriver and  the  val ues  i n  col umns  I I  
and  I I I  are  d i fferent,  the  test  i s  made  twice,  fi rst  applyi ng  to  the  hexagonal  head  the  torque  speci fi ed  i n  col umn  I I I  
and  then ,  on  another sample,  appl yi ng  the  torque  speci fi ed  i n  col umn  I I  by means  of a  screwdri ver.  I f the  values  
i n  col umns  I I  and  I I I  are  the  same,  on ly the  test  wi th  the  screwdriver i s  made.  

 

During the test,  the screwed connections shall not work loose and there shall be no damage,  
such as breakage of screws or damage to the head slots,  threads,  washers or stirrups,  that 
will impair the further use of the circuit-breaker.  

Moreover,  enclosures and covers shall not be damaged.  

Plug-in connections are tested by plugging the  circuit-breaker in  and pulling it out five times.  

After the test the connections shall not have become loose nor shall their electrical function 
be impaired.  
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9.5  Tests  of rel i abi l i ty of screw-type  terminals  for external  copper conductors  

9.5. 1  Compliance with  the requirements of 8. 1 . 5 is checked by inspection,  by the test of 
9. 4,  for which a  rigid copper conductor having the largest cross-section specified in Table 5 is 
placed in the terminal (for nominal cross-sections exceeding 6 mm²,  a  rigid stranded 
conductor is used; for other nominal cross-sections,  a  solid conductor is used) ,  and by the 
tests of 9. 5. 2,  9. 5. 3 and 9. 5. 4.   

These last tests are made using a  suitable test screwdriver or spanner.  

9.5.2  The terminals are fitted with copper conductors of the same type (rigid solid or rigid 
stranded or flexible)  of the smallest and largest cross-sectional as specified in Table  5.  

The terminal shall be suitable for all types of conductors of the same type (rigid – solid or 
stranded – or flexible) ,  unless otherwise specified by the manufacturer.  

The terminal shall be suitable for all types of conductors: rigid (solid or stranded)  and flexible,  
unless otherwise specified by the manufacturer.  

Terminals shall be  tested with  the minimum and maximum cross-section of each  type of 
conductors on new terminals as follows:  

– Tests  for so l i d  conductors  shal l  use  conductors  having  cross-sections  from  1  mm 2  up to  

6  mm2 ,  as  appl icable.  

– Tests  for stranded  conductors  shal l  use  conductors  having  cross-sections  from  1 , 5  mm2  

up  to  50  mm 2 ,  as  appl icable.  

– Tests  for fl exib le  conductors  shal l  use  conductors  having  cross-sections  from  1  mm 2  up to  

35  mm2 ,  as  appl icable.  

– .   

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,  and in the position most likely to 
assist the wire to escape.  

The clamping screws are then tightened with a  torque equal to two-thirds of that shown in the 
appropriate column of Table 1 1 .  

Each conductor is then subjected to a  pull of the value,  in Newton,  shown in  Table 12.  The 
pull is applied without jerks,  for 1  min,  in the direction of the axis of the conductor space.  

When it is necessary,  the tested values,  for the different cross-sections with the relevant 
pulling force,  shall be clearly indicated in the test report.  

Table  1 2  – Pu l l ing  forces  

Cross-section  
of the  

conductor  
i nserted  i n  the  
terminal  mm 2  

1  up  to  and  
includ ing  4  

Above 4  up  to   
and  includ ing  

6  

Above  6  up  to  
and  i nclud ing  

1 0  

Above 1 0  up  to  
and  includ ing  

1 6  

Above 1 6  up  to  
and  includ ing  

50  

Pu l l  N   50   60   80   90   1 00   

 

During the test,  the conductor shall not move noticeably in the terminal.  

9.5.3  The terminals are fitted with copper conductors of the smallest and largest cross-
sectional areas specified in Table 5,  solid or stranded,  whichever is the most unfavourable,  
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and the terminal screws are tightened with a  torque equal to two-thirds of that shown in the 
appropriate column of Table 1 1 .   

The terminal screws are then loosened and the part of the conductor which may have been  
affected by the terminal is inspected.  

The conductors shall show no undue damage nor severed wires.   

NOTE  Conductors  are  considered  to  be  undu l y d amaged  i f they show deep  or sharp  i n dentations.  

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 or stirrups,  that will impair 
the further use of the terminal.  

9.5.4  The terminals are fitted with the largest cross-sectional areas specified in  Table 5,  
for rigid stranded copper conductor.   

Before insertion in  the  terminal,  the strands of the conductor are suitably reshaped.   

The conductor is inserted into the terminal until the conductor reaches the bottom of the 
terminal or just projects from the far side of the terminal and in the position most likely to 
permit a  strand (or strands)  to  escape.  The clamping screw or nut is then tightened with a  
torque equal to  two-thirds of that shown in the appropriate column of Table 1 1 .   

After the test no strand of the conductor shall have escaped outside the  retaining device.  

9.6  Test of protection  against e lectric  shock 

This verification  is applicable to those parts of circuit breakers which are exposed to the 
operator when mounted as for normal use.  

The test is made with the standard test finger shown in Figure 8 ,  on the sample mounted as 
for normal use (see note  in  8. 1 . 6)  and fitted with  the conductors of the smallest and largest 
cross-sectional areas specified in  Table 5.  

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.  

The test finger is applied in every possible bending position of a  real finger,  an electrical 
contact indicator being used to  show contact with live parts.  

It is recommended that a  lamp be used for the indication of contact and that the voltage be 
not less than 40 V.  

Circuit-breakers with enclosures or covers of thermoplastic material are subjected to the 

following additional test,  which is carried out at an  ambient temperature of 35 °C ±  2 °C,  the 
circuit-breakers being at this temperature.  

The circuit-breakers are subjected for 1  min to a  force of 75 N,  applied through the tip of a  
straight unjointed test finger of the same dimensions as the standard test finger.  This finger is 
applied to all places where yielding of insulating material could impair the safety of the circuit-
breaker,  but is not applied to knock-outs.  

During this test,  enclosures or covers shall not deform to such an extent that live parts can be 
touched with the unjointed test finger.  
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Unenclosed circuit-breakers having parts not intended to be covered by an enclosure are 
submitted to the test with  a  metal front panel,  and mounted as for normal use (see 8. 1 . 6) .   

9.7  Test of d ielectric  properties   

9. 7. 1  Resistance  to  humid i ty 

9.7. 1 . 1  Preparation  of the  ci rcu i t-breaker for test  

Parts which can be removed without the aid of a  tool are removed and subjected to the 
humidity treatment with the  main part;  spring lids are kept open during this treatment.  

Inlet openings,  if any,  are  left open; if knock-outs are provided,  one of them is opened.  

9.7. 1 .2  Test conditions  

The humidity treatment is carried out in a  humidity cabinet containing air with a  relative 
humidity maintained between 91  % and 95 %.  

The temperature of the air in which the sample is placed is maintained within ±1  °C of any 
convenient value T between 20 °C and 30 °C.  

Before being placed in the humidity cabinet,  the sample is brought to a  temperature between 

T and T +4 °C.  

9.7. 1 .3  Test procedure  

The sample is kept in  the  cabinet for 48 h.  

NOTE  A rel ati ve  hum id i ty between  91  %  and  95  %  can  be  obtained  by p l acing  i n  the  hum id i ty cabinet  a  satu rated  
solu ti on  of sod i um  su lphate  (Na

2
SO

4
)  or potass ium  n i trate  (KNO

3
)  i n  water having  a  su ffi cien tl y l arge  con tact  

surface  wi th  the  a i r.  

I n  order to  ach ieve  the  speci fi ed  cond i ti ons  wi th i n  the  cab inet  i t  i s  necessary to  ensure  constan t  ci rcu lation  of the  
a i r wi th i n  and ,  i n  general ,  to  use  a  cabi net  wh ich  i s  thermal l y i nsu lated .  

9.7. 1 .4  Cond i tion  of the  ci rcu i t-breaker after the  test  

After this treatment,  the sample shall show no damage within the meaning of this standard 
and shall withstand the tests of 9. 7. 2,  9. 7. 3,  9. 7. 4,  and 9.7. 5. 2.  

9.7.2  Insu lation  resistance  of the  main  ci rcu i t  

The circuit-breaker having been treated as specified in 9. 7. 1  is then removed from the 
cabinet.   

After an interval between 30 min and 60 min following this treatment,  the insulation resistance 
is measured 5 s  after application of a  d. c.  voltage of approximately 500 V,  consecutively  

In  the following order:  

a)  with the circuit-breaker in  the open position,  between each pair of the terminals which are 
electrically connected together when the  circuit-breaker is in the closed position,  in  turn on  
each  pole;  

b)  with the circuit-breaker in the closed position,  between each pole and the others 
connected together;  

c)  with the circuit-breaker in the closed position,  between all poles connected together and 
the frame,  including a  metal foil or part in contact with  the outer surface of the housing of 
insulating material but with the terminal areas kept completely free to avoid flashover 
between terminals and the metal foil;  
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d)  between metal parts of the mechanism and the frame;  

NOTE  Access  to  the  metal  part  of the  mechan ism  can  be  speci fi cal l y provi ded  for th i s  measurement.  

e)  for circuit-breakers with a  metal enclosure having an internal lining of insulating material,  
between the frame and a  metal foil in contact with the inner surface of the lining of 
insulating material, l including bushings and similar devices.  

The measurements a) ,  b)  and c)  are carried out after having connected all auxiliary circuits to 
the frame.  

The term "frame" includes: 

– all accessible metal parts and a  metal foil in contact with the surfaces of insulating 
material which  are accessible  after installation as for normal use;  

– the surface on which the base of the circuit-breaker is mounted,  covered,  if necessary,  
with a  metal foil;  

– screws and other devices for fixing the base to its support;  

– screws for fixing covers which have to be removed when mounting the circuit-breaker,  
metal parts of operating means referred to  in  8. 2.  

If the circuit-breaker is provided with a  terminal intended for the interconnection of protective 
conductors,  this terminal is connected to the frame.   

For the  measurements according to  b) ,  c) ,  d)  and e) , the metal foil is applied in  such a  way 
that the sealing compound,  if any,  is effectively tested.  

The insulation resistance shall be  not less than 

– 2 MΩ  for the measurements according to items a)  and b) ;  

– 5 MΩ  for the other measurements.  

9.7.3  Dielectric  strength  of the  main  circu i t  

After the circuit-breaker has passed the tests of 9. 7. 2 the test voltage specified is applied for 
1  min between the parts indicated in 9. 7. 2.  

The test voltage shall have practically sinusoidal waveform,  and a  frequency between 45 Hz 
and 65 Hz.  

The source of the test voltage shall be  capable of supplying a  short-circuit current of at least 
0, 2 A .  

No overcurrent tripping device of the transformer shall operate when the current in the output 
circuit is lower than 100 mA.  

The values of the test voltage shall be as follows:  

– 2 000 V for items a)  to d)  of 9. 7. 2;  

– 2 500 V for item e)  of 9. 7. 2;  

Initially,  not more than half the  prescribed voltage is applied,  then it is  raised to the full value 
within 5 s.  

No flashover or breakdown shall occur during the test.  

Glow discharges without drop in  the voltage are neglected.  
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9.7.4  Insu lation  resistance  and  d ielectric  strength  of auxi l iary ci rcu i ts   

I nsu lation  res istance  and  d ie lectric s trength  shal l  be  veri fied  accord ing  to  a ,  b  and  c.  

a)  The measurement of the insulation resistance and the dielectric strength tests for the  
auxiliary circuits are carried out immediately after the measurement of the insulation 
resistance and the dielectric strength tests for the  main circuit,  under the conditions given 
in b)  and c)  below.  

b)  The measurements of the insulation resistance are carried out:  

– between the auxiliary circuits connected to each  other and to the frame;  

– between each of the parts of the auxiliary circuits which might be isolated from the 
other parts in  normal service and the whole of the other parts connected together,  at a  
voltage of approximately 500 V d. c. ,  after this voltage has been applied for 1  min.  

The insulation resistance shall be  not less than 2 MΩ .  

c)  A  substantially sinusoidal voltage at rated frequency is applied for 1  min between the  
parts listed under b) .   

The voltage values to be applied are specified in  Table 13.  

Table  1 3  – Test vol tage  of auxi l i ary circu i ts  

Rated  vol tage  of 
auxi l iary ci rcu i ts  

(a.c.  or d .c. )  
V  

Test vol tage  
 
V  

Greater than  Up  to  
and  i ncl ud i ng  

 

0  30  600  

30  50  1  000  

50  1 1 0  1  500  

1 1 0  250  2  000  

250  500  2  500  

 

At the beginning of the test the voltage shall not exceed half the value specified.  It is  then 
increased steadily to the  full value in  not less than 5 s,  but not more than 20 s.   

During the test,  there shall be no flashover or perforation.   

NOTE  1  D i scharges  wh ich  do  not  correspond  to  a  vol tage  d rop  are  d i s regarded .  

NOTE  2  I n  the  case  of ci rcu i t  breakers  i n  wh ich  the  auxi l i ary ci rcu i t  i s  not  accessib le  for veri fi cati on  of the  
requ i rements  g i ven  i n  b) ,  the  tests  can  be  made  on  samples  specia l l y prepared  by the  manufacturer or accord ing  to  
h i s  i nstructions.  

NOTE  3  Auxi l i ary ci rcu i ts  do  not  i ncl ude  the  contro l  ci rcu i t  of ci rcu i t  breakers  functional l y dependent on  l i ne  
vol tage.   

NOTE  4  Control  ci rcu i ts  other than  those  of secondary ci rcu i t  of detection  transformers  and  control  ci rcu i ts  
connected  to  the  main  ci rcu i t  are  subm i tted  to  the  same  tests  as  the  auxi l i ary ci rcu i ts .   

9.7.5  Verification  of impulse  withstand  vol tages  (across  clearances  and  across  sol id  
insu lation)  and  of l eakage current across  open  contacts  

9.7.5. 1  General  testing  procedure for the  impulse  wi thstand  vol tage tests  

The impulses are given by a  generator producing positive and negative impulses having a  

front time of 1 , 2 µs,  and a  time to half-value of 50 µs,  the tolerances being as follow: 

– ±5 % for the peak value;  
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– ±30 %  for the front time;  

– ±20 %  for the time to half-value.  

For each test,  five positive impulses and five negative impulses are applied.  The interval 
between consecutive impulses being at least 1  s  for impulses of the same polarity and being 
at least 10 s for impulses of the opposite  polarity.  

When performing the impulse voltage test on complete circuit-breaker,  the attenuation or 
amplification of the test voltage shall be taken into account.  It needs to be assured that the 
required value of the test voltage is applied across the terminals of the equipment under test.  

The surge impedance of the test apparatus shall have a  nominal value of 500 Ω .  

In  9. 7. 5. 2,  for the verification of clearances within the basic insulation,  on complete circuit-
breaker,  a  very low impedance of the  generator is needed for the test.  For this purpose,  a  
hybrid generator with a  virtual impedance of 2 ohm is appropriate if internal components are 
not disconnected before testing.  However,  in any case,  a  measurement of the correct test 
voltage directly at the clearance is required.  

The shape of the impulses is adjusted with the circuit-breaker under test connected to the 
impulse generator.  For this purpose appropriate voltage dividers and voltage sensors shall be  
used.  

Small oscillations in the impulses are allowed provided that their amplitude near the peak of 
the impulse is less than 5 % of the peak value.  

For oscillations on the  first half of the front,  amplitudes up to 10 % of the peak value are 
allowed.  

There shall be no disruptive discharge (sparkover,  flashover or puncture)  during the tests.  

Partial discharges in  clearances which  do not result in  breakdown are disregarded.  

NOTE  that  the  use  of an  osci l l oscope  can  be  necessary to  observe  the  impu lse  vol tage  i n  order to  detect 
d i srupti ve  d i scharge.  

9.7.5.2  Veri fication  of clearances  with  the  impu lse  wi thstand  vol tage  

I f the  measurement of cl earances  of i tem  2  and  4  of Table  4  and  arrangements  g iven  in  9 . 7. 2  
b),  c)  d )  and  e)  shows  a  reduction  of the  requ i red  l eng th  th is  test  appl i es.  Th is  test i s  carried  
ou t immed iatel y after the  measurement of the  i nsu lation  resistance  i n  9 . 7 . 4.  

NOTE  1  The  measurement of the  cl earances  can  be  rep laced  by th i s  test.   

The test i s  carried  ou t  on  a  ci rcu i t  breaker fixed  on  a  metal  support  and  be ing  i n  the  closed  
pos i tion .   

The  test impu lse  vol tage  va lues  shal l  be  chosen  i n  Table  1 4  i n  accordance  wi th  the  rated  
impu lse  vol tage  of the  ci rcu i t breaker as  g i ven  i n  Table  3 .  These  values  are  corrected  for 
barometric pressure  and/or a l ti tude  at  wh ich  the  tests  are  carried  ou t,  accord ing  to  Table  1 4 .  

A fi rst  series  of tests  is  made  appl ying  the  impu lse  vol tage  between :  

– the  phase  pole(s)  and  the  neu tral  pole  (or path)  connected  together,  

– and  the  metal  support  connected  to  the  term inal (s)  i n tended  for the  protecti ve  
conductor(s) ,  i f any.  

A second  series  of tests  i s  made  appl ying  the  impu lse  vol tage  between :  
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– the  phase  pole(s),  connected  together,   

– and  the  neutra l  pole  (or path)  of the  ci rcu i t  breaker,  as  appl icable.   

A th i rd  series  of tests  is  made appl ying  the  impu lse  vol tage  between  arrangements  g i ven  i n  
9. 7. 2  b) ,  c) ,  d )  and  e)  and  not  tested  during  the  two fi rst  sequences  described  here  above.  

There  shal l  be  no  d isruptive  d ischarge.  I f,  however,  on l y one  such  d isruptive  d ischarge  
occurs,  ten  add i ti onal  impu lses  having  the  same polari ty as  that wh ich  caused  the  d isruptive  
d ischarge  are  appl ied ,  the  connections  be ing  the  same as  those  wi th  wh ich  the  fa i l u re  
occurred .   

No  further d isruptive  d ischarge  shal l  occur.   

NOTE  2  The  express ion  "un i n ten ti onal  d i s rupti ve  d i scharge"  i s  used  to  cover the  phenomena  associated  wi th  the  
fa i l u re  of i nsu l ati on  u nder e l ectri c  s tress,  wh ich  i ncl ude  a  d rop  i n  the  vol tage  and  the  fl owing  of curren t.  

Table  1 4  – Test vol tage  for verification  of impulse  wi thstand  vol tage  

Rated  impu lse  
wi thstand  vol tage  

Uimp  

kV 

Test vol tages  at corresponding  al ti tude   

U
1 , 2 /50  

a.c.  peak 

kV  

Sea  l evel  200  m  500  m  1  000  m  2  000  m  

2, 5  2 , 9  2 , 8  2 , 8  2 , 7  2 , 5  

4  4 , 9  4 , 8  4, 7  4 , 4  4 , 0  

 

9.7.5.3  Veri fication  of leakage  currents  across  open  contacts   
(su i tabi l i ty for i solation )  

Each pole of circuit-breakers having been submitted to the tests of 9. 12. 11 . 2,  or 9. 12. 11 . 3,  or 
9. 12. 11 . 4. 2 or 9. 12. 11 . 4. 3 or 9. 12. 11 . 4. 4 is supplied at a  voltage 1 , 1  times its rated 
operational voltage,  the circuit-breaker being in  the open position.  

The leakage current flowing across the open contacts is measured and shall not exceed 
2 mA.  

9.7.5.4  Veri fication  of resistance  of the  insu lation  of open  contacts  and  basic 
insu lation  against  an  impu lse  vol tage  i n  normal  cond i tions  

9.7.5.4.1  General  

These  tests  are  not preceded  by the  hum id i ty treatment described  i n  9 . 7 . 1 .  

NOTE  The  tests  i n  9 . 7. 5. 4 ,  as  stated  i n  the  requ i rements  of 8 . 1 . 3,  i s  carried  ou t  before  9. 7. 1  on  3  samples  of Test 
sequence  B .   

The test impu lse  vol tage  values  shal l  be  chosen  from  Table  1 5,  i n  accordance wi th  the  rated  
vol tage  of the  i nsta l l ation  for wh ich  the  ci rcu i t  breaker is  i n tended  to  be  used  as  g i ven  i n  Table  
3.  These  va lues  are  corrected  for barometric pressure  and /or a l ti tude  at  wh ich  the  tests  are  
carried  ou t,  accord ing  to  Table  1 5.  
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Table  1 5  – Test vol tage  for veri fying  the  su i tabi l i ty for i solation ,   
referred  to  the  rated  impulse  wi thstand  vol tage  of the  ci rcu i t  breakers  

and  the  al ti tude  where  the  test i s  carried  out  

Nominal  vol tage   
of the  i nstal l ation  

V  

Test vol tages  at corresponding  al ti tude  

U
1 , 2 /50

 a . c.  peak  
kV  

Sing le-phase  system  wi th  m id -poin t  
earthed  1 20/240  a)  

Sea  l evel  200  m  500  m  1  000  m  2  000  m  

3 , 5  3 , 5  3 , 4  3 , 2  3 , 0  

S ing le  phase  system  1 20/240  240  b)  6 , 2  6 , 0  5, 8  5, 6  5 , 0  

Three-phase  systems  230/400  6 , 2  6 , 0  5, 8  5, 6  5 , 0  

a)  For i nsta l l ati on  practi ce  i n  J apan .  

b)  For i nsta l l ati on  practi ce  i n  North  American  coun tries.  

 

9.7.5.4.2  Ci rcu i t  breaker in  opened  position   

The series  of tests  i s  carried  ou t on  a  ci rcu i t-breaker fixed  on  a  meta l  support as  i n  normal  
use.  

The  impu lses  are  appl ied  between:  

– the  l i ne  term inals  connected  together  

– and  the  load  term inals  connected  together wi th  the  contacts  i n  the  open  pos i tion .  

There  shal l  be  no  d isruptive  d ischarges  during  the  test.  

9.7.5.4.3  Ci rcu i t  breaker in  closed  position   

The series  of tests  i s  carried  ou t on  a  ci rcu i t-breaker fixed  on  a  meta l  support,  wi red  as  i n  
normal  use  and  being  i n  the  closed  posi tion .  

A fi rst  series  of tests  i s  made,  the  impu lses  being  appl ied  between :  

– the  phase  pole(s)  and  the  neu tral  pole  (or path)  connected  together,  

– and ,  the  meta l  support connected  to  the  term inal (s)  i n tended  for the  protecti ve  
conductor(s) ,  i f any.  

A second  series  of tests  i s  made,  the  impu lses  being  appl ied  between:  

– the  phase  pole(s),  connected  together,  

– and  the  neutra l  pole  (or path)  of the  ci rcu i t-breaker.  

There  shal l  be  no  d isruptive  d ischarge.  I f,  however,  on l y one  such  d isruptive  d ischarge  
occurs,  ten  add i ti onal  impu lses  having  the  same polari ty as  that wh ich  caused  the  d isruptive  
d ischarge  are  appl ied ,  the  connections  being  the  same as  those  wi th  wh ich  the  fa i l u re  
occurred .  

No  further d isruptive  d ischarge  shal l  occur.  

9.8  Test of temperature-rise  and  measurement of power loss  

9.8. 1  Ambient ai r temperature  

The ambient air temperature shall be measured during the last quarter of the test period by 
means of at least two thermometers or thermocouples symmetrically positioned around the  
circuit-breaker at about half its height and at a  distance of about 1  m from the  circuit-breaker.  
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The thermometers or thermocouples shall be protected against draughts and radiant heat.  

9.8.2  Test procedure  

A current equal to In at any convenient voltage is passed simultaneously through all the poles 
of the circuit-breaker for a  period of time sufficient for the temperature-rise to reach the  
steady-state value or for the conventional time,  whichever is the longer.  

In  practice,  this condition is reached when the  variation of the temperature-rise does not 
exceed 1  K/h.  

For four-pole circuit-breakers with three protected poles,  the test is first made by passing the 
specified current through  the three protected poles only.  

The test is then repeated by passing the same current through the pole intended for the 
connection of the  neutral and the  adjacent protected pole.  

With the agreement of the manufacturer,  the tests on four-pole circuit-breakers with three 
protected poles,  may also be replaced by a  single test with all poles in series including the N-
pole.  

During the test,  the temperature-rises shall not exceed the values shown in  table 6.  

9.8.3  Measurement of the  temperature  of parts  

The temperature of the different parts referred to in Table 6 shall be measured by means of 
fine wire thermocouples or by equivalent means at the nearest accessible position to the 
hottest spot.  

Good heat conductivity between the thermocouple and the surface of the part under test shall 
be  ensured.  

9.8.4  Temperature-rise  of a  part  

The temperature-rise of a  part is the difference between the temperature of this part 
measured in  accordance with 9. 8. 3,  and the ambient air temperature measured in  accordance 
with  9. 8. 1 .  

9.8.5  Measurement of power loss  

An a. c.  current equal to In,  with a  supply voltage of a  value not less than 30 V,  is passed,  in  a  
substantially resistive circuit,  through each pole of the circuit-breaker.  

NOTE  1  A test  vol tage  of a  va l ue  l ess  than  30  V can  be  used  subject  to  the  manufactu rer's  agreement.  

The power loss per pole,  calculated on the basis of the voltage drop measured under steady 
state conditions between its terminals,  shall not exceed the  relevant values given in  Table  8.  

NOTE  2  The  vol tage  d rop  measurement  can  be  made  duri ng  the  temperature-ri se  test,  provided  that  the  test  
cond i ti ons  of th i s  subclause  are  fu l fi l l ed .  

9.9  28-day test  

The circuit-breaker is subjected to 28 cycles,  each cycle comprising 21  h  with a  current equal 
to the rated current at an open circuit voltage of at least 30 V,  and 3 h  without current under 
the test conditions of 9. 2.  

The circuit-breaker is in  the closed position,  the current being established and interrupted by 
an auxiliary switch.  During this test the circuit-breaker shall not trip.  
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During the last period of current flow the temperature-rise  of the terminals shall be measured.  

This temperature-rise shall not exceed the value measured during the temperature-rise test 
(see 9. 8)  by more than 15 K.  

Immediately after this measurement of the temperature-rise,  the current is steadily increased 
within 5 s to  the conventional tripping current.  

The circuit-breaker shall trip within the conventional time,  the conventional tripping current  
being referred to calibration temperature,  using the information given by the manufacturer. .  

9. 1 0  Test of tripping  characteristic  

9. 1 0. 1  General  

This test is made to verify that the  circuit-breaker complies with the requirements of 8. 6. 1 .  

9. 1 0.2  Test of time-current characteristic  

9. 1 0.2. 1  A current equal to 1 , 13 In  (conventional non-tripping current)  is passed for the 
conventional time (see 8. 6. 1  and 8. 6. 2. 1 )  through all poles,  starting from cold (see Table  7) .  

The circuit-breaker shall not trip.   

The current is then steadily increased within 5 s,  to 1 , 45 In  (conventional tripping current) .  

The circuit-breaker shall trip  within the conventional time.  

9. 1 0.2.2  A  current equal to 2, 55 In  is  passed through all poles,  starting from cold.   

The opening time shall not be less than 1  s and shall not be  more than 

– 60 s for rated currents up to and including 32 A;  

– 120 s for rated currents greater than 32 A.  

9. 1 0.3  Test of i nstantaneous  tripping ,  of correct open ing  of the  contacts  and  of the  
trip-free function  

9. 1 0.3. 1  General  test conditions  

For the lower values of the test current of 9. 10. 2. 2,  9. 10. 2. 3 and 9. 10. 2. 4 respectively the test 
is made once,  at any convenient voltage with  all poles connected in  series.  

For the upper values of the test current the test is made,  on each protected pole,   at rated 
voltage between phase to neutral with  a  power factor between 0, 95 and 1 . ”.  

The sequence of operation is  

O  – t  –  CO  – t – CO  –  t  –  CO 

the interval t being as defined in 9. 12. 11 . 1 .   

During the whole O operation the operating means is  deliberately held in the closed position.  
The trip free function shall work properly and the tripping time of the O operation is measured.  
After tripping the  blocked position is abandoned.  
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I n  case  of ci rcu i t-breakers  wi th  dependent manual  operation ,  the  ci rcu i t-breaker shal l  be  

operated  wi th  an  operati ng  speed ,  during  actuation ,  of 0 , 1  m /s  ±  25  % ,  th is  speed  be ing  
measured  where  and  when  the  operati ng  means  of the  test apparatus  touches  the  operating  
means  of the  ci rcu i t-breaker under test.  For rotary knobs  the  angu lar veloci ty shal l  correspond  
substan tia l l y to  the  above cond i tions,  referred  to  the  speed  of the  operati ng  means  (at i ts  
extrem i ties)  of the  ci rcu i t-breaker under test.  

After each  operation  a l l  the  i nd icati ng  means  shal l  show the  open  pos i ti on  of the  con tacts .  

9. 1 0.3.2  For ci rcu i t-breakers  of the  B-type  

A current equal to 3 In  is passed through all poles connected in series starting from cold.   

The opening time shall not be  less than 0, 1  s.   

A  current equal to 5 In  is then passed through each pole separately,  again starting from cold.   

The circuit-breaker shall trip in  a  time less than 0, 1  s.  

9. 1 0.3.3  For ci rcu i t-breakers  of the  C-type  

A current equal to 5 In  is passed through all poles connected in series ,  starting from cold.   

The opening time shall be not less than 0, 1  s.   

A  current equal to 10 In  is then passed through each pole separately,  again starting from cold.  

The circuit-breaker shall trip  in  a  time less than 0, 1  s.  

9. 1 0.3.4  For ci rcu i t-breakers  of the  D-type  

A current equal to 10 In  is passed through all poles connected in  series ,  starting from cold.   

The opening time shall be not less than 0, 1  s.   

A  current equal to 20 In  or to the maximum instantaneous tripping current (see clause 6,  
item j)  is then passed through each pole separately,  again starting from cold.  

The circuit-breaker shall trip in  a  time less than 0, 1  s.   

9. 1 0.4  Test of effect  of s ing le-pole  loading  on  the  tripping  characteristic  of multipole  
ci rcu i t-breakers  

Compliance is checked by testing the circuit-breaker connected in accordance with 9. 2,  under 
the conditions specified in 8. 6. 3. 2.  

The circuit-breaker shall trip within the conventional time (see 8. 6. 2. 1 ) .  

9. 1 0.5  Test of effect  of ambient temperature  on  the  tripping  characteristic  

Compliance is checked by the following tests.  

a)  The circuit-breaker is placed in an ambient temperature of (35 ±  2)  K below the ambient 
air reference temperature until it has attained steady-state temperature.  

A  current equal to 1 , 13 In  (conventional non-tripping current)  is  passed through all poles 
for the conventional time.  The current is then steadily increased within 5 s  to 1 , 9 In .  

The circuit-breaker shall trip  within the conventional time.  
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b)  The circuit-breaker is placed in an ambient temperature of (10 ±  2)  K above the ambient 
air reference temperature until it has attained steady-state temperature.  

A  current equal to In  is passed through all poles.  

The circuit-breaker shall not trip  within the  conventional time.  

9. 1 1  Verification  of mechan ical  and  electrical  endurance  

9. 1 1 . 1  General  test conditions  

The circuit-breaker is fixed to a  metal support unless it is designed for installation in an 
individual enclosure,  in  which  case it shall be  mounted accordingly,  as specified in 9. 2.  

The test is made at rated voltage,  at a  current adjusted to the rated current by means of 
resistors and reactors in series,  connected to the load terminals.  

If air-core reactors are  used,  a  resistor taking approximately 0, 6 % of the current through the  
reactors is connected in  parallel with  each reactor.   

The current shall have substantially sine-wave form and the power factor shall be between 
0, 85 and 0, 9.  

For single-pole circuit-breakers and for two-pole circuit-breakers with two protected poles,  the 
metal support is connected to one side of the supply for the first half of the total number of 
operations and to the other side for the second half.  

For two-pole circuit-breakers with  one protected pole,  the metal support is connected to the 
neutral of the  supply.  

For single-pole circuit-breakers with rated voltage 230/400 V the test shall be carried out at 
the lower voltage value.  

For three-pole circuit-breakers,  the metal support is connected to one phase of the supply for 
the first half of the total number of operations and to one of the other phases,  chosen at 
random,   for the second half.  

For four-pole circuit-breakers,  the metal support is connected to the  neutral of the supply.  

The circuit-breaker is connected to the circuit with  conductors of the appropriate size  
indicated in Table  10.  

9. 1 1 .2  Test procedure  

The circuit-breaker is submitted to 4 000 operating cycles with  rated current.  

Each  operating cycle consists of a  making operation followed by a  breaking operation.  

For circuit-breakers of rated current up to and including 32 A  the operating frequency shall be  
240 operating cycles per hour.  During each operating cycle,  the circuit-breaker shall remain  
open for at least 13 s.  

For circuit-breakers of rated current above 32 A  the operating frequency shall be  120 
operating cycles per hour.  During each operating cycle the circuit-breaker shall remain open 
for at least 28 s.  

The circuit-breaker shall be  operated as in normal conditions of use.  
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Care shall be  taken that 

– the test apparatus does not damage the circuit-breaker under test;  

– the free movement of the operating means of the  circuit-breaker under test is not impeded;  

– the speed of the operating means of the test apparatus is not unduly affected by the 
operating means of the circuit-breaker under test.  

In case of circuit-breakers with dependent manual operation,  the circuit-breaker shall be  

operated with an operating speed,  during actuation,  of 0, 1  m/s ±  25 %,  this speed being 
measured at the extremity when and where the operating means of the test apparatus touches 
the actuating means of the  circuit-breaker under test.  For rotary knobs the angular velocity 
shall correspond substantially to the above conditions,  referred to the speed of the operating 
means (at its extremities)  of the circuit-breaker under test.  

9. 1 1 .3  Cond ition  of the  ci rcu i t-breaker after test  

Following the test of 9. 11 . 2 the sample shall not show 

– undue wear;  

– discrepancy between the position of the moving contacts and of the corresponding 
position of the indicating device;  

– damage to the enclosure permitting access to live parts by the  test finger (see 9. 6) ;  

– loosening of electrical or mechanical connections;  

– seepage of sealing compound.  

Moreover,  the circuit-breaker shall comply with the test of 9. 10. 2. 2 and shall withstand the 
dielectric strength  test according to 9. 7. 3,  but at a  voltage 500 V less than the value 
prescribed in  9. 7. 4 and without previous humidity treatment.  

9. 1 2  Short-circu i t tests  

9. 1 2. 1  General  

Standard tests for the verification of the short-circuit performance consist of sequences of 
making and breaking operations,  appropriate to the performance to be checked,  which are  
summarized in  Table 16.  

The short circuit tests shall be performed at a  convenient  temperature within the range 
according to 7. 2.  

All circuit-breakers are tested at 500 A  or 10 In,  whichever is the higher,  according to 
9. 12. 11 . 2 and at 1  500 A  according to 9. 12. 11 . 3.  

Circuit-breakers having a  rated short-circuit capacity above 1  500 A  are additionally tested 

– at service short-circuit (breaking)  capacity (see 3. 5. 5. 2)  according to 9. 12. 11 . 4. 2 and 
9. 12. 12. 1 ;  the  service short-circuit capacity is obtained by multiplying the rated short-
circuit capacity by a  factor k,  the values of which are given in  Table 18;  

– at rated short-circuit capacity (see 5. 2. 4)  according to 9. 12. 11 . 4. 3 and to 9. 12. 12. 2 if the 
factor k is less than 1 ,  in  which case new samples shall be used.  
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Table  1 6  – Appl icabi l i ty of short-circu i t tests  

Kind  of test  Ci rcu i t-breaker to  be  tested  
Veri fication  after short-ci rcu i t 
tests  accord ing  to  subclause  

Test at  reduced  short-ci rcu i t  cu rren ts   
(9 . 1 2 . 1 1 . 2 . 1 )  

Al l  ci rcu i t-breakers  9. 1 2 . 1 2 . 1  

Test  to  veri fy su i tabi l i ty for I T  systems   
(9 . 1 2 . 1 1 . 2 . 2)  

Al l  ci rcu i t-breakers,  except those  
rated  1 20  V or 1 20/240  V  

Tests  at  1  500  A  
(9 . 1 2 . 1 1 . 3)  

Al l  ci rcu i t-breakers  

Tests  at  service  short-ci rcu i t  capaci ty 
(9 . 1 2 . 1 1 . 4 . 2)  

Ci rcu i t-breakers  wi th  I
cn
 >  1  500  A 9 . 1 2. 1 2. 1  

Tests  at  rated  short-ci rcu i t  capaci ty  
(9. 1 2. 1 1 . 4. 3)  

Ci rcu i t-breakers  wi th  I
cn
>I

cs
 9 . 1 2 . 1 2 . 2  

Tests  at  the  making  and  breaki ng  
capaci ty on  an  i nd ivi dual  pol e   

(9 . 1 2 . 1 1 . 4 . 4)  

mu l ti pole  ci rcu i t-breakers  9 . 1 2. 1 2. 2  

 

9. 1 2.2  Values  of test quanti ties  

All the tests concerning the verification of the rated short-circuit capacity shall be performed 
with the values stated by the manufacturer in  accordance with the relevant tables of this 
standard.  

The value of the applied voltage is that which is necessary to produce the specified power 
frequency recovery voltage.  

The value of the power frequency recovery voltage (see 3. 5. 8. 2)  shall be  equal to 105 % of 
the rated voltage of the circuit-breaker under test.  

– For single-pole circuit-breakers having dual rated voltage value (e. g.  230/400 V)  the power 
frequency recovery voltage shall be 105 % of the upper value (e. g.  400 V)  for the tests 
according to item d)  of 9. 12. 11 . 4. 2 ,  item b of 9. 12. 11 . 4. 3 and 9. 12. 11 . 2. 2;  it shall be 
105 % of the lower value (e. g.  230 V)  for the other tests of 9. 12.   

– For two-pole circuit-breakers having dual rated voltage values (e. g.  120/240 V)  the 
recovery voltage shall be  105 % of the lower value (e. g.  120 V)  for the tests according to 
9. 12. 11 . 2 and 105 % of the  upper value (e. g.  240 V)  for the  other tests of 9. 12.  

NOTE  The  value  of 1 05  %  (±5  %)  of the  rated  vol tage  i s  deemed  to  cover the  effects  of the  vari ati ons  of the  
system  vol tage  under normal  service  cond i ti ons.  The  upper l im i t  can  be  i ncreased  wi th  the  approval  of the  
manufacturer.  

9. 1 2.3  Tolerances  on  test  quanti ti es  

The tests are considered as valid if the r.m. s.  values recorded in  the test report differ from the  
values specified within the following tolerances:  

– current 
%

0

5+

 

– voltage (including recovery voltage):  ±5 %   

– frequency ±5 %.  

9. 1 2.4  Test ci rcu i t for short-ci rcu i t  performance  

Figu re  3  and  F igure  4  g i ve  the  d iagrams  of the  ci rcu i ts  to  be  used  for the  tests  concern ing :  

– a  s i ng le-pole  ci rcu i t-breaker,  

– a  two-pole  ci rcu i t-breaker wi th  one  protected  pole,  
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– a  two-pole  ci rcu i t-breaker wi th  two  protected  poles ,  

– a  three-pole  ci rcu i t-breaker,  

– a  four-pole  ci rcu i t-breaker wi th  three  protected  poles  

– a  four-pole  ci rcu i t-breaker wi th  four protected  poles.  

The  resistances  and  reactances  of the  impedances  Z  and  Z1  (see  F igure  5)  shal l  be  
ad j ustable  to  satisfy the  speci fied  test cond i ti ons.  The  reactors  shal l  preferabl y be  a i r-cored .  
They shal l  a lways  be  connected  i n  series  wi th  the  resistors  and  the ir va lue  shal l  be  obtained  
by series  coupl i ng  of ind ividual  reactors;  para l l e l  connecting  of reactors  i s  perm i tted  when  
these  reactors  have  practical l y the  same time-constant.  

Since the transient recovery voltage (see 3. 5. 8. 1 )  characteristics of test circuits including air-
cored reactors are not representative of usual service conditions,  the air-cored reactor in  any 
phase shall be  shunted by a  resistor taking approximately 0, 6 % of the current through the 
reactor.  

If iron-core reactors are  used,  the iron-core power losses of these reactors shall not exceed 
the losses that would be absorbed by the resistors connected in parallel with  the air-cored 
reactors.  

There shall be one and only one point of the test circuit which  is earthed;  this may be the  
short-circuit link of the test circuit or the neutral point of the supply or any other convenient 
point.  In any case the earthing method shall be  stated in the test report.  

In each test circuit for testing the rated short-circuit capacity,  the impedances Z are inserted 
between the supply source S and the circuit-breaker under test.  

When tests are made with current less than the rated short-circuit breaking capacity,  the 
additional impedances Z1 ,  shall be inserted on the load side of the circuit-breaker.  

For the  tests at both  the rated and the service short-circuit capacities,  the circuit-breaker shall 
be connected with cables (rigid or flexible)  having a  length of 0, 75 m per pole with the 
maximum cross-section,  corresponding to the rated current,  according to the rigid conductor 
column of Table 5.  

A resistor R2  of abou t 0 , 5  Ω  i s  connected  in  series  wi th  the  frame and  further on  wi th   copper 
wi re  F  to  poin t  of connection   H :  

– for testi ng  the  s ing le-pole  ci rcu i t-breaker and  two-pole  ci rcu i t-breaker wi th  one  protected  
pole  th is  connection  H  i s  l i nked  to  the  neutral  conductor poin t D ,  approximatel y for hal f 
number of operations  of the  ci rcu i t-breaker,  and  i s  connected  for the  remain ing  operations  
to  the  correspond ing  phase  e i ther poin t C  or B .   

– for testing  e i ther two-pole  ci rcu i t-breaker wi th  two protected  poles,  three-pole  ci rcu i t-
breaker,  or fou r-pole  ci rcu i t-breaker,  th is   connection  H  is  for a l l  operations  conducted  to  
D.  

The copper wire F shall be at least 50 mm in  length and 

– 0, 1  mm in diameter for circuit-breakers to be tested in free air,  mounted on a  metal 
support,   

– 0, 3 mm in diameter for circuit-breakers to be tested in the smallest individual enclosure 
specified by the manufacturer.  

Resistors R1  drawing a  current of 10 A  per phase are connected on the supply side of the 
circuit-breaker,  between the impedances for adjusting the prospective current to the rated 
short-circuit capacity of the circuit-breaker.  
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9. 1 2.5  Power factor of the  test  circu i t  

The power factor of each phase of the test circuit shall be determined according to a  
recognized method which  shall be  stated in  the test report.  

Two examples are  given in Annex A .  

The power factor of a  polyphase circuit is considered as the mean value of the power factors 
of each phase.  

The power-factor ranges are  given in  Table 17.  

Table  1 7  – Power factor ranges  of the  test  ci rcu i t  

Test current l
cc
 

A  
Correspond ing  

power factor range  

I
cc  ≤  1  500  0 , 93  to  0 , 98  

1  500  <  I
cc  ≤  3  000  0 , 85  to  0 , 90  

3  000  <  I
cc  ≤  4  500  0 , 75  to  0 , 80  

4  500  <  I
cc  ≤  6  000  0 , 65  to  0 , 70  

6  000  <  I
cc  ≤  1 0  000  0 , 45  to  0 , 50  

1 0  000  <  I
cc  ≤  25  000  0 , 20  to  0 , 25  

 

9. 1 2.6  Measurement and  veri fication  of I2t and  of the  peak current  (Ip)  

The I2t and Ip  values shall be measured during the tests of 9. 12. 11 . 2,  9. 12. 11 . 3 and 
9. 12. 11 . 4.  

In the case of tests of circuit-breakers in three-phase circuits,  the I 2t values shall be 
measured on each pole.  

The maximum I2t values measured shall be  recorded in the test report and they shall not 
exceed the corresponding values of the I 2t characteristic declared by the manufacturer.  

9. 1 2.7  Cal ibration  of the  test  ci rcu i t  

9. 1 2.7. 1  To calibrate the test circuit,  links G1 ,  having negligible impedance compared with 
that of the  test circuit,  are connected in the positions shown in  Figures 3 and 4.  

9. 1 2.7.2  To obtain a  prospective current equal to the rated short-circuit capacity of the 
circuit-breaker at the corresponding power factor as stated in Table 16 impedances Z are 
inserted on the supply side of the links G1 .  

9. 1 2.7.3  To obtain a  test current lower than the rated short-circuit capacity of the circuit 
breaker,  additional impedances Z1  are inserted on the load side of the  links G1 ,  as shown in  
figures 3 and 4.  

9. 1 2.8  In terpretation  of records  

9. 1 2.8. 1  Determination  of the  appl ied  and  power frequency recovery vol tages  

The applied and power frequency recovery voltages are determined from the record 
corresponding to the opening operation O,  (see 9. 12. 11 . 1 )  made with the apparatus under 
test and estimated as indicated in  Figure 6.  The voltage on the supply side shall be measured 
during the first cycle after arc extinction in all poles and after high frequency phenomena have 
subsided.  

International  Electrotechnical  Commission

 



 – 66  – I EC 60898-1 : 201 5  © I EC  201 5  

9. 1 2.8.2  Determination  of the  prospective  short-ci rcu i t  current 

The a. c.  component of the prospective current is taken as being equal to the r.m. s.  value of 
the a. c.  component of the calibration current (values corresponding to A2 of Figure 6) .  

Where applicable,  the prospective short-circuit current shall be the average of the prospective 
currents in  all the phases.  

9. 1 2.9  Cond i tion  of the  ci rcu i t-breaker for test  

9. 1 2.9. 1  General  

Circuit-breakers shall be tested in free air according to 9. 12. 9. 2,  unless they are designed for 
use only in enclosures specified by the manufacturer or they are intended for use in individual 
enclosures only,  in  which cases they shall be  tested according to 9. 12. 9. 3 or,  with  the 
agreement of the manufacturer,  according to 9. 12. 9. 2.  

NOTE  An  i nd i vi dua l  enclosure  i s  an  encl osure  desi gned  to  accept one  device  on l y.  

The circuit-breaker shall be operated manually or by means of a  test apparatus,  simulating as 
closely as possible  the normal closing operation.  

Care shall be  taken that 

– the test apparatus does not damage the circuit-breaker under test;  

– the free movement of the operating means of the  circuit-breaker under test is not impeded;  

– the speed of the operating means of the test apparatus is not unduly affected by the 
operating means of the circuit-breaker under test.  

In case of circuit-breakers with dependent manual operation,  the circuit-breaker shall be  

operated with an operating speed,  during actuation,  of 0, 1  m/s ±  25 %,  this speed being 
measured where and when the operating means of the test apparatus touches the operating 
means of the circuit-breaker under test.  For rotary knobs the angular velocity shall correspond 
substantially to the above conditions,  referred to the speed of the operating means (at its 
extremities)  of the circuit-breaker under test.  

9. 1 2.9.2  Test in  free  ai r 

The circuit-breaker under test is mounted as shown in Figure  H. 1 .  

The polyethylene foil and the barrier of insulating material specified in Annex H are placed as 
shown in Figure H. 1  for O operations only.  

The grid(s)  specified in Annex H shall be  so positioned that the bulk of the emitted ionized 
gases passes through the grid(s) .  The grid(s)  shall be placed in the most unfavourable 
position(s) . If the position of the vents is not obvious,  or if there are no vents,  appropriate 
information should be provided by the  manufacturer.  

The grid circuit(s)  (see Figure H. 3)  shall be connected to the points B and C according to the 
test circuit diagrams of Figures 3 or 4,  as applicable; for the test of single-pole circuit-
breakers having a  rated voltage of 230/400 V the  grid circuit(s)  shall,  however,  be  connected 
between phases,  to the points B and C’ according to  the test circuit diagram of Figure 3.  

The resistor R ′  shall have a  resistance of 1 , 5 Ω .  The copper wire F′  (see Figure H. 3)  shall 
have a  length of 50 mm and a  diameter of 0, 12 mm for circuit-breakers having a  rated voltage 
of 230 V and 0, 16 mm for circuit-breaker having a  rated voltage of 400 V or 230/400 V.  

For circuit-breakers having a  rated voltage of 120 V or 120/240 V the resistor R ′  shall have a  
resistance of 0, 75 Ω  and the copper wire shall have a  diameter of 0, 12 mm.  
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For test currents up to and including 1  500 A ,  the distance "a" shall be  35 mm.   

For higher short-circuit currents up to Icn ,  the distance "a" may be increased,  in  which  
case it shall be chosen from the  series (40,  45 ,  50 ,  55 ,  etc. )  mm and stated by the 
manufacturer.  

For test currents greater than 1  500 A  any additional barriers or insulating means which allow 
a  shorter distance "a" shall also be stated by the manufacturer.  

9. 1 2.9.3  Test in  enclosures  

The test shall be performed with  the circuit-breaker placed in an enclosure having the most 
unfavourable configuration under the most unfavourable conditions.  The grid and the  barrier 
of insulating material shown in  Figure H. 1  are omitted.  

NOTE  Th is  means  that  i f other ci rcu i t-breakers  (or other devices)  are  normal l y mounted  i n  the  d i recti on (s)  i n  
wh ich  the  gri d (s )  wou l d  be  pl aced ,  these  ci rcu i t-breakers  (or other d evices)  are  i nstal l ed  there.  They are   suppl i ed  

as  i n  normal  use,  bu t  vi a  F ′  and  R ′  as  d efi ned  i n  9 . 1 2. 9. 2 ,  and  connected  as  shown  i n  the  appropriate  F i gure  (3  or 
4) .  

In accordance with the manufacturer's instructions,  barriers or other means,  or adequate 
clearances may be necessary to prevent ionized gases from affecting the installation.  

The polyethylene foil as described in  Annex H is placed as shown in Figure H. 1  at a  distance 
of 10 mm from the operating means,  for O operations only.  

9. 1 2. 1 0  Behaviour of the  circu i t-breaker during  short-ci rcu i t  tests  

During the operating sequence of 9. 12. 11 . 2 or 9. 12. 11 . 3 or 9. 12. 11 . 4 the circuit-breaker shall 
not endanger the operator and shall permit reclosing after the time t as specified in  9. 12. 11 . 1 ,  
without removing it from the test arrangement.   

The polyethylene foil shall show no holes visible with normal or corrected vision without 
additional magnification.  

Furthermore,  there shall be no permanent arcing,  no flashover between poles or between 

poles and frame,  no melting of the fuse F and ,  where applicable,  of the fuse F′ .  

9. 1 2. 1 1  Test procedure  

9. 1 2. 1 1 . 1  General  

The test procedure consists of a  sequence of operations.  

The following symbols are used for defining the sequence of operations:  

O represents an opening operation;  

CO represents a  closing operation followed by an automatic opening;  

t  represents the time interval between two successive short-circuit operations which shall 
be  3 min or such longer time as may be required by the thermal overcurrent release in 
order to permit the reclosing of the circuit-breaker.  This longer time shall be indicated 
by the  manufacturer.  

The actual value of t shall be  stated in  the test report.  If the sample does not allow reclosing 
after the time indicated by the  manufacturer it is considered as having failed the test.  

After arc extinction,  the recovery voltage shall be maintained for a  duration not less than 
0, 1  s.  
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9. 1 2. 1 1 .2  Tests  at reduced  short-ci rcu i t  currents  

9. 1 2. 1 1 .2. 1  Test on  al l  ci rcu i t-breakers  

The additional impedances Z1  (see 9. 12. 7. 3)  are adjusted so as to obtain a  current of 500 A  
or 10 times In ,  whichever is the higher,  at a  power factor between 0, 93 and 0, 98.  

Each of the protected poles of the circuit-breaker is subjected separately to a  test in a  circuit 
the connections of which are shown in Figure 3.  

The circuit-breaker is caused to open automatically nine times,  the circuit being closed six 
times by the  auxiliary switch  A  and three times by the circuit-breaker itself.  

The sequence of operations shall be  

O – t – O – t – O – t – O – t – O – t- O – t – CO – t – CO – t – CO 

For the test the auxiliary switch A  is synchronized with respect to the voltage wave so that the 
six points of initiation for the opening operations are equally distributed over the half-wave 

with a  tolerance of ±5°.  

9. 1 2. 1 1 .2.2  Short-circu i t test on  ci rcu i t-breakers  rated  230  V,  or 240  V or 230/400  V for 
verifying  thei r su i tabi l i ty for use  i n  IT  systems  

The additional impedances Z1  (see 9. 12. 7. 3)  are adjusted so as to obtain a  current of 500 A  
or 1 , 2 times the upper limit of the standard range of instantaneous tripping given in Table 2,  
whichever is the higher,  but not exceeding 2 500 A,  at a  power factor between 0, 93 and 0, 98,  
at a  voltage 105% of the rated phase to  phase voltage value.  

For circuit-breakers having an  instantaneous tripping value exceeding 20 In ,  the impedances 
are adjusted as to  obtain  a  current 1 , 2 times the upper limit of instantaneous tripping declared 
by the  manufacturer,  the  2 500 A  limitation being disregarded.  

Single-pole circuit-breakers and each protected pole of multipole circuit-breakers are 
subjected individually to a  test in a  circuit the connections of which are shown in Figure 4.  

The sequence of operations shall be  

O – t – CO 

For the O operation on the first protected pole the auxiliary switch T is synchronized with  
respect to the voltage wave so that the circuit is closed on the point 0°°  (wi th  a  to lerance of 

±5° )  on the wave for this operation .  

For the following O operations on the other protected poles to be tested (see Clause C. 2)  this 
point is shifted each time by 30° with  respect to the point on wave of the previous test,  with  a  

tolerance of ±5°.  

9. 1 2. 1 1 .3  Test at 1  500  A 

For circuit-breakers having a  rated short-circuit capacity of 1  500 A,  the test circuit is 
calibrated according to 9. 12. 7. 1  and 9. 12. 7. 2,  to obtain a  current of 1  500 A  at a  power factor 
corresponding to this current according to  Table 17.  

For circuit-breakers having a  rated short-circuit capacity exceeding 1  500 A,  the test circuit is 
calibrated according to 9. 12. 7. 1  and 9. 12.7.3,  at a  power factor corresponding to  1  500 A ,  
according to Table 17.  
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The  ci rcu i t  breakers  are  tested  i n  a  ci rcu i t  accord i ng  to  F igure  3.  

For three-pole circuit-breakers,  no connection G1  is made between the neutral of the supply 
and the common point,  if any,  on the  load side of the  circuit-breaker.  

For four-pole circuit-breakers with three protected poles,  the neutral of the supply is 
connected through the unprotected pole or the switched neutral pole to the common point on 
the load side of the circuit-breaker.  

If the neutral of a  four-pole circuit-breaker is not marked by the manufacturer,  the tests are  
repeated with three new samples,  using successively each pole as neutral in turn.  

For the test of single-pole and two-pole circuit-breakers,  the auxiliary switch T is synchronized 
with respect to the voltage wave so that the six points of initiation are equally distributed over 

the half-wave with  a  tolerance of ±5°.  

The sequence of operations shall be as specified in 9. 12. 11 . 2,  except for single-pole circuit 
breakers of rated voltage 230/400 V.  In that case only two CO operations are performed 
following the six O operations; in addition single-pole circuit-breakers are then tested by 
performing simultaneously one O operation,  one circuit-breaker being inserted in  each phase  
of the test circuit specified for three-pole circuit-breakers (Figure 3) ,  without synchronization 
of the auxiliary switch establishing the short-circuit.  

For three-pole and four-pole circuit-breakers,  random point-on-wave testing is acceptable.  

9. 1 2. 1 1 .4  Test above 1  500  A 

9. 1 2. 1 1 .4. 1  Ratio  k between  service  short-ci rcu i t  capaci ty and  rated  short-ci rcu i t  
capaci ty 

The ratio k between the service short-circuit capacity and the rated short-circuit capacity shall 
be  in  accordance with  Table 18.  

Table  1 8  – Ratio  k between  service  short-circu i t capacity (Ics)   
and  rated  short-ci rcu i t  capaci ty (Icn )  

Icn  k 

Icn  ≤  6  000  A 1  

6  000  A <  Icn  ≤  1 0  000  A 0 , 75  a  

Icn  >  1 0  000  A 0 , 5  b  

a   M i n imum  value  of lcs :  6  000  A 

b   M i n imum  value  of Ics :  7  500  A 

 

9. 1 2. 1 1 .4.2  Test at service  short-ci rcu i t  capacity (Ics)  

a)  The test circuit is calibrated according to 9. 12. 7. 1  and 9. 12. 7. 3,  with a  power factor in  
accordance with  Table 17.  

Three samples are  tested in the relevant circuit specified in 9. 12. 11 . 3.  

When the supply and load terminals of the circuit-breakers under test are not marked,  two 
of the samples are connected in one direction and the third sample in the reverse 
direction.  

b)  For single-pole and two-pole circuit-breakers the sequence of operation is:  

O – t – O – t – CO 
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For the O operations,  the auxiliary switch A  is synchronized with respect to the voltage 
wave so that the circuit is closed on the point 0° on the wave for the O operation on the 
first sample.  

This point is then shifted by 45° for the second O operation on the first sample; for 
the second sample,  the two O operations shall be  synchronized at 15° and 60° and for the 
third sample at 30° and 75°.  

The synchronization tolerance shall be  ±5°.  

For two-pole circuit-breakers,  the same pole shall be used as reference for the purpose of 
synchronization.  

This test procedure is shown in Table 19.  

Table  1 9  – Test procedure for Ics  i n  the  case  of s ing le-   
and  two-pole  circu i t-breakers  

Operation  
Sample  

1  2  3  

1  O  (0° )  O  (1 5° )  O  (30° )  

2  O  (45° )  O  (60° )  O  (75° )  

3  CO  CO  CO  

 

c)  For three-pole  and four-pole circuit-breakers the sequence of operations is:  

O – t – CO – t – CO 

For the O operations,  the auxiliary switch A  is synchronized with respect to the voltage 
wave so that the circuit is closed on any point (x°)  on the wave for the O operation on the  
first sample.  

This point is then shifted by 60° for the O operation on the second sample and by a  further 
60° for the O operation on the  third sample.  

The synchronization tolerance shall be  ±5°.  The same pole  shall be used as reference for 
the purpose of synchronization for the different samples.  

This test procedure is shown in Table 20.  

Table  20  – Test procedure for Ics  i n  the  case  of  
three- and  four-pole  ci rcu i t-breakers  

Operation  
 Sample   

1  2  3  

1  O  (x° )  O  (x°+60° )  O  (x°+1 20° )  

2  CO  CO  CO  

3  CO  CO  CO  

 

d)  For single-pole circuit-breakers of rated voltage 230/400 V an additional set of three  
samples is tested in a  circuit according to Figure 3 without N- connection .  

These samples are inserted one in each phase of the test circuit,  without synchronization 
of the auxiliary switch A  establishing the short-circuit.  

No connection shall be made between the neutral of the supply and the common point on 
the load side of the circuit-breakers.  

The test procedure is shown in Table 21 .  

During this test the I2t values need not be measured.  
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Table  21  – Test procedure for Ics  i n  the  case of th ree-phase  tests   
for s ing le-pole  ci rcu i t-breakers  of rated  vol tage  230/400  V 

Operation  
 Sample   

1  2  3  

1  O  O  O  

2  – CO  O  

3  O  – CO  

4  CO  O  – 

 

9. 1 2. 1 1 .4.3  Test at rated  short-circu i t capaci ty (Icn )  

a)  The test circuit is calibrated according to 9. 12. 7. 1  and 9. 12.7.2.  

Three samples are tested in the relevant circuit specified in 9. 12. 11 . 3.  

When the supply and load terminals of the circuit-breakers under test are not marked,  two 
of the samples are connected in one direction and the third sample  in the reverse 
direction.  

The sequence of operations is  

O – t – CO 

For the O operations,  the auxiliary switch A  is synchronized with respect to the voltage 
wave so that the circuit is closed on the point 15° on the wave for the  O operation on  the 
first sample.  

This point is then shifted by 30° for the O operation of the second sample  and by further 
30° for the  O operation of the  third sample.  

The synchronization tolerance shall be  ±5°.  

For multipole circuit-breakers the same pole shall be  used as reference for the  purpose of 
synchronization.  

The test procedure is shown in Table 22.  

Table  22  – The test  procedure  for Icn  

Operation  
 Sample   

1  2  3  

1  O  (1 5° )  O  (45° )  O  (75° )  

2  CO  CO  CO  

 

b)  For single-pole circuit-breakers of rated voltage 230/400 V an additional set of four   
samples is tested in  a  circuit according to Figure  3 without N- connection .  

Three of these samples are inserted one in  each phase of the test circuit,  without 
synchronization of the auxiliary switch  A  establishing the short-circuit.  

No connection shall be made between the neutral of the supply and the common point on 
the load side of the circuit-breakers.  

The test procedure is shown in Table 23.  

After the second O operation of the sample shown as number 1  in  Table 23 this sample 
shall be replaced by the fourth sample.  

During this test the I2t values need not be measured.  
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Table  23  – Test procedure for Icn  i n  the  case  of th ree-phase tests   
for s ing le-pole  ci rcu i t-breakers  of rated  vol tage  230/400  V 

Operation  
Sample  

1  2  3  4  

1  O  O  O  – 

2  O  CO  – – 

3  – – CO  O  

 

9. 1 2. 1 1 .4.4  Test at the  making  and  breaking  capacity on  an  ind ividual  pole  (Icn1 )  of 
multipole  ci rcu i t-breakers  

The test circuit is calibrated according to 9. 12. 7.  

The test is carried out on  one pole taken at random which shall not be the switched neutral.  

This pole is connected according to the diagram of Figure 3,  but with  the neutral of the supply 
being connected directly downstream impedance Z1 ,  so as to apply phase to neutral voltage 
to the tested pole.  

In addition phases which do not carry the short-circuit current during this test shall be  
connected to  their supply voltage at the corresponding terminals.  

The sequence of operation is:  

O – t – CO 

For the " O " operations,  the auxiliary switch T is synchronized with respect to the voltage 
wave so that the circuit is closed on the point 15° on the wave for the " O " operation on the 
first sample.  

This point is then shifted by 30° for the " O " operation on the second sample and by a  further 
30° for the " O " operation on the third sample.  

The synchronization tolerance shall be  ±5°.  

For the three- and four-pole circuit-breakers,  the same pole shall be used as reference for the 
purpose of synchronization  

9. 1 2. 1 2  Veri fication  of the  ci rcu i t breaker after short circu i t  tests. :  

9. 1 2. 1 2. 1  Verifications  after the  tests  at  reduced  short-ci rcu i t  currents,  at 1  500  A and  
at service  short-circu i t capaci ty 

After the tests according to 9. 12. 11 . 2,  9. 12. 11 . 3 or 9. 12. 11 . 4. 2,  the circuit-breakers shall 
show no damage impairing their further use and shall,  without maintenance,  withstand the 
following tests.  

a)  Leakage current across open contacts,  according to 9. 7. 5. 3.  

b)  Dielectric strength tests according to 9. 7. 3,  carried out between 2 h  and 24 h  after the  
short-circuit tests at a  voltage of 500 V less than the  value prescribed in 9. 7. 5 and without 
previous humidity treatment.  

After the test carried out under the conditions specified in item a)  of 9. 7. 2,  it shall be  
verified that the  indicating means show the open position.   

International  Electrotechnical  Commission

 



I EC 60898-1 : 201 5  © I EC  201 5  – 73  – 

During the test carried out under the conditions specified in item b)  of 9. 7. 2 the indicating 
means shall show the  closed position.  

c)  Moreover,  after the test of 9. 12. 11 . 3 or 9. 12. 11 . 4. 2,  the circuit-breakers shall not trip when 
a  current equal to 0, 85 times the  conventional non-tripping current is passed through all 
poles for the conventional time,  starting from cold.  

At the end of this verification the current is steadily increased,  within 5 s,  to 1 , 1  times the 
conventional tripping current.  

The circuit-breakers shall trip within  the  conventional time.  

9. 1 2. 1 2.2  Verifications  after the  short-circu i t  test at  rated  short-ci rcu i t  capacity 

After the tests according to 9. 12. 11 . 4. 3 and 9. 12. 11 . 4. 4  the polyethylene foil shall show no 
holes visible with normal or corrected vision without additional magnification and the circuit-
breakers shall show no damage impairing their further use and shall,  without maintenance,  
withstand the following tests:  

a)  Leakage current across open contacts,  according to 9. 7. 5. 3.  

b)  Dielectric strength tests according to 9. 7. 3,  carried out between 2 h  and 24 h  after the  
short-circuit tests at a  voltage of 900 V and without previous humidity treatment.  

After the test carried out under the conditions specified in  item a)  of 9. 7. 2,  it shall be  
verified that the indicating means show the open position.   

During the test carried out under the conditions specified in item b)  of 9. 7. 2 the indicating 
means shall show the  closed position.  

c)  Moreover the circuit-breakers shall trip within the time corresponding to the test c of 
Table 7 when a  current equal to 2, 8 In  is passed through all poles,  the lower time limit 
being 0, 1  s instead of 1  s.  

The sample shown as number 1  in Table 23 is not subjected to the verification of this 
subclause,  but it shall nevertheless comply with the requirements of 9. 12. 10.  

9. 1 3  Mechan ical  stresses  

9. 1 3. 1  Mechan ical  shock 

9. 1 3. 1 . 1  Test device  

The circuit-breaker is subjected to mechanical shocks using an apparatus as shown in Figure 
7.  

A  wooden base A  is fixed to a  concrete block and a  wooden platform B is hinged to base A .  
This platform carries a  wooden board C,  which  can be fixed at various distances from the 
hinge and in  two vertical positions.  

The end of board B bears a  metal stop-plate D which rests on a  coiled spring having a  
constant c of 25 N/mm.  

The circuit-breaker is secured to the vertical board in such a  way that the distance of the 
horizontal axis of the sample is 180 mm from the  platform,  the vertical board being in  turn so 
fixed that the distance of the mounting surface is 200 mm from the hinge,  as shown in the 
Figure 7.  

On the surface C,  opposite the mounting surface of the circuit-breaker,  a  supplementary mass 
is fixed so that the static force on the metal stop-plate is 25 N in order to ensure that the 
moment of inertia  of the complete system is substantially constant.  
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9. 1 3. 1 . 2  Test procedure  

With the circuit-breaker in the closed position,  but not connected to any electrical source,  the 
platform is lifted at its free end and then allowed to fall 50 times from a  height of 40 mm,  the  
interval between consecutive falls being such that the sample is allowed to  come to rest.  

The circuit-breaker is then secured to the opposite side of the vertical board C and the 
platform is allowed to fall 50 times as before.  

After this test,  the vertical board is turned through 90° about its vertical axis and,  if necessary,  
repositioned so that the vertical axis of symmetry of the circuit-breaker is 200 mm from the 
hinge.  

The platform is then allowed to fall 50 times as before,  with  the circuit-breaker on one side of 
the vertical board,  and 50 times with the  circuit-breaker on the  opposite side.  

Before each  change of position,  the circuit-breaker is manually opened and closed.  

During the tests,  the circuit-breaker shall not open.  

9. 1 3.2  Resistance  to  mechanical  stresses  and  impact  

9. 1 3.2. 1  Compliance is checked on those exposed parts of the circuit-breaker mounted as 
for normal use (see note in  8. 1 . 6) ,  which may be subjected to mechanical impact in normal 
use,  by the test of 9. 13. 2. 2 for all types of circuit-breakers and,  in addition,  by the tests 
specified in:  

– 9. 13. 2. 3 for screw-in type circuit-breakers;  

– 9. 13. 2. 4 for circuit-breakers intended to be mounted on a  rail and for all types of plug-in 
circuit-breakers designed for surface mounting;   

– 9. 13. 2. 5 for plug-in  type circuit-breakers,  the holding in position  of which depends solely 
on  their connections.  

Circuit-breakers only intended to be  totally enclosed are not submitted to this test.  

9. 1 3.2.2  The samples are  subjected to blows by means of an impact-test apparatus as 
shown in Figure 9 to  Figure 13.  

The head of the striking element has a  hemispherical face of radius 10 mm and is of 
polyamide having a  Rockwell hardness of HR 100.  

The striking element has a  mass of (150 ±  1 )  g and is rigidly fixed to the lower end of a  steel 
tube with an external diameter of 9 mm and a  wall thickness of 0, 5 mm,  which is pivoted at its 
upper end in  such a  way that it swings only in  a  vertical plane.  

The axis of the pivot is (1  000 ±  1 )  mm above the axis of the striking element.  

For determining the Rockwell hardness of the polyamide of the head of the striking element,  
the following conditions apply:  

– diameter of the ball:   (12, 7 ±  0, 0025)  mm,   

– initial load:  (100 ±  2)  N;   

– overload:  (500 ±  2, 5)  N.  

NOTE  1  Add i ti onal  i n formati on  concern i ng  the  determ inati on  of the  Rockwel l  hardness  of p l asti cs  i s  g i ven  i n  
I SO  2039-2.  
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The design of the test apparatus is such that a  force of between 1 , 9 N and 2, 0 N has to be 
applied to the  face of the striking element to  maintain the tube in  the horizontal position.   

Surface-type circuit-breakers are mounted on a  sheet of plywood,  8 mm thick and 175 mm 
square,  secured at its top and bottom edges to a  rigid bracket,  which is part of the mounting 
support,  as shown in  Figure 11 .  

The mounting support shall have a  mass of (10 ±  1 )  kg and shall be mounted on a  rigid frame 
by means of pivots.  

The frame is fixed to a  solid wall.  

Flush-type circuit-breakers are mounted in  a  device as shown in Figure 12,  which in turn is 
fixed to  the mounting support shown in Figure 11 .  

Panel board type circuit-breakers are mounted in  a  device as shown in Figure 13,  which in  
turn is fixed to the mounting support shown in  Figure 11 .  

Plug-in type circuit-breakers are mounted complete with the appropriate means for the  plug-in  
connection,  which means are fixed on the sheet of plywood for the surface-type,  or in the 
device according to  Figure 12 for the flush-type or Figure 13 for the  panel-board-type,  as 
applicable.  

Screw-in type circuit-breakers are mounted in their appropriate base which is fixed to a  
mounting square plate made of a  plywood sheet,  8 mm thick and 175 mm sides.  

Circuit-breakers for screw fixing are  fixed by means of screws.  

Circuit-breakers for rail mounting are mounted on their appropriate rail.  

Circuit-breakers intended both for screw fixing and for rail mounting shall be fixed with  screws 
for the tests.  

The design of the test apparatus is such that 

– the sample can be moved horizontally and turned about an axis perpendicular to the 
surface of the plywood; 

– the plywood can be turned about a  vertical axis.  

The circuit-breaker is mounted on the plywood or on the appropriate device as for normal use,  
with  covers,  if any,  so that the point of impact lies in the vertical plane through the axis of the  
pivot of the pendulum.  

Cable  entries which  are not provided with  knock-outs are left open.  If they are provided with  
knock-outs,  two of them are opened.  

Before applying the blows,  fixing screws of bases,  covers and the like are tightened with a  
torque equal to two-thirds of that specified in Table 11 .  

The striking element is allowed to fall from a height of 10 cm onto surfaces which are exposed 
when the circuit-breaker is mounted as for normal use.  

The height of fall is  the vertical distance between the  position of a  checking point when the  
pendulum is released and the position of that point at the moment of impact.  
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The checking point is marked on the surface of the striking element where the line through the  
point of intersection of the axis of the steel tube of the pendulum and that of the striking 
element,  and perpendicular to  the plane through both  axes,  meets the surface.  

NOTE  2  Theoreti cal l y,  the  centre  of g ravi ty of the  s tri ki ng  e l ement  i s  the  checking  poi n t.  As  the  centre  of g ravi ty i s  
d i ffi cu l t  to  determ ine,  the  checking  poi n t  i s  chosen  as  speci fi ed  above.  

Each circuit-breaker is subjected to ten blows,  two of them being applied to  the operating 
means and the remainder being evenly distributed over the parts of the  sample likely to be 
subjected to impacts.   

The blows are not applied to knock-out areas or to any openings covered by transparent 
material.  

In general,  one blow is applied on each lateral side of the sample after it has been turned as 
far as possible,  but not through more than 60°,  about a  vertical axis,  and two blows are  
applied,  each approximately midway between the blows on a  lateral side and the blows on the 
operating means.  

The remaining blows are then applied in  the same way,  after the sample has been turned 
through 90° about that of its axes which is perpendicular to the plywood.  

If cable entries or knock-outs are provided,  the sample is so mounted that the two lines of 
blows are as nearly as possible equidistant from these entries.  

Two blows shall be applied on the operating means as follows: one when the operating means 
is in the closed position and the other when it is in  the open position.  

After the test the samples shall show no damage within the meaning of this standard.  In  
particular covers which,  when broken,  make live parts accessible or impair the further use of 
the circuit-breaker,  operating means,  linings and barriers of insulating material and the like,  
shall not show such damage.  

In case of doubt,  it shall be verified that removal and replacement of external parts,  such as 
enclosures and covers,  is possible without these parts or their lining being damaged.  

NOTE  3  Damage  to  the  appearance,  smal l  den ts  wh ich  do  not  reduce  the  creepage  d i stances  or cl earances  below 
the  values  speci fi ed  i n  8 . 1 . 3  and  smal l  ch ips  wh ich  do  not  adversel y affect  the  protecti on  against  e l ectri c  shock are  
neg l ected .  

9. 1 3.2.3  Screw-in type circuit-breakers are  screwed home in an appropriate  base,  a  torque 
of 2, 5 Nm being applied for 1  min.  

After the test the  sample shall show no damage impairing its further use.  

9. 1 3.2.4  Circuit-breakers designed to be mounted on a  rail are mounted as for normal use,  
but without cables being connected and without any cover or coverplate,  on a  rail rigidly fixed 
on a  vertical rigid wall.  

Plug-in circuit-breakers designed for surface mounting are mounted complete with  the 
appropriate means for the plug-in connection but without cables being connected and without 
any cover-plate.  

A  downward vertical force of 50 N is applied without jerks for 1  min on the forward surface of 
the circuit-breaker,  immediately followed by an upward vertical force of 50 N for 1  min (see 
Figure 14) .  

During this test,  the circuit-breaker shall not become loose and after the test the circuit-
breaker shall show no damage impairing its further use.  
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9. 1 3.2.5  Plug-in type circuit-breakers,  the holding in position of which  depends solely on  
their connections,  are mounted,  complete with the appropriate plug-in base but without cables 
being connected and without any cover-plate,  on  a  vertical rigid wall.  

A force of 20 N is applied to the circuit-breaker portion at a  point equidistant between the 
plug-in connections,  without jerks for 1  min (see Figure 16) .   

During this test the circuit-breaker portion shall not become loose and shall not move from the  
base portion and after the test both portions shall show no damage impairing their further use.  

9. 1 4 Test of resistance  to  heat  

9. 1 4. 1  The samples,  without removable covers,  if any,  are kept for 1  h  in a  heating cabinet 

at a  temperature of (100 ±  2)  °C; removable covers,  if any,  are kept for 1  h  in the heating 

cabinet at a  temperature of (70 ±  2)  °C.  

During the test the samples shall not undergo any change impairing their further use and 
sealing compound,  if any,  shall not flow to such an extent that live parts are exposed.  

After the test and after the samples have been allowed to cool down to approximately room 
temperature,  there shall be no access to live parts which are normally not accessible when 
the samples are mounted as for normal use,  even if the standard test finger is applied with  a  
force not exceeding 5 N.  

After the test,  markings shall still be  legible.  

Discoloration,  blisters or a  slight displacement of the sealing compound are disregarded,  
provided that safety is not impaired within the meaning of this standard.  

9. 1 4.2  External circuit-breaker parts made of insulating material necessary to retain in 
position current-carrying parts and parts of the protective circuit are subjected to a  ball-
pressure test by means of the  apparatus shown in Figure 15 except that,  where applicable,  
the insulating parts necessary to retain in position  the terminals for protective conductors in a  
box shall be tested as specified in  9. 14.3.  

The part to be tested is placed on a  steel support with  the appropriate surface in the  
horizontal position and a  steel ball of 5 mm diameter is pressed against this surface with a  
force of 20 N.  

The test is made in  a  heating cabinet at a  temperature of (125 ±  2)  °C.  

After 1  h,  the ball is removed from the  sample  which is then cooled down within  10 s to  
approximately room temperature by immersion in  cold water.  

The diameter of the impression caused by the ball is measured and shall not exceed 2 mm.  

9. 1 4.3  External circuit-breaker parts made of insulating material not necessary to retain in  
position current-carrying parts and parts of the protective circuit,  even though they are in  
contact with them,  are subjected to a  ball-pressure test in accordance with  9. 14. 2,  but the  test 

is made at a  temperature of (70 ±  2)  °C,  or (40 ±  2)  °C plus the highest temperature rise,  
determined for the relevant part during the test of 9. 8,  whichever is the higher.  

NOTE  1  For the  pu rpose  of the  tests  of 9 . 1 4 . 2  and  9 . 1 4 . 3,  bases  of surface-type  ci rcu i t-breakers  are  considered  
as  external  parts .  

NOTE  2  The  tests  of 9 . 1 4 . 2  and  9. 1 4. 3  are  not  made  on  parts  of ceram ic  materia l .  

NOTE  3  I f two  or more  of the  i nsu l ati ng  parts  referred  to  i n  9 . 1 4. 2  and  9. 1 4 . 3  are  made  of the  same material ,  the  
test  accord ing  to  9 . 1 4 . 2  or 9 . 1 4 . 3,  as  appl i cabl e,  i s  carried  ou t  on  on ly one  of these  parts .  
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9. 1 5  Resistance  to  abnormal  heat  and  to  fi re    

The glow-wire test is performed on a  complete circuit breaker in accordance with 
IEC 60695-2-10 under the following conditions:  

– for external parts of circuit-breakers made of insulating material necessary to retain in 
position current-carrying parts and parts of the protective circuit,  by the  test made at a  

temperature of (960 ±  15)  °C;  

– for all other external parts made of insulating material,  by the test made at a  temperature 

of (650 ±  10)  °C.  

NOTE  For the  pu rpose  of th i s  test,  bases  of su rface-type  ci rcu i t-breakers  are  considered  as  external  parts .  

Small parts,  where each surface lies completely within a  circle  of 15 mm diameter,  or where 
any part of the surface lies outside a  15 mm diameter circle and it is not possible to fit a  circle  
of 8 mm diameter on any of the surfaces,  are not subjected to the test of this subclause (see 
Figure 17 for diagrammatic representation) .  

If a  number of insulating parts is made of the same material,  the test is carried out only on 
one of these parts,  according to the appropriate glow-wire test temperature.  

The test is not made on parts of ceramic material.  

The glow-wire test is applied to ensure that an electrically heated test wire under defined test 
conditions does not cause ignition of insulating parts,  or to ensure that a  part of insulating 
material,  which might be ignited by the heated test wire  under defined conditions,  has a  
limited time to burn without spreading fire by flame or burning parts or droplets falling down 
from the tested part. The test is made on three samples,  points of application of glow wire test 
being different from one sample to another one.  

The glow wire cannot be applied directly to terminals area or arc chamber or magnetic tripping 
device area,  where the  glow-wire cannot protrude far through the outer surface before 
touching either relatively big metal parts or even ceramics,  which will cool down the glow-wire 
quickly and in  addition limit the  amount of insulating material ever getting in touch with the 
glow-wire.  In this situation the parts ensure minimum severity of the test by cooling down the 
glow-wire and limiting access to the insulating material under test.  

The sample shall be positioned during the test in  the most unfavourable position of its 
intended use (with  the surface tested in  a  vertical position) .  

If an internal part of insulation material influences the test with  negative result,  it is  allowed to  
remove the relevant identified internal part(s)  of insulation material from a  new sample.  Then,  
the glow wire test shall be repeated at the same place on this new sample.   

In  accordance with the manufacturer,  it is acceptable as an alternative method to remove the  
part under examination in its entirety and test it separately (see IEC 60695-2-11:2000,  
Clause 4) .  

The sample is regarded as having passed the  glow-wire test if 

– either there is no visible  flame and no sustained glowing,   

– or flames and glowing on the sample extinguish themselves within 30 s after the removal 
of the glow-wire.  

There shall be no ignition of the tissue paper or scorching of the pinewood board.  
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9. 1 6  Test of resistance to  rusting  

All grease is removed from the parts to be tested by immersion in  a  cold chemical degreaser 
such  as methyl-chloroform or refined petrol,  for 10 min.  The parts are  then immersed for 

10 min  in  a  10 %  solution of ammonium chloride in  water at a  temperature of (20 ±  5)  °C.  

Without drying,  but after shaking off any drops,  the parts are placed for 10 min in  a  box 

containing air saturated with moisture at a  temperature of (20 ±  5)  °C.  

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 signs of rust.  

NOTE  Traces  of rust  on  sharp  edges  and  any yel l owish  fi lm  removable  by rubbing  are  i gnored .  

For small springs and the like and for inaccessible parts exposed to abrasion,  a  layer of 
grease may provide sufficient protection against rusting.  Such parts are only subjected to the 
test if there is a  doubt as to the effectiveness of the grease film,  and in  such a  case the test is 
made without previous removal of the grease.  

 

IEC    

Figure 1  – Thread  forming  tapping  screw (3.3.22)  

 

IEC     

Figure 2  – Thread  cutting  tapping  screw (3.3.23)  
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F igure  3  – Typical  d iagram  for al l  short   
ci rcu i t  tests  except for 9. 1 2. 1 1 .2.2)  
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Figure  4 – Typical  d iagram  for short  ci rcu i t  tests  accord ing  to  9 . 1 2 .1 1 .2 .2)  
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Figure 5  – Detai l  of impedance  Z and  Z1  
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Explanation  of letter symbols  used  in  F igures  3,  4  and  5  

N  =  Neutral  conductor 

S  =  Suppl y 

R =  Ad justabl e  res i stor(s)  

Z  =  Impedance  i n  each  phase  for the  cal i brati on  of the  rated  short-ci rcu i t  cu rren t.  The  reactors  
shal l  preferably be  a i r-cored  and  connected  i n  seri es  wi th  res i stors  i n  order to  obtain  the  
requ i red  power factor.  

Z1  =  Ad justabl e  impedance  to  obtai n  current  below the  rated  short-ci rcu i t  curren t  

frame =  Al l  conducti ve  parts  normal l y earthed  i n  service,  i ncl ud ing  FE,  i f any 

G1  =  Temporary connecti on (s)  for cal i bration  

G2  =  Connection(s)  for the  test  wi th  rated  short-ci rcu i t  cu rrent  

T  =  Maki ng  swi tch  for the  short-ci rcu i t  

I 1 ,  I 2 ,  I 3 ,  I 4  =  Curren t  sensor(s)  
May be  s i tuated  on  the  supply or on  the  l oad  s i de  of d evice  under test,  bu t  a lways  on  the  
secondary s i de  of the  transformer 

U r
1
,  U r

2
,  U r

3
 =  Vol tage  sensor(s)  

F  =  Copper wi re  for the  detection  of a  fau l t  current  

R
1
 =  Resistance  d rawing  a  cu rren t  of approximately 1 0  A per phase  

R
2
 =  Resistor l im i ti ng  the  curren t  i n  the  devi ce  F  

r =  Resistor(s)  taking  approximately 0 , 6  %  of the  cu rren t  

B ,  C  and  C ’  =  Poin ts  for the  connections  of the  g ri d (s )  shown  i n  Annex C  

L  

P  

=  

=  

Ad justabl e  a i r cored  i n ductance(s)  

Short  ci rcu i t  protecti ve  device  for test  accord ing  to  Annex D  

NOTE  1  The  clos ing  device  T  can  a l ternati vel y be  s i tuated  between  the  l oad  s i de  term inal s  of the  device  under 
test  and  current  sensors  I

1
,  I
2
 and  I

3
 as  appl i cable.  

NOTE  2  The  vol tage  sensors  U r
1
,  U r

2  and  U r3  a re  connected  between  phase  and  neutra l ,  as  necessary.  

NOTE  3  The  ad j ustabl e  l oad  Z  can  be  l ocated  at  the  h i gh -vol tage  s i de  of the  suppl y ci rcu i t.  

NOTE  4  Resistances  R
1
 can  be  om i tted  wi th  the  agreement  of the  manufactu rer.  

NOTE  5  0 , 5  m  are  connected  on  the  suppl y s i de  and  0 , 25  m  on  the  l oad  s i de  of the  ci rcu i t-breaker u nder test.  
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A1  

A2  

B1  

1  

2  IEC 

 

Key 

1  Curren t  

2  Vol tage  

 

  

  

a)  =  Calibration of circuit 

  

A 1  =  Prospecti ve  peak making  current  

22

2
A

 

=  Prospecti ve  symmetri cal  breaking  
cu rren t  ( r.m . s.  val ue)  

22

1
B

 

=  Appl i ed  vol tage  (r.m . s.  va l ue)   
(see  3. 5. 7)  

  

  

b)  =  O or CO operation  

  

22

2
A

 

=  Breaki ng  capaci ty ( r.m . s .  val ue)  

A 1  =  Maki ng  capaci ty (peak va lue)  

22

2
B

 

=  Recovery vol tage  (r.m . s.  val ue)   
(see  3 . 5. 8)  

NOTE  The  ampl i tude  of the  vol tage  trace,  after i n i t i ati on  of the  test  current,  varies  accord i ng  to  the  re lati ve  
posi ti ons  of the  cl os ing  device ,  the  ad j ustable  impedances,  and  the  vol tage  sensing  devices,  and  accord i ng  to  the  
test  d i ag ram .  

Figure 6  – Example  of short-circu i t  making  or breaking   
test record  in  the  case  of a  single-pole  device  on  single  phase  a.c.  

International  Electrotechnical  Commission

 



 – 84  – I EC 60898-1 : 201 5  © I EC  201 5  

Dimensions in millimetres 

 

1
8
0
 

 

1
0
0
 

 

2
0
  

200  

3
0
0
 

 

400  

2
0
0
 

 

B  

D  
A 

C  

200  200  200  200  

1 20  
4 

5 

3 

2  

1  

6 IEC 

 

Key 

1  H inge  

2  Add i tional  mass 

3  Sample  

4  Metal  stop plate 

5  Concrete  block 

6  Consecutive  test posi tions 

Figure 7  – Mechan ical  shock test apparatus  (9. 1 3. 1 )  
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Dimensions in  millimetres 

 

(1
0
) 

∅50  

∅75  

1 4°  

A 

B  B  

A 

Section A-A 

Section  B-B  

37°  

∅1 2  

1
8
0
 

8
0
 

6
0
 

3
0
 

2
0
 ±
 0
,2
 

(2
0
) 

5
 ±
 0
,5
 

5 8 

7 

3 

4 

6 

2  

1  

IEC    
 

Key 

1  Hand le  

2  Guard  

3  S top  face  

4  J oin ts  

5  R2  ±  0 , 05  cyl i nd ri cal  

6  I nsu lati ng  materia l  

7  Chamfer a l l  edges  

8  R4  ±  0 , 05  spherical  

Materi a l  :  metal ,  except where  otherwise  speci fi ed  
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

0,05−
  

over 25  mm:     ±0, 2  

Both  j o i n ts  shal l  perm i t  movement i n  the  same  plane  
and  the  same d i rection  th rough  an  ang l e  of 90°  wi th  a  

tolerance  of  

0

1 0+ ° .  

Figure 8  – Standard  test finger (9 .6)  
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Dimensions in millimetres 

 

1
0
0
0
 ±
 1
 

 

1  

2  

3 
IEC    

 

Key 

1  Frame 

2  Sample  

3  Mounti ng  support  

 

F igure  9  – Mechanical  impact test  apparatus  (9 .1 3.2)  
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Dimensions in  millimetres  

 

1 20°  

R = 1 0 

1 4 

∅
1
0
 

5 

∅
8
 

∅
1
1
,5
 

∅1  1 0 1 3 

48 

7
 

M
4
 

5
 

M4 

7 

7,5 27 

3
 

∅1 2 

57,5 

∅
1
0
 

∅
2
0
 

M4 

∅
1
1
,5
 

M
4
 

∅
1
5
 

5 5 

1 4 

R = 5 

4 

5 

2 1  3 

1  

2  
3 

4 

5 

5 

5 

5 

IEC 

 

Key 

1    Polyam ide  

2 ,  3 ,  4 ,  5  S teel  Fe  360  

Figure  1 0  –  Striking  element for pendu lum   
for mechanical  impact test  apparatus  (9 . 1 3.2)  
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Dimensions in  millimetres 

 

200 min.  

2  

8  

7
 

1
7
5
 

A 

A 

A-A 
+
1
0
 

  
0
 

1
7
5
 +
1
0
 

  
0
 

35 ± 2  

45°  

45°  

7
 

1
5
5
 ±
 1
 

1 75 ± 1  

2 

1  

IEC    

 

Key 

1  Sheet  of p l ywood  

2  P ivot  

 F igure  1 1  – Mounting  support for mechanical  impact  test  (9 . 1 3.2)  
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Dimensions in  millimetres 

 
a 

8 8 

1 0 1 0 1 55 

b
 

1 75 

1
5
5
 

1
0
 

1
0
 

1  

2  

3 

5 

3 
4 

a 

IEC   

 

Key 

1  I n terchangeable  stee l  p l ate  wi th  a  th i ckness  of 1  mm  

2  Alum in ium  p lates  wi th  a  th i ckness  of 8  mm  

3  Mounti ng  p l ate  

4  Rai l  for ci rcu i t-breakers  desi gned  for rai l  mounti ng  

5  Cu t-ou t  for the  ci rcu i t-breaker i n  the  s teel  p l ate  

a  the  d i s tance  between  the  edges  of the  cu t-ou t  and  the  faces  of the  ci rcu i t-breaker shal l  be  between  1  mm  and  2  
mm  

b  the  heigh t  of the  a l um in ium  p l ates  shal l  be  such  that  the  steel  p l ate  rests  on  the  supports  of the  ci rcu i t-breaker 
or,  i f the  ci rcu i t-breaker has  no  such  support,  the  d i stance  from  l i ve  parts ,  wh ich  are  to  be  protected  by an  
add i ti onal  cover p l ate,  to  be  on  the  unders ide  of the  steel ,  i s  8  mm.   

Figure 1 2  – Example  of mounting  for a  rear fixed  ci rcu i t-breaker  
for mechanical  impact test  (9. 1 3.2)  
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Dimensions in  millimetres 

 

1 75 

1
5
5
 

1
0
 

1
0
 

8 8 

1 0 1 0 1 55 

1
,5
 

1
0
0
 

8
 

1  

2  

3 

4 

IEC    
 

Key 

1  I n terchangeable  stee l  p l ate  wi th  a  th i ckness  of 1 , 5  mm  

2  Alum in ium  plates  wi th  a  th i ckness  of 8  mm  

3  Mounti ng  p l ate  

4  Cu t-ou t  for the  ci rcu i t-breaker i n  the  s teel  p l ate  

NOTE  I n  parti cu lar cases  the  d imensions  can  be  i ncreased .  

Figure 1 3  – Example  of mounting  of a  panel  board  type  ci rcu i t-breaker  
for mechan ical  impact test  (9. 1 3.2)  
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1  

2 

50 N  

50 N  

IEC    

 

Key 

1  Rai l  

2  Cord  

Figure  1 4 – Appl ication  of force  for mechan ical  test on   
a  rai l -mounted  ci rcu i t-breaker  (9. 1 3.2.4)  

 

R 2,5 
1  

2 
IEC    

 

Key 

1  Sample  

2  Spherical  

Figure 1 5  – Bal l -pressure  test  apparatus  
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Figure 1 6  – Example  of appl ication  of force  for mechanical  test   
on  two-pole  plug-in  ci rcu i t-breaker,  the  hold ing  in  posi tion  of which   

depends  solely on  the  plug-in  connections  (9. 1 3.2.5)  

Dimensions in  millimetres 

 

Key 

1  Sample  

Figure 1 7  – Diagrammatic  representation  (9 . 1 5)  

IEC 

1  

∅  1 5  

∅  8  

To be  tested  

1  

∅  1 5  

∅  8  

No test  i s  requ i red  

IEC 

Plug-i n  
connections  

Arrangement for 
appl i cation  of the  force  

Force  

Ci rcu i t-breaker 

Base  

I I  

I I  
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Annex A 
(informative)  

 
Determination  of short-circui t power factor 

A.1  General  

There  i s  no  method  by wh ich  the  short-ci rcu i t power factor can  be  determ ined  wi th  precis ion ,  
bu t for the  purpose  of the  present  standard  the  power factor of the  test ci rcu i t  may be  
determ ined  by one  of the  fol l owing  methods:  

A.2  Method  1  – Determination  from  d.c.  component 

The ang le  ϕ  may be  determ ined  from  the  curve  of the  d . c.  componen t of the  asymmetrical  
curren t wave between  the  instan t of the  short-ci rcu i t and  the  i nstan t of contact  separation  as  
fol l ows:  

a)  The  formu la  for the  d . c.  component i s :  

id  =  Ido  ⋅  e  –Rt/L  

where:  

id   i s  the  value  of the  d . c.  componen t at  the  i nstant t;  

Ido   i s  the  va lue  of the  d . c.  component at  the  i nstant taken  as  time ori g in ;  

L/R  i s  the  time-constant of the  ci rcu i t,  i n  seconds;  

t  i s  the  time,  i n  seconds,  taken  from  the  i n i ti a l  i nstant;  

e  i s  the  base  of Napierian  l ogari thms.  

The time-constan t L/R  can  be  ascertained  from  the  above formu la  as  fo l l ows:  

•  measure  the  value  of Ido  a t  the  instan t of short-ci rcu i t and  the  va lue  of id  a t  another 
i nstan t t before  con tact separation ;   

•  determ ine  the  value  of e–Rt/L  by d i vid ing  id  by Ido ;   

•  from  a  table  of va lues  of e–x,  d eterm ine  the  value  of –x  correspond ing  to  the  
ratio  id  / Ido   

•  the  va lue  ×  represents  Rt/L ,  from  wh ich  L/R  i s  obtained .  

b)  Determ ine  the  ang le  ϕ  from :  

ϕ  =  arc tg  ωL/R  

where  ω  i s  2  π  t imes  the  actual  frequency.  

Th is  method  shou ld  not be  used  when  the  curren ts  are  measured  by current  transformers.  

A.3  Method  2  – Determination  with  pi lot generator 

When  a  p i lot generator i s  used  on  the  same shaft as  the  test generator,  the  vol tage  of the  
p i l ot generator on  the  osci l logram  may be  compared  in  phase  fi rst  wi th  the  vol tage  of the  test  
generator and  then  wi th  the  curren t of the  test generator.  

The  d i fference  between  the  phase  ang les  between  p i l ot generator vol tage  and  main  generator 
vol tage  on  the  one  hand  and  p i lot generator vol tage  and  test generator curren t on  the  other 
hand  g ives  the  phase  ang le  between  the  vol tage  and  curren t of the  test generator,  from  wh ich  
the  power factor can  be  determ ined .  
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Annex B  
(normative)  

 
Determination  of clearances  and  creepage d istances  

B.1  General  

I n  determ in ing  clearances  and  creepage d istances,  i t  i s  recommended  that the  fol lowing  
poin ts  shou ld  be  cons idered .  

B.2  Orientation  and  location  of a  creepage d istance  

I f necessary,  the  manufacturer shal l  i nd icate  the  i n tended  orien tation  of the  equ ipment or  
component in  order that creepage d istances  be  not adversel y affected  by the  accumu lation  of 
pol l u tion  for wh ich  they were  not designed .  

B.3  Creepage d istances  where more than  one material  is  used  

A creepage  d istance  may be  spl i t  i n  several  portions  of d i fferen t materia ls  and /or have  
d i fferent pol l u tion  degrees  i f one  of the  creepage  d istances  is  d imensioned  to  wi thstand  the  
tota l  vol tage  or i f the  tota l  d istance  i s  d imensioned  accord ing  to  the  materia l  having  the  lowest  
CTI .  

B.4 Creepage d istances  spl i t  by floating  conductive part  

A creepage d istance  may be  spl i t  i n to  several  parts,  made  wi th  i nsu lation  materia l  having  the  
same CTI ,  i nclud i ng  or separated  by fl oati ng  conductors  as  long  as  the  sum  of the  d istances  
across  each  i nd ividual  part  i s  equal  or greater than  the  creepage d istance  requ ired  i f the  
floating  part d i d  not exist.  

The  m in imum  d istance  X for each  ind ividual  part  of the  creepage d istance  i s  g i ven  in  
I EC 60664-1 : 2007,  6 . 2  (see  also  Example  1 1  i n  F i gure  B. 1 ).  

B.5 Measurement of creepage d istances  and  clearances  

I n  determ in ing  creepage  d istances  accord ing  to  I EC  60664-1 ,  the  d imension  X,  speci fied  i n  
the  fol l owing  examples,  has  a  m in imum  value  of 1 , 0  mm  for pol l u tion  degree  2 .  

Requ i rements  for arc chambers  are  covered  by Table  4  i tem  j ) .  

I f the  associated  clearance i s  l ess  than  3  mm,  the  m in imum  d imension  X may be  reduced  to  

one  th i rd  of th is  clearance.  

The  methods  of measuring  creepage d istances  and  clearances  are  i nd icated  i n  F igure  B . 1 .  
These  cases  do  not d i fferen tiate  between  gaps  and  grooves  or between  types  of i nsu lation .  
The  fo l lowing  assumptions  are  made:  

– any recess  i s  assumed  to  be  bri dged  wi th  an  i nsu lating  l i nk having  a  l ength  equal  to  the  
speci fied  wid th  X and  being  placed  in  the  most unfavourable  pos i ti on  (see  Example  3);  

– where  the  d istance  across  a  groove  is  equal  to  or l arger than  the  speci fied  wid th  X,  the  
creepage  d istance  i s  measured  a long  the  con tours  of the  groove  (see  Example  2) ;  
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– creepage  d istances  and  clearances  measured  between  parts  wh ich  can  assume d i fferent 
posi tions  i n  relation  to  each  other,  are  measured  when  these  parts  are  i n  thei r most 
unfavourable  pos i ti on .  

Example  1  

 <X mm 

IEC    

 

Cond i ti on :   Path  u nder considerati on  i ncl udes  a  paral l e l -  or converg ing -s ided  g roove  of any depth  wi th  a  wid th  
l ess  than  X mm.  

Ru le:   Creepage  d i stance  and  cl earance  are  measured  d i rectl y across  the  g roove  as  shown .  

Example  2  

 
≥X mm 

IEC     

Cond i ti on :   Path  under cons i deration  i ncl udes  a  paral l e l -s i ded  g roove  of any depth  and  wi th  a  wid th  equal  to  or 
more  than  X mm.  

Ru le:   C learance  i s  the  " l i ne  of s i gh t"  d i stance.  Creepage  path  fol l ows  the  con tou r of the  groove.  

Example  3  

 =X mm 

IEC     

Cond i ti on :   Path  under cons iderati on  i ncl udes  a  V-shaped  groove  wi th  a  wid th  g reater than  X mm.  

Ru le:   C learance  i s  the  " l i ne  of s i gh t"  d i stance.  Creepage  path  fol l ows  the  contou r of the  g roove  bu t  "short-
ci rcu i ts"  the  bottom  of the  g roove  by X mm  l i nk.  

Example  4  

 

IEC    
 

Cond i ti on :   Path  under cons iderati on  i ncl udes  a  ri b.  

Ru le:   C learance  i s  the  shortest  d i rect  a i r path  over the  top  of the  ri b.  Creepage  path  fo l l ows  the  contou r of 
the  ri b.  

 C learance                Creepage  d i stance  
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Example  5  

 <X mm <X mm 

IEC    
 

Cond i ti on :   Path  under cons iderati on  i ncl udes  an  uncemented  j oi n t  wi th  g rooves  l ess  than  X mm  wide  on  each  
s i de.  

Ru le:   Creepage  and  cl earance  path  i s  the  " l i ne  of s i gh t"  d i stance  shown .  

Example  6  

 ≥X mm ≥X mm 

IEC     

Cond i ti on :   Path  u nder cons iderati on  i ncl udes  an  u ncemented  j oi n t  wi th  g rooves  equa l  to  or more  than  X mm  wide  
on  each  s i de.  

Ru le:   C learance  i s  the  " l i ne  of s i gh t"  d i stance.  Creepage  path  fol l ows  the  con tou r of the  grooves.  

Example  7  

 ≥X mm <X mm 

IEC     

Cond i ti on :   Path  under cons ideration  i ncl udes  an  uncemented  j o i n t  wi th  a  g roove  on  one  s i de  l ess  than  X mm wide  
and  the  g roove  on  the  other s i de  equal  to  or more  than  X mm wi de.  

Ru le:   C learance  and  creepage  paths  area  as  shown.  

 Clearance                Creepage  d i stance  
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Example  8  

 
  

IEC    

 

Cond i ti on :   Creepage  d i stance  th rough  uncemented  j o i n t  i s  l ess  than  creepage  d i stance  over barrier.  

Ru le:   C learance  i s  the  shortest  d i rect  a i r path  over the  top  of the  barri er.  

Example  9  

 ≥X mm 

≥X mm 

IEC    

 

Gap between  head  of screw and  wal l  of recess  wi de  enough  to  be  taken  i n to  account.  

Example  1 0  

 
=X mm 

=X mm 

IEC    

 

Gap between  head  of screw and  wal l  of recess  too  narrow to  be  taken  i n to  account.  

Measurement  of creepage  d i stance  i s  from  screw to  wal l  when  the  d i stance  i s  equal  to  X mm.  

 C l earance               Creepage d istance  
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Example  1 1  

 
d C’ 

≥X 

D  

C’ floating  part  

≥X 

IEC 

 

Clearance  i s  the  d i stance  =  d +  D 

Creepage  d i stance  i s  a l so  =  d +  D 

 C l earance               Creepage d istance  

Figure B. 1  – Examples  of methods  of measuring  creepage  d istances  and  clearances  
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Annex C  
(normative)  

 
Test sequences  and  number of samples  

C.1  Test sequences  

The tests  are  made accord ing  to  Table  C. 1  where  the  tests  i n  each  sequence  are  carried  ou t  
i n  the  order i nd icated .  
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Table  C. 1  – Test sequences  

Test  
sequence  

Clause  or 
subclause  

Test (or i nspection)  

A
1
 

6  Marking  

8 . 1 . 1  Genera l  

8 . 1 . 2  Mechan ism  

9. 3  I ndel i b i l i ty of marking  

8 . 1 . 3  Clearances  and  creepage  d i stances  (external  parts  on l y)  

8 . 1 . 6  Non -i n terchangeabi l i ty  

9 . 4  Rel i abi l i ty of screws,  cu rrent-carryi ng  parts  and  connections  

9 . 5  Rel i abi l i ty of screw-type  term inal s  for externa l  conductors  

9 . 6  Protection  against  e l ectri c  shock 

8 . 1 . 3  Clearances  and  creepage  d i stances  ( i n ternal  parts  on l y)  

9 . 1 4  Resistance  to  heat  

9 . 1 6  Resistance  to  rusti ng  

A
2
 9 . 1 5  Resistance  to  abnormal  heat  and  to  fi re  

B  

9 . 7 . 5. 4  
Veri fi cation  of res i stance  of the  i nsu lati on  of open  con tacts  and  basic  
i nsu lati on  agai nst  an  impu lse  vol tage  i n  normal  cond i ti ons   

9 . 7 . 1  Resistance  to  hum id i ty  

9 . 7 . 2  I nsu l ation  res i stance  of the  ma in  ci rcu i t  

9 . 7 . 3  Die l ectri c  strength  of the  main  ci rcu i t  

9 . 7 . 4  I nsu l ation  res i stance  and  d i e lectri c  strength  of auxi l i ary ci rcu i t  

9 . 7 . 5. 2  Veri fi cation  of cl earances  wi th  the  impu lse  wi thstand  vol tage  

9 . 8  Temperatu re  ri se  

9 . 9  28-day test  

C  

C
1
 

9 . 1 1  Mechan ica l  and  e l ectri cal  endu rance  

9. 1 2 . 1 1 . 2 . 1  Performance  at  reduced  short-ci rcu i t  curren ts  

9. 1 2 . 1 2  Veri fi cation  of the  ci rcu i t-breaker after short-ci rcu i t  tests  

C
2
 

9 . 1 2 . 1 1 . 2 . 2  
Short-ci rcu i t  test  for veri fyi ng  the  su i tabi l i ty of ci rcu i t-breakers  for use  i n  I T  
systems 

9. 1 2 . 1 2  Veri fi cation  of the  ci rcu i t-breaker after short-ci rcu i t  tests  

D  

D
0
 9 . 1 0  Tripping  characteri sti c  

D
1
 

9 . 1 3  Res istance  to  mechan ical  shock and  impact  

9. 1 2 . 1 1 . 3  and  Short-ci rcu i t  performance  at  1  500  A 

9. 1 2 . 1 2  Veri fi cation  of ci rcu i t-breaker after short-ci rcu i t  tests  

E  

E
1
 

9 . 1 2 . 1 1 . 4 . 2  and  Service  short-ci rcu i t  capaci ty (I
cs
)  

9 . 1 2 . 1 2  Veri fi cation  of ci rcu i t-breaker after short-ci rcu i t  tests  

E
2
 

9 . 1 2 . 1 1 . 4 . 3  and  Performance  at  rated  short-ci rcu i t  capaci ty (I
cn
)  

9 . 1 2. 1 2  Veri fi cation  of ci rcu i t-breaker after short-ci rcu i t  tests  

E
3
 

9 . 1 2 . 1 1 . 4 . 4  and  
9. 1 2 . 1 2  

Performance  at  rated  making  and  breaki ng  capaci ty (I
cn 1
)  on  an  i n d ivi dual  

pole  of mu l ti pole  ci rcu i t-breakers  

NOTE  Wi th  the  agreement of the  manufacturer the  same  samples  can  be  used  for more  than  one  test  
sequence.  
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C.2  Number of samples  to  be  submitted  for fu l l  test procedure and   
acceptance cri teria  

I f on l y one  rati ng  ( i . e.  one  set of rated  quanti ties,  see  5. 2)  of one  type  (number of poles ,  
i nstan taneous  tripping)  of ci rcu i t-breaker i s  subm i tted  for test,  the  number of samples  to  be  
subm i tted  to  the  d i fferent test sequences  are  those  ind icated  i n  Table  C. 2  i n  wh ich  the  
acceptance  cri teria  are  g iven .  

I f a l l  the  samples  subm i tted  accord ing  to  the  second  column  of Table  C.2  pass  the  tests ,  
compl iance  wi th  the  s tandard  i s  met.  I f on l y the  m in imum  number g i ven  i n  the  th i rd  column  
passes  the  tests ,  add i ti onal  samples  as  shown  i n  the  fourth  column  shal l  be  tested  and  shal l  
satisfactori l y complete  the  test sequence.  

For ci rcu i t-breakers  having  more  than  one  rated  curren t,  two separate  sets  of ci rcu i t-breakers  
shal l  be  subm itted  to  each  test sequence:  one  set  ad justed  at the  maximum  rated  current,  the  
other set at the  m in imum  rated  curren t.  I n  add i tion  one  sample  of a l l  other rated  curren ts  shal l  
be  subm i tted  for test  sequence D0  of Table  C. 1 .  

Table  C .2  – Number of samples  for fu l l  test  procedure  

Test sequence  Number of samples  
M in imum  number of 

samples  wh ich  shal l  pass  
the  testsa  b  

Number of samples  
for repeated  testsc  

A
1
 1  1  – 

A
2
 3  2  3  

B  3  2  3  

C  
C

1
 3  2e  3  

C
2
f  3  2e  3  

D  3  2e  3  

E
1
 3  +  3d  2e  +  2d , e  3  +  3d  

E
2
 3  +  4d  2e  +  3d , e  3  +  4d  

E
3
 3  2e  3  

a   I n  tota l ,  a  maximum  of two test  sequences  may be  repeated .  

b   I t  i s  assumed  that  a  sample  wh ich  has  not  passed  a  test  has  not  met  the  requ i rements  d ue  to  workmansh ip  or 
assembly defects  wh ich  are  not  representati ve  of the  design .  

c  I n  the  case  of repeated  tests,  a l l  resu l ts  shal l  be  acceptabl e.  

d   Suppl ementary samples  i n  the  case  of s i ng l e-pol e  ci rcu i t-breakers  rated  230/400  V or 240/41 5  V (see  
Table  1 ).  

e   Al l  samples  shal l  meet the  test  requ i rements  of 9 . 1 2. 1 0,  9 . 1 2 . 1 1 . 2 ,  9 . 1 2 . 1 1 . 3  and  9. 1 2 . 1 1 . 4 ,  as  appropri ate.  

f  For th i s  sequence  read  "number of protected  poles"  i nstead  of "number of samples" .  

 

C.3  Number of samples  to  be  submitted  for simpl i fied  test procedure  

C.3. 1  Th is  part  of the  standard  appl ies  when  subm i tting  s imu l taneously a  range  of ci rcu i t-
breakers  of the  same fundamental  des ign .  

C.3.2  For a  series  of ci rcu i t-breakers  of the  same fundamenta l  des ign ,  the  number of 

samples  to  be  tested  may be  reduced  accord ing  to  C. 3. 3  and  C. 3. 4.  

For subsequent add i tions  (e. g .  further values  of rated  currents,  d i fferent class i fication  of 
i nstan taneous  tripping ,  d i fferent number of poles)  to  such  a  series  of ci rcu i t-breakers  the  
same reductions  appl y.  
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NOTE  When  a  seri es  of ci rcu i t-breakers  presenti ng  m inor variati ons  wi th  respect  to  an  a l ready approved  seri es  of 
ci rcu i t-breakers  i s  subm i tted  to  type  tests,  a  fu rther reduction  of the  number of samples  and  tests  can  be  agreed  
upon .  

Circu i t-breakers  can  be  cons idered  to  be  of the  same fundamental  design  i f the  fo l l owing  
cond i ti ons  are  met:  

– they have  the  same bas ic des ign ;  

– they have  the  same external  physical  d imensions  per pole;  

– the  materials ,  fin ish  and  d imensions  of the  i n ternal  current carrying  parts  are  i den tica l ,  
other than  the  variations  g iven  i n  a)  below;  

– the  term inals  are  of s im i lar design ,  (see  d )  be low);  

– the  contact  s i ze,  material ,  configuration  and  method  of attachment are  i dentica l ;  

– the  manual  operati ng  mechan isms (materia ls  and  phys ica l  characteristics)  are  i dentica l ;  

– the  mou ld ing  and  i nsu lati ng  materia ls  are  i den tica l ;  

– the  method ,  materials  and  construction  of the  arc exti nction  device  are  i dentical ;  

– the  bas ic design  of the  overcurrent tri pping  device  is  i den tical ,  other than  the  variations  
g i ven  i n  b)  be low;  

– the  bas ic design  of the  i nstantaneous  tripping  device  is  i den tical ,  other than  the  variations  
g i ven  i n  c)  below;  

– the ir vol tage  rati ng  i s  i n tended  for the  same type  of d istribu tion  ci rcu i t  (see  Table  1 ) ;  

– mu l tipole  ci rcu i t-breakers  are  e i ther composed  of s ing le-pole  ci rcu i t-breakers  or bu i l t  up  
from  the  same components  as  the  s ing le-pole  ci rcu i t-breakers,  having  the  same overal l  
d imensions  per pole,  wi th  the  exception  of external  barriers  between  poles.  

The  fo l lowing  variations  are  perm i tted :   

a)  cross-sectional  areas  of the  i n ternal  current-carryi ng  connections;   

b)  d imensions  and  materia l  of the  overcurrent  tri pping  device;   

c)  number of turns  and  cross-sectional  area  of the  operating  coi l  of the  i nstan taneous  
tripping  device;  

d )  d imensions  of term inals .  

C.3.3  For ci rcu i t-breakers  having  the  same i nstantaneous  tripping  classi fication  accord ing  
to  4 . 6  the  number of samples  to  be  tested  may be  reduced ,  accord ing  to  Table  C. 3.  
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Table  C.3  – Reduction  of samples  for series  of  
ci rcu i t-breakers  having  d i fferent numbers  of poles  

Test 
sequence  

Number of samples  depending  on  number of poles  a  

One  poleb  Two polesc  Three  poles  d  Four poles  e  

A
1
 

1  maximum  rated  
current  

1  maximum  

rated  cu rren t  g ,  i  

1  maximum  

rated  current  i  

1  maximum  

rated  cu rrent  i  

A
2
 

3  maximum  rated  
current  

3  maximum  rated  
current  

3  maximum  rated  
current  

3  maximum  rated  
cu rrent  

B  
3  maximum  rated  
curren t  

3  maximum  rated  
current  g   

3  maximum  rated  
cu rren t   

3  maximum  rated  
cu rren t  

C  

C
1
 

3  maximum  rated  
cu rren t  

3  maximum  rated  
curren t  g   

3  maximum  rated  
cu rren t  

3  maximum  rated  
cu rren t  

C
2
 

3  maximum  rated  
cu rren t  

2  maximum  rated  
curren t  for 2  protected  
poles,  or 

3  maximum  rated  
curren t  for one  
protected  pole  

1  maximum  rated  
curren t  

1  maximum  rated  
current  

D
0
 +  D

1
 

3  maximum  rated  
current  

3  maximum  rated  
current  h  

3  maximum  rated  
cu rren t  

3  maximum  rated  
curren t  

D
0
 

1  of a l l  other rated  
currents  

   

E
1
 

3+3  f  maximum  rated  
cu rrent  

3+3  f min imum  rated  
cu rrent   

3  maximum  rated  
cu rren t  

3  m in imum  rated  
cu rren t   

3  maximum  rated  
cu rren t  

3  m in imum  rated  
cu rren t   

3  maximum  rated  
cu rren t  

3  m in imum  rated  
cu rren t   

E
2
 

3+4  f  maximum  rated  
cu rrent  

3+4  f min imum  rated  
cu rrent   

3  maximum  rated  
cu rren t  

3  m in imum  rated  
cu rren t   

3  maximum  rated  
cu rren t  

3  m in imum  rated  
cu rren t   

3  maximum  rated  
cu rren t  

3  m in imum  rated  
cu rren t   

E
3  
 k 3  maximum  rated  

cu rrent  j  
3  maximum  rated  
cu rren t  j  

3  maximum  rated  
cu rren t  j  

a  I f a  test  i s  to  be  repeated  accord i ng  to  the  acceptance  cri teria  of Clause  C. 2,  a  new set  of samples  i s  used  for 
the  re levant  test  sequence.  I n  repeated  tests  a l l  resu l ts  shal l  be  sati sfactory.  

b  I f on l y mu l ti pol e  ci rcu i t-breakers  are  subm i tted ,  th i s  col umn  appl i es  to  the  set  of samples  having  the  smal l est  
number of poles  ( i nstead  of the  relevant  col umn).   

c  Appl i cab le  to  two-pol e  ci rcu i t-breakers  whether wi th  two  protected  pol es  or wi th  one  protected  pol e.  

d  Th i s  series  i s  om i tted  when  fou r-pole  ci rcu i t-breakers  are  a l so  tested .  

e  Al so  appl i cable  to  ci rcu i t-breakers  wi th  th ree  protected  po les  and  a  neu tra l  pol e.   

f  Suppl ementary samples  i n  case  of s i ng l e-pol e  ci rcu i t-breakers  of 9 . 1 2. 1 1 . 4. 2  d )   or 9 . 1 2 . 1 1 . 4 . 3  b) .   

g  Th i s  test  sequence  i s  om i tted  when  three-pole  or fou r-pole  ci rcu i t-breakers  have  been  tested .  

h  Th i s  test  sequence  sha l l  be  om i tted  for two-pole  ci rcu i t  breakers  wi th  two  protected  poles,  when  th ree-pole  or 
four-pole  ci rcu i t-breakers  have  been  tested .  

i  When  mu l ti pole  ci rcu i t-breakers  are  subm i tted ,  a  maximum  of four screw-type  term inal s  for externa l  
conductors  are  subj ected  to  the  tests  of 9 . 5,  i . e.  two  suppl y and  two  l oad  term inal s .  

j  I f each  pol e  of the  mu l ti pol e  i s  i den ti cal  to  the  i n d ivi dual  pole  tested  i n  E
2
,  th i s  test  i s  om i tted .  I f not,  th i s  test  

i s  carried  ou t  on  an  i nd i vi dual  protected  pole,  taken  at  random,  of the  ci rcu i t-breaker wi th  the  h i ghest  number 
of pol es .  

k  Covered  by test  sequence  E
2
.  

 

C.3.4  For an  add i ti onal  series  of ci rcu i t-breakers  of the  same fundamenta l  design  as  
described  i n  C. 3. 2  bu t of a  d i fferent i nstantaneous  tripping  class i fication  accord ing  to  4. 6  the  
test sequences  to  be  appl ied  may be  l im i ted  to  those  g iven  i n  Table  C. 4,  the  number of 
samples  being  those  g i ven  i n  Table  C.3 .  
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Table  C.4 – Test sequences  for a  series  of ci rcu i t-breakers   
being  of d i fferent instantaneous  tripping  classi fications  

Circu i t-breaker type-
tested  fi rst  

Subsequen t test sequences  for ci rcu i t-breakers  of 

B-type  C-type  D-type  

B-type  – (D
0
 +  D 1 )  +  E  (D

0
 +  D 1 )  +  E  

C-type  D
0
a  +  B  a   (D

0
 +  D 1 )  +  E  

D-type  D
0
a  +  B  a  D

0
a  +  B  a  b  –  

a
 For these  test  sequences  on l y the  tests  of 9 . 8  and  9 . 1 0. 3  are  requ i red .  

b  When  conform i ty assessment  i s  requested  at  the  same  time for B-type,  C-type  and  D-type  ci rcu i t-breakers  
having  the  same  rated  short-ci rcu i t  capaci ty,  on l y test  sequence  Do  i s  requ i red  i f B -type  and  D-type  samples  
have  been  tested .  
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Annex D  
(informative)  

 
Co-ordination  under short-circu it condi tions  between   

a  circui t-breaker and  another short-circuit protective  device   
(SCPD)  associated  in  the  same circuit 

D.1  General  

To ensure  co-ord ination  under short-ci rcu i t cond i ti ons  between  a  ci rcu i t-breaker (C1 )  and  
another short-ci rcu i t protecti ve  device  (SCPD)  associated  wi th  i t  i n  the  same ci rcu i t,  i t  i s  
necessary to  cons ider the  characteristics  of each  of the  two devices  as  wel l  as  the ir behaviour  
as  an  association .  

NOTE  An  SCPD can  i ncorporate  add i ti onal  protecti ve  means,  for example  overl oad  re leases.  

The SCPD may consist of a  fuse  (or a  set of fuses) ,  see  F igure  D. 1 ,  or another ci rcu i t-breaker 
(C2)  (see  F igures  D. 2  and  D. 3).  

The comparison  of the  i nd ividual  operati ng  characteristics  of each  of the  two associated  
devices  may not be  su fficien t,  when  reference has  to  be  made  to  the  behaviour of these  two  
devices  operating  in  series,  s ince  the  impedance of the  devices  i s  not a lways  neg l i g ib le.  I t  i s  
recommended  that th is  shou ld  be  taken  i n to  accoun t.  For short-ci rcu i t  cu rrents  i t  i s  
recommended  that reference  be  made  to  l2t i nstead  of t ime.  

C1  i s  frequen tl y connected  i n  series  wi th  another SCPD for reasons  such  as  the  method  of 
power d istribution  adopted  for the  i nstal l ation  or because  the  short-ci rcu i t capaci ty of C1  a lone  
may be  insufficien t for the  proposed  appl ication .  I n  such  i nstances  the  SCPD may be  mounted  
i n  l ocations  remote  from  C1 .  The  SCPD may be  protecting  a  main  feeder suppl ying  a  number 
of ci rcu i t-breakers  C1  or j ust  an  i nd ividual  ci rcu i t-breaker.  

For such  appl ications  the  user or speci fying  au thori ty may have  to  decide,  on  the  basis  of a  
desk study a lone,  how the  optimum  level  of co-ord ination  may best  be  ach ieved .  Th is  
Annex D  is  i n tended  to  g i ve  gu idance for th is  decis ion ,  and  a lso  on  the  type  of i n formation  
wh ich  the  ci rcu i t-breaker manufacturer shou ld  make avai lable  to  the  prospective  user.  

Gu idance  is  a lso  g i ven  on  test requ i rements,  where  such  tests  are  deemed  necessary for the  
proposed  appl ication .  

The  term  "co-ord ination "  i ncludes  cons ideration  of selecti vi ty (see  3. 5. 1 4. 2  and  also  3. 5. 1 4. 4  
and  3 . 5. 1 4 .5)  as  wel l  as  cons ideration  of back-up  protection  (see  3 . 5. 1 4 . 3).  

Cons ideration  of selectivi ty can  in  general  be  carried  ou t by desk study (see  Clause  D. 5)  
whereas  the  veri fication  of back-up  protection  normal l y requ i res  the  use  of tests  (see  
Clause  D . 6).  

When  considering  short-ci rcu i t  breaking  capaci ty,  reference i s  made to  the  rated  short-ci rcu i t  
capaci ty (Icn )  of C1  and  C2  when  both  are  ci rcu i t-breakers  accord ing  to  I EC  60898-1 ,  and  to  
the  u l timate  short-ci rcu i t breaking  capaci ty ( Icu )  of C2 ,  when  C2  i s  a  ci rcu i t-breaker accord ing  

to  I EC 60947-2 .  

D.2  Overview 

This  Annex D  g i ves  gu idance  on  and  requ irements  for the  co-ord ination  of a  ci rcu i t-breaker 
wi th  other SCPDs  associated  i n  the  same ci rcu i t,  as  regards  selecti vi ty as  wel l  as  back-up  
protection .  
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The  obj ect  of th is  Annex D  i s  to  state  

– the  general  requ i rements  for the  co-ord ination  of a  ci rcu i t-breaker wi th  another SCPD;  

– the  methods  and  the  tests  ( i f deemed  necessary)  i n tended  to  veri fy that the  cond i ti ons  for 
co-ord ination  have  been  met.  

D.3  General  requirements  for the  co-ordination  of a  ci rcui t-breaker with  
another SCPD 

D.3. 1  General  consideration  

I deal l y,  the  co-ord ination  shou ld  be  such  that a  ci rcu i t-breaker (C 1 )  a l one  wi l l  operate  at a l l  
va lues  of overcurrent up  to  the  l im i t of i ts  rated  short-ci rcu i t  capaci ty Icn .  

NOTE  I f the  val ue  of the  prospecti ve  fau l t  cu rren t  at  the  poin t  of i nsta l l ati on  i s  l ess  than  the  rated  short-ci rcu i t  
capaci ty of C 1 ,  i t  can  be  assumed  that  the  SCPD i s  on l y i n  the  ci rcu i t  for considerati ons  other than  that  of back-up  
protection .  

I n  practice  the  fo l l owing  considerations  appl y:  

a)  i f the  value  of the  se lecti vi ty l im i t  curren t Is  (see  3 . 5. 1 4 .6)  i s  too  l ow,  there  is  a  ri sk of 
unnecessary l oss  of se lecti vi ty;  

b)  i f the  value  of the  prospective  fau l t curren t at  the  poin t of i nstal l ation  exceeds  the  rated  
short-ci rcu i t capaci ty of C1 ,  the  SCPD shal l  be  so  selected  that the  behaviour of C1  i s  i n  
accordance wi th  D . 3. 3  and  the  take-over curren t IB  (see  3. 5. 1 4. 7),  i f any,  compl ies  wi th  
the  requ i rements  of D . 3. 2.  

Whenever poss ib le,  the  SCPD shal l  be  located  on  the  suppl y s i de  of C1 .  I f the  SCPD is  
l ocated  on  the  l oad  s i de,  i t  i s  essen tia l  that the  connection  between  C1  and  the  SCPD be 
so  arranged  as  to  m in im ize  any risk of short-ci rcu i t.  

D.3.2  Take-over current 

For the  purpose  of back-up  protection  the  take-over current  IB  sha l l  not exceed  the  rated  
short-ci rcu i t capaci ty Icn  of C 1  alone  (see  F igure  D. 3a) .  

D.3.3  Behaviour of C1  i n  association  with  another SCPD  

For a l l  values  of overcurren t up  to  and  i nclud ing  the  short-ci rcu i t capaci ty of the  association ,  
C1  and  the  association  shal l  comply wi th  the  requ i rements  of 8 . 8 .  

D.4 Type and  characteristics  of the  associated  SCPD 

On  request,  the  manufacturer of the  ci rcu i t-breaker shal l  provide  i n formation  on  the  type  and  
the  characteristics  of the  SCPD to  be  used  wi th  C1 ,  and  on  the  maximum  prospective  short-
ci rcu i t current for wh ich  the  association  is  su i table  at the  s tated  operational  vol tage.  

Deta i l s  of the  SCPD  used  for any tests  made i n  accordance  wi th  th is  Annex D,  i . e.  
manufacturer's  name,  type  des ignation ,  rated  vol tage,  rated  current  and  short-ci rcu i t breaking  
capaci ty,  shal l  be  g i ven  i n  the  test  report.  

The  maximum  cond i ti onal  short-ci rcu i t  cu rren t Inc (see  3. 5. 1 4. 8)  sha l l  not exceed  

– the  rated  u l timate  breaking  capaci ty of the  SCPD,  i f th is  i s  a  ci rcu i t-breaker accord ing  to  
I EC 60947-2;  

– the  rated  short-ci rcu i t  capaci ty,  i f the  SCPD is  a  ci rcu i t-breaker accord ing  to  th is  standard ;  

– the  rated  short-ci rcu i t  breaking  capaci ty ,  i f the  SCPD  is  a  fuse.  
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I f the  associated  SCPD  i s  a  ci rcu i t-breaker,  i t  sha l l  meet the  requ i rements  of th is  standard ,  or 
any other re levant standard .  

I f the  associated  SCPD i s  a  fuse,  i t  sha l l  be  i n  accordance wi th  I EC 60269  series  or wi th  any 
other fuse  standard .  

D.5 Veri fication  of selectivi ty 

Selectivi ty can  normal l y be  considered  by desk study a lone,  i . e .  by a  comparison  of the  
operati ng  characteristics  of C1  and  the  associated  SCPD,  for example  when  the  associated  
SCPD is  a  ci rcu i t-breaker (C2)  provided  wi th  an  i n ten tional  time-delay.  

The  manufacturers  of both  the  C1  and  the  SCPD shal l  provide  adequate  data  concern ing  the  
re levant operati ng  characteristics  as  to  perm i t  Is  to  be  determ ined  for each  i nd ividual  

association .  

I n  certain  cases,  tests  at  Is  are  necessary on  the  association ,  for example:  

– when  C1  i s  of the  current l im i ti ng  type  and  C2  i s  not provided  wi th  an  i n tentional  t ime-
delay;  

– when  the  open ing  time  of the  SCPD is  l ess  than  that  correspond ing  to  one  hal f-cycle.  

To  obtain  the  desi red  selecti vi ty when  the  associated  SCPD  is  a  ci rcu i t-breaker,  an  i n tentional  
short-time  delay may be  necessary for C2 .  

Selectivi ty may be  partia l  (see  F igure  D. 3a)  or tota l  up  to  the  rated  short-ci rcu i t capaci ty Icn  of 
C1 .  For tota l  se lecti vi ty,  the  non-tripping  characteristic of C2  or the  pre-arcing  characteristic of 
the  fuse  shal l  l i e  above the  tripping  (break time)  characteristic of C 1 .  

Two  i l l ustrations  of total  se lecti vi ty are  g i ven  in  F igures  D .2a  and  D. 2b.  

D.6  Veri fication  of back-up protection  

D.6. 1  Determination  of the  take-over current 

Compl iance  wi th  the  requ irements  of D . 3. 2  can  be  checked  by comparing  the  operati ng  
characteristics  of C 1  wi th  those  of the  associated  SCPD for a l l  settings  ( i f any)  of C2 .  

D.6.2  Verification  of back-up protection  

D.6.2. 1  Verification  by tests  

Compl iance  wi th  the  requ irements  of D . 3. 3  is  normal l y veri fied  by tests  i n  accordance  wi th  
D. 6. 3.  I n  th is  case,  a l l  cond i ti ons  for the  tests  shal l  be  as  speci fi ed  i n  9 . 1 2 . 1 1 . 4. 3  wi th  the  
ad j ustable  res istors  and  inductors  for the  short-ci rcu i t tests  on  the  suppl y s ide  of the  
association .  

NOTE  An  example  of a  test  ci rcu i t  i s  shown  i n  F i gure  3.  

D.6.2.2  Veri fication  by comparison  of characteristics  

I n  some practica l  cases  and  where  the  SCPD is  a  ci rcu i t-breaker (see  F igure  D . 3a  and  D. 3b),  
i t  may be  poss ib le  to  compare  the  operating  characteristics  of C 1  and  of the  associated  
SCPD,  specia l  atten tion  being  pa id  to  the  fol l owing :  

– the  Jou le  i n tegra l  va l ue  of C1  at  i ts  Icn  and  that of SCPD at the  prospective  current of the  
association ;  
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– the  effects  on  C 1  (e. g .  by arc energy,  maximum  peak curren t,  cu t-off curren t)  at  the  peak 
operati ng  curren t of the  SCPD.  

The  su i tabi l i ty of the  association  may be  evaluated  by cons idering  the  maximum  operating  I2t 
characteristic of the  SCPD,  over the  range  from  the  rated  short-ci rcu i t capaci ty Icn  of C1  up  to  
the  prospective  short-ci rcu i t  curren t of the  appl ication ,  bu t not exceed ing  the  maximum  let-
through  I2t of C1  at i ts  rated  short-ci rcu i t capaci ty or other l ower l im i ting  va lue  stated  by the  

manufacturer.  

NOTE  Where  the  associated  SCPD i s  a  fuse,  the  val i d i ty of the  desk s tudy i s  l im i ted  to  I
cn  of C1

.  

D.6.3  Tests  for veri fication  of back-up  protection  

I f the  associated  SCPD  is  a  ci rcu i t-breaker (C2 )  fi tted  wi th  ad j ustable  overcurrent open ing  
re leases,  the  operating  characteristics  to  be  used  shal l  be  those  correspond ing  to  the  
maximum  time and  maximum  current setti ngs.  

I f the  associated  SCPD cons ists  of a  set  of fuses,  each  test sha l l  be  made  us ing  a  new set of 
fuses,  even  i f some of the  fuses  used  du ring  a  previous  test  have  not b lown.  

Where  appl icable,  the  connecting  cables  shal l  be  i ncluded  as  speci fi ed  i n  9. 1 2. 4  except that,  
i f the  associated  SCPD  i s  a  ci rcu i t-breaker (C2) ,  the  fu l l  l eng th  of cable  (75  cm)  associated  
wi th  th is  ci rcu i t-breaker may be  on  the  suppl y s i de.  

Each  test shal l  cons ists  of a  O-t-CO sequence of operation  made i n  accordance wi th  
9. 1 2. 1 1 . 4. 3  at  Icn ,  the  CO  operation  being  made  on  C 1 .  

A test i s  made  wi th  the  maximum  prospective  cu rrent for the  proposed  appl ication .  Th is  shal l  
not exceed  the  rated  cond i ti onal  short-ci rcu i t  curren t (see  3. 5 . 1 4. 9) .  

A fu rther test  shal l  be  made at a  value  of prospective  current equal  to  the  rated  short-ci rcu i t  
breaking  capaci ty Icn  of C1 ,  for wh ich  test a  new sample  C1  may be  used ,  and  a lso,  i f the  

associated  SCPD  is  a  ci rcu i t-breaker,  a  new sample  C2 .  

During  each  operation  

a)  i f the  associated  SCPD  i s  a  ci rcu i t-breaker (C2) :  

– e i ther both  C1  and  C2  shal l  tri p  at  both  test curren ts,  no  further tests  then  be ing  
requ i red .  

Th is  i s  the  general  case  i n  wh ich  back-up  protection  on l y i s  provided .  

– or C1  shal l  trip  and  C2  sha l l  be  i n  the  closed  pos i tion  at the  end  of each  operation ,  at  
both  test curren ts,  no  further tests  then  be ing  requ i red .  

Th is  requ ires  that  the  contacts  of C2  separate  momentari l y du ring  each  operation .  I n  
th is  case  restoration  of the  suppl y i s  provided ,  in  add i tion  to  back-up  protection  (see  
note  1  to  F igure  D. 3a).  The  duration  of i n terruption  of supply,  i f any,  shal l  be  recorded  
during  these  tests.  

– or C1  shal l  tri p  at  the  l ower test curren t,  and  both  C 1  and  C2  sha l l  tri p  at  the  h igher test  
curren t.  

Th is  requ i res  that the  con tacts  of C2  separate  momentari l y at  the  l ower test current.  
Add i ti onal  tests  shal l  be  made  at i n termed iate  curren ts  to  determ ine  the  lowest cu rrent at 
wh ich  both  C 1  and  C2  trip,  up  to  wh ich  current restoration  of suppl y i s  provided .  The  
duration  of i n terruption  of suppl y,  i f any,  sha l l  be  recorded  during  these  tests.  

b)  i f the  associated  SCPD  i s  a  fuse  (or a  set of fuses)  as  declared  by the  manufacturer:  

– for the  test at  the  rated  cond i ti onal  short-ci rcu i t  cu rrent  

– i n  case  of a  s ing le-phase  ci rcu i t  at  l east one  fuse  shal l  b l ow;  
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– i n  case  of a  mu l ti -phase  ci rcu i t  e i ther two  or more  fuses  shal l  b l ow,  or one  fuse  shal l  
b low and  C 1  shal l  trip ;  

– for the  test at  the  rated  short-ci rcu i t breaking  capaci ty C 1  shal l  trip  and  at l east one  
fuse  shal l  b l ow.  

D.6.4  Resu l ts  to  be  obtained  

Fol lowing  the  tests,  C1  shal l  comply wi th  9. 1 2. 1 2 . 2 .  

I n  add i tion ,  i f the  associated  SCPD is  a  ci rcu i t-breaker (C2) ,  i t  shal l  be  veri fi ed ,  by manual  
operation  or other appropriate  means,  that  the  contacts  of C2  have  not  welded .  

 

Key 

I  =  Prospecti ve  short-ci rcu i t  cu rren t  

Icn  =  Rated  short-ci rcu i t  capaci ty (5. 2 . 4)  

Is  =  Selecti vi ty l im i t  cu rrent  (3. 5. 1 4. 5)  

IB  =  Take-over cu rren t  (3 . 5. 1 4. 7)  

A =  Pre-arcing  characteri sti c  of the  fuse  

B  =  Operati ng  characteri sti c  of the  fuse  

C  =  Operati ng  characteri sti c  of the  ci rcu i t-breaker,  non -curren t- l im i ti ng  (N )  (break-time/curren t  and  I 2t  /curren t)  
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N  

C  

B  

A 

I 
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I Icn  IB  Is  

I
2
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NOTE  1  A i s  deemed  to  be  the  l ower l im i t;  B  and  C  are  deemed  to  be  the  upper l im i ts .  

NOTE  2  Non-ad i abati c  zone  for I 2t  shown  chain -dotted .  

NOTE  3  Reproduced  from  I EC 60947-2:  2006  F i gure  A. 1 .  

Figure D. 1  – Overcurrent co-ord ination  between  a  ci rcu i t-breaker  
and  a  fuse  or back-up  protection  by a  fuse  – Operating  characteristics  

 

Key 

C
1  
=  Curren t- l im i ti ng  ci rcu i t-breaker (L)  

(break-time  characteri sti c)  

C
2  
=  Non -current- l im i ti ng  ci rcu i t  breaker (N )  

( tri pping  characteri sti c)  

 

C
1
 =  Non -curren t-l im i ti ng  ci rcu i t-breaker (N )  

(break-time  characteri sti c)  

C
2
 =  Ci rcu i t-breaker wi th  i n tentional  short-time  

delay (STD)  (tri ppi ng  characteri sti c)  

NOTE  Values  of I
cn
 are  not  shown.   

Figure  D.2a  F igure  D.2b  

Figure D.2  – Total  selectivi ty between  two ci rcu i t-breakers  
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Figure  D.3a  Figure  D.3b  

Key   

C
1
  =   Non  cu rrent- l im i ti ng  ci rcu i t-breaker (N )  C

1
,  C

2   
=   Non  cu rren t- l im i ti ng  ci rcu i t-breaker (N )  

C
2
  =   Current- l im i ti ng  ci rcu i t  breaker (L)   

I
B
  =   Take-over cu rren t   

NOTE  1  Where  appl i cab le,  restoration  of supply by C2  occurs.  

NOTE  2  Icn  (C1  +  C2 )  ≤  Icn  (C2 ).  

NOTE  3  For val ues  of  I  >  IB ,  the  curve  i s  that  of the  associ ation  (shown  i n  bol d )  for wh ich  data  areobtained  by 
tests.  

Figure D.3  – Back-up  protection  by a  ci rcu i t-breaker –  
Operating  characteristics  
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Annex E  
(normative)  

 
Special  requirements  for auxi l iary circui ts   

for safety extra-low vol tage 

NOTE  Th is  Annex speci fi es  wh ich  subclauses  i n  th i s  standard  need  to  be  mod i fi ed  i n  order to  comply wi th  specia l  
requ i rements  for auxi l i ary ci rcu i ts  for safety extra-l ow vol tage.  

8. 1 .3  Clearances  and  creepage d istances  

Add the following note to Table  4:  

NOTE  4  Li ve  parts  i n  auxi l i ary ci rcu i ts  i n tended  to  be  connected  to  safety extra-l ow vol tages  shal l  be  separated  
from  ci rcu i ts  wi th  h i gher vol tages  i n  accordance  wi th  the  requ i rements  of 41 1 . 3 . 3  of I EC 60364-4-41 : 2005.  

9.7.4 Dielectric strength  of the  auxi l iary ci rcu i ts  

Add  the  fo l l owing  note:  

NOTE  A test  for ci rcu i ts  i n tended  for connection  to  safety extra- l ow vol tage  i s  under considerati on .  
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Annex F  
(informative)  

 
Examples  of terminals  

I n  F igures  F . 1  to  F . 4  examples  of des igns  of term inals  are  g i ven .  The  conductor l ocation  shal l  
have  a  d iameter su i table  for accepting  sol id  ri g id  conductors  and  a  cross-sectional  area  
su i table  for accepting  ri g i d  s tranded  conductors  (see  8. 1 . 5).  

 

IEC    

 

Figure  F . 1 a  – Terminals  wi th  sti rrup  

 

 

IEC    IEC    

 

Figure  F. 1 b  – Terminals  wi thout  
pressure  pl ate  

F igure  F . 1 c  – Terminals  wi th   
pressure  pl ate  

The  part  of the  term inal  conta i n i ng  the  th readed  ho le  and  the  part  of the  term inal  aga inst  wh ich  the  conductor i s  
cl amped  by the  screw may be  two  separate  parts ,  as  i n  the  case  of a  term inal  provi ded  wi th  a  s ti rrup.  

Figure  F . 1  – Examples  of pi l lar terminals  
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Figure  F. 2a  – Screw terminals  

Screw not  requ i ri ng  washer or cl amping  p late  Screw requ i ri ng  washer,  cl amping  pl ate  
or an ti -spread  device  
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A E D 
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FigureF.2b  – S tud  terminals  

Key 

1  Optional  

A F i xed  part  

B  Washer or cl amping  pl ate  

C  Anti -spread  device  

D  Conductor space  

E  S tud  

The  part  wh ich  retai ns  the  conductor i n  posi ti on  may be  of i n su lati ng  material ,  provided  the  pressure  necessary to  
cl amp the  conductor i s  not  transm i tted  through  the  i nsu lati ng  materia l .  

Figure  F .2  – Examples  of screw terminals  and  stud  terminals  
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 A A 

B B 
C 

D D 

IEC    

 

Key 

A  Sadd l e  

B   F i xed  part  

C   S tud  

D  Conductor space  

The  two  faces  of the  sadd le  may be  of d i fferent  shapes  to  accommodate  conductors  of e i ther smal l  or l arge  cross-
sectional  area,  by i n verti ng  the  sadd le.  

The  term inal s  may have  more  than  two cl amping  screws  or s tuds.  

Figure F .3  – Examples  of saddle  terminals  
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E E 
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g g F 
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Key 

A  Locking  means  

B   Cabl e  l ug  or bar 

E   F i xed  part  

F   S tud  

For th i s  type  of term inal ,  a  spri ng  washer or equal l y effecti ve  l ocking  means  shal l  be  provi ded  and  the  su rface  
wi th i n  the  cl amping  area  shal l  be  smooth .  

For certain  types  of equ ipment,  the  use  of l u g  term inal s  of s i zes  smal l er than  that  requ i red  i s  a l l owed .  

Figure F .4 – Examples  of l ug  terminals  
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Annex G  
(informative)  

 
Correspondence between  ISO and  AWG copper conductors  

ISO si ze  
mm 2  

AWG  

Size  Cross-section  
mm 2  

1 , 0  1 8  0 , 82  

1 , 5  1 6  1 , 3  

2 , 5  1 4  2 , 1  

4 , 0  1 2  3 , 3  

6 , 0  1 0  5 , 3  

1 0 , 0  8  8 , 4  

1 6 , 0  6  1 3, 3  

25, 0  3  26, 7  

35, 0  2  33, 6  

50, 0  0  53, 5  

NOTE  I n  general  I SO  s i zes  appl y.  Upon  request  of the  manufacturer AWG s i zes  may be  u sed .  
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Annex H  
(normative)  

 
Arrangement for short-circuit test 

The device  under test i s  mounted  as  shown  i n  F igure  H . 1  wh ich  may requ i re  adapting  to  the  
speci fic des ign  of the  device,  and  i n  accordance  wi th  the  manufacturer's  i nstruction .  

When  requ i red  ( i . e.  d uring  O  operations),  a  clear pol yethylene  foi l  (0, 05  ±  0 , 01 )  mm,  of a  s i ze  
at l east 50  mm  larger i n  each  d i rection ,  than  the  overal l  d imensions  of the  front face  of the  

device,  bu t not l ess  than  200  ×  200  mm,  is  fixed  and  reasonabl y s tretched  i n  a  frame,  p laced  
at  a  d is tance  of 1 0  mm  from  

– e i ther the  maximum  projection  of the  operating  means  of a  device  wi thout recess  for the  
operati ng  means;  

– or the  rim  of a  recess  for the  operati ng  means  of a  device  wi th  recess  for the  operating  
means.  

The  foi l  shou ld  have  the  fol l owing  physical  properties:  

– densi ty at  23  °C:  (0 , 92  ±  0 , 05)  g /cm 3;  

–  mel ting  poin t:  (1 1 0  to  1 20)  °C.  

When  requ ired ,  a  barrier of i nsu lating  materia l ,  a t l east 2  mm  th ick,  i s  p l aced ,  as  shown  i n  
F igure  H . 1 ,  between  the  arc vent and  the  pol yethylene  fo i l  to  prevent damage of the  foi l  due  
to  hot particles  em i tted  from  the  arc  vent.  

When  requ ired ,  a  g ri d ,  (or grids)  accord ing  to  F igure  H . 2  i s  (are)  p laced  at  a  d is tance  of 
"a"  (mm)  form  each  arc ven t of the  device.  

The  grid  ci rcu i t (see  F igure  H . 3)  shal l  be  connected  to  the  poin ts  B  or C  or C' ,  as  appl icable  
(see  F igures  3  and  4) .  

The  parameters  for the  g ri d  ci rcu i t(s)  are  as  fol lows:  

– res istor R′ :  1 , 5  Ω ;  

–  copper wi re  F ′ :  l ength  50  mm  and  d iameter as  speci fied  i n  9. 1 2. 9. 2.  

International  Electrotechnical  Commission

 



 – 1 1 8  – I EC 60898-1 : 201 5  © I EC  201 5  

Dimensions in  millimetres 
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Key 

1  To  the  fuse  F  

2  Metal  p l ate  

3  Cabl e  

4  Arc  vent  

5  Gri d  

6  Barri er 

7  Polyethylene  sheet 

8  Frame  

Figure  H . 1  – Test  arrangement 

Dimension in  millimetres 

 

1  

1
0
 

1 0 ∅2 

7 ± 0,2 
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Key 

1  Frame of i nsu lati ng  materi a l  

2  Copper wi res  

3  Metal  i n terconnection  of copper wi res  

Figure H .2  – Grid  ci rcu i t 
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 F′  

1  

F′  

R′  

R′  
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Key 

1  Connected  to  poi n ts  B  and  C  

Figure H .3  – Grid  ci rcu i t 
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Annex I  
(normative)  

 
Routine  tests  

I . 1  General  

The tests  speci fi ed  i n  th i s  Annex I  are  i n tended  to  reveal ,  as  far as  safety i s  concerned ,  un-
acceptable  variations  i n  materia l  or manufacture.  

Further tests  may have  to  be  made,  accord ing  to  the  experience  gained  by the  manufacturer,  
to  ensure  that every ci rcu i t-breaker is  i n  conform i ty wi th  the  samples  wh ich  passed  the  tests  
of th is  s tandard .  

I .2  Tripping  tests  

Tripping  test sha l l  be  veri fied  accord ing  to  a)  and  b).  

a)  Veri fication  of the  time-curren t characteristic  

A curren t of any conven ien t value  between  the  conven tional  tripping  current and  the  l ower 
value  of the  range  of i nstan taneous  tripping  of Table  2  (accord ing  to  the  tri pping  
characteristic of the  ci rcu i t-breaker:  B ,  C  or D)  i s  passed  separate ly through  each  
protected  pole  s tarti ng  from  cold .  

The  ci rcu i t-breaker shal l  tri p  wi th in  a  time  correspond ing  to  a  poin t,  se lected  by the  
manufacturer,  s i tuated  between  the  l im i ti ng  times  of the  tripping  characteri stic.  

b)  Veri fication  of the  instan taneous  tri pping  

The  test i s  carried  ou t at any conven ien t vol tage  wi thout blocking  the  operating  mean  i n  
the  closed  pos i ti on .  The  test  may be  carried  ou t on  each  protected  pole  separatel y  

I .3  Veri fication  of clearances  between  open  contacts  

With  the  ci rcu i t-breaker i n  the  open  pos i tion  a  vol tage  of substantial l y s ine-wave form  of 
1  500  V,  having  a  frequency of 50  Hz or 60  Hz,  i s  appl i ed  for 1  s  between  the  term inals  wh ich  
are  electrica l l y connected  together when  the  ci rcu i t-breaker i s  i n  the  closed  pos i ti on .  

No  fl ashover or breakdown  shal l  occur.  

Al ternative l y any conven ien t method  of veri fication  of the  clearances  between  open  contacts  
(e. g .  X-ray veri fication)  may be  used .  
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Annex J   
(normative)  

 
Particular requirements  for circui t-breakers  wi th   

screwless  type terminals  for external  copper conductors  

NOTE  Th is  annex supplemen ts  or mod i fi es  the  correspond i ng  cl auses  i n  th i s  standard .  Where  th i s  annex states  
“add i ti on ” ,  “mod i fi cation ”  or “replacement” ,  the  re levant requ i rements,  test  speci fi cations  or exp lanatory matter i n  i n  
th i s  s tandard  shou ld  be  adapted  accord ing l y.  

J .1  Scope  

This  Annex J  appl ies  to  ci rcu i t-breakers  wi th in  the  scope of th is  standard ,  equ ipped  wi th  
screwless  term inals,  for curren t not exceed ing  20  A primari l y su i table  for connecting  
unprepared  (see  J . 3 . 6)  copper conductors  of cross-section  up  to  4  mm 2 .  

NOTE  I n  AT,  CZ,  DK,  NL,  NO  and  CH  the  upper l im i t  of current  for use  of screwless  term inal s  i s  1 6  A.  

I n  th is  Annex J ,  screwless  term inals  are  referred  to  as  term inals  and  copper conductors  are  
referred  to  as  conductors.  

J .2  Normative references  

Clause  2  appl ies.  

J .3  Terms and  defin i tions  

Clause  3  appl ies  wi th  the  fol l owing  exceptions:  

Additional terms and definitions: 

J .3. 1  
clamping  un i ts  
parts  of the  term inal  necessary for mechan ica l  clamping  and  the  e lectrical  connection  of the  
conductors  i nclud ing  the  parts  wh ich  are  necessary to  ensure  correct con tact pressure  

J .3.2  
screwless-type  terminal  
term inal  for the  connection  and  subsequent d isconnection  obtained  d i rectl y or i nd i rectl y by 
means  of springs,  wedges  or the  l ike   

Note  1  to  en try:  Examples  are  g i ven  i n  F i gure  J . 2 .  

J .3.3  
un iversal  terminal  
term inal  for the  connection  and  d isconnection  of a l l  types  of conductors  (ri g i d  and  fl exib le)  

Note  1  to  en try:  I n  the  fol l owi ng  coun tri es  on l y un iversal  screwless  type  term inal s  are  accepted :  AT,  BE ,  CN ,  DK,  
DE,  ES,  FR,  I T,  PT,  SE  and  CH .  

J .3.4  
non-un iversal  terminal  
term inal  for the  connection  and  d isconnection  of a  certa in  kind  of conductor on l y (e. g .  ri g id -
sol id  conductors  on l y or ri g id -[sol i d  or s tranded ]  conductors  on l y)  
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J .3.5   
push-wire  terminal  
non-un iversal  term inal  i n  wh ich  the  connection  i s  made by push ing- in  ri g i d  (sol id  or stranded)  
conductors  

J .3.6  
unprepared  conductor 
conductor wh ich  has  been  cu t and  the  i nsu lation  of wh ich  has  been  removed  over a  certa in  
l ength  for i nsertion  i n to  a  term inal  

Note  1  to  en try:  A conductor the  shape  of wh ich  i s  arranged  for i n troduction  i n to  a  term inal  or of wh ich  the  strands  
may be  twisted  to  consol i date  the  end ,  i s  cons idered  to  be  an  unprepared  conductor.  

Note  2  to  en try:  The  term  "unprepared  conductor"  means  conductor not  prepared  by sol dering  of the  wi re,  use  of 
cable  l ugs,  formation  of eyelets,  etc. ,  bu t  i ncl udes  i ts  reshapi ng  before  i n troduction  i n to  the  term inal  or,  i n  the  case  
of fl exi ble  conductor,  by twisti ng  i t  to  consol i date  the  end .  

J .4 Classification  

Clause  4  appl ies.  

J .5 Characteristics  of ci rcui t-breakers  

Clause  5  appl ies.  

J .6  Marking  

Clause  6  appl ies  wi th  the  fol l owing  exceptions:  

Additional requirements:  

Un iversal  term inals:   

– no  marking .  

Non-un iversal  term inals :  

– term inals  declared  for ri g id -sol i d  conductors  shal l  be  marked  by the  letters  "sol " ;  

– term inals  declared  for ri g id  (sol id  and  s tranded)  conductors  shal l  be  marked  by the  l etter 
"r" ;  

– term inals  declared  for fl exible  conductors  shal l  be  marked  by the  letter "f" .  

The  markings  shou ld  appear on  the  ci rcu i t-breaker or,  i f the  space avai lable  i s  not sufficien t,  
on  the  smal l est package  un i t or i n  techn ical  in formation  .  

An  appropriate  marking  i nd icati ng  the  l eng th  of i nsu lation  to  be  removed  before  i nsertion  of 
the  conductor i n to  the  term inal  sha l l  be  shown  on  the  ci rcu i t-breaker.  

The  manufacturer shal l  a lso  provide  i n formation ,  i n  h is  l i terature,  on  the  maximum  number of 
conductors  wh ich  may be  clamped .  

J .7  Standard  conditions  for operation  in  service 

Clause  7  appl ies.  
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J .8  Constructional  requirements  

Clause  8  appl ies,  wi th  the  fol l owing  exceptions.  

In  8. 1 . 5 only 8. 1 . 5. 1 ,  8. 1 . 5. 2,  8. 1 . 5. 3,  8. 1 . 5. 6 and 8. 1 . 5.7 apply.   

Compliance is checked by inspection and by the tests of J. 9. 1  and J. 9. 2 of this Annex J,  
instead of 9. 4 and 9. 5.  

Additional subclauses:  

J .8. 1  Connection  or d isconnection  of conductors  

The connection  or d isconnection  of conductors  shal l  be  made  

– by the  use  of a  general  purpose  tool  or by a  conven ient device  in tegral  wi th  the  term inal  to  
open  i t  and  to  ass ist  the  i nsertion  or the  wi thdrawal  of the  conductors  (e . g .  for un iversal  
term inals) ;  

or,  for ri g i d  conductors  

– by s imple  i nsertion .  For the  d isconnection  of the  conductors  an  operation  other than  a  pu l l  
on  the  conductor shal l  be  necessary (e. g .  for push -wi re  term inals).  

Un iversal  term inals  sha l l  accept ri g i d  (sol i d  or stranded)  and  fl exib le  unprepared  conductors .  

Non-un iversal  term inals  shal l  accept the  types  of conductors  declared  by the  manufacturer.  

Compliance is checked by inspection and by the tests of J. 9. 1  and J. 9. 2.  

J .8.2  Dimensions  of connectable  conductors  

The d imensions  of connectable  conductors  are  g iven  in  Table  J . 1 .  

The ability to connect these conductors shall be  checked by inspection and by the tests of 
J. 9. 1  and J. 9. 2.  
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Table  J . 1  – Connectable  conductors  

Connectabl e  conductors  and  thei r theoretical  d iameter 

Metric AWG  

Rig id  F lexible  Rig id  F lexible  

 Sol id  Stranded     Sol ida  
C l ass  B  
stranded

a   
 

C lasses  
I ,  K,  M ,  
stranded

b   

mm 2  ∅  mm  ∅  mm  mm 2  ∅  mm  gauge  ∅  mm  ∅  mm  gauge  ∅  mm  

1 , 0  1 , 2  1 , 4  1 , 0  1 , 5  1 8  1 , 02  1 , 1 6  1 8  1 , 28  

1 , 5  1 , 5  1 , 7  1 , 5  1 , 8  1 6  1 , 29  1 , 46  1 6  1 , 60  

2 , 5  1 , 9  2 , 2  2 , 5  2 , 3  1 4  1 , 63  1 , 84  1 4  2 , 08  

4 , 0  2 , 4  2 , 7  4 , 0  2 , 9  1 2  2 , 05  2 , 32  1 2  2 , 70  

NOTE  Diameters  of the  l argest  ri g i d  and  fl exi ble  conductors  are  based  on  Tab le  1  of I EC 60228: 2004: ,  an d ,  for  
AWG  cond uctors ,  on  ASTM  B  1 72 -71 ,  and  I CEA pub l i ca t i on s  S -1 9 -81 ,  S -66 -524  an d  S -68-51 6 .  

a  Nom inal  d i ameter +  5  % .  

b  Largest  d i ameter +  5  %  for any of the  th ree  cl asses  I ,  K and  M .  

 

J .8.3  Connectable  cross-sectional  areas  

The nom inal  cross-sections  to  be  clamped  are  defined  i n  Table  J . 2 .   

Table  J . 2  – Cross-sections  of copper conductors   
connectable  to  screwless-type  terminals  

Rated  cu rren t  
A  

Nominal  cross-sections  to  be  clamped  
mm 2  

Up to  and  i ncl ud i ng  1 3  1  up  to  and  i ncl ud ing  2 , 5  

Above  1 3  up  to  and  i ncl ud i ng  20  1 , 5  up  to  and  i ncl ud ing  4  

 

Compliance is checked by inspection and by the tests of J. 9. 1  and J. 9. 2.  

J .8.4  Insertion  and  d isconnection  of conductors  

The i nsertion  and  d isconnection  of the  conductors  shal l  be  made  in  accordance wi th  the  
manufacturer’s  i nstructions.  

Compliance is checked by inspection.  

J .8.5  Design  and  construction  of terminals  

Term inals  shal l  be  so  designed  and  constructed  that:  

– each  conductor is  cl amped  ind ividual l y;  

– during  the  operation  of connection  or d isconnection  the  conductors  can  be  connected  or 
d isconnected  e i ther at  the  same time or separately;  

– i nadequate  i nsertion  of the  conductor i s  avoided .  

I t  shal l  be  possib le  to  cl amp securel y any number of conductors  up  to  the  maximum  provided  
for.  

Compliance is checked by inspection and by the  tests of J. 9. 1  and J. 9. 2.  
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J .8.6  Resistance  to  ageing  

The term inals  sha l l  be  resistant to  ageing .  

Compliance is checked by the test of J. 9. 3.  

J .9  Tests  

Clause  9  appl ies  wi th  the  fo l l owing  exceptions:  

Replacement of 9. 4 and 9. 5 by the  following new subclauses:  

J .9. 1  Test of rel iabi l i ty of screwless  terminals  

J .9. 1 . 1  Rel iabi l i ty of screwless  system  

The test i s  carried  ou t on  th ree  term inals  of poles  of new samples,  wi th  copper conductors  of 
the  rated  cross  sectional  area  i n  accordance wi th  Table  J . 2 .  The  types  of conductors  shal l  be  
i n  accordance  wi th  J . 8. 1 .  

The  connection  and  subsequen t d isconnection  shal l  be  made fi ve  times  wi th  the  smal lest 
d iameter conductor and  success ivel y fi ve  times  wi th  the  l argest  d iameter conductor.  

New conductors  shal l  be  used  each  time,  except for the  fi fth  time,  when  the  conductor used  
for the  fourth  i nsertion  i s  clamped  at the  same p lace.  Before  i nsertion  i n to  the  term inal ,  wi res  
of stranded  rig i d  conductors  shal l  be  re-shaped  and  wi res  of flexib le  conductors  shal l  be  
twisted  to  consol idate  the  ends.  

For each  insertion ,  the  conductors  are  e i ther pushed  as  far as  poss ib le  i n to  the  term inal  or 
shal l  be  i nserted  so  that adequate  connection  is  obvious.  

After each  insertion ,  the  conductor be ing  inserted  is  rotated  90°  along  i ts  axis  at the  level  of 
the  clamped  section  and  subsequentl y d isconnected .  

After these  tests,  the  term inal  shal l  not be  damaged  in  such  a  way as  to  impair i ts  further use.  

J .9. 1 .2  Test of rel i abi l i ty of connection  

Three term inals  of poles  of new samples  are  fi tted  wi th  new copper conductors  of the  type  
and  of the  rated  cross  sectional  area  accord ing  to  Table  J . 2.   

The  types  of conductors  shal l  be  i n  accordance wi th  J . 8. 1 .  

Before  i nsertion  i n to  the  term inal ,  wi res  of stranded  ri g id  conductors  and  flexible  conductors  
shal l  be  reshaped  and  wi res  of fl exib le  conductors  shal l  be  twisted  to  consol idate  the  ends.  

I t  shal l  be  possib le  to  fi t  the  conductor i n to  the  term inal  wi thout  undue  force  i n  the  case  of 
un iversal  term inals  and  wi th  the  force  necessary by hand  i n  the  case  of push-wire  term inals .  

The  conductor is  e i ther pushed  as  far as  poss ib le  i n to  the  term inal  or sha l l  be  i nserted  so  that  
adequate  connection  i s  obvious.  

After the  test,  no  wire  of the  conductor shal l  have  escaped  ou ts ide  the  term inal .  
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J .9.2  Tests  of rel i abi l i ty of terminals  for external  conductors:  mechanical  strength  

For the  pu l l -out test three  term inals  of poles  of new samples  are  fi tted  wi th  new conductors  of 
the  type  and  of the  m in imum  and  maximum  cross-sectional  areas  accord ing  to  Table  J . 2 .  

Before  i nsertion  i n to  the  term inal ,  wi res  of stranded  ri g id  conductors  and  flexible  conductors  
shal l  be  reshaped  and  wi res  of fl exib le  conductors  shal l  be  twisted  to  consol idate  the  ends.  

Each  conductor is  then  subj ected  to  a  pu l l  force  of the  va lue  shown  i n  Table  J . 3.  The  pu l l  i s  
appl ied  wi thou t j erks  for 1  m in  i n  the  d i rection  of the  axis  of the  conductor.  

Table  J .3  – Pu l l  forces  

Cross-sectional  area  
mm 2  

Pu l l  force   
N  

1 , 0  35  

1 , 5  40  

2 , 5  50  

4 , 0  60  

 

During  the  test the  conductor shal l  not  s l i p  ou t  of the  term inal .  

J .9.3  Cycl ing  test  

The test i s  made  wi th  new copper conductors  having  cross  section  accord ing  to  Table  1 0 .  

The  test i s  carried  ou t on  new samples  (a  sample  i s  one  pole),  the  number of wh ich  i s  defi ned  
below,  accord ing  to  the  type  of term inals:  

– un iversal  term inals  for ri g id  (sol id  and  s tranded)  and  flexible  conductors :  3  samples  each  
(6  samples  i n  tota l ) ;  

– non-un iversal  term inals  for sol id  conductors  on l y:  3  samples;  

– non-un iversal  for rig i d  (sol i d  and  s tranded)  conductors:  3  samples  each  (6  samples);  

NOTE  I n  case  of ri g i d  conductors,  sol i d  conductors  shou l d  be  used  ( i f sol i d  conductors  are  not  avai l abl e  i n  a  
g i ven  coun try,  s tranded  conductors  can  be  used).  

– non-un iversal  for fl exib le  conductors  on l y:  3  samples.  

The  conductor i s  connected  i n  series  as  i n  normal  use  to  each  of the  three  samples  as  
defined  on  F igure  J . 1 .  

 
L = 1  m 
 

L = 1  m 

L = 1  m 

L = 1  m 
 

IEC  

Figure  J . 1  – Connecting  samples  
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The  sample  is  provided  wi th  a  hole  (or equ iva len t)  i n  order to  measure  the  vol tage  d rop  on  the  
term inal .  

The  whole  test arrangement,  i nclud ing  the  conductors ,  i s  p laced  in  a  heati ng  cabinet wh ich  i s  

i n i tia l l y kept at  a  temperature  of (20  ±  2 )  °C.   

To  avoid  any movement of the  test  arrangement un ti l  a l l  the  fol lowing  vol tage  drop  tests  have  
been  completed  i t  i s  recommended  that the  poles  are  fixed  on  a  common  support.  

Except during  the  cool ing  period ,  a  test current  correspond ing  to  the  rated  current of the  
ci rcu i t  breaker is  appl i ed  to  the  ci rcu i t.  

The  samples  shal l  be  then  subj ected  to  1 92  temperature  cycles,  each  cycle  having  a  duration  
of approximatel y 1  h ,  as  fol lows:  

The  a i r temperature  i n  the  cabinet i s  raised  to  40  °C  i n  approximatel y 20  m in .  I t  i s  main tained  

wi th in  ±5  °C  of th is  va lue  for approximatel y 1 0  m in .   

The  samples  are  then  a l lowed  to  cool  down  i n  approximatel y 20  m in  to  a  temperature  of 
approximatel y 30  °C,  forced  cool ing  being  a l l owed .  They are  kept at  th is  temperature  for 
approximatel y 1 0  m in  and ,  i f necessary for measuring  the  vol tage  drop,  a l l owed  to  cool  down  

further,  to  a  temperature  of (20±2)  °C.  

The  maximum  vol tage  drop,  measured  at each  term inal ,  at the  end  of the  1 92nd  cycle,  wi th  
the  nom inal  curren t shal l  not exceed  the  smal ler of the  two  fo l lowing  values:  

– e i ther 22 ,5  mV,  

– or 1 , 5  t imes  the  value  measured  after the  24 th  cycle.  

The  measurement shal l  be  made as  near as  poss ib le  to  the  area  of con tact on  the  term inal .  

I f the  measuring  poin ts  cannot  be  pos i tioned  closel y to  the  poin t  of contact,  the  vol tage  drop  
wi th in  the  part  of the  conductor between  the  i deal  and  the  actual  measuring  poin ts  shal l  be  
deducted  from  the  vol tage  d rop  measured .  

The  temperature  i n  the  heating  cabinet must be  measured  at a  d istance  of at  l east 50  mm  
from  the  samples.  

After th is  test an  i nspection  wi th  the  naked  eye,  by normal  or corrected  vis ion ,  wi thout  
add i tional  magn i fication ,  shal l  show no  changes  evidentl y impairing  fu rther use,  such  as  
cracks,  deformations  or the  l i ke.  
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Screwless-type terminal  with  indirect pressure 

Screwless-type terminal  with  direct pressure 

Screwless-type terminal  with  actuating element 

IEC  

Figure  J . 2  – Examples  of screwless-type  terminals  

J .1 0  Reference documents  

I EC 60228: 2004,  Conductors of insulated cables  

I EC 60998-1 : 1 990,  Connecting devices for low voltage circuits for household and similar 
purposes – Part 1 :  General requirements  

I EC  60998-2-2 : 1 991 ,  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  
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I EC 60999  (a l l  parts) ,  Connecting devices – Electrical copper conductors – Safety require-
ments for screw-type and screwless-type clamping units  

ASTM  B1 72-01 a,  Standard Specification for Rope-Lay-Stranded Copper Conductors Having 
Bunch-Stranded Members,  for Electrical Conductors  

I CEA S-1 9-81  /  NEMA WC3,  Rubber-Insulated Wire and Cable 1  

I CEA S-66-524  /  NEMA WC7,  Cross-Linked-Thermosetting-Polyethylene Insulated Wire and 
Cable1  

I CEA S-68-51 6  / NEMA WC8,  Ethylene-Propylene-Rubber Insulated Wire and Cable1  

_________ 

1  Wi thdrawn  
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Annex K  
(normative)  

 
Particular requirements  for circui t-breakers   

wi th  flat qu ick-connect terminations  

NOTE  Th is  annex suppl ements  or mod i fi es  the  correspond i ng  cl auses  i n  th i s  s tandard .  Where  th i s  annex states  
“add i ti on ” ,  “mod i fi cation ”  or “replacement” ,  the  re levant requ i rements,  test  speci fi cations  or exp lanatory matter i n  i n  
th i s  s tandard  shou ld  be  adapted  accord ing l y.  

K.1  Scope  

This  Annex K appl ies  to  ci rcu i t-breakers  wi th in  the  scope of cl ause  1 ,  equ ipped  wi th  fl at  q u ick-
connect term inations  consisti ng  of a  male  tab  (see  K. 3. 2)  wi th  nom inal  wid th  6, 3  mm  and  
th ickness  0 , 8  mm,  to  be  used  wi th  a  mating  female  connector for connecting  e lectrical  copper 
conductors  accord ing  to  the  manufacturer's  instructions,  for rated  currents  up  to  and  i nclud ing  
1 6  A.  

NOTE  The  use  of ci rcu i t-breakers  wi th  fl at  q u ick-connect  term inations  for rated  cu rrents  up  to  and  i ncl ud i ng  20  A 
i s  accepted  i n  BE ,  FR,  I T,  ES ,  PT and  US.  

The connectable  electrica l  copper conductors  are  flexib le,  having  a  cross-sectional  area  up  to  
and  i nclud ing  4  mm 2 ,  or ri g i d  stranded ,  having  a  cross-sectional  area  up  to  and  i nclud ing  
2 , 5  mm2  (AWG equal  to  or g reater than  1 2).  

Th is  Annex K appl ies  exclusivel y to  ci rcu i t-breakers  having  male  tabs  as  an  i n tegral  part of 
the  device.  

K.2  Normative references  

 C lause  2  appl ies  wi th  the  fol l owing  exceptions:  

Additional reference:  

I EC 61 21 0: 1 993,  Connecting devices – Flat quick-connect terminations for electrical copper 
conductors – Safety requirements  

K.3  Terms and  defin i tions  

Clause  3  appl ies  wi th  the  fol l owing  exceptions:  

Additional terms and definitions:  

K.3. 1  
flat  qu ick-connect termination  
electrical  connection  consisting  of a  male  tab  and  a  female  connector wh ich  can  be  pushed  
i n to  and  wi thdrawn  wi th  or wi thou t the  use  of a  tool  

K.3.2  
male  tab  
portion  of a  qu ick-connect term ination  wh ich  receives  the  female  connector 

K.3.3  
female  connector 
portion  of a  qu ick-connect term ination  wh ich  i s  pushed  onto  the  male  tab  
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K.3.4  
detent  
d imple  (depression)  or hole  i n  the  male  tab  wh ich  engages  a  ra ised  portion  on  the  female  
connector to  provide  a  l atch  for the  mating  parts.  

K.4 Classification  

Clause  4  appl ies.  

K.5 Characteristics  of ci rcui t-breakers  

Clause  5  appl ies.  

K.6  Marking  

Clause  6  appl ies  wi th  the  fol l owing  exceptions:  

Addition after the lettered item k) :  

The fo l l owing  in formation  regard ing  the  female  connector accord ing  to  I EC  61 21 0  and  the  
type  of conductor to  be  used  shal l  be  g iven  i n  the  manufacturers'  i nstructions:  

a)  manufacturer’s  name or trade  mark;  

b)  type  reference;  

c)  i n formation  on  cross-sections  of conductors  and  colour code  of i nsu la ted  female  
connectors  (see  Table  K. 1  below);  

d )  the  use  of on l y s i l ver or t i n -p lated  copper a l l oys.  

Table  K. 1  – Informative  table  on  colour code of female  connectors   
in  relationsh ip  with  the  cross  section  of the  conductor 

Cross-section  of the  conductor 
mm 2  

Colour code of the  female  connector 

1  Red  

1 , 5  Red  or b l ue  

2 , 5  B l ue  or yel l ow 

4  Yel l ow 

 

K.7  Standard  conditions  for operation  in  service 

Clause  7  appl ies.  

K.8  Constructional  requirements  

Clause  8  appl ies,  wi th  the  fol l owing  exceptions:  

Replacement of 8. 1 . 3 by:   

K.8. 1  Clearances  and  creepage d istances  (see  Annex B)  

Subclause  8. 1 . 3  appl i es,  the  female  connectors  being  fi tted  to  the  male  tabs  of the  ci rcu i t-
breaker.  
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Replacement of 8. 1 . 5 by:  

K.8.2  Terminals  for external  conductors  

K.8.2. 1  Male  tabs  and  female  connectors  shal l  be  of a  meta l  having  mechan ical  s trength ,  

e lectrical  conductivi ty and  res istance  to  corros ion  adequate  for the ir i n tended  use.   

NOTE  S i l ver or t i n  p l ated  copper a l l oys  are  examples  of su i table  sol u ti ons.  

K.8.2.2  The nom inal  wid th  of the  male  tab  is  6 , 3  mm  and  the  th ickness  0 , 8  mm,  appl icable  to  
rated  curren ts  up  to  and  i nclud ing  1 6  A.  

NOTE  1  The  use  for rated  currents  up  to  and  i ncl ud ing  20  A i s  accepted  i n  BE ,  FR,  I T,  PT,  ES  and  US.  

The d imensions  of the  male  tab  shal l  comply wi th  those  speci fied  i n  Table  K. 3  and  i n  figures  
K. 2 ,  K. 3 ,  K.4  and  K.5,  where  the  d imensions  A,  B ,  C,  D ,  E ,  F ,  J ,  M ,  N  and  Q  are  mandatory.  

The  d imensions  of the  female  connector wh ich  may be  fi tted -on  are  g i ven  i n  F igure  K. 6  and  i n  
Table  K. 4.  

NOTE  2  The  shapes  of the  vari ous  parts  may deviate  from  those  g i ven  i n  the  fi gu res,  provided  that  the  speci fi ed  
d imensions  are  not  i n fl uenced  and  the  test  requ i rements  are  compl ied  wi th ,  for example:  corrugated  tabs,  fol ded  
tabs,  etc.  

Compliance is checked by inspection and by measurement.  

K.8.2.3  Male  tabs  shal l  be  securel y retained .  

Compliance is checked by the  mechanical overload test of K. 9. 1 .  

K.9  Tests  

Clause  9  appl ies,  wi th  the  fol l owing  exceptions:  

Replacement of 9. 5 by:  

K.9. 1  Mechan ical  overload-force   

This test is done on 10 terminals of circuit-breakers,  mounted as in normal use when wiring 
takes place.  

The axial push force,  and successively the axial pull force specified in the following Table K. 2,  
are gradually applied to the male tab integrated in the circuit-breaker,  once only with a  
suitable test apparatus.   

Table  K.2  – Overload  test forces  

Push  
N  

Pu l l  
N  

96  88  

 

No damage which could impair further use shall occur to the tab or to the circuit-breaker in 
which the  tab  is integrated.  

Addition to  9. 8. 3:  
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Fine-wire thermocouples shall be placed in such a  way as not to influence the contact or the 
connection area.  An example of placement is shown in  Figure K. 1 .  

 
Thermocouple  

IEC     

Figure K. 1  – Example  of posi tion  of the  thermocouple   
for measurement of the  temperature-rise  

Table  K.3  – Dimensions  of tabs  

Dimensions in  millimetres 

Nominal  s i ze  
A B  

min  
C D  E  F  J  M  N  P  Q 

min  

6 , 3  ×  0 , 8  

D imple  
1 , 0   0 , 84  6 , 40  4 , 1  2 , 0  1 2°  2 , 5  2 , 0  1 , 8   

0 , 7  7 , 8  0 , 77  6 , 20  3, 6  1 , 6  8°  2 , 2  1 , 8  0 , 7  8 , 9  

Hole  
1 , 0   0 , 84  6 , 40  4 , 7  2 , 0  1 2°    1 , 8   

0 , 5  7 , 8  0 , 77  6 , 20  4 , 3  1 , 6  8°    0 , 7  8 , 9  

NOTE  1  For the  d imensions  A  to  Q  refer to  fi gu res  K. 2  to  K. 5.  

NOTE  2  Where  two val ues  are  shown  i n  one  col umn ,  they g i ve  the  maximum  and  the  m in imum  d imension .  
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E E 

A A 

B 

45°(approx. )  45°(approx. )  

D
 

D
 

L
 

Q 

J J 

E 

A 

D
 

Q 

P 

C
 

C
 

Centre of detent 

Centre of detent Optional  shoulder 

J 

C
 

Centre of detent 

Alternative bevel  

1 , 1 4 mm min.  
(0,045 in) min.  

IEC 
 

NOTE  1  Bevel  A  of 45°  need  not  be  a  stra i gh t  l i ne  i f i t  i s  wi th i n  the  confi nes  shown.  

NOTE  2  D imension  L  i s  not  speci fi ed  and  may vary by the  appl i cati on  (for example  fi xi ng ).  

NOTE  3  D imension  C  of tabs  may be  produced  from  more  than  one  l ayer of materi al  provi ded  that  the  resu l ti ng  
tab  compl ies  i n  a l l  respects  wi th  the  requ i rements  of th i s  standard .  

A rad i us  on  the  l ong i tud ina l  edge  of the  tab  i s  perm issib le.   

NOTE  4  The  sketches  are  not  i n tended  to  govern  the  des i gn  except  wi th  regard  to  the  d imensions  shown .   

NOTE  5  The  th i ckness  C  of the  male  tab  may vary beyond  Q  or beyond  B  +  1 , 1 4  mm  (0, 043  i n )  

NOTE  6  Al l  porti ons  of the  tabs  are  fl at  and  free  of bu rrs  or ra i sed  pl ateaus,  except  that  there  may be  a  rai sed  
plateau  over the  s tock th i ckness  of 0 , 025  mm  (0, 001  i n )  per s i de,  i n  an  area  defi ned  by a  l i ne  su rround ing  the  
deten t  and  d i stan t  from  i t  by 1 , 3  mm  (0, 051  i n ) .  

Figure K.2  – Dimensions  of male  tabs  
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 0,076 mm min.  
(0,003 in) min.  

Radius 

 ∅
F
 

X 

X 

Section X-X 

0,076 mm min.  
(0,003 in) min.  

IEC  

Deten t shal l  be  l ocated  wi th i n  0 , 076  mm  (0, 003  i n )  of the  cen tre- l i ne  of the  tab.  

Figure K.3  – Dimensions  of round  d imple  deten ts  (see  F igure  K.2)  

 

Radius 

Y 

Y 
Section Y-Y 

N 

M
 

0,076 mm min.  
(0,003 in) min.  

0,076 mm min.  
(0,003 in) min.  

IEC  

Deten t shal l  be  l ocated  wi th i n  0 , 1 3  mm  (0 , 005  i n )  of the  centre- l i ne  of the  tab.  

Figure  K.4 – Dimensions  of rectangular d imple  detents  (see  F igure  K.2)  

 Z 

Z Section Z-Z 

 ∅
F
 

IEC  

Deten t shal l  be  l ocated  wi th i n  0 , 076  mm  (0, 003  i n )  of the  cen tre- l i ne  of the  tab.  

Figure K.5  – Dimensions  of hole  detents  
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B3  

X 

1 ,5 mm (max.) 

B3   

L2  

Outl ine of the female connector 

IEC  

Dimensions  B3  and  L2  are  mandatory.  

NOTE  1  For d eterm in ing  female  connector d imensions  varying  from  B3  and  L2  refer to  the  tab  d imensions  i n  
order to  ensu re  that  i n  the  most  onerous  cond i ti ons  the  engagement  (and  detent,  i f fi tted )  between  tab  and  female  
connector i s  correct.  

NOTE  2  I f a  d eten t  i s  provi ded ,  the  d imension  X i s  at  manufacturer's  d i screti on  i n  order to  meet the  requ i rements  
of the  performance  cl auses.  

NOTE  3  Female  connectors  are  so  designed  that  undue  i nsertion  of the  conductor i n to  the  crimping  area  i s  vi s ibl e  
or prevented  by a  s top  i n  order to  avoi d  any i n terference  between  the  conductor and  a  fu l l y i nserted  tab.  

NOTE  4  The  sketches  are  not  i n tended  to  govern  the  des i gn  except  as  regards  the  d imensions  shown.  

Figure K.6  – Dimensions  of female  connectors  

Table  K.4 – Dimensions  of female  connectors  

Tab s ize  
mm  

D imensions  of female  connector 
mm  

B3  max.  L2  max.  

6, 3  ×  0 , 8  7 , 8  3 , 5  

 

K.1 0  Reference documents  

I EC 60760: 1 989,  Flat,  quick-connect terminations  
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Annex L 
(normative)  

 
Specific requirements  for circui t-breakers  wi th  screw-type terminals  for 
external  untreated  aluminium conductors  and  with  aluminium screw-type 

terminals  for use  with  copper or with  aluminium conductors  

NOTE  Th is  annex supplemen ts  or mod i fi es  the  correspond i ng  cl auses  i n  th i s  standard .  Where  th i s  annex states  
“add i ti on ” ,  “mod i fi cation ”  or “replacement” ,  the  re levant requ i rements,  test  speci fi cations  or exp lanatory matter i n  i n  
th i s  s tandard  shou ld  be  adapted  accord ing l y.  

L.1  Scope  

This  Annex L  appl i es  to  ci rcu i t-breakers  wi th in  the  scope  of th is  s tandard ,  equ ipped  wi th  
screw-type  term inals  of copper – or of a l loys  conta in ing  at l east 58  %  of copper ( i f worked  
cold )  or at least 50  %  of copper ( i f worked  otherwise) ,  or of other meta l  or su i tabl y coated  
metal ,  no  l ess  resistan t to  corros ion  than  copper and  having  mechan ical  properties  no  l ess  
su i table  – for use  wi th  un treated  a l um in ium  conductors,  or wi th  screw-type  term inals  of 
a lum in ium  materia l  for use  wi th  copper or a lum in ium  conductors.  

I n  th is  Annex L  copper-clad  and  n ickel -clad  a lum in ium  conductors  are  cons idered  as  
a lum in ium  conductors.  

NOTE  I n  Austri a,  Austral i a  and  Germany,  the  use  of a l um in ium  screw-type  term inal s  for use  wi th  copper 
conductors  i s  not  a l l owed .  

– I n  Austriaand  Germany,  term inal s  for a l um in ium  conductors  on ly are  not  a l l owed .  

– I n  Spai n ,  the  use  of a l um in ium  conductors  i s  not  a l l owed  for fi nal  ci rcu i ts  i n  househol d  and  s im i l ar i nstal l ati ons   
e . g .  offi ces,  shops.  

– I n  Denmark,  the  m in imum  cross-sectional  area  for a l um in ium  conductors  i s  1 6  mm 2 .  

L.2  Normative references  

Void .   

L.3  Terms and  defin i tions  

Clause  3  appl ies  wi th  the  fol l owing  exceptions:  

Additional terms and definitions:  

L.3. 1  
treated  conductor 
con tact area  of a  conductor that has  had  i ts  oxide  layer on  the  ou ts ide  strands  scraped  away 
and /or has  had  a  compound  added  to  improve  connectabi l i ty and /or prevent  corros ion  

L.3.2   
untreated/unprepared  conductor  
conductor wh ich  has  been  cu t and  the  i nsu lation  of wh ich  has  been  removed  for i nsertion  i n to  
a  term inal  

Note  1  to  en try:  A conductor,  the  shape  of wh ich  i s  arranged  for i n troduction  i n to  a  term inal  or the  strands  of 
wh ich  are  twisted  to  consol i date  the  end ,  i s  considered  to  be  an  u nprepared  conductor.  
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L.3.3  
equal izer  
arrangement used  i n  the  test l oop  to  ensure  an  equ ipotentia l i ty poin t and  un i form  curren t 
dens i ty i n  a  stranded  conductor,  wi thout adversel y affecting  the  temperature  of the  
conductor(s)  

L.3.4  
reference  conductor  
continuous  l eng th  of the  same type  and  s i ze  conductor as  that used  i n  the  term inal  un i t  under 
test and  connected  in  the  same series  ci rcu i t  

Note  1  to  en try:  I t  enab les  the  reference  temperature  and ,  i f  requ i red ,  reference  resi stance  to  be  determ ined .  

L.3.5  
stabi l i ty factor  
Sf  
measure  of temperature  stabi l i ty of a  term inal  u n i t  during  the  curren t cycl ing  test  

L.4 Classification  

Clause  4  appl ies.  

L.5 Characteristics  of ci rcui t-breakers  

Clause  5  appl ies.  

L.6 Marking   

Clause  6  appl ies  wi th  the  fol l owing  exceptions:  

Addition:  

The term inal  marking  defined  i n  Table  L. 1  shal l  be  marked  on  the  ci rcu i t-breaker,  near the  
term inals .  

The  other i n formation  concern ing  the  number of conductors,  the  screw torque  values  ( i f 
d i fferent  from  Table  1 1 )  and  the  cross-sections,  shal l  be  ind icated  on  the  ci rcu i t-breaker.  

Table  L.1  – Marking  for terminals  

Conductor types  accepted  Marking  

Copper on l y  None  

Al um in ium  on ly  Al  

Al um in ium  and  copper Al /Cu  

 

The manufacturer shal l  s tate  i n  h is  cata logue  that,  for the  clamping  of an  a l um in ium  conductor 
the  tigh ten ing  torque  shal l  be  appl i ed  wi th  appropriate  means.  

L.7  Standard  conditions  for operation  in  service 

Clause  7  appl ies.  
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L.8  Constructional  requirements  

Clause  8  appl ies,  wi th  the  fol l owing  exceptions:  

8. 1 .5.2  Addition:  

For the  connection  of a l um in ium  conductors,  ci rcu i t-breakers  shal l  be  provided  wi th  screw-
type  term inals  a l l owing  the  connection  of conductors  having  nom inal  cross-sections  as  shown  
i n  Table  L . 2 .  

Term inals  for the  connection  of a lum in ium  conductors  and  term inals  of a lum in ium  for the  
connection  of copper or a l um in ium  conductors  shal l  have  mechan ical  streng th  adequate  to  
wi thstand  the  tests  of 9 . 4 ,  wi th  the  test conductors  ti gh tened  wi th  the  torque  i nd icated  i n   
Table  1 1 ,  or wi th  the  torque  speci fied  by the  manufacturer,  wh ich  shal l  never be  l ower than  
that  speci fi ed  i n  Table  1 1 .  

Table  L.2  – Connectable  cross-sections  of alumin ium  conductors   
for screw-type  terminals  

Rated  Curren t a  

A 

Range  of nominal  cross-secti ons  b   
to  be  clamped  

mm 2  

Up  to  and  i ncl ud i ng  1 3  1  to  4  

Above  1 3  up  to  and  i ncl ud i ng  1 6  1  to  6  

Above  1 6  up  to  and  i ncl ud i ng  25  1 , 5  to  1 0  

Above  25  up  to  and  i ncl ud i ng  32  2 , 5  to  1 6  

Above  32  up  to  and  i ncl ud i ng  50  4  to  25  

Above  50  up  to  and  i ncl ud i ng  80  1 0  to  35  

Above  80  up  to  and  i ncl ud i ng  1 00  1 6  to  50  

Above  1 00  up  to  and  i ncl ud ing  1 25  25  to  70  

a  I t  i s  requ i red  that,  for cu rren t  rati ngs  up  to  and  i ncl ud ing  50  A,  term inal s  be  designed  to  cl amp sol i d  
conductors  as  we l l  as  ri g i d  stranded  conductors;  the  use  of fl exi ble  conductors  i s  perm i tted .  Nevertheless,  i t  
i s  perm i tted  that  term inal s  for conductors  havi ng  cross-secti ons  from  1  mm 2  u p  to  1 0  mm2  be  des i gned  to  
cl amp  sol i d  conductors  on l y.  

b  Maximum  wi re  s i zes  of Tabl e  5 ,  i ncreased  accord ing  to  Table  D. 2  of I EC 61 545: 1 996.  

 

Compliance is checked by inspection,  by measurement and by fitting in turn one conductor 
of the smallest and one of the largest cross-section areas as specified.  

8. 1 .5.4  Replacement:  

Term inals  shal l  a l l ow the  conductors  to  be  connected  wi thout special  preparation .  

Compliance is checked by inspection and the tests of L. 9.  

L.9  Tests  

Clause  9  appl ies,  wi th  the  fol l owing  exceptions:  

Addition:  

For the tests which are influenced by the material of the terminal and the  type of conductor 
that can be  connected,  the test conditions of Table  L. 3 are applied.  
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Additionally the test of L. 9. 2 is carried out on terminals separated from the  circuit-breaker.  

Table  L.3  – List  of tests  according  to  the  material  of conductors  and  terminals  

Material  of terminals  Material  accord ing  
to  8 . 1 .4. 4  a  

Al  a  

Materi a l  of conductor 
(Tab le  L. 1 )  

Al  

Use  Tabl es  L. 2  and  L. 5  

Cu  

Use  Tabl es  5  and  1 0  

Al  

Use  Tabl es  L. 2  and  L. 5  

9. 4  Rel i abi l i ty of 
screws  

Use  Tabl es  L. 2 ,  L. 5  and  1 1  Use  Tabl es  5,  1 0  and  1 1  Use  Tabl es  L. 2 ,  L. 5  and  1 1  

9 . 5. 2  Pu l l -ou t  test  b  Use  Tabl es  L. 2 ,  L . 5  and  1 1  Use  Tabl es  5,  1 0  and  1 1  Use  Tabl es  L. 2 ,  L . 5  and  1 1  

9 . 5. 3  Damage  of the  
conductor 

Use  Tabl es  L. 2 ,  L . 5  and  1 1  Use  Tabl es  5,  1 0  and  1 1  Use  Tabl es  L. 2 ,  L . 5  and  1 1  

9 . 5. 4  I nsertion  of the  
conductor 

Use  Tabl e  L. 4  Use  Tabl e  5  Use  Tabl e  L. 4  

9 . 8  Temperatu re  
ri se  

Use  Tabl e  L. 5  Use  Tabl e  1 0  Use  Tabl e  L. 5  

9 . 9  28-day test  Use  Tabl e  L. 5  Use  Tabl e  1 0  Use  Tabl e  L. 5  

L. 9. 2  Cycl i ng  test  Use  Tabl e  1 1  Use  Tabl e  1 1  Use  Tabl e  1 1  

a  Use  test  sequences  A and  B  and  number of samples  defi ned  i n  Annex C.  For ci rcu i t-breakers  wh ich  are  able  
to  be  connected  to  Al  or Cu  conductors ,  the  test  sequences  and  number of samples  have  to  be  doubl ed  (one  
for the  Cu  conductor and  one  for the  Al  conductor)  

b  For the  pu l l -ou t  test  9 . 5. 2 ,  the  val ue  for 70  mm 2  wi re  i s  under consideration .   

 

Table  L.4  – Connectable  conductors  and  thei r theoretical  d iameters  

Metric  AWG  

Rig id  
F lexible   

(copper on l y)  
Rig id  

F lexible   
(copper on l y)  

S Sol id  Stranded  S   Sol id  a  
C l ass  B  

stranded a  
 

C lasses  b  
I ,  K,  M  

stranded  

mm 2  Ø  mm  Ø  mm  mm 2  Ø  mm  Gauge  Ø  mm  Ø  mm  Gauge  mm  

1 , 0  1 , 2  1 , 4  1 , 0  1 , 5  1 8  1 , 07  1 , 23  1 8  1 , 28  

1 , 5  1 , 5  1 , 7  1 , 5  1 , 8  1 6  1 , 35  1 , 55  1 6  1 , 50  

2 , 5  1 , 9  2 , 2  2 , 5  2 , 3c  1 4  1 , 71  1 , 95  1 4  2 , 08  

4 , 0  2 , 4  2 , 7  4 , 0  2 , 9  c  1 2  2 , 1 5  2 , 45  1 2  2 , 70  

6, 0  2 , 9  3 , 3  4 , 0  2 , 9  c  1 0  2 , 72  3 , 09    

1 0 , 0  3 , 7  4 , 2  6 , 0  3 , 9  8  3 , 43  3, 89  1 0  3 , 36  

1 6, 0  4 , 6  5, 3  1 0, 0  5, 1  6  4 , 32  4 , 91  8  4 , 32  

25, 0   6 , 6  1 6, 0  6 , 3  4  5 , 45  6 , 1 8  6  5 , 73  

35, 0   7 , 9  25, 0  7 , 8  2  6 , 87  7 , 78  4  7 , 25  

     1  7 , 72  8 , 85    

50, 0   9 , 1  35  9, 2  0  8 , 51  9 , 64   1 2 , 08  

70, 0   1 2 , 0  50  1 2  00  9 , 266  1 0 , 64    

NOTE  Diameters  of the  l argest  ri g i d  and  fl exi ble  conductors  are  based  on  I EC 60228: 2004,  and ,  for AWG 
conductors ,  on  ASTM  B  1 72-71 ,  I CEA S-1 9-81 ,  I CEA S-66-524,  I CEA S-68-51 6.  

a   Nom inal  d i ameter +  5  % .  

b   Largest  d i ameter +  5  %  for any of the  three  cl asses  I ,  K,  M .  

c   D imensions  for cl ass  5  fl exib le  conductors  on l y,  accord ing  to  I EC 60228.  
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L.9. 1  Test condi tions  

Subclause  9 . 1  appl ies ,  except that the  Al  conductors  to  be  connected  are  taken  from  Table  
L. 5.  

Table  L.5  – Cross  sections  (S)  of alumin ium  test conductors   
corresponding  to  the  rated  currents  

S 

mm 2  

I
n
 

A 

– In  ≤  6  

– 6  <  In  ≤  1 3  

– 1 3  <  In  ≤  20  

– 20  <  In  ≤  25  

1 0  25  <  In  ≤  32  

1 6  32  <  I n  ≤  50  

25  50  <  In  ≤  63  

35  63  <  In  ≤  80  

50  80  <  In  ≤  1 00  

70  1 00  <  In  ≤  1 25  

 

L.9.2  Current cycl ing  test  

L.9.2. 1  General  

This  test veri fies  the  stabi l i ty of the  screw-type  term inal  by comparing  the  temperature  
performance wi th  that of the  reference  conductor under accelerated  cycl i ng  cond i tions.  

Th is  test i s  carried  ou t  on  separate  term inals .   

L.9.2.2  Preparation  

The test i s  performed  on  four specimens,  each  one  made by a  couple  of term inals,  assembled  
i n  a  manner wh ich  represents  the  use  of the  term inals  i n  the  ci rcu i t-breaker (see  examples  
shown  i n  F igures  L. 2  to  L. 6).  The  screw-type  term inals  wh ich  have  been  removed  from  the  
product sha l l  be  attached  to  the  conducting  parts  of the  same cross-section ,  shape,  metal  and  
fin ish  as  that on  wh ich  they are  mounted  on  the  product.  The  screw-type  term inals  shal l  be  
fixed  to  the  conducting  parts  i n  the  same manner (pos i tion ,  torque,  etc. )  as  on  the  product.  I f 
one  specimen  fa i ls  during  the  test,  four other specimens  shal l  be  tested  and  no  other fa i l u res  
are  adm i tted .  

L.9.2.3  Test arrangement 

The  general  arrangement of the  samples  shal l  be  as  shown  i n  F igure  L. 1 .  

N inety per cen t of the  va lue  of torque  stated  by the  manufacturer or,  i f not stated ,  se lected  i n  
Table  1 1  shal l  be  used  for the  test specimens.  The  test i s  carried  ou t wi th  conductors  
accord ing  to  Table  L. 5.   

The  l eng th  of the  test conductor from  the  poin t of en try to  the  screw-type  term inal  specimens  
to  the  equal i zer (see  L. 3 . 3)  shal l  be  as  in  Table  L. 6.  
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Table  L.6  – Test conductor l ength  

Conductor cross  section  Conductor wi re  si ze  M in imum  conductor l ength  

mm2  AWG mm  

S  ≤  1 0 , 0  ≤  8  200  

1 6, 0  ≤  S  ≤  25, 0  6  to  3  300  

35, 0  ≤  S  ≤  70, 0  2  to  00  460  

 

Test conductors  are  connected  in  series  wi th  a  reference  conductor of the  same cross-
section .  

The  length  of the  reference  conductor shal l  be  approximatel y at  l east twice  the  l eng th  of the  
test conductor.  

Each  free  end  of the  test and  reference  conductor(s)  not connected  to  a  screw-type  term inal  
specimen  shal l  be  welded  or brazed  to  a  short  l eng th  of an  equal i zer of the  same material  as  
the  conductor and  of cross  section  not greater than  that g i ven  in  Table  L. 7.  Al l  strands  of the  
conductor shal l  be  welded  or brazed  to  make  an  e lectrical  connection  wi th  the  equal izer.   

Tool -appl ied  compress ion  type  term inations  wi thou t weld ing  may be  used  for the  equal i zer i f 
acceptable  to  the  manufacturer and  i f the  same performance  i s  provided .  

Table  L.7  – Equal izer and  busbar d imensions  

Range of test curren t  

A 

Maximum  cross  section  
mm 2  

Al  Cu  

0  to  50  45  45  

51  to  1 25  1 05  85  

1 26  to  225  1 85  1 55  

 

The separation  between  the  test and  reference  conductors  shal l  be  at  l east  1 50  mm.  

The  test  specimen  shal l  be  suspended  e i ther horizon tal l y or vertical l y in  free  a i r by supporti ng  
the  equal izer or busbar by non-conductive  supports  so  as  not to  subject the  screw-type  
term inal  to  a  tens i l e  l oad .  Thermal  barriers  shal l  be  i nsta l led  m idway between  the  conductors  

wh ich  shal l  extend  25  mm  ±  5  mm  wid thways  and  1 50  mm  ±  1 0  mm  l eng thways  beyond  
the  screw-type  term inals  (see  F igure  L. 1 ).  Thermal  barriers  are  not requ ired  provided  the  
specimens  are  separated  by at  least 450  mm.  The  specimens  shal l  be  l ocated  at l east  
600  mm  from  the  floor,  wal l  or cei l i ng .  

The  test specimens  shal l  be  located  i n  a  substantial l y vibration-free  and  d raught-free  
envi ronment and  at an  ambien t temperature  between  20  °C  and  25  °C.  Once the  test i s  

started ,  the  maximum  perm issib le  variation  i s  ±1  K provided  the  range  l im i tation  i s  not  
exceeded .  

L.9.2.4  Temperature  measurement  

Temperature  measurements  are  made by means  of thermocouples,  us ing  a  wi re  having  a  
cross-section  of not  more  than  0 , 07  mm2  (approximatel y 30  AWG).  

For screw-type  term inals,  the  thermocouple  shal l  be  l ocated  on  the  conductor entry s ide  of the  
screw-type  term inal ,  close  to  the  contact  i n terface.  
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For the  reference  conductor,  the  thermocouples  shal l  be  located  m idway between  the  ends  
of the  conductor,  and  under i ts  insu lation .  

Posi tion ing  of the  thermocouples  shal l  not damage  the  screw-type  term inal  or the  reference 
conductor.  

NOTE  1  Dri l l i ng  of a  smal l  hole  and  subsequent fasten i ng  of the  thermocoupl e  i s  an  acceptable  method ,  provided  
that  the  performance  i s  not  affected  and  that  i t  i s  ag reed  by the  manufactu rer.  

The ambient temperature  shal l  be  measured  wi th  two thermocouples  i n  such  a  manner as  to  
ach ieve  an  average  and  stable  read ing  i n  the  vicin i ty of the  test loop  wi thou t undue  external  
i n fl uence.  The  thermocouples  shal l  be  l ocated  in  a  horizontal  p lane  in tersecting  the  
specimens,  at  a  m in imum  d istance  of 600  mm  from  them.  

NOTE  2  A sati sfactory method  for ach ieving  a  stab le  measu rement  i s ,  for example,  to  attach  the  thermocoupl e  to  

unpl ated  copper p l ates  approximately 50  mm  ×  50  mm ,  having  a  th i ckness  between  6  mm  and  1 0  mm.  

L.9.2.5  Test method  and  acceptance  cri teria  

NOTE  1  Eval uation  of performance  i s  based  on  both  the  l im i t  of screw-type  term inal  temperature  ri se  and  the  
temperatu re  variati on  d u ri ng  the  test.  

The test l oop  shal l  be  subjected  to  500  cycles  of 1  h  curren t-on  and  1  h  cu rrent-off,  starti ng  at  
an  a. c.  current equal  to  1 , 1 2  t imes  the  test current value  determ ined  i n  Table  L . 8.  Near the  
end  of each  current-on  period  of the  fi rst 24  cycles,  the  current sha l l  subsequentl y be  
ad j usted  to  ra ise  the  temperature  of the  reference  conductor to  75  °C.  

At the  25th  cycle  the  test  current sha l l  be  ad justed  for the  last t ime and  the  stable  temperature  
shal l  be  recorded  as  the  fi rst  measurement.  There  shal l  be  no  further ad j ustmen t of the  test  
curren t for the  remainder of the  test.  

Temperatures  shal l  be  recorded  for at  l east one  cycle  of each  working  day,  and  after 
approximatel y 25,  50,  75,  1 00,  1 25,  1 75,  225,  275,  350,  425,  and  500  cycles.  

The  temperature  shal l  be  measured  during  the  l ast 5  m in  of the  curren t-on  time.  I f the  s ize  of 
the  set  of test specimens  or the  speed  of the  data  acqu is i ti on  system  is  such  that not  
a l l  measurements  can  be  completed  wi th in  5  m in ,  the  current-on  time shal l  be  extended  as  
necessary to  complete  such  measurements.  

After the  fi rst 25  cycles  the  current-off time  may be  reduced  to  a  time 5  m in  l onger than  the  
time  necessary to  a l l  term inal  assembl ies  for cool ing  down  to  a  temperatu re  between  ambient  

temperature  Ta  and  Ta  +  5  K during  the  cu rren t-off period .  Forced-ai r cool i ng  may be  
employed  to  reduce  the  off time,  i f acceptable  to  the  manufacturer.  I n  that case  i t  sha l l  be  
appl ied  to  the  enti re  test l oop  and  the  resu l ti ng  temperature  of the  forced  ai r shal l  not  be  
l ower than  the  ambient a i r temperature.  

The  stabi l i ty factor Sf for each  of the  1 1  temperature  measurements  i s  to  be  determ ined  by 
subtracti ng  the  average  temperature  deviation  D  from  the  1 1  values  of the  temperature  
deviation  d .   

The  temperature  deviation  d  for the  1 1  i nd ividual  temperature  measurements  i s  obtained  
by subtracti ng  the  associated  reference conductor temperature  from  the  screw-type  term inal  
temperature.  

NOTE  2  The  value  of d  i s  pos i ti ve  i f the  screw-type  temperature  i s  h i gher than  that  of the  reference  conductor and  
negati ve  i f i t  i s  l ower.  

For each  screw-type  term inal  

– the  temperature  rise  shal l  not  exceed  1 1 0  K;  
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– the  s tabi l i ty factor Sf shal l  not  exceed  ±1 0  °C.  

An  example  of ca lcu lation  for one  screw-type  term inal  i s  g i ven  i n  Table  L. 9.  

Table  L.8  – Test current as  a  function  of rated  current  

 Metric  s i zes  AWG  

Rated  cu rren t  Al  conductor s ize  Test current  Al  conductor si ze  Test Current  

A mm 2  A N °  A 

0  ≤  In  ≤  1 5  2 , 5  26  1 2  30  

1 5  <  In  ≤  20  4  35  1 0  40  

20  <  In  ≤  25  6  46  8  53  

25  <  In  ≤  32  1 0  60  6  69  

32  <  In  ≤  50  1 6  79  4  99  

50  <  In  ≤  65  25  99  3  1 1 0  

65  <  In  ≤  80  35  1 37  2  1 23  

80  <  In  ≤1 00  50  1 71  1  1 52  

1 00  <  In  ≤  1 25  70  1 90  0  1 90  

 

Table  L.9  – Example  of calcu lation  for determin ing   
the  average temperature  deviation  D  

Temperature  
measurement 

Cycl e  
Number 

Temperatures  Temperature  
deviation  
d =  a  –  b  

Stabi l i ty 
 factor 

Sf =  d –  D  
Screw-type 
terminal  a   

Reference  
conductor b  

°C  °C  K  K  

1  25  79  78  1  0 , 1 8  

2  50  80  77  3  2 , 1 8  

3  75  78  78  0  −0, 82  

4  1 00  76  77  −1  −1 , 82  

5  1 25  77  77  0  −0, 82  

6  1 75  78  77  1  0 , 1 8  

7  225  79  76  3  2 , 1 8  

8  275  78  76  2  1 , 1 8  

9  350  77  78  −1  −1 , 82  

1 0  425  77  79  −2  −2, 82  

1 1  500  81  78  3  2 , 1 8  

 

Average temperatu re  deviation  0,82
1 1

9
==

Σ
=

tsmeasuremenofnumber

d
D  
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Supply lead 

Thermal  barrier 
(4 places) 

75 mm min.  

 

75 mm min.  

Test specimen 

Weld 

Weld 

Equal izer bar 

 

Reference 
conductor 

Equal izers 

1 50 mm min.  

TC  Thermocouple 

Supply lead 

Test 
specimen 

1 50 mm 
min.  

1 50 mm 
min.  

Test 
conductor 

Busbar 

TC TC TC 

TC TC TC 

TC 

TC 

IEC 

 

Figure L. 1  – General  arrangement for the  test  

 

IEC 

 

NOTE  The  conducti ng  part  can  be  bol ted ,  sol dered  or wel ded .  

Figure L.2  
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2a 

2a 

a 

a a 

a 

Conductor part 

Conductor 

                              IEC                       IEC    

 

Figure L.3  Figure  L.4  
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a 
a 

3a 

Conductor part 

a a a a a a 

                      IEC           IEC 

 

Figure L.5  Figure  L.6  

 

International  Electrotechnical  Commission

 



I EC 60898-1 : 201 5  © I EC  201 5  – 1 47  – 

Bibl iography 

I EC 60038,  IEC standard voltages 

I EC 60228A: 1 982,  First supplement to Publication 228,  Conductors of insulated cables – 
Guide to the  dimensional limits of circular conductors 

IEC 60060-1 : 1 989,  High-voltage test techniques – Part 1 :  General definitions and test 
requirements 

IEC 601 1 2,  Method for determining the comparative and the proof tracking indices of solid 
insulating materials under moist conditions 

IEC 60364-1 ,  Low-voltage electrical installations – Part 1 : Fundamental principles,  
assessment of general characteristics,  definitions  

I EC  60898-2: 1 996,  Circuit-breakers for overcurrent protection for household and similar 
installations – Part 2:  Circuit-breakers for a. c.  and d. c.  operation  

IEC 61 009-1 : 1 996,  Residual current operated circuit-breakers with integral overcurrent 
protection for household and similar uses (RCBO's)  –  Part 1 : General rules 

IEC 61 009-2-1 : 1 991 ,  Residual current operated circuit-breakers with integral overcurrent 
protection for household and similar use (RCBO's)  – Part 2-1 : Applicability of the general 
rules to RCBO's functionally independent of line voltage 

IEC 61 009-2-2 : 1 991 ,  Residual current operated circuit-breakers with  integral overcurrent pro-
tection for household and similar uses (RCBO's)  – Part 2-2: Applicability of the general rules 
to  RCBO's functionally dependent on line voltage 

ISO  2039-2: 1 987,  Plastics – Determination of hardness – Part 2:  Rockwell hardness 

ISO/IEC Gu ide  2 : 1 991 ,  General terms and their definitions concerning standardization and 
related activities 

 

___________  

International  Electrotechnical  Commission

 



 

 

International  Electrotechnical  Commission

 



International  Electrotechnical  Commission

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION 

 

3,  rue de Varembé 

PO Box 1 31  

CH-1 21 1  Geneva 20 

Switzerland  

 

Tel:  +  41  22 91 9 02 1 1  

Fax:  +  41  22 91 9 03 00 

info@iec.ch  

www.iec.ch  

International  Electrotechnical  Commission

 


