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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
RESISTANCE WELDING EQUIPMENT –  

 
Part 1 :  Safety requirements  for design,   

manufacture and  instal lation  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ i zati on  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ica l  commi ttees  ( I EC National  Commi 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 ternati onal  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  comm i ttees;  any I EC National  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 ci pate  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 i zation  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant subjects  s i nce  each  techn ical  comm i ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC Nati ona l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC 
Publ i cations  i s  accu rate,  I EC  cannot be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  user.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  possibl e  i n  thei r national  and  reg i onal  publ i cations.  Any d i vergence  
between  any I EC Publ 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  provide  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi 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 agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  National  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  pub l 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)  Attention  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  patent  ri gh ts.  

I n ternational  Standard  I EC  621 35-1  has  been  prepared  by I EC  techn ical  committee  26:  
E lectric weld ing .  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst ed i ti on  publ ished  in  2008.  Th is  ed i tion  
consti tu tes  a  techn ica l  revis ion .  

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

– creepage  d istances  for pol l u tion  degree  4  are  no  l onger va l id  (see  Table  2) ;  

– i nsu lation  requ i rements  for C lass  I I  equ ipment are  defined  (see  Table  3) ;  

– d ie lectric test vol tage  i n terpolation  restriction  l ower l im i t i s  changed  to  220  V and  
i n terpolation  for control  and  weld ing  ci rcu i t  i s  cl ari fied  (see  Table  4) ;  

– maximum  temperature  for i nsu lation  systems  are  reviewed  i n  accordance wi th  current 
ed i tion  of I EC 60085 (see  Table  7) ;  
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– marking  of term inals  i s  defi ned  (see  1 0. 3) ;  

– tab le  for nom inal  vol tages  of suppl y networks  is  changed  adopting  Table  B . 2  of 
I EC 60664-1 : 2007  in  p lace  of the  Table  B . 1  va lues  referenced  in  the  previous  ed i ti on  to  
provide  for equ ipment to  be  connected  to  both  earthed  and  unearthed  systems.  The 
change  impacts  the  creepage and  clearance d istance  requ irements  for some supply 
vol tage  ratings  (see  Annex A) ;  

– touch  curren t i n  fau l t  cond i tion  are  measurement procedures  are  clari fi ed  (see  6 . 4 . 4  and  
Annex C) .  

– weld ing  ci rcu i t  touch  curren t i s  defi ned  (see  6. 2 . 6) ;  

– touch  curren t i n  normal  cond i tion  are  clari fied  and  moved  i n  protection  against e l ectric 
shock in  normal  service  (see  6. 3. 7);  

– heati ng  test cond i tions  are  clari fied  (see  7 . 1 . 1 ) ;  

– external  surface  temperature  rise  l im i tation  i s  changed  (see  7. 3. 2) .  

The  text of th is  s tandard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

26/558/FDIS  26/570/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  tab le.  

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

The  l i st  of a l l  the  parts  of the  I EC  621 35 series ,  under the  general  t i tl e  Resistance welding 
equipment,  can  be  found  on  the  I EC  websi te.  

The  committee  has  decided  that the  conten 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 ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page of th is  publ ication  i nd icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour prin ter.  
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RESISTANCE WELDING EQUIPMENT –  
 

Part 1 :  Safety requirements  for design,   
manufacture and  instal lation  

 
 
 

1  Scope 

This  part  of I EC  621 35 appl ies  to  equ ipment for res istance  weld ing  and  a l l ied  processes  and  
i ncludes  s ing le  and  mu l ti p le  weld ing  stations  wh ich  may be  manual l y or au tomatical l y l oaded  
and /or started .  

Th is  part  of I EC  621 35  covers  stationary and  portable  equ ipment.  

Th is  part of I EC  621 35 speci fies  e lectrical  safety requ irements  for des ign ,  manufacture  and  
i nsta l l ation .  I t  does  not cover a l l  non -electrical  safety requ i rements  (e. g .  no ise,  vibration).  

Th is  part of I EC  621 35 does  not i nclude  electromagnetic compatib i l i ty (EMC)  requ irements ,  
wh ich  are  i ncluded  in  I EC 621 35-2 .   

To  comply wi th  th is  standard ,  a l l  safety risks  i nvolved  in  l oad ing ,  feed ing ,  operati ng  and  
un load ing  the  equ ipment,  where  appl icable,  shou ld  be  assessed  and  the  requ i rements  of 
re lated  standards  shou ld  be  observed .  

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normative l y referenced  i n  th is  document and  
are  ind 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 i es .  

I EC 60204-1 : 2005,  Safety of machinery – Electrical equipment of machines – Part 1 :  General 
requirements 

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

IEC 60364-6,  Low-voltage electrical installations – Part 6:  Verification  

IEC 6041 7-DB: 201 1 1 ,  Graphical symbols for use on equipment 

I EC 60445,  Basic and safety principles for man-machine interface,  marking and identification 
– Identification of equipment terminals,  conductor terminations and conductors  

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

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

___________ 

1   “DB”  refers  to  the  I EC on -l i ne  database.  
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IEC 60664-3,  Insulation coordination for equipment within  low-voltage systems – Part 3: Use 
of coating,  potting or moulding for protection against pollution  

IEC 61 1 40,  Protection against electric shock – Common aspects for installation and 
equipment 

ISO 669,  Resistance welding – Resistance welding equipment – Mechanical and electrical 
requirements 

ISO 1 3849-1 ,  Safety of machinery – Safety-related parts of control systems – Part 1 :  General 
principles for design  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  in  I SO 669,  I EC 60664-1  
and  I EC  60204-1 ,  as  wel l  as  the  fo l l owing ,  appl y.  

3. 1   
equ ipment for resistance weld ing  and  al l i ed  processes  
equ ipment associated  wi th  carrying  out the  processes  of res istance  weld ing  or a l l ied  
processes  cons isting  of,  for example,  power source,  e l ectrodes,  tool i ng  and  associated  
con trol  equ ipment 

Note  1  to  en try:  I t  may be  a  separate  un i t  or part  of a  complex mach ine.  

Note  2  to  en try:  The  term  "resi stance  wel d ing  equ ipment"  i s  used  i n  the  fol l owi ng  text.  

3.2   
processes  al l i ed  to  resistance  weld ing  
processes  carried  ou t on  mach ines  comparable  to  res istance  weld ing  equ ipment cons idered  
as  a l l i ed  to  res istance  weld ing ,  for example,  resistance  brazing ,  soldering  or heating  

3.3   
type test  
test of one  or more  devices  made to  a  g i ven  des ign ,  to  check i f these  devices  comply wi th  the  
requ i rements  of the  standard  concerned   

[SOURCE:  I EC 60050-851 : 2008,  851 -1 2-05]  

3.4  
routine test  
test made  on  each  ind ividual  device  during  or after manufacture  to  check i f i t  compl ies  wi th  
the  requ i rements  of the  s tandard  concerned  or the  cri teria  speci fi ed   

[SOURCE:  I EC 60050-851 : 2008,  851 -1 2-06]  

3.5   
weld ing  ci rcu i t  
conductive  materia l  through  wh ich  the  weld ing  curren t i s  in tended  to  flow 

3.6   
control  ci rcu i t  
ci rcu i t  for the  operational  con trol  of weld ing  equ ipment,  and /or for protection  of the  power 
ci rcu i ts   
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3.7   
conventional  value  
standard ized  value  that i s  used  as  a  measure  of a  parameter for the  purposes  of comparison ,  
ca l ibration ,  testing ,  etc.  

Note  1  to  en try:  Conventional  va l ues  do  not  necessari l y appl y du ri ng  the  actual  weld ing  process.  

3.8   
rated  value  
value  assigned ,  general l y by the  manufacturer,  for a  speci fied  operating  cond i tion  of a  
component,  device  or equ ipment  

3.9   
rating  

set of rated  values  and  operating  cond i tions  

3. 1 0   
hand-held  equ ipment 
res istance  weld ing  equ ipment wi th  bu i l t- i n  or external  transformer,  wh ich  i s  i n tended  to  be  
he ld  i n  the  hand  during  use,  suspended  or not  

3. 1 1   
portable  equ ipment 

res istance  weld ing  equ ipment that i s  connected  to  the  mai ns  suppl y by means  of a  p l ug .   

3. 1 2   
stationary equ ipment  

res istance  weld ing  equ ipment permanentl y connected  to  the  mains  suppl y 

3. 1 3   
material  g roup  

materia ls  are  separated  i n to  four g roups  by the ir comparative  tracking  i ndex (CTI )  va lues  

Note  1  to  en try:  The  g roups  are  as  fol l ows:  

Materi a l  g roup  I   600  ≤  CTI  

Materi a l  g roup  I I   400  ≤  CTI  <  600  

Materi a l  g roup  I I I a  1 75  ≤  CTI  <  400  

Materi al  g roup  I I I b  1 00  ≤  CTI  <  1 75  

The  CTI  val ues  above  refer to  val ues  i n  accordance  wi th  I EC 601 1 2 .  

Note  2  to  en try:  For i norgan i c i nsu lati ng  materi al s ,  for example,  g l ass  or ceram ics,  wh ich  do  not  track,  creepage  
d i stances  need  not  be  g reater than  thei r associated  cl earance  for the  purpose  of i nsu lation  coord ination .  

3. 1 4  
thermal  equ i l ibrium  
state  reached  when  the  observed  temperature  rise  of any part of the  weld ing  equ ipment does  
not exceed  2  K/h  

3. 1 5   
thermal  protection  
system  in tended  to  ensure  the  protection  of a l l  or part of the  weld ing  equ ipment against 
excess ive  temperatures  resu l ting  from  certain  cond i ti ons  of thermal  overload  

Note  1  to  en try:  I t  i s  capable  of being  reset  (ei ther manua l l y or au tomatical l y)  when  the  temperatu re  fa l l s  to  the  
reset val ue.  
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3. 1 6   
supply ci rcu i t   
input  ci rcu i t  

conductive  materia l  of the  power source  through  wh ich  the  suppl y curren t i s  i n tended  to  fl ow  

3. 1 7   
general  vi sual  inspection  
i nspection  by eye  to  veri fy that there  are  no  apparen t d iscrepancies  wi th  respect to  provis ions  
of the  standard  concerned   

3. 1 8   
working  vol tage  
h ighest r.m .s.  value  of the  a. c.  or d . c.  vo l 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 .  

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.  

4 Environmental  condi tions  

Resistance  weld ing  equ ipment i n tended  for i ndoor use  and  complying  wi th  th is  s tandard  shal l  
be  safe  to  operate  when  the  fol lowing  environmental  cond i tions  prevai l :   

a)  range  of ambien t a i r temperature:  

during  operation :  5  °C  to  40  °C;   

b)  re lati ve  hum id i ty of the  a i r:  

up  to  50  %  at  40  °C;  

up  to  90  %  at  20  °C.  

c)  ambien t a i r,  free  from  abnormal  amounts  of dust,  acids,  corrosive  gases  or substances  
etc.  other than  those  generated  by the  weld ing  process.   

d )  a l ti tude  above sea-level  up  to  1  000  m ;  

e)  temperature  of the  cool ing  med ium  does  not  exceed :  

1 )  i n  the  case  of a  l i qu id :  30  °C  at the  i n l et;  

2)  i n  the  case  of the  ambien t a i r:  40  °C.  

NOTE  Di fferen t envi ronmenta l  cond i ti ons  can  be  ag reed  upon  between  the  manufactu rer and  the  pu rchaser and  
the  resu l ti ng  weld ing  equ ipment  i s  marked  accord ing ly.  Examples  of these  cond i ti ons  are:  ou tdoor use,  d i fferen t 
a l ti tude,  d i fferent  temperatu re  of cool i ng  med ium ,  h i gh  hum id i ty,  unusua l l y corrosive  fumes,  s team ,  excess ive  o i l  
vapou r,  abnormal  vi brati on  or shock,  excessive  dust,  unusual  sea  coast  or sh i pboard  cond i ti ons.  

5 Tests  

5.1  Test condition  

The tests  shal l  be  carried  ou t on  new,  d ry and  completel y assembled  res istance  weld ing  
equ ipment at an  ambient a i r temperature  between  1 0  °C  and  40  °C.  I t  i s  recommended  that 
the  thermal  tests  be  carried  ou t at 40  °C.  Li qu id -cooled  res istance  weld ing  equ ipment shal l  be  
tested  wi th  l i qu id  cond i tions  as  speci fi ed  by the  manufacturer.  

5.2  Measuring  instruments  

The accuracy of measuring  i nstruments  shal l  be  as  fol lows.  

a)  e lectrical  measuring  instruments:  cl ass  1  (±1  %  of fu l l -scale  read ing) ,  except for the  
measurement of i nsu lation  res istance  and  d ielectric s trength  where  the  accuracy of the  
i nstruments  is  not  speci fied ,  bu t  sha l l  be  taken  i n to  account  for the  measurement;  
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b)  i nstruments  for measuring  weld ing  current:  cl ass  5 ;  

c)  temperature  measuring  i nstruments:  ±2  K.  

5.3  Type tests  

Un less  otherwise  speci fi ed ,  the  tests  in  th is  s tandard  are  type  tests.  

The  res istance  weld ing  equ ipment shal l  be  tested  wi th  a l l  anci l lary equ ipment fi tted  that cou ld  
affect the  test resu l ts.  

Al l  type  tests  shal l  be  carried  ou t on  the  same resistance  weld ing  equ ipment except where  i t  
i s  speci fied  that  a  test  may be  carried  ou t  on  another res istance  weld ing  equ ipment.  

As  a  cond i ti on  of conform i ty,  the  type  tests  g iven  below shal l  be  carried  ou t in  the  fol l owing  
sequence:  

a)  general  visual  i nspection ,  see  3 . 1 7;  

b)  i nsu lation  res istance,  see  6 . 2 . 4  (prel im inary check);  

c)  protection  provided  by the  enclosure,  see  6 . 3 .3 ;  

d )  i nsu lation  res istance,  see  6 . 2 . 4 ;  

e)  d ie lectric  streng th ,  see  6. 2 . 5;  

f)  general  visual  i nspection ,  see  3 . 1 7.  

The  other tests  i ncluded  in  th is  s tandard  and  not l i sted  here  may be  carried  ou t i n  any 
conven ient sequence.  

5.4 Routine  tests  

Al l  rou tine  tests  shal l  be  carried  ou t on  each  res istance  weld ing  equ ipment.  The  fo l l owing  
sequence  i s  recommended :  

a)  general  visual  i nspection ,  see  3 . 1 7;  

b)  con tinu i ty of the  protecti ve  ci rcu i t,  see  6. 4. 7;  

c)  d ie lectric  strength ,  see  6. 2 . 5;  

d )  no- load  vol tage,  see  6 . 3. 2 ;  

e)  test to  ensure  rated  m in imum  and  maximum  ou tpu t values  i n  accordance  wi th  I SO  669;  

f)  general  visual  i nspection ,  see  3 . 1 7.  

6 Protection  against electric shock 

6.1  General  

Hazardous- l i ve-parts  shal l  not be  access ib le  and  access ib le  conductive  parts  shal l  not be  
hazardous  l i ve  

– e i ther under normal  cond i tions  (operation  i n  i n tended  use,  and  absence  of a  fau l t) ;  or 

– under s i ng le-fau l t  cond i tions.  

The  requ i rements  for provis ions  for normal  cond i tions  protection  are  g iven  i n  6. 3 .  

The  requ i rements  for provis ions  for fau l t  cond i ti on  protection  are  g i ven  i n  6 . 4 .  
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6.2  Insu lation  

6.2. 1  General  

The majori ty of resistance  weld ing  equ ipment  fa l l s  wi th in  overvol tage  category I I I  i n  
accordance  wi th  I EC  60664-1 .  Al l  res istance  weld ing  equ ipments  shal l  be  des igned  for use  i n  
envi ronmental  cond i tions  of pol l u tion  degree  3  as  a  m in imum .  

Des ign  of l i qu id  cooled  equ ipment shal l  cons ider poss ib le  condensation  wh ich  may requ i re  
d i fferent cond i ti ons.   

Components  or subassembl ies  wi th  clearances  or creepage d istances  correspond ing  to  
pol l u tion  degree  2  are  perm i tted ,  i f they are  completel y coated ,  potted  or mou lded  i n  
accordance  wi th  I EC 60664-3.  

An  equ ipment des igned  wi th  i nsu lation  based  on  l i ne-to-neu tra l  vol tage  va lues  shal l  be  
provided  wi th  a  cau tion  that such  equ ipment shal l  on l y be  used  on  a  suppl y system  that i s  
e i ther a  three-phase,  four-wire  system  wi th  an  earthed  neutral  or a  s i ng le-phase,  three-wi re,  
system  wi th  an  earthed  neu tral .  

6.2.2  Clearances  

For basic insu lation  or supplementary and  re in forced  i nsu lation ,  m in imum  clearances  shal l  be  
i n  accordance wi th  I EC  60664-1 ,  as  partia l l y summarized  i n  Table  1  for overvol tage  
category I I I .  

Table  1  – M in imum  clearances  for overvol tage  category I I I  

 Basi c or supplementary i nsu l ation  Reinforced  i nsu lation  

 
Vol tagea  

Rated  
impu lse  
test 

vol tage  

AC  test 
vol tage  

Pol lu tion  degree  Rated  
impu lse  
test 

vol tage  

AC  test 
vol tage  

Pol lu tion  degree  

2  3  4  2  3  4  

Clearance  Clearance  

V r.m .s.  Peak V V r.m . s.  mm  Peak V V r.m . s .  mm  

50  800  566  0 , 2  0 , 8   1  500  1  061  0 , 5  0 , 8  1 , 6  

1 00  1  500  1  061  0 , 5   1 , 6  2  500  1  768  1 , 5   

1 50  2  500  1  768  1 , 5   4  000  2  828  3  

300  4  000  2  828  3  6  000  4  243  5, 5  

600  6  000  4  243  5, 5  8  000  5  657  8  

1  000  8  000  5  657  8  1 2  000  8  485  1 4  

NOTE  1  Values  taken  from  Tables  F . 1  and  F . 2  of I EC 60664-1 : 2007.  

NOTE  2  For other pol l u ti on  degrees  and  overvol tage  categories ,  see  I EC 60664-1 .  

a   See  Annex A for vo l tage  val ue.  

 

For d imension ing  clearances  to  access ib le  non-conductive  surfaces,  such  su rfaces  shal l  be  
cons idered  to  be  covered  by meta l  fo i l  wherever they can  be  touched  by the  s tandard  test 
finger i n  accordance  wi th  I EC  60529.  

Clearances  shal l  not be  i n terpolated .  

For suppl y ci rcu i t term inals ,  see  Annex B .  
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Clearances  between  parts  of res istance  weld ing  equ ipment ( for example,  ci rcu i ts  or 
components)  wh ich  are  protected  by an  overvol tage  l im i ti ng  device  ( for example,  oxide  
varistor)  may be  rated  i n  accordance  wi th  overvol tage  category I  (see  I EC  60664-1 ) .  

The  values  of Table  1  shal l  a lso  appl y to  control  ci rcu i ts  when  separated  from  the  suppl y 
ci rcu i t,  for example,  by a  transformer.  

I f the  con trol  ci rcu i t i s  connected  d i rect to  the  supply ci rcu i t,  the  values  for the  suppl y vol tage  
shal l  appl y.  

Conformity shall be checked by measurement in  accordance with 6. 2 of IEC 60664-1 :2007 or 
where this is not possible,  by submitting the welding equipment to an impulse test using the 
voltages given in  Table 1 .  

For the  impu lse  test,  a  m in imum  of three  impu lses  of each  polari ty at the  vol tage  g i ven  i n  
Table  1  are  appl ied  wi th  an  i n terval  of at  l east 1  s  between  impu lses  us ing  a  generator wi th  an  

ou tpu t waveform  of 1 , 2/50  µs  and  an  ou tput impedance  of l ess  than  500  Ω .  

Al ternativel y,  e i ther an  a. c.  test  vo l tage  as  g i ven  i n  Table  1  may be  appl ied  for three  cycles  or 
a  ri pple  free  d . c.  vol tage,  the  va lue  of wh ich  i s  equal  to  the  impu lse  vol tage,  may be  appl ied  
three  times  for 1 0  ms,  for each  polari ty.  

The  equ ipment shal l  wi thstand  the  test  vo l tages  wi thout  any flashover or breakdown.  

6.2.3  Creepage  d istances  

For basic i nsu lation  or supplementary i nsu lation ,  m in imum  creepage d istances  shal l  be  i n  
accordance  wi th  I EC 60664-1 ,  as  summarized  in  Table  2 .  

Creepage d istances  for re inforced  or double  i nsu lation  shal l  be  twice  those  determ ined  for 
bas ic  insu lation .  

For the  purpose  of d imension ing  creepage  d istances  to  access ib le  surfaces  of i nsu lation  
materia l ,  such  surfaces  shal l  be  cons idered  to  be  covered  by meta l  foi l  wherever they can  be  
touched  by the  standard  test fi nger i n  accordance  wi th  I EC 60529.  

Creepage d istances  are  g i ven  for the  h ighest rated  vol tage  of each  l i ne  of Table  2 .  I n  the  case  
of a  lower rated  vol tage,  i n terpolation  i s  a l lowed .  

For suppl y ci rcu i t term inals,  see  Annex B .  

The  va lues  of Table  2  shal l  a lso  be  appl icable  to  control  ci rcu i ts  when  separated  from  the  
suppl y ci rcu i t  by,  for example,  a  transformer.  

A creepage d istance  cannot be  less  than  the  associated  clearance,  so  the  shortest poss ib le  
creepage  d istance  i s  equal  to  the  requ i red  clearance.  

I f the  con trol  ci rcu i t i s  connected  d i rectl y to  the  suppl y ci rcu i t,  the  values  for the  suppl y 
vol tage  shal l  appl y.  

Conformity shall be checked by linear measurement in  accordance with 6. 2 of 
IEC 60664-1 :2007.  
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Table  2  – M in imum  creepage d istances  

Working  
vol tage  

Creepage  d i stances  in  m i l l imetres  

Basi c  or supplementary i nsu l ation  

Prin ted  wi ring  materi al  
Pol lu tion  degree  

Pol lu tion  degree  

 

1  2  1  2  3  

   Material  group  Material  group  

a  b  a  I  I I  I I I  I  I I  I I I  

V r.m .s  mm  mm  mm  mm  mm  mm  mm  mm  mm  

1 0  0 , 025  0 , 04  0 , 08  0 , 4  0 , 4  0 , 4  1  1  1  

1 2 , 5  0 , 025  0 , 04  0 , 09  0 , 42  0 , 42  0 , 42  1 , 05  1 , 05  1 , 05  

1 6  0 , 025  0 , 04  0 , 1  0 , 45  0 , 45  0 , 45  1 , 1  1 , 1  1 , 1  

20  0 , 025  0 , 04  0 , 1 1  0 , 48  0 , 48  0 , 48  1 , 2  1 , 2  1 , 2  

25  0 , 025  0 , 04  0 , 1 25  0 , 5  0 , 5  0 , 5  1 , 25  1 , 25  1 , 25  

32  0 , 025  0 , 04  0 , 1 4  0 , 53  0 , 53  0 , 53  1 , 3  1 , 3  1 , 3  

40  0 , 025  0 , 04  0 , 1 6  0 , 56  0 , 8  1 , 1  1 , 4  1 , 6  1 , 8  

50  0 , 025  0 , 04  0 , 1 8  0 , 6  0 , 85  1 , 2  1 , 5  1 , 7  1 , 9  

63  0 , 04  0 , 063  0 , 2  0 , 63  0 , 9  1 , 25  1 , 6  1 , 8  2  

80  0 , 063  0 , 1  0 , 22  0 , 67  0 , 95  1 , 3  1 , 7  1 , 9  2 , 1  

1 00  0 , 1  0 , 1 6  0 , 25  0 , 71  1  1 , 4  1 , 8  2  2 , 2  

1 25  0 , 1 6  0 , 25  0 , 28  0 , 75  1 , 05  1 , 5  1 , 9  2 , 1  2 , 4  

1 60  0 , 25  0 , 4  0 , 32  0 , 8  1 , 1  1 , 6  2  2 , 2  2 , 5  

200  0 , 4  0 , 63  0 , 42  1  1 , 4  2  2 , 5  2 , 8  3 , 2  

250  0 , 56  1  0 , 56  1 , 25  1 , 8  2 , 5  3 , 2  3 , 6  4  

320  0 , 75  1 , 6  0 , 75  1 , 6  2 , 2  3 , 2  4  4 , 5  5  

400  1  2  1  2  2 , 8  4  5  5, 6  6 , 3  

500  1 , 3  2 , 5  1 , 3  2 , 5  3 , 6  5  6 , 3  7 , 1  8  

630  1 , 8  3 , 2  1 , 8  3 , 2  4 , 5  6 , 3  8  9  1 0  

800  2 , 4  4  2 , 4  4  5, 6  8  1 0  1 1  1 2 , 5  

1  000  3 , 2  5  3 , 2  5  7 , 1  1 0  1 2 , 5  1 4  1 6  

1  250    4 , 2  6 , 3  9  1 2 , 5  1 6  1 8  20  

1  600    5 , 6  8  1 1  1 6  20  22  25  

2  000    7 , 5  1 0  1 4  20  25  28  32  

2  500    1 0  1 2 , 5  1 8  25  32  36  40  

3  200    1 2 , 5  1 6  22  32  40  45  50  

4  000    1 6  20  28  40  50  56  63  

5  000    20  25  36  50  63  71  80  

6  300    25  32  45  63  80  90  1 00  

8  000    32  40  56  80  1 00  1 1 0  1 25  

1 0  000    40  50  71  1 00  1 25  1 40  1 60  

NOTE  I n  accordance  wi th  I EC 60664-1 ,  the  d imensions  for creepage  d i s tance  cannot  be  speci fi ed  where  
permanentl y conducti ve  pol l u ti on  i s  present  (Pol l u ti on  deg ree  4).  

a   Materi al  g roup  I ,  I I ,  I I I a  and  I I I b.  

b   Materi a l  g roup  I ,  I I  and  I I I a.  
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6.2.4  Insu lation  resistance  

The i nsu lation  res istance  shal l  be  not l ess  than  the  values  g iven  in  Table  3 .  

Table  3  – Insu lation  resistance  

Measurementa  Resi stance  

Supply ci rcu i t  ( i ncl ud i ng  con trol  ci rcu i ts  connected  
to  i t)  wi th  protection  provis i on  speci fi ed  i n  6 . 4 . 2 . 2  

to  
weld ing  ci rcu i t  ( i ncl ud i ng  control  
ci rcu i ts  connected  to  i t)   

5 , 0  MΩ  

Supply ci rcu i t  ( i ncl ud i ng  con trol  ci rcu i ts  connected  
to  i t)  wi th  protection  provis i on  d i fferent  from  those  
speci fi ed  i n  6 . 4 . 2 . 2  

to  
weld ing  ci rcu i t  ( i ncl ud i ng  control  
ci rcu i ts  connected  to  i t)   

2 , 5  MΩ  

Control  ci rcu i ts  and  exposed  
conductive  parts  

to  al l  ci rcu i ts  2, 5  MΩ  

Supply ci rcu i t  of Cl ass  I I  equ i pment  to  accessibl e  surfacesb  5, 0  MΩ  

NOTE  Due  to  the  des ign  of res i stance  wel d ing  equ ipment,  wel d ing  ci rcu i t  to  protecti ve  ci rcu i t  res i stance  
measurement i s  not  requ i red .   

a  Con trol  ci rcu i ts  are  tested  together wi th  the  ci rcu i t  to  wh ich  they are  gal van ical l y connected .  

b  For measu rement to  access ible  non-conducti ve  su rfaces,  such  surfaces  shal l  be  considered  to  be  covered  
by metal  foi l .  

 

Any control  or auxi l i ary ci rcu i t  connected  to  the  protective  conductor term inal  shal l  be  
cons idered  as  an  exposed  conductive  part  for the  purpose  of th is  test.  

Conformity shall be  checked by the stabilized measurement of the insulation resistance 
without interference suppression or protection capacitors (see 6. 4. 2. 2)  by application of a  d. c.  
voltage of 500 V at room temperature.  

During  the  test,  e lectric components  that may be  damaged  and  are  not part of the  insu lation  
to  be  tested  can  be  d isconnected  or short-ci rcu i ted .  Test report sha l l  con tain  a  l i s t of these  
components  wi th  a  j usti fi cation  of exclus ion  by the  test.  

Test i s  performed  wi thou t cool ing  l i qu id .  

6.2.5  Dielectric strength  

The i nsu lation  shal l  wi thstand  the  fol l owing  test vol tages  wi thout any fl ashover or breakdown :  

a)  fi rst test  of a  res istance  weld ing  equ ipment:  test  vol tages  g i ven  in  Table  4 ;  

b)  repeti tion  of the  test of the  same resistance  weld ing  equ ipment:  test vol tage  80  %  of the  
values  g i ven  in  Table  4 .  
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Table  4 – Dielectric  test  vol tages  

Maximum   
rated  vol tage  

AC  d ielectric  test vol tage  

V r.m .s .  V r.m . s.  

Supplya ,  
weld ingb  or 

controlb  ci rcu i ts  

Al l  ci rcu i ts  to  exposed  conductive  
parts,  suppl y ci rcu i t to  al l  ci rcu i ts  

except the  weld ing  ci rcu i t  

Al l  ci rcu i ts  
except suppl y 
ci rcu i t to  

weld ing  ci rcu i t  

Supply ci rcu i t  to  
weld ing  ci rcu i t 
wi th  protection  
provision  

d i fferen t from  
those  speci fied  
i n  6.4. 2. 2  

Supply ci rcu i t  to  
weld ing  ci rcu i t  
wi th  protection  
provision  
speci fi ed  i n  
6.4. 2. 2  

Class  I  
equ ipment  

Class  I I  
equ ipment  

Up to  50  250  500  500  – – 

220  1  1 00  2  200  1  1 00  1  1 00  2  200  

450  1  875  3  750  1  875  1  875  3  750  

700  2  500  5  000  2  500  2  500  5  000  

1  000  2  750  5  500  – 2  750  5  500  

NOTE  1  The  maximum  rated  vol tage  i s  val i d  for earthed  and  unearthed  systems.  

NOTE  2  I n  th i s  s tandard  the  d iel ectri c  s trength  test  of control  ci rcu i ts  i s  l im i ted  to  any ci rcu i t  that  en ters  or exi ts  
the  encl osure  apart  from  the  suppl y ci rcu i t  and  the  weld i ng  ci rcu i t.  

a  For i n termed iate  val ues,  i n terpolation  i s  a l l owed  on  a l l  suppl y networks  (supply ci rcu i t)  operati ng  ou ts i de  the  
range  of 220  V to  450  V and  on  a l l  th ree-phase,  th ree-wi re  earthed  systems  wi thou t vo l tage  exemption  (see  
Annex A).  

b  For i n termed iate  val ues,  i n terpolation  i s  a l l owed  on  wel d ing  and  con trol  ci rcu i ts .  

 

The a. c.  test vo l tage  shal l  be  of an  approximate  s ine  wave-form  wi th  a  peak va lue  not 
exceed ing  1 , 45  times  the  r.m . s.  va lue,  having  a  frequency of approximately 50  Hz or 60  Hz.  

The  h igh-vol tage  transformer shal l  de l i ver the  prescribed  vol tage  up  to  the  tripping  current.  
Tripping  is  regarded  as  a  fl ashover or a  breakdown .  The tripping  curren t setting  can  be  
selected  accord ing  to  the  transformer capaci ti ve  d i spers ion  curren t.  The  maximum  perm issib le  
setting  of the  tripping  curren t sha l l  be  1 00  mA.  

For operator’s  safety,  the  l owest  setti ng  of the  tri pping  curren t ( l ess  than  or equal  to  1 0  mA)  is  
recommended .   

Alternative  test:  A d . c.  test  vo l tage  of 1 , 4  times  the  r.m .s.  test  vo l tage  may be  used .  

Components  or subassembl ies  shal l  not  be  d isconnected  or short-ci rcu i ted  un less  the  
cond i tions  of a),  b)  or c)  below are  met.  

a)  The  components  or subassembl ies  are  des igned  and  tested  to  relevant  standards  that 
speci fy a  vol tage  l ower than  the  test vo l tage  level  of th is  s tandard .  These  components  or 
subassembl ies  are  not connected  between  suppl y and  weld ing  ci rcu i ts  and  the ir 
d isconnection  or short-ci rcu i ti ng  does  not preven t a  part of that ci rcu i t  from  being  tested .  
Example:  fan  motors  and  pump motors .  

b)  The  components  or subassembl ies  are  completel y i ncorporated  wi th in  e i ther the  suppl y or 
the  weld ing  ci rcu i t and  the ir d isconnection  does  not prevent a  part of that ci rcu i t from  
being  tested .  Example:  e l ectron ic  ci rcu i ts.  

c)  I n terference suppression  networks  or protection  capaci tors  between  the  suppl y or weld ing  
ci rcu i t  and  any exposed  conductive  part  conform  to  the  re levan t s tandards.  

Control  ci rcu i ts  connected  to  the  protective  conductor term inal  shal l  not be  d isconnected  
during  testing  and  they are  then  tested  as  exposed  conductive  parts .  

The  test vol tage  may be  ra ised  to  the  fu l l  val ue  s lowly at the  d iscretion  of the  manufacturer.  
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Resistance  weld ing  equ ipment i ncorporating  a  recti fier sha l l  be  tested  after assembly of the  
complete  res istance  weld ing  equ ipment,  wi th  the  power recti fi er remain ing  properl y connected  
to  the  ou tpu t ci rcu i t of the  transformer.  Recti fiers,  the ir protecti ve  devices  and  other sol i d -
state  electron ic components  or capaci tors ,  may be  short-ci rcu i ted  during  the  test.  

L iqu id -cooled  equ ipments  shal l  be  tested  before  being  fi l l ed  wi th  the  cool ing  l i qu id .  

Conformity shall be checked  by application of the test voltage for 

1 )  60 s (type test) ;  

2)  5 s (routine test) ;  or 

3)  1  s (routine test with  the test voltage increased by 20 %) .  

6.2.6  Weld ing  ci rcu i t  touch  current  

I n  equ ipment wi th  weld ing  ci rcu i t  i nsu lated  from  the  protecti ve  conductor the  touch  current  
between  the  weld ing  ci rcu i t  connections  and  the  protecti ve  conductor term inal  shal l  not 
exceed  1 4, 1  mA peak.  

Conformity shall be checked by visual inspection and measurement of the touch current with a  
circuit as shown in  Figure 1  at the rated supply voltage(s)  and no-load condition.   

The  measuring  network speci fied  i n  F igure  C. 1  shal l  be  connected  as  shown  i n  F igure  1 .  

 

Key  

A,  B  Measuri ng  network connections  

NOTE  For cl ass  I I  equ i pment,  use  the  PE-term inal  of earthed  suppl y network.  

Figure 1  – Measurement of weld ing  circu i t  touch  current  

6.2.7  Liqu id  cool ing  

Coolan t-hoses  between  parts  of the  i nput ci rcu i t having  d i fferen t polari ty shal l  have  a  l ength  of 

at least 0 , 5  m  and  a  res istance  of at  l east 1  MΩ/m ;  resisti vi ty of the  cool ing  l iqu id  sha l l  be  at 

l east 20  Ωm.  

Accessib le  connections  of a  cool i ng-system  being  i n  contact wi th  the  i npu t ci rcu i t  shal l  be  
provided  wi th  a  metal  part to  be  connected  to  the  protecti ve  conductor.  

Compliance is checked by visual inspection and measurement.  

IEC 

A B  
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6.3  Protection  against  e lectric  shock in  normal  service (d i rect  contact)  

6. 3. 1  General  

Protection  against e lectri c shock in  normal  service  shal l  cons ist of one  or more  provis ions  that 
under normal  cond i tions  prevent  con tact wi th  hazardous- l i ve-parts .  These  provis ions  i nclude  

– basic  i nsu lation ;   

– barriers  or enclosu res ;  

– l im i tation  of vo l tage;  

– l im i tation  of s teady-state  touch  curren t and  charge.  

More  detai ls  may be  found  i n  I EC  61 1 40.  

6.3.2  Rated  no-load  vol tage  at  the  output  

6.3.2 .1  General  

I f the  weld ing  ci rcu i t i s  accessib le  during  weld ing  process  and  the  weld ing  power source  i s  not 
fi tted  wi th  a  hazard  reducing  device  i n  accordance wi th  6. 3 . 2 . 3 ,  the  rated  no- load  vol tage  at 
the  ou tput,  at  a l l  possib le  setti ngs,  shal l  not exceed  25  V a . c.  r.m .s.  or 60  V ri pp le-free  d . c.  

I f the  weld ing  ci rcu i t i s  access ib le  during  weld ing  process  and  the  weld ing  power source  i s  
fi tted  wi th  a  hazard  reducing  device  i n  accordance wi th  6. 3 . 2 .3 ,  the  rated  no- load  vol tage  at 
the  ou tput,  at  a l l  possib le  setti ngs,  shal l  not exceed  a. c.  68  V peak and  48  V r.m . s.  

Conformity shall be checked by measurement and by analysis of the circuit and/or by failure.  

6.3.2 .2  Measuring  ci rcu i ts  

For measuring  r.m . s.  va lues,  a  true  r.m . s.  meter shal l  be  used  together wi th  a  res istor of 

5  ±  5  %  kΩ ,  connected  across  the  weld ing  ci rcu i t term inals  as  shown  i n  F igure  2 .  

 

Key 

U0   No- l oad  vol tage  

V  True  r.m . s .  vol tmeter  

Figure 2  – Measurement of rms  values  

IEC 

5  kΩ  V U0  
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6.3.2 .3  Hazard  reducing  device  

6.3.2 .3.1  General  requ irements  

A hazard  reducing  device  shal l  reduce  the  severi ty of the  e lectric shock that can  orig inate  
from  no- load  vol tages  exceed ing  a . c.  25  V.  

6.3.2 .3.2  Vol tage  reducing  device  

A vol tage  reducing  device  shal l  have  automatical l y reduced  the  rated  no- load  vol tage  to  a  
l evel  not exceed ing  a. c.  25  V.  The  operati ng  time is  0 , 1  s .  

Conformity shall be checked by measuring voltage and operating time.  

6.3.2 .3.3  Ind ication  of satisfactory operation  

A re l iab le  device,  for example  a  s i gnal  l amp,  shal l  be  provided  wh ich  ind icates  that the  hazard  
reducing  device  is  operating  satisfactori l y.  Where  a  s ignal  lamp is  used ,  i t  shal l  l i gh t when  the  
vol tage  has  been  reduced .  

Conformity shall be checked by visual inspection.   

6.3.2 .3.4  Fai l  to  a  safe  cond ition  

I f the  hazard  reducing  device  fa i l s  to  operate  i n  accordance wi th  6 . 3. 2. 3 . 1 ,  the  vol tage  at the  
ou tpu t term inals  shal l  be  reduced  to  a  l evel  not exceed ing  a . c.  25  V and  shal l  not be  reset 
au tomatical l y.  

Conform ity shal l  be  checked  by s imu lati ng  a  fau l t  of the  hazard  reducing  device  and  
measuring  the  time to  reach  a  safe  cond i tion  after fa i l u re  of the  hazard  reducing  device.  

6.3.3  Protection  provided  by barriers  or the  enclosure  

Barriers  or enclosures  shal l  preven t access  to  hazardous- l i ve-parts  by provid ing  an  adequate  
degree  of protection  against e l ectric shock.  Barriers  or enclosures  shal l  have  sufficient 
mechan ical  s trength ,  s tabi l i ty and  du rabi l i ty to  main tain  the  speci fied  degree  of protection ,  
taking  account  of a l l  re levan t i n fl uences  from  the  environment and  from  ins ide  the  enclosure.  

Resistance  weld ing  equ ipment speci fical l y designed  for i ndoor use  shal l  have  a  m in imum  
degree  of protection  of I P20  (except external  weld ing  ci rcu i t,  for example,  e lectrodes)  us ing  
IEC 60529  test procedures  and  cond i ti ons.  

Res istance  weld ing  equ ipment speci fical l y des igned  for ou tdoor use  shal l  have  a  m in imum  
degree  of protection  of I P23  using  I EC  60529  test procedures  and  cond i tions.  

Conformity shall be checked as follows.  

Weld ing  equ ipment shal l  be  subj ected  to  the  appropriate  water test wi thout being  energ ized .  
Immed iate l y after the  test,  the  un i t  shal l  be  moved  to  a  safe  environment and  subj ected  to  the  
i nsu lation  res istance  and  d ie lectric s trength  tests .  

Where  the  design  or construction  a l lows  for the  removal  of barriers,  the  open ing  of enclosures  
or the  removal  of parts  of enclosures,  access  to  hazardous-l i ve-parts  shal l  on l y be  poss ib le  

– by the  use  of a  key or tool ;   

– after i solation  of hazardous- l i ve-parts  from  the  suppl y ci rcu i t where  the  enclosure  wou ld  no  
l onger provide  protection ,  restoration  of the  suppl y shal l  become poss ible  on l y after 
replacement of barriers  or parts  of enclosures  or after the  clos ing  of doors;  
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– where  an  i n termed iate  barrier sti l l  main tains  the  requ i red  degree  of protection ,  such  
barrier being  removable  on l y by the  use  of a  key or tool .  

Conformity shall be checked by visual inspection.  

6.3.4  Capacitors  

A capaci tor provided  as  part of a  res istance  weld ing  equ ipment and  connected  across  suppl y 
ci rcu i t shal l  

a)  not conta in  more  than  1  l  of fl ammable  l i qu id ;  

b)  be  designed  not  to  l eak during  normal  service;  

c)  be  contained  wi th in  the  res istance  weld ing  equ ipment enclosure  or other enclosure  wh ich  
conforms to  the  relevant requ i rements  of th is  s tandard .  

Conformity shall be checked by visual inspection.  

Capaci tors  shal l  not cause  the  res istance  weld ing  equ ipment to  exh ib i t  hazardous  e lectrica l  
breakdown  or presen t ri sk of fi re  i n  event  of a  fa i l u re.  

Conformity shall be checked by the following test.  

Capaci tors  are  shorted  before  the  equ ipment i s  swi tched  on  then  the  res istance  weld ing  
equ ipment i s  operated  at no- load  at i ts  rated  i nput vol tage  and  wi th  an  i npu t suppl y fuse  or 
ci rcu i t-breaker wi th  a  va lue  between  1 20  %  and  200  %  of those  speci fied  i n  the  i nstruction  
manual ,  wi th  a l l  or any of the  capaci tors  shorted  un ti l  

a)  any fuse  or overcurren t device  in  the  res istance  weld ing  equ ipment source  has  operated ;  
or 

b)  the  suppl y ci rcu i t fuse  or ci rcu i t-breaker has  cleared ;  or 

c)  the  i nput componen ts  of the  res istance  weld ing  equ ipment reach  a  steady-state  
temperature,  not h i gher than  that a l l owed  i n  7 . 3 .  Any fau l t of e l ectron ic components  (for 
example,  primary recti fi er)  i s  not meant as  a  fai l u re  cri teria  for th is  test.  

I f any undue  heating  or mel ting  becomes  apparent,  the  resistance  weld ing  equ ipment shal l  
conform  to  the  requ irements  of b)  and  c)  of 8 . 1 .  

There  shal l  be  no  l eakage of l iq u id  during  any of the  type  tests  requ i red  by th is  standard .  

For in terference suppression  capaci tors  or capaci tors  having  i n ternal  fus ing  or a  ci rcu i t  
breaker,  th is  test  i s  not requ ired .  

6.3.5  Automatic  d ischarge of input capacitors  

Each  capaci tor shal l  be  provided  wi th  a  means  of au tomatic d ischarge  wh ich  shal l  reduce  the  
vol tage  across  the  capaci tor to  60  V or l ess  wi th in  the  time necessary to  g i ve  access  to  any 
curren t-carrying  part connected  to  the  capaci tor or an  appropriate  warn ing  l abel  shal l  be  used .  
For any p lug ,  wh ich  has  a  vol tage  due  to  a  capaci tor,  the  access  time i s  considered  to  be  1  s .   

Capaci tors  having  a  rated  capaci tance  not exceed ing  0 , 1  µF  are  not cons idered  to  present a  
risk of e lectric shock.  

Conformity shall be checked  by visual inspection and by the following test.  

The  res istance  weld ing  equ ipment shal l  be  tested  at i ts  h i ghest rated  suppl y vol tage.  The  
res istance  weld ing  equ ipment shal l  then  be  d isconnected  from  the  supply and  the  vol tages  
are  measured  wi th  instruments  that do  not s i gn i fican tl y affect  the  values  be ing  measured .  
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6.3.6  Protective  conductor current under normal  condi tion  

The l eakage  curren t i n  the  external  protective  conductor shal l  not exceed  

a)  5  mA rms  for p l ug-connected  equ ipment rated  up  to  and  i nclud ing  32  A;  

b)  1 0  mA rms  for p lug-connected  equ ipment rated  more  than  32  A;  

c)  1 0  mA rms  for equ ipment for permanent connection ,  wi thout specia l  measures  for the  
protecti ve  conductor;  

d )  equ ipment for permanen t connection  wi th  a  reinforced  protecti ve  conductor may have  a  
l eakage  current up  to  5  %  of the  rated  i nput current per phase.  

The  fo l l owing  shal l  be  provided  for reinforced  protecti ve  conductors:  

– a  connection  term inal  designed  for the  connection  of a  protective  conductor measuring  at  
l east 1 0  mm 2  Cu  or 1 6  mm 2  Al ;  or 

– a  second  term inal  des igned  for the  connection  of a  protecti ve  conductor of the  same 
cross-section  as  that of the  normal  protecti ve  conductor.  

Conformity shall be checked under the following conditions.  

The external  protecti ve  conductor curren t shal l  be  measured  by i nserti ng  an  ammeter of 

neg l ig ib le  impedance  (for example,  0 , 5  Ω)  i n  series  wi th  the  protecti ve  conductor.  
Measurement of the  protecti ve  conductor i s  made wi th  the  equ ipment and  power d istribu tion  
system  runn ing  i n  a l l  normal  operati ng  modes.  

6.3.7  Touch  current in  normal  cond ition  

The touch  curren t for accessib le  conductive  surfaces,  not connected  to  the  protecti ve  ci rcu i t,  
sha l l  not  exceed  0 , 7  mA peak under normal  cond i ti ons .  

Conform ity shal l  be  checked  us ing  the  configurations  as  shown  i n  Annex C,  wi thout s imu lati ng  
any fau l t  and  under the  fol l owing  cond i tions:  

a)  the  res istance  weld ing  equ ipment i s :  

–  i solated  from  the  ground  p lane;  

– suppl ied  by the  h ighest rated  suppl y vol tage;  

b)  the  weld ing  ci rcu i t  i s  i n  the  no-load  cond i tion ;  

c)  i n terference  suppress ion  capaci tors  are  not  d isconnected .  

6.4 Protection  against  e lectric  shock in  case  of a  fau l t  cond ition  ( ind i rect  contact)  

6.4. 1  General  

6.4. 1 . 1  General  safety measures  

Protection  against i nd i rect contact i s  i n tended  to  preven t hazardous  s i tuations  due  to  an  
i nsu lation  fau l t  between  l i ve  parts  and  exposed  conductive  parts .  

For each  ci rcu i t  or part of e l ectrica l  equ ipment at l east one  measure  shal l  be  appl ied .  Su i table  
measures  for the  weld ing  ci rcu i t  are  g i ven  i n  6 . 4. 2. 2  and  appl icabi l i ty to  d i fferent type  of 
equ ipment i s  g iven  i n  6 . 4 . 2 . 2  to  6 . 4 . 2. 4.  

For each  ci rcu i t or part of the  e lectrical  equ ipment d i fferent from  the  weld ing  ci rcu i t,  at l east  
one  of the  measures  i n  accordance wi th  6. 4. 1 . 2  to  6 . 4 . 1 . 3  shal l  be  appl i ed :  

– measures  to  prevent the  occurrence  of a  touch  vol tage  (6. 4. 1 . 2) ;  or 

– au tomatic d isconnection  of the  supply before  the  time of contact wi th  a  touch  vol tage  can  
become hazardous  (6 . 4. 1 . 3) .  
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Where  those  recommended  measures  are  not  practicable,  for example ,  due  to  the  physical  or 
operational  cond i tions,  other measures  from  I EC  60364-4-41  may be  used .  

I f selected  measure(s)  necess i tate(s)  coord ination  wi th  the  type  of suppl y and  earth ing  
system ,  the  manufacturer can  requ ire  power suppl y earth ing  system  in formation  from  the  user 
and  des ign  the  equ ipment i n  accordance  wi th  that  i n formation  ( for example,  us ing  the  enqu iry 
form  speci fied  in  Annex B  of I EC 60204-1 : 2005).  

The  manufacturer shal l  speci fy i n  the  i nstruction  manual  the  suppl y earth ing  system(s)  
a l l owed  (for example,  TN/TT/IT  systems)  and  the  re levant requ i red  suppl y characteristics  ( for 
example,  fuse,  ci rcu i t-breaker,  and /or RCD rating).  

NOTE  1  The  ri sk of harmfu l  physiol og ical  effects  from  a  touch  vol tage  depends  on  the  val ue  of the  touch  vol tage  
and  the  du rati on  of possib le  exposure.  

NOTE  2  For cl asses  of equ i pment and  protecti ve  provis ions,  see  I EC 61 1 40.  

6.4. 1 .2  Prevention  of the  occurrence  of a  touch  vol tage  

Measures  to  prevent the  occurrence of a  touch  vol tage  i nclude  the  fol l owing :  

– provis ion  of class  I I  equ ipment  or by equ ivalent  i nsu lation ;  

– e lectrical  separation .  

Protection  by provis ion  of class  I I  equ ipment or by equ iva lent i nsu lation  i s  i n tended  to  prevent  
the  occurrence of touch  vol tages  on  the  access ib le  parts  through  a  fau l t  i n  the  bas ic 
i nsu lation .  Th is  protection  is  provided  by one  or more  of the  fol lowing :  

– class  I I  e l ectrical  devices  or apparatus  (double  insu lation ,  re in forced  i nsu lation  or by 
equ ivalent insu lation  in  accordance wi th  I EC 61 1 40);  

– swi tchgear and  con trolgear assembl ies  having  tota l  i nsu lation ;  

– supplementary or re inforced  insu lation  i n  accordance  wi th  41 3. 2  of I EC  60364-4-41 : 2005.  

Protection  by e lectrica l  separation  is  in tended  to  prevent  a  touch  vol tage  through  con tact wi th  
exposed  conductive  parts  that can  be  energ ized  by a  fau l t i n  the  basic i nsu lation  of the  l i ve  
parts  of that ci rcu i t.  For th is  type  of protection ,  the  requ i rements  of I EC 60364-4-41  appl y.  

6.4. 1 .3  Protection  by automatic d isconnection  of supply 

This  measure  consists  of the  i n terruption  of one  or more  of the  l i ne  conductors  by the  
au tomatic  operation  of a  protective  device  i n  case  of a  fau l t.  Th is  i n terruption  shal l  occur 
wi th in  a  sufficientl y short time to  l im i t the  duration  of a  touch  vol tage  to  a  time  wi th in  wh ich  the  
touch  vol tage  i s  not hazardous.  I n terruption  times  are  g i ven  i n  I EC  60364-4-41 .  

Th is  measure  necess i tates  co-ord ination  between  

– the  type  of suppl y and  earth ing  system ;  

– the  impedance  va lues  of the  d i fferent elemen ts  of the  protecti ve  bond ing  system ;  

– the  characteristics  of the  protecti ve  devices  that detect insu lation  fau l t(s) ;  

– the  characteristics  of fau l t curren t ( for example,  wave  shape,  frequency content) .  

Automatic d isconnection  of the  suppl y of any ci rcu i t  affected  by an  i nsu lation  fau l t  i s  i n tended  
to  preven t a  hazardous  s i tuation  resu l ting  from  a  touch  vol tage.  

Th is  protecti ve  measure  comprises  both :  

– protective  bond ing  of exposed  conductive  parts;  

– and  e i ther:  
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a)  overcurrent protecti ve  devices  for the  au tomatic d isconnection  of the  supply on  
detection  of an  i nsu lation  fau l t i n  TN  systems;  or 

b)  res idual  current protecti ve  devices  to  i n i ti ate  the  au tomatic d isconnection  of the  suppl y 
on  detection  of an  i nsu lation  fau l t from  a  l i ve  part to  exposed  conductive  parts  or to  
earth  i n  TT  systems,  or 

c)  i nsu lation  mon i toring  or residual  current protective  devices  to  i n i ti ate  au tomatic 
d isconnection  of I T  systems.  Except where  a  protective  device  is  provided  to  i n terrupt 
the  suppl y i n  the  case  of the  fi rst earth  fau l t,  an  i nsu lation  mon i toring  device  shal l  be  
provided  to  i nd icate  the  occurrence  of a  fi rst  fau l t  from  a  l i ve  part  to  exposed  
conductive  parts  or to  earth .  Th is  i nsu lation  mon i toring  device  shal l  i n i tiate  an  aud ib le  
and /or visual  s i gnal  wh ich  shal l  con tinue  as  l ong  as  the  fau l t persists.  

NOTE  I n  l arge  mach ines,  the  provis ion  of an  earth  fau l t  l ocation  system  can  faci l i tate  main tenance.  

Where automatic d isconnection  i s  provided  i n  accordance wi th  a) ,  and  d isconnection  wi th in  
the  time speci fied  i n  I EC  60364-4-41  cannot be  assured ,  supplementary bond ing  shal l  be  
provided  to  prevent a  prospective  touch  vol tage  from  exceed ing  50  V a . c.  or 1 20  V ripp le-free  
d . c.  between  s imu l taneousl y access ib le  conductive  parts .  

I n  the  event of fai l u re,  the  protecti ve  device  shal l  operate  to  i solate  the  equ ipment from  the  
power suppl y wi th in  the  time speci fied  i n  I EC  60364-4-41 .  Depend ing  on  the  selected  
provis ion ,  the  d isconnecting  device  can  be  i ncorporated  i n  the  equ ipment by the  manufacturer 
or provided  at  the  i nsta l l ation .  The  selection  of appropriate  d isconnecting  device  type  and  i ts  
characteristics  is  determ ined  from  both  equ ipment parameters  (fau l t curren t characteristics,  
equ ipment add i tional  fau l t l oop  impedance)  and  instal l ation  parameters  (for example,  earth ing  
system  type,  fau l t  l oop  impedance,  earth  connection  resistance,  etc).  I f the  d isconnecting  
device  is  not i ncorporated  in  the  equ ipment bu t provided  at i nsta l lation ,  the  manufacturer shal l  
speci fy to  the  user appropriate  i n formation  to  a l l ow proper se lection  (for example,  requ i red  
RCD type,  maximum  earth  connection  res istance,  i n formation  on  the  equ ipment add i tional  
fau l t  l oop  impedance,  etc. ) .  

6.4.2  Protective  provisions  for weld ing  ci rcu i t  

6.4.2 . 1  General  

To provide  protection  in  the  case  of fa i l u re  between  i nput and  the  ou tput  ci rcu i ts,  i n  contact 
wi th  the  workpieces,  one  of the  provis ions  described  in  6. 4 . 2 . 2  to  6. 4 . 2 . 1 1  shal l  be  adopted .   
Connection  of the  protecti ve  conductor to  the  transformer core  or frame  is  requ i red  when  
these  parts  are  access ib le  by the  operator.  

The  provis ions  described  in  6. 4 . 2 . 4  to  6 . 4 . 2 . 1 0  are  based  on  au tomatic d i sconnection  of the  
suppl y (see  6. 4 . 1 . 3).  

I f the  weld ing  ci rcu i t  i s  connected  d i rect to  g round  ( i . e . ,  6 . 4 . 2 . 4  i s  appl ied ),  execution  of the  
weld ing  process  on  non- insu lated  workpieces  can  generate  a  curren t ci rcu lation  i n  the  
protecti ve  conductor.  Ampl i tude  of th is  current depends  on  many factors,  for example,  
i ncl ud ing  the  type  of weld ing  current ( i . e. ,  a . c.  or d . c. ) ,  the  value  of the  secondary vol tage,  the  
impedance or res istance  of the  instal lation  protecti ve  conductors  path  where  the  current 
ci rcu lates.  As  th is  s tray curren t can  endanger the  i n tegri ty of the  protective  conductor,  the  
manufacturer shal l  i n form  the  user of the  equ ipment under wh ich  provis ions  the  equ ipment i s  
su i table  for the  weld ing  of non- insu lated  workpieces  wi thout su ffering  from  th is  danger (for 
example,  i nsta l lation  and  veri fication  requ irement) .  

For i nd i rect mu l ti -spot weld ing  wi th  protective  provis ions  accord ing  to  6 . 4. 2. 3  to  6. 4 . 2 . 9,  the 
work-piece  and  backing  e lectrodes  shal l  be  i nsu lated  from  the  protecti ve  conductor i f 
excess ive  g round  curren ts  l ikel y to  endanger the  in tegri ty of the  protecti ve  conductor cannot 
be  avoided .  
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6.4.2 .2  Double  or reinforced  i solation  of the  weld ing  circu i t  

The weld ing  ci rcu i t  shal l  be  e lectrical l y i solated  from  the  supply ci rcu i t,  and  from  al l  other 
ci rcu i ts  having  a  vol tage  h i gher than  the  al l owable  no- load  vol tage  i n  accordance wi th  6 . 3 . 2  
(for example,  auxi l i ary power supply ci rcu i ts) ,  by double  or re inforced  i nsu lation  i n  accordance  
wi th  6. 3.  

Between  the  weld ing  ci rcu i t  and  i nput ci rcu i t ( i nclud ing  transformer wind ings)  there  shal l  be  
i nsu lati ng  materia l  wh ich  conforms  to  the  values  g i ven  in  Table  5 .  

Table  5  – M in imum  d istance  through  insu lation  

Rated  suppl y 
vol tage  

V r.m .s .  

Min imum  d istance  th rough  insu lation  

mm 

Sing le  l ayer Total  of three  or more  
separate  l ayers  

Up  to  440  1 , 3  0 , 35  

441  to  690  1 , 5  0 , 4  

691  to  1  000  2 , 0  0 , 5  

 

NOTE  Requ i rements  g i ven  i n  Tabl e  5  are  not  appl i cabl e  to  equ i pment wi th  a   secondary ci rcu i t  connected  to  the  
protecti ve  conductor or where  other provis ions  from  6. 4. 2 . 3  to  6 . 4. 2 . 9  are  employed .  

I f transformer metal l ic parts  are  i nsu lated  from  ground ,  

– the  weld ing  ci rcu i t shal l  be  e lectrical l y i so lated  from  the  transformer metal l ic  parts  by 
double  or reinforced  insu lation  i n  accordance wi th  6 . 3  determ ined  by the  suppl y ci rcu i t 
working  vol tage;  or 

– the  suppl y ci rcu i t sha l l  be  electrica l l y i so lated  from  the  transformer meta l l ic  parts  by 
double  or re inforced  i nsu lation  in  accordance  wi th  6. 3.  

I f another ci rcu i t i s  connected  to  the  weld ing  ci rcu i t,  the  power of the  other ci rcu i t  shal l  be  
suppl ied  by a  safety i solating  transformer or equ ivalent  means.  

I f the  weld ing  ci rcu i t i s  not connected  to  the  protecti ve  conductor,  the  touch  current between  
the  weld ing  ou tl ets  and  the  protecti ve  conductor term inal  shal l  not  exceed  1 4  mA peak.  

Conformity shall be checked by measurement according to 6. 2. 6.  

6.4.2 .3  Metal  screen  between  windings  of the  supply ci rcu i t  and  the  weld ing  ci rcu i t  

Wind ings  of the  supply ci rcu i t and  the  weld ing  ci rcu i t  shal l  be  insu lated  by basic i nsu lation  to  
a  meta l  screen  between  them  wh ich  i s  connected  to  the  protecti ve  conductor.  An  example  of 
the  s tructure  i s  shown  i n  F igure  3 .  
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Figure 3  – Example  of metal  screen  between  windings   
of the  supply ci rcu i t  and  the weld ing  ci rcu i t  

The  th ickness  of the  i nsu lation  between  each  wind ing  and  the  screen  shal l  be  at l east ha l f the  
va lues  g i ven  in  Table  5 .  

I f transformer metal l ic parts  are  i nsu lated  from  ground ,  

– the  weld ing  ci rcu i t  shal l  be  e lectrica l l y i so lated  from  the  transformer metal l ic  parts  by 
double  or reinforced  i nsu lation  i n  accordance wi th  6. 3  determ ined  by the  suppl y-ci rcu i t 
working  vol tage;  or 

– the  suppl y ci rcu i t shal l  be  electrica l l y i so lated  from  the  transformer meta l l ic parts  by 
double  or re inforced  i nsu lation  in  accordance  wi th  6 . 3.   

I f another ci rcu i t i s  connected  to  the  weld ing  ci rcu i t,  the  power of the  other ci rcu i t shal l  be  
suppl ied  by a  safety i solati ng  transformer or equ ivalent  means.  

I f the  weld ing  ci rcu i t  i s  not connected  to  the  protecti ve  conductor,  the  leakage current 
between  the  weld ing  ou tl ets  and  the  protecti ve  conductor term inal  shal l  not  exceed  1 0  mA a. c.  
r.m .s.  

Conformity shall be checked by visual inspection and by measurement according to  6. 4. 2. 2.  

6.4.2 .4  Protective  conductor connected  d i rect to  weld ing  circu i ts  

I f workpieces  are  not i nsu lated  from  the  protecti ve  conductor,  the  i n tegri ty of the  mains  suppl y 
systems  protecti ve  conductor shou ld  observed .  
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Figure 4  – Example of protective  conductor connected  d i rectly 
to  the  weld ing  ci rcu i t  (s ing le-spot,  a .c.  current equ ipment)  

 

Figure  5  – Example of protective  conductor connected  d i rectly 
to  weld ing  ci rcu i ts  (mu l ti -spot,  a.c.  current  equ ipment)  
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Figure 6  – Example of protective  conductor connected  d i rectly 
to  weld ing  ci rcu i ts  (medium-frequency equ ipment)  

Each  outpu t ci rcu i t i ncl ud ing  the  wi nd ing  shal l  be  connected  d i rect to  the  protecti ve  conductor 
accord ing  to  F igures  4,  5  and  6,  un less  i t  causes  excessive  ci rcu lation  curren ts  i n  the  
protecti ve  conductor.  

I f excess ive  ci rcu lation  curren ts  appear,  one  of the  measures  complyi ng  wi th  6 . 4 . 2 . 5  to  
6 . 4. 2 . 8  can  be  used .  

Conformity shall be checked by visual inspection  and operation.  

6.4.2 .5  Protective  conductor connected  th rough  impedance  

Each  ou tpu t ci rcu i t  i ncl ud ing  the  wind ing  shal l  be  permanentl y connected  to  the  protecti ve  
conductor by an  impedance,  accord ing  to  F igure  7 ,  to  l im i t  ci rcu lation  currents.  

The  impedance shal I  be  so  designed  that,  i n  the  case  of fa i l u re,  the  protecti ve  device  for the 
i nput ci rcu i t,  provided  at i nsta l lation ,  operates  wi th in  the  time speci fied  i n  I EC 60364-4-41 .  

NOTE  The  impedance  wh i l e  reducing  the  wel d ing  cu rren t ci rcu lati ng  on  the  protecti ve  conductor u nder normal  
cond i ti ons  a l so  reduces  the  fau l t  cu rrent.  Wh i l e  th i s  impedance  i n  TT earth ing  systems  can  be  neg l i g i b le,  i n  TN  
earth ing  systems  the  add i ti ona l  impedance  can  avoi d  proper operati on  of overcurrent  d i sconnecti ng  devices  ( i . e. ,  
t imes  speci fi ed  i n  I EC 60364-4-41  can  be  not  fu l fi l l ed ).  

The protecti ve  impedance device  shal l  wi thstand  the  thermal  and  e lectric  stresses  occurring  
during  the  fa i l u re  before  the  protecti ve  device  operates.  

Conformity shall be checked by visual inspection  and according to IEC 60364-6.  
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Figure 7  – Example  of protective  conductor connected  
to  weld ing  ci rcu i ts  through  impedances  

6.4.2 .6  Protective  conductor connected  through  auto-inductances  

Each  ou tpu t ci rcu i t i ncl ud ing  the  wind ing  shal l  be  permanen tl y connected  to  the  protecti ve  
conductor by a  saturable  au to- inductance,  accord ing  to  F igure  8  or F igure  9 ,  to  l im i t  
ci rcu lation-curren ts.  

The  impedance shal I  be  so  des igned  that,  i n  the  case  of a  fa i l u re,  the  protective  device  for the  
i nput  ci rcu i t,  provided  at i nsta l lation ,  operates  wi th in  the  time speci fied  i n  I EC 60364-4-41 .  

NOTE  The  impedance  wh i l e  reducing  the  wel d ing  cu rren t ci rcu lati ng  on  the  protecti ve  conductor u nder normal  
cond i ti on  a l so  reduces  the  fau l t  current.  Wh i l e  th i s  impedance  i n  TT earth ing  systems  can  be  neg l i g ibl e,  i n  TN  
earth ing  systems  the  add i ti ona l  impedance  can  avoi d  proper operati on  of overcurren t d i sconnecti ng  devices  ( i . e. ,  
t imes  speci fi ed  i n  I EC 60364-4-41  can  be  not  fu l fi l l ed ).   

The protecti ve  impedance device  shal l  wi thstand  the  thermal  and  e lectric  stresses  occurring  
during  the  fa i l u re  before  the  protecti ve  device  operates.  

Conformity shall be checked by visual inspection  and according to IEC 60364-6.  
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Figure 8  – Example of protective  conductor connected   
to  weld ing  ci rcu i ts  th rough  auto-inductances  

 

Figure 9  – Example  of protective  conductor connected   
to  weld ing  ci rcu i ts  th rough  auto-inductances  
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6.4.2 .7  Current  operated  residual  current  device   

Each  outpu t wind ing  shal l  be  permanentl y connected  to  the  protective  conductor d i rect or by 
means  of a  su i table  res istance  accord ing  to  F igure  1 0  or F igure  1 1 .   

The  instal l ed  res idual  curren t device  (RCD)  shal l  be  an  i n tegra l  part of the  equ ipment.  An  
add i ti onal  RCD  shal l  be  i nsta l led  i n  the  suppl y l i ne.  

 

Figure  1 0  – Example  of current  operated  RCD (a.c.  current  equ ipment)  

IEC 

L1  

L2  

L3  

N  

PE  

R 

Copyright International  Electrotechnical  Commission  



 – 32  – I EC 621 35-1 : 201 5  © I EC  201 5  

 

Key 

1  I nverter 

Figure  1 1  – Example  of current  operated  RCD (med ium-frequency equ ipment)  

RCD type  se lection  shal l  take  care  of the  possib le  fau l t  current waveform .  

RCD sens i ti vi ty selection  requ i res  coord ination  wi th  the  i nstal l ation  earth  connection ;  th is  may 
be  ach ieved  by 

– previous  measurement  i n  the  i nstal l ation  p lace;  or 

– requ i rement i n  the  i nstruction  manual  of a  maximum  al l owed  va lue  of earth  connection  
resistance;  or 

– use  of a  h i gh-sens i ti vi ty RCD wi th  a  maximum  I∆n  va l ue  of 30  mA.  

Res istance  shal l  be  d imensioned  to  a l l ow RCD operation  for every set-up  of the  equ ipment 
wi th in  the  time speci fied  i n  I EC  60364-4-41 .  The  res istance  shal l  wi thstand  the  thermal  and  
e lectric s tresses  occurring  during  the  fa i lu re  before  the  RCD  operates.  

Conformity shall be checked by visual inspection and operation.  

6.4.2 .8  Current  operated  residual  current  device  and  vol tage  relay 

Safety i s  provided  by both  the  residual  cu rren t device  and  a  vol tage  re lay (see  F igure  1 2) .  
The  system  is  su i table  for secondary recti fied  systems.  

The  i nstal l ed  RCD and  vol tage  re lay shal l  be  an  i n tegra l  part of the  equ ipment.  

NOTE  I f recti fi ers  are  used  i n  the  i npu t  ci rcu i t,  a  d . c.  cu rrent  component can  occur i n  the  case  of fa i l u re.  Th i s  can  
be  cons idered  when  selecti ng  an  earth  l eakage  breaker.  

Conformity shall be checked by visual inspection  and operation.  
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2  Vol tage  re l ay 

Figure  1 2  – Example  of current  operated  residual   
current  device  and  vol tage relay 

RCD type  se lection  shal l  take  care  of the  possib le  fau l t  current waveform .  

RCD sens i ti vi ty selection  requ i res  coord ination  wi th  the  i nstal l ation  earth  connection ;  th is  may 
be  ach ieved  by 

– previous  measurement in  the  instal lation  p lace;  or 

– requ i rement i n  the  i nstruction  manual  of a  maximum  al l owed  value  of earth  connection  
res istance;  or 

– use  of a  h i gh-sensi ti vi ty RCD wi th  a  maximum  I∆n  va l ue  of 30  mA.  

Res istance  shal l  be  d imensioned  to  a l l ow RCD operation  for every set-up  of the  equ ipment 
wi th in  the  time speci fied  i n  I EC  60364-4-41 .  The  res istance  shal l  wi thstand  the  thermal  and  
e lectric s tresses  occurring  during  the  fa i lu re  before  the  RCD  operates.  

6.4.2 .9  Current  operated  residual  current  device  and  safety vol tage  relay 

Safety i s  provided  by both  an  RCD and  a  safety vol tage  re lay (see  F igure  1 3) .  

Each  ou tput  wind ing  shal l  be  permanentl y connected  to  the  safety vol tage  operated  re lay 
accord ing  to  F igure  1 3.  A pos i ti ve  control led  ci rcu i t breaker shal l  be  used .  

To  al l ow the  vol tage  re lay to  be  safe,  i t  shal l  be  provided  wi th  a  control  ci rcu i t assuring  the 
con tinu i ty of the  connection  to  the  secondary conductor,  and  assuring  detecti on  of possib le  
fau l t  to  ground  of sens ing  wi res.  

NOTE  1  Example  of th i s  type  of con trol  ci rcu i t  i s  a  device  i n j ecti ng  a  cu rrent  i n to  a  sens i ng  ci rcu i t  composed  of 
two  separate  sensing  wi res,  conti nuous l y checking  the  sens ing  ci rcu i t  conti nu i ty.  To  ensure  correct operati on ,  both  
sensing  wi res  have  to  be  connected  to  the  same ou tpu t of the  transformer.   
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Connection  to  the  recti fied  ou tput i s  not a l l owed  as  a  transformer i nsu lation  fa i l u re  may 
damage  the  recti fier and  avoid  correct  operation .  

The  i nstal l ed  RCD and  vol tage  safety re lay shal l  be  an  i n tegra l  part  of the  equ ipment.  

Conformity shall be checked by visual inspection and operation.  

NOTE  2  I f recti fi ers  are  used  i n  the  i npu t  ci rcu i t,  a  d . c.  cu rrent  component can  occu r i n  the  case  of a  fa i l u re.  Th i s  
i s  considered  when  selecti ng  a  res idual  current  device.  

 

Key 

1  I nverter 

2  Safety vol tage  re l ay 

Figure 1 3  – Example  of current  operated  residual  current   
device  and  safety-voltage relay 

RCD type  selection  shal l  take  care  of the  possib le  fau l t  current waveform .  

RCD sensi ti vi ty se lection  requ i res  coord ination  wi th  insta l lation  earth  connection ;  th is  may be  
ach ieved  by 

– previous  measurement in  the  i nstal l ation  p lace;  or 

– requ irement in  the  i nstruction  manual  of a  maximum  al lowed  va lue  of earth  connection  
res istance;  or 

– use  of a  h i gh-sens i ti vi ty RCD wi th  a  maximum  I∆n  va l ue  of 30  mA.  

Res istance  shal l  be  d imensioned  to  a l l ow RCD operation  for every set-up  of the  equ ipment 
wi th in  the  time speci fied  i n  I EC  60364-4-41 .  The  res istance  shal l  wi thstand  the  thermal  and  
e lectric s tresses  occurring  during  the  fa i lu re  before  the  RCD  operates.  

6.4.2 .1 0  Safety vol tage relay 

Safety i s  provided  by a  safety vol tage  re lay (see  F igure  1 4).  
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Each  ou tpu t wind ing  shal l  be  permanentl y connected  to  the  safety-vol tage  operated  re lay 
accord ing  to  F igure  1 4.  A pos i ti ve  control led  ci rcu i t breaker shal l  be  used .  

 

Key 

1  I nverter 

2  Safety vol tage  re l ay 

Figure 1 4 – Example  of safety vol tage  relay 

To al l ow the  vol tage  re lay to  be  safe,  i t  shal l  be  provided  wi th  a  control  ci rcu i t assuring  the 
con tinu i ty of the  connection  to  the  secondary conductor,  and  assuring  detecting  of poss ib le  
fau l t  to  g round  of sensing  wi res.  

NOTE  Example  of th i s  type  of con trol  ci rcu i t  i s  a  d evice  i n j ecti ng  a  current  i n to  a  sensing  ci rcu i t  composed  of two  
separate  sensing  wi res,  con ti nuous ly checking  the  sensing  ci rcu i t  con ti nu i ty.  To  ensure  correct  operation ,  both  
sensing  wi res  have  to  be  connected  to  the  same ou tpu t of the  transformer.   

Connection  to  the  recti fi ed  ou tput i s  not a l l owed  as  a  transformer i nsu lation  fa i l u re  may 
damage  the  recti fier and  avoid  correct  operation .  

Conformity shall be checked by visual inspection  and operation.  

6.4.2 . 1 1  Protective  measures  restricting  access  to  weld ing  circu i t  

Access  to  the  weld ing  ci rcu i t and  other conductive  parts  that can  be  i n  con tact wi th  the  
weld ing  ci rcu i t  i s  avoided  by protecting  devices  that  

a)  prevent access  to  the  weld ing  ci rcu i t(s)  when  the  weld ing  transformer(s)  fai l u re  may be  
hazardous  (for example,  are  not i nsu lated  from  suppl y) ;  and  

b)  a l l ow supply of the  weld ing  transformer on l y i f the  protective  measures  have  become 
effecti ve.  

I nsu lation  of the  weld ing  transformer suppl y shal l  be  performed  on  a l l  phases  by mon i tored  
con tactor or devices  wi th  the  same safety l evel .  
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The  control  ci rcu i t sha l l  fa i l  safe,  resu l ti ng  in  the  transformer being  swi tched  off and  
preventing  reconnection .  

NOTE  1  Protecti ve  devices  are,  for example,  fi xed  guards,  i n terlocked  movabl e  guards,  photoelectri c  devices,  etc.  

NOTE  2  Th i s  protecti ve  provi s ion  i s  usual l y employed  i n  l arge  equ ipment,  for example,  robot  i nsta l l ati ons.  

Design  shal l  take  care  to  avoid  possib le  contact wi th  the  weld ing  ci rcu i t,  through  the  weld ing  
p ieces  or equ ipment parts ,  that does  not provide  an  adequate  i nsu lation  to  the  weld ing  ci rcu i t,  
for example,  by provid ing  equ ipotential  bond ing  of these  parts.   

Conformity shall be checked by visual inspection and operation.  

6.4.3  In ternal  conductors  and  connections  

I n ternal  conductors  and  connections  shal l  be  secured  or posi ti oned  to  prevent accidenta l  
l oosen ing ,  wh ich  cou ld  cause  e lectrical  connection  between  

a)  the  i npu t ci rcu i t  or any other ci rcu i t and  the  we ld ing  ci rcu i t  so  that the  ou tput vol tage  cou ld  
become h igher than  the  a l l owable  no- load  vol tage;  

b)  the  weld ing  ci rcu i t  and  the  protecti ve  conductor,  enclosure,  frame or core  (on l y wi th  the  
provis ions  of 6 . 4. 2. 2  and  6 . 4. 2 .3) .  

Where  insu lated  conductors  pass  through  meta l l ic  parts ,  they shal l  be  provided  wi th  bush ings  
of i nsu lating  materia l  and  the  open ings  shal l  be  smooth l y rounded  wi th  a  rad ius  of at  l east 
1 , 5  mm .  

Bare  conductors  shal l  be  so  fixed  that  the  clearance  and  creepage d istance  from  each  other 
and  from  conductive  parts  i s  main tained  (see  6. 2 . 2  and  6 . 2. 3).  

Conductors  of d i fferen t ci rcu i ts  may be  la i d  s i de  by s i de,  may occupy the  same duct (for 
example,  condu i t,  cable  trunking  system),  or may be  i n  the  same mu l ticonductor cable  
provided  that the  arrangement does  not impai r the  proper function ing  of the  respective  
ci rcu i ts.  Where  those  ci rcu i ts  operate  at d i fferent vol tages,  the  conductors  shal l  be  separated  
by su i table  barriers  or sha l l  be  i nsu lated  for the  h ighest vol tage  to  wh ich  any conductor wi th in  
the  same duct can  be  subjected .  

Conformity shall be checked by visual inspection and by measurement.  

6.4.4  Touch  current in  fau l t  condi tion  

For class  1  equ ipment,  except for equ ipment wi th  permanent connection  by a  re inforced  
protective  conductor in  accordance  wi th  I EC  61 1 40,  the  weighted  touch  cu rrent i n  case  of an  
external  protective  conductor fa i lu re  or d isconnection  shal l  not  exceed :  

– 7  mA peak,  i n  case  of test on  conductive  grippable  parts ,  

– 1 4 , 1  mA peak,  i n  case  of test  on  conductive  non-grippable  parts.  

Conformity shall be checked using the configurations as shown in  Annex C under the 
following conditions:  

1 )  the  res istance  weld ing  equ ipment i s :  

–  i solated  from  the  ground  p lane;  

– suppl ied  by the  h ighest rated  suppl y vol tage;  

– not connected  to  the  protecti ve  earth  except th rough  measurement componen ts;  

2)  the  weld ing  ci rcu i t  i s  i n  the  no-load  cond i tion ;  

3)  i n terference  suppress ion  capaci tors  shal l  not  be  d isconnected .  
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6.4.5  DC  resistance  weld ing  equ ipment operating  at mains  frequency 

For centre-tap  and  double-star recti fier or bri dge  recti fi er connections  operati ng  at  a  l i ne  
frequency of 50  Hz or 60  Hz,  the  provis ions  speci fi ed  in  6. 4 . 2. 2  to  6 . 4 . 2 . 1 1  are  appl icable.  

I f provis ions  speci fied  i n  6. 4 . 2 . 4  to  6 . 4. 2. 6  are  used ,  ground  connection(s)  on  the  outpu t 
term inal (s)  sha l l  be  connected  to  the  transformer secondary.   

I f provis ions  speci fi ed  i n  6. 4 . 2 .7  to  6 . 4 . 2. 9  are  used ,  res istance  connection  on  the  outpu t 
term inal  sha l l  be  connected  to  the  transformer secondary.  

I f provis ions  speci fi ed  i n  6 . 4 . 2 . 8  to  6 . 4. 2. 1 0  are  used ,  vol tage  re lay connection (s)  on  the  
ou tpu t term inal  shal l  be  d i rectl y connected  to  the  transformer secondary.  

Connection  to  recti fi er d iode(s)  ou tput  term inal  i s  not a l lowed  as  transformer i nsu lation  fa i lu re  
can  cause  fai l u re  of recti fi er d iodes.  

6.4.6  DC  resistance  weld ing  equ ipment operating  at med ium  frequency 

Provis ions  described  i n  6 . 4 . 2 . 2  and  6 . 4 . 2. 3  are  appl icable  wi thout  further requ irements.  

I f provis ions  speci fi ed  i n  6. 4 . 2 . 4  to  6 . 4. 2 . 6  are  used ,  ground  connection(s)  on  the  output 
term inal (s)  shal l  be  connected  to  the  transformer secondary.  Moreover design  shal l  take  care 
of special  cond i ti ons  as  described  i n  6. 4 . 2 . 1  and  Annex F.  

I f provis ions  speci fi ed  i n  6. 4 . 2 . 7  to  6 . 4 . 2. 9  are  used ,  res istance  connection  on  the  output 
term inal  sha l l  be  connected  to  the  transformer secondary.  Moreover,  design  shal l  take  care  of 
specia l  cond i tions  as  described  i n  6 . 4 . 2. 1  and  Annex F .  

I f provis ions  speci fied  i n  6 . 4 . 2. 8  to  6. 4. 2 . 1 0  are  used ,  vol tage  re lay connection (s)  on  the  
ou tpu t term inal  shal l  be  connected  d i rect  to  the  transformer secondary.  Moreover,  vol tage  
re lay shal l  be  su i table  for the  i nverter ou tpu t waveform .  

Connection  to  recti fier d iode(s)  ou tput  term inal  i s  not a l lowed  as  transformer i nsu lation  fa i lu re  
can  cause  fai l u re  of recti fi er d iodes.  

6.4.7  Continu i ty of the  protective bond ing  ci rcu i t  

The con tinu i ty of the  protective  bond ing  ci rcu i t sha l l  be  veri fi ed  by generating   curren t of at 
l east 1 0  A at  50  Hz or 60  Hz derived  from  a  PELV source.  The  tests  shal l  be  made  between  
the  PE  term inal  and  re levant poin ts  wh ich  are  part of the  protecti ve  bond ing  ci rcu i t.  The  test  
time is  1  s .  The  measured  vol tages  between  the  PE  term inal  and  the  poin ts  of test  shal l  not 
exceed  the  values  g i ven  i n  Table  6 .  

Table  6  – Continu i ty of the  protective  bonding  ci rcu i t  

Min imum  effective  protecti ve  
conductor cross-sectional  area of the  

branch  under test  

mm 2  

Maximum  measured  vol tage  drop  
(values  are  g iven  for a  test curren t of 

1 0  A)  

V 

1 , 0  3 , 3  

1 , 5  2 , 6  

2 , 5  1 , 9  

4 , 0  1 , 4  

>  6 , 0  1 , 0  
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6.5  Addi tional  user requ i rements  

I n  specia l  cases  a  protection  against fau l ts  of swi tch ing  devices  i n  the  i npu t ci rcu i t may be  
provided .  A special  agreement between  manufacturer and  user shal l  be  made  i n  such  cases.  

6.6  Supply vol tage  

The rated  maximum  suppl y vol tage  shal l  not  exceed  

a)  300  V r.m . s.  between  phase  and  earth  for portable  hand-held  res istance  weld ing  
equ ipment wi th  bu i l t- i n  transformers;  

b)  1  000  V r.m . s.  between  phases  for other res istance  weld ing  equ ipment;  

un less  add i tional  safety provis ions  are  i ncorporated  i n  the  equ ipment to  guarantee  the  same 
protection  l evel  described  i n  th is  standard ,  for example,  adequate  reaction  time and  sens i ti vi ty 
of RCD.  

Conformity shall be checked by visual inspection.  

6.7  Conductors  of the  weld ing  circu i t  

Conductors  of the  weld ing  ci rcu i t  may be  

a)  e i ther rig id ,  general l y bare  conductors  connected  to  movable  p ieces  (e lectrodes,  p latens)  
by an  appropriate  fl exib le  conductor (braided  conductors,  l am inated  conductors) ;  or  

b)  flexible  conductors  that are  especia l l y designed  for th is  use  and  can  be  cooled  by a  
cool ing  l i qu id  (for example,  accord ing  to  I SO 5828,  I SO 8205-1  or I SO 8205-2).   

7 Thermal  requirements  

7. 1  Heating  test  

7. 1 . 1  Test conditions  

When  placing  the  measuring  devices,  the  on l y access  perm itted  shal l  be  through  open ings  
wi th  cover p lates,  i nspection  doors  or eas i l y removable  panels  provided  by the  manufacturer.  
The  ven ti l ation  i n  the  test area  and  the  measuring  devices  used  shal l  not i n terfere  wi th  the  
normal  venti lation  of the  res istance  weld ing  equ ipment or cause  abnormal  transfer of heat to  
or from  i t.  

The  weld ing  equ ipment shal l  be  short-ci rcu i ted  accord ing  to  I SO  669.  

The  weld ing  equ ipment i s  operated  at the  permanent ou tpu t current,  I2p ,  i n  one  of the 

fol l owing  poss ib le  operating  cond i ti ons :  

a)  wi th  pu lsed  output current,  us ing  a  pu lse  curren t correspond ing  to  the  maximum  short-
ci rcu i t  current ou tpu t (I2cc) ,  at  the  du ty factor X ca lcu lated  to  correspond  to  the  permanent 
ou tpu t curren t (I2p) ,  by the  formu la:  

( )
( )22cc

2
2p

I

I
X =  

or 

b)  wi th  the  permanen t ou tpu t curren t (I2p)  at 1 00  %  duty factor.  

NOTE  1  Typica l  res i stance  weld i ng  equ ipment i s  operated  a t  a  reduced  du ty factor wi th  h i gh  ou tpu t  curren t.  Some 
weld ing  equ i pment ( i . e.  seam  wel ders)  are  designed  to  operate  at  the  permanent ou tpu t  cu rren t,  therefore  are  
tested  at  th i s  cond i ti on .  

For l i qu id  cooled  equ ipment the  fl ow rate  shal l  be  set up  as  speci fied  on  the  rating  p late.  
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I n  the  case  of d . c.  curren t equ ipment operati ng  at med ium  frequency ( inverter equ ipment),  the 
test shal l  be  carried  ou t at the  fol lowing  operati ng  cond i ti ons.  

1 )  a  l oad  res istor wi th  a  resistance  value  of 1 00  µΩ  shal l  be  insta l l ed  between  the  
e lectrodes.  The  l oad  resistor d imensions  and  the  appl ied  force  shal l  be  the  same as  
speci fied  i n  I SO  669;  

2)  equ ipment weld ing  current ad j ustment i s  set up  at  maximum  va lue;  

3)  at  a  weld ing  time accord ing  to  rea l  operation  cond i ti on ;  

4)  at the  du ty factor X correspond ing  to  the  permanen t ou tpu t current (I2p)  considering  the  
equ ipment ou tput  curren t  during  the  test I2 ,  measured  us ing  an  in tegration  time equal  to  

the  pu lse  duration  calcu lated  by the  formu la:  

( )
( )22

2
2p

I

I
X =  

NOTE  2  On  some types  of equ ipment ( i . e.  seam  wel ders)  the  resu l ti ng  du ty factor can  be  a l so  1 00  % .  

NOTE  3  As  pu l se  du rati on  setti ng  does  not  i n fl uence  the  test  resu l t  i t  can  be  free ly chosen  to  match  equ ipment  
and  test  i nstrumentation  requ i rements.   

A pu lse  duration  representative  of the  typical  operating  cond i tion  of the  equ ipment i s  
recommended .  

I n  the  case  of th ree-phase d . c.  current equ ipment operating  at l i ne  frequency (50/60  Hz),  the  
test shal l  be  carried  ou t at  the  fol l owing  operati ng  cond i tions:  

– ou tpu t curren t i s  set up  to  the  m in imum  ad justable  value,  to  obtain  the  maximum  heating  
cond i ti on  of the  transformers  and  recti fi er;  i f resu l ti ng  ou tput  cu rrent I2  i s  lower than  
permanent ou tpu t curren t I2p ,  curren t setup  is  i ncreased  to  ach ieve  the  permanent current 
I2p ;  

– at the  du ty factor X correspond ing  to  the  permanent ou tpu t cu rrent  (I2p)  considering  the  
equ ipment ou tput curren t during  the  test I2 ,  measured  us ing  an  in tegration  time equal  to  
the  pu lse  duration ,  ca lcu lated  by the  formu la:  

( )
( )22

2
2p

I

I
X =  

NOTE  4  On  some types  of equ ipment ( i . e.  seam  wel ders)  the  resu l ti ng  du ty factor can  be  a l so  1 00  % .  

NOTE  5  As  pu l se  du rati on  setti ng  does  not  i n fl uence  the  test  resu l t  i t  can  be  free ly chosen  to  match  equ ipment  
and  test  i nstrumentation  requ i rements.   

A pu lse  duration  representative  of the  typical  operating  cond i tion  of the  equ ipment i s  
recommended .  

NOTE  6  Test setup  i s  va l i d  for both  equ ipment  wi th  transformers  wi th  del ta  connected  primary wind ings  and  wi th  
wye  connected  primary wi nd ings.  

I f the  transformer has  been  tested  i n  accordance wi th  I SO  5826,  and  the  thermal  rati ng  of the  
equ ipment (permanent ou tpu t current of the  equ ipment,  I2p)  i s  l ower or equal  to  the  

transformer thermal  rating ,  the  equ ipment thermal  test can  be  performed  wi thout measuring  
the  transformer temperature  rise.  

7. 1 .2  Tolerances  of the  test parameters  

During  the  l ast 60  m in  of the  heating  test i n  accordance wi th  7. 1 . 3 ,  the  fol l owing  to lerances  
shal l  be  met.  

a)  Output  current:  ±2  %  of the  appropriate  ou tput  cu rren t.  
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b)  Cool ing  l i qu id  fl ow ( i f appl icable):  ±5  %  of the  rated  value.  

c)  Suppl y vol tage:  ±5  %  of the  appropriate  rated  suppl y vol tage.   

7. 1 .3  Beg inn ing  of the  heating  test  

I n  the  case  of embedded  or surface  temperature  sensor,  the  test may be  started  wi thou t the  
weld ing  equ ipment having  reached  a  temperature  balance  wi th  the  ambien t a i r or the  cool i ng  
l iqu id .  

I n  the  case  of res istance  measurement the  test shal l  be  s tarted  on l y when  the  temperature  
d i fference  between  cool ing  l i qu id  in l et and  ou tlet  i s  wi th in  1  K ( i n  the  case  of l i q u id -cooled  
weld ing  equ ipment).  

The  temperature  of the  cool ing  l i qu id ,  t1 ,  i s  retained  as  the  in i tia l  temperature  of the  wind ing  

whose res istance  i s  being  measured .  

7. 1 .4  Duration  of the  test  

The  heating  test  shal l  be  carried  ou t un ti l  the  rate  of the  temperature  rise  does  not exceed  
2  K/h  on  any component for a  period  not l ess  than  60  m in .  

7.2  Temperature  measurement  

7.2. 1  Measurements  conditions  

The temperature  shal l  be  determ ined  at  the  end  of the  load  time of the  l ast  cycle  as  fol lows.  

a)  for wind ings,  by surface  or embedded  temperature  sensors  or by measurement of the  
res istance  (on l y i npu t wind ings);  

b)  for other parts,  by surface  temperature  sensors.  

7.2.2  Surface  temperature sensor 

The temperature  is  measured  by a  temperature  sensor appl ied  to  accessible  surfaces  of 
wind ings  or other parts  i n  accordance wi th  the  cond i ti ons  sti pu lated  be low.  

NOTE  1  Typical  temperatu re  sensors  are  thermocoupl es ,  res i stance  thermometers ,  etc.  

Bu lb  thermometers  shal l  not be  used  for measuring  temperatures  of wind ings  and  surfaces.  

Temperature  sensors  are  p laced  at access ib le  spots  where  the  maximum  temperature  is  l i kel y 
to  occur.  I t  i s  advisable  to  l ocate  the  pred ictable  hot spots  by means  of a  pre l im inary check.  

NOTE  2  The  s i ze  and  spread  of hot  spots  i n  wind ings  depend  on  the  desi gn  of the  we ld ing  equ i pment.  

Efficien t heat  transm ission  between  the  poin t  of measurement and  the  temperature  sensor 
shal l  be  ensured ,  and  protection  shal l  be  provided  for the  temperature  sensor against the  
effect of a i r curren ts  and  rad iation .  

7.2.3  Resistance  

This  method  on l y appl i es  to  i nput wind ings.  The  temperature  rise  of wind ings  is  determ ined  by 
the  i ncrease  i n  thei r resistance  and  is  obta ined  for copper by the  fol lowing  formu la:  

)(+
)()+(235

 = a1
1

121
a2 tt

R

RR
tt −

−
−

t
 

where  

t1  i s  the  temperature  of the  wind ing  at the  moment when  R1  i s  measured  (°C);  
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t2  i s  the  calcu lated  temperature  of the  wind ing  at  the  end  of the  test ( °C);  

ta  i s  the  ambient a i r temperature  (or the  temperature  of the  cool i ng  l i qu id )  at the  end  of the  
test ( °C);  

R1  i s  the  i n i ti a l  res istance  of the  wind ing  (Ω) ;  

R2  i s  the  res istance  of the  wind ing  at  the  end  of the  test  (Ω) .  

For a lum in ium ,  the  number 235  in  the  above formu la  is  replaced  by the  number 225.  

The  temperature  t1  sha l l  be  wi th in  ±3   K of the  ambient  a i r temperature.  

Record ing  of measurement resu l ts  shal l  be  carried  ou t i n  the  fo l lowing  steps,  wi thou t delay 
between  them :  

a)  stop  of the  cool ing  flow ( i f appl icable),  

b)  cu t  off of the  curren t,  

c)  record  of the  res istance  R2.  

7.2.4  Embedded  temperature  sensor 

The temperatu re  is  measured  by thermocouples  or other su i table  temperature  measuring  
i nstruments  of comparable  s ize  embedded  at  the  hottest parts .  

When  measuring  wind ing  and  coi l  temperatures,  the  thermocouples  are  appl i ed  d i rectl y to  the  
conductors  and  separated  from  the  meta l l ic ci rcu i t  on l y by any i n tegra l l y appl i ed  i nsu lation  on  
the  conductors  themselves.  

A thermocouple  appl ied  to  the  hottest poin t of a  s ing le  l ayer wind ing  i s  cons idered  as  
embedded .  

7.2.5  Determination  of the  ambient  temperature (ta)  

The ambien t a i r temperature  is  determ ined  by at  l east three  measuring  devices.  These  are  
spaced  un i form ly around  the  weld ing  equ ipment,  at approximate l y one-hal f of i ts  heigh t and  
1  m  to  2  m  from  i ts  surface.  They are  protected  from  draughts  and  abnormal  heati ng .  The  
mean  value  of the  temperature  read ings  is  adopted  as  the  temperature  of the  ambien t a i r.  

I n  the  case  of forced  a i r-cooled  weld ing  equ ipment,  the  measuring  devices  are  p laced  where  
the  a i r en ters  the  cool i ng  system .  The  mean  of the  read ings  taken  at  equal  i n tervals  of time 
during  the  l ast quarter of the  duration  of the  test  i s  adopted  as  the  ambien t a i r temperature.  

7.2.6  Determination  of cool ing  l iqu id  temperature (ta)  

The  thermometers  shal l  be  placed  at  the  cool ing  l i qu id  i n let of the  weld ing  equ ipment.  

For record ing  the  measurement resu l ts  the  average  temperature  obta ined  during  the  last  
60  m in  of the  test sha l l  be  taken .  

7.2.7  Record ing  of temperatures  

Where poss ib le,  temperatures  are  recorded  wh i le  the  equ ipment i s  i n  operation  and  after 
shu tdown .  On  those  parts  where  the  record ing  of temperature  i s  not possib le  wh i l e  the  
equ ipment i s  i n  operation ,  temperatures  are  taken  after shu tdown  as  described  below.  

Whenever a  sufficient time has  e lapsed  between  the  i nstant of shutdown  and  the  time of final  
temperature  measurement to  perm i t the  temperature  to  fa l l ,  su i table  corrections  are  appl ied  to  
obtain  as  nearl y as  practicable  the  temperature  at  the  i nstant of shutdown.  Th is  may be  done  
by plotti ng  a  curve  in  accordance wi th  Annex D .  A m in imum  of four temperature  read ings  is  
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taken  wi th in  5  m in  from  shutdown.  I n  cases  where  success ive  measurements  show an  
i ncreas ing  temperature  after shutdown ,  the  h i ghest va lue  i s  taken .  

7.3  Limits  of temperature  rise  

7.3. 1  Wind ings   

The temperature  rise  for wind ings  shal l  not exceed  the  values  g iven  i n  Table  7 ,  regard less  of 
the  method  of temperature  measurement used ,  except that the  res istance  measurement or an  
embedded  temperature  sensor shal l  be  used  for coi l s  and  wind ings  wherever possib le.  

Table  7  – Limi ts  of temperature  rise  for wind ings   

Class  of  
i nsu lation  

Maximum  
temperature  

Lim i ts  of temperature  ri se  for ai r cooled  wind ings  
K  

Wind ings  

°C  °C  
Surface  

temperature  sensor 
Resi stance  

Embedded  
temperature  sensor 

1 05  (A)  1 50  55  60  65  

1 20  (E)  1 65  70  75  80  

1 30  (B)  1 75  75  80  90  

1 55  (F)  1 90  95  1 05  1 1 5  

1 80  (H )  21 0  1 1 5  1 25  1 40  

200  (N )  230  1 30  1 45  1 60  

220  (R)  250  1 50  1 60  1 80  

NOTE  1  Surface  temperatu re  sensor means  that  the  temperature  i s  measured  wi th  non -embedded  sensors  at  
the  hottest  access ible  spot  of the  ou ter su rface  of the  wi nd i ngs.  

NOTE  2  Normal l y,  the  temperatu re  at  the  su rface  i s  the  l owest.  The  temperatu re  determ ined  by res i stance  
measurement g i ves  the  average  between  al l  temperatu res  occurri ng  i n  a  wind ing .  The  h i ghest temperature  
occurri ng  i n  the  wind ings  (hot  spot)  can  be  measured  by embedded  temperatu re  sensors.  

NOTE  3  Other cl asses  of i n su lation  havi ng  h i gher val ues  than  those  g i ven  i n  th i s  tab le  are  avai l able  (see  
I EC 60085).  

NOTE  4  I n  case  of l i q u i d  cool ed  wi nd i ngs  the  l im i t  of temperature  ri se  i s  i ncreased  by 1 0  K.  

 

No part shal l  be  al l owed  to  reach  any temperature  that wi l l  damage another part even  though  
that  part m igh t conform  to  the  requ i rements  i n  Table  7 .  

Further,  for tests  at other than  1 00  %  du ty cycle  (du ty factor),  the  temperature  occurring  
during  any fu l l  cycle  shal l  not  exceed  the  maximum  temperatures  g iven  i n  Table  7 .   

Conformity shall be checked by measurement in  accordance with 7. 2.  

7.3.2  External  surfaces  

External  surface  temperature  rise  l im i tation  i s  requ ired  to  avoid  risks  of bu rn ing  deriving  from  
con tact of hot surfaces  wi th  unprotected  skin .  As  d i fferen t cond i tions  of skin  con tact appl y 
wi th  d i fferen t equ ipment (or part  of equ ipment)  types,  d i fferen t l im i ts  va lues  are  g iven  for 
d i fferent  types  of equ ipment.  

NOTE  1  Hand -held  equ ipment  are  des i gned  to  be  hel d  d u ri ng  operation  ( i . e.  portable  welders),  hand -gu i ded  
equ i pment  are  designed  to  be  manual l y moved  by the  operator bu t  are  sustained  by appropri ate  systems  ( i . e.  
suspended  guns),  fi xed  equ i pment  are  not  hel d  by the  operator du ri ng  operation  ( i . e.  s tandard  s tationary 
equ i pment).  
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The  temperature  rise  for external  surfaces  that can  be  touched  during  equ ipment operation  
shal l  not  exceed  the  va lues  g i ven  i n  Tables  8,  9,  and  1 0 .   

NOTE  2  Su rfaces  of au tomatic  equ ipment (for example,  robot equ i pment)  can  be  i naccessib le  d u ri ng  equ ipment 
operati on ,  bu t  accessib le  d uri ng  service.  I n  such  a  case,  add i t i ona l  ri sk assessment  i s  typical l y performed .  

Table  8  – Limits  of temperature  rise   
for external  surfaces  of hand-held  equ ipment 

External  surface  Maximum  temperature  ri se  Burn  th reshold  for contact period  a  

 K s  

Uncoated  metal  encl osures  1 8  4  

Pai n ted  metal  enclosu res  22  4  

P lasti c  enclosures  36  4  

Uncoated  metal  bu ttons  20  4  

Pai n ted  metal  bu ttons  24  4  

P lasti c  bu ttons  40  4  

Metal  hand l es  1 1  60  

P lasti c  hand l es  20  60  

a  I n formative  va l ues  i n  accordance  wi th  I SO  1 3732-1 .  

 

Table  9  – Lim its  of temperature  rise  for  
external  surfaces  of hand-gu ided  equ ipment 

External  surface  Maximum  temperature  ri se  Burn  th reshold  for contact period  a  

 K s  

Uncoated  metal  encl osures  29  1  

Pai n ted  metal  enclosu res  39  1  

P lasti c  enclosures  53  1  

Uncoated  metal  bu ttons  20  4  

Pai n ted  metal  bu ttons  24  4  

P lasti c  bu ttons  40  4  

Metal  hand l es  1 1  60  

P lasti c  hand l es  20  60  

a  I n formative  va l ues  i n  accordance  wi th  I SO  1 3732-1 .  

 

Table  1 0  – Limi ts  of temperature rise  for external  surfaces  of fi xed  equ ipment  

External  surface  Maximum  temperature  ri se  Burn  th reshold  for contact period  a  

 K s  

Uncoated  metal  encl osures  33  0 , 5  

Pai n ted  metal  enclosu res  45  0 , 5  

P lasti c  enclosures  59  0 , 5  

Uncoated  metal  bu ttons  20  4  

Pai n ted  metal  bu ttons  24  4  

P lasti c  bu ttons  40  4  

a  I n formative  va l ues  i n  accordance  wi th  I SO  1 3732-1 .  
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As  some types  of equ ipment are  composed  of a  fixed  part ( i . e.  a  power suppl y)  and  a  hand-
held  or hand-gu ided  part ( i . e .  a  weld ing  gun) ,  each  part sha l l  be  tested  accord ing  the  re levant 
table.  

Requ ired  values  are  based  on  environmenta l  cond i ti ons  g i ven  i n  C lause  4,  i f d i fferen t 
envi ronmental  cond i tions  are  agreed  between  the  manufacturer and  the  purchaser the  va lues  
have  to  be  recons idered .  

NOTE  3  Maximum  temperatu re  ri se  are  defi ned  for a  maximum  ambient  temperature  of 40  °C.  For example,  
equ i pment  designed  for operati on  up  to  45  °C  val ues  are  reduced  by 5  K.  

The l im i ts  of Tables  8 ,  9  and  1 0  may be  exceeded  for electrodes  as  de l i berate l y heated  as  an  
i n tegra l  part  of the  function ing  of the  product.   

The  l im i ts  of Tables  8,  9  and  1 0  may be  exceeded  for surfaces  that  are  not  hand les  or bu ttons  
and  are  marked  wi th  the  symbol  g i ven  in  7. 4 . 2.  

The  l im i ts  of Tables  8 ,  9  and  1 0  may be  exceeded  for surfaces  that are  l ocated  or guarded  to  
prevent  un in tentional  con tact during  normal  operation  in  accordance  wi th  7 . 4. 3.   

Conformity shall be checked by measurement in  accordance with 7. 2 and visual inspection.  

7.3.3  Other components  

The maximum  temperature  of other components  shal l  not exceed  the i r rated  maximum  
temperature,  i n  accordance wi th  the  re levant s tandard .  D i fference between  the  temperature  of 
the  cool ing  med ium  of the  component and  i ts  maximum  va lue  shal l  be  considered .  

Recti fi er sets  can  be  used  i n  the  i nput  or ou tpu t ci rcu i t.  The  temperature  reached  by the  
recti fier e l emen ts  during  the  heating  test  sha l l  not  exceed  those  speci fied  by the  manufacturer 
of the  recti fier e l ements.  

NOTE  Atten tion  i s  d rawn  to  the  i n term i tten t  du ty characteri sti c  of recti fi er e l ements .  

Conformity shall be checked by temperature measurement during the heating test.  

7.4  Protection  from  thermal  hazards  in  normal  service (d i rect  contact)  

7.4. 1  General  

Protection  from  thermal  hazards  i n  normal  service  shal l  consist of one  or more  provis ions  
i nclud ing :  

– i denti fication  of hot surfaces;  

– thermal  i nsu lation ;  

– barriers ;  

– supplementa l  cool ing .  

7.4.2  Identi fication  of hot  surfaces  

Where  the  temperature  of a  surfaces  exceeds  the  l im i ts  of temperature  rise  g i ven  in  Tables  8,  
9  and  1 0  by l ess  than  1 5  K the  surface  shal l  be  vis ib l y marked  and  l abel l ed  as  a  hot surface  
us ing  symbol  I EC 6041 7-5041 :  
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I f the  above symbol  i s  used  on  the  equ ipment,  the  manufacturer shal l  i ncl ude  i n  product 
documentation  i n formation  regard ing  requ i red  personal  thermal  protection  devices.  

7.4.3  Protection  provided  by insu lation  or other barriers  

Where barriers  are  provided  to  prevent  con tact to  hot  surfaces,  the  barrier sha l l  have  
sufficien t mechan ica l  strength ,  stabi l i ty and  durabi l i ty to  main tain  the  speci fied  protection ,  
taking  in to  account a l l  re levan t i n fl uences  from  the  envi ronment.  

7.4.4  Protection  provided  by supplemental  cool ing  

Where supplemental  cool ing  is  provided  to  l im i t  the  surface  temperature,  means  shal l  be  
provided  to  remove the  source  of heat and  preven t operation  i n  the  event of a  fa i lu re  of the  
cool i ng  system .  

8 Abnormal  operation  

8. 1  General  requ irements  

Resistance  weld ing  equ ipment shal l  not su ffer hazardous  e lectrical  breakdown  or consti tu te  a  
fi re  risk under the  cond i ti ons  of operation  of 8 . 2  to  8 . 4 .  These  tests  are  conducted  
d isregard ing  temperature  of any part,  or the  continued  proper function ing  of the  res istance  
weld ing  equ ipment.  The  on l y cri terion  is  the  con tinued  safety of the  res istance  weld ing  
equ ipment.  

Resistance  weld ing  equ ipment,  protected  i n ternal l y by,  for example,  a  ci rcu i t-breaker or 
thermal  protection ,  meets  th is  requ i rement provided  the  protection  device  operates  before  an  
unsafe  cond i tion  occurs .  

Conformity shall be checked by the following tests.  

a)  Starting  from  the  cold  state,  the  res istance  weld ing  equ ipment i s  operated  in  accordance 
wi th  8 . 2  to  8 . 4.  

b)  During  the  test,  the  resistance  weld ing  equ ipment shal l  not em i t fl ames,  mol ten  metal  or 
other materia ls .  

c)  Fol lowing  the  test and  wi th in  5  m in ,  the  res istance  weld ing  equ ipment shal l  be  capable  of 
wi thstand ing  a  d ie lectric  test  i n  accordance wi th  6 . 2 . 5  b) .  

8.2  Stal led  fan  test  

Resistance  weld ing  equ ipment,  wh ich  re l ies  on  motor-d riven  fan (s)  for conform i ty wi th  the  
tests  of Clause  7,  i s  operated  at rated  suppl y vol tage  for a  period  of 4  h  wh i l e  the  fan  motor(s)  
i s(are)  sta l l ed  or d isabled ,  at  the  test cond i ti ons  of 7 . 1 .  

NOTE  The  i n tention  of th i s  test  i s  to  run  the  equ i pment wi th  the  fan  stationary.  The  fan  can  be  b l ocked  
mechan ical l y or d i sconnected .  

8.3  Cool ing  system  fai lure  

Resistance  weld ing  equ ipment,  wh ich  re l ies  on  l i qu id  cool i ng  system  for conform i ty wi th  the  
tests  of C lause  7 ,  i s  operated  at rated  suppl y vol tage  for a  period  of 30  m in  wh i le  the  cool ing  
system  is  d isabled ,  at  the  test  cond i ti ons  of 7 . 1 .  
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8.4  Overload  test  

The res istance  weld ing  equ ipment i s  operated  at 1 , 2  times  the  thermal  curren t,  i n  accordance  
wi th  7. 1 . 1 .  

The  test i s  performed  

a)  un ti l  the  equ ipment thermal  protection  operates,  or for a  maximum  time of 4  h  (for 
equ ipment wi th  thermal  protection);  or 

b)  for a  maximum  time of 4  h  (for equ ipment wi thout thermal  protection) .  

9  Provisions  against mechanical  hazards  

9. 1  General  

Due to  the  nature  of the  process,  the  shape  and  s i ze  of res istance  weld ing  e lectrodes  i n  
con tact wi th  the  work-piece  and  the  e lectrode  force,  approach  rate  and  d isplacement a l l  d i ffer 
widel y from  appl ication  to  appl ication .  Th is  a lso  appl ies  to  the  e lectrode  support system  and  
associated  tool ing .  

Therefore,  detai led  protection  measures  cannot be  g iven  in  th is  standard  bu t a l l  mechan ical  
ri sks  shal l  be  shown  to  have  been  addressed .  To  conform  to  th is  standard ,  equ ipment shal l  
comply wi th  the  risk analys is  and  m in imum  requ i rements  set ou t  in  th is  s tandard .  

Equ ipment where  e lectrode  motion  i s  manual l y operated  does  not requ i re  risk anal ysis .  Th is  
equ ipment i s :  

– manual  operated  bu tt  welders;  

– mechan ical  operated  rocker arm  welders;  

– manual  operated  weld ing  guns.  

9.2  Risk analysis  

9.2. 1  General  

Apply the  procedures  outl i ned  i n  I SO  1 21 00  for i den ti fying  hazards  and  estimating  and  
evaluati ng  risks  during  re levant  phases  of the  res istance  weld ing  equ ipment l i fe  cycle ,  and  for 
the  e l im ination  of hazards  or sufficien t ri sk reduction .  

As  some equ ipment i s  ready for use  i n  the  de l i very state,  wh i l e  other equ ipment requ ires  
further adaptation  to  the  performed  process  by the  customer or fi na l  user,  the  requ irements  
for ri sk anal ys is  d i ffer for d i fferent s i tuations.  

9.2.2  Ready-to-use equ ipment as  in  del ivery state  

When  weld ing  equ ipment a l l ows  several  uses  depend ing  on  i n terchangeable  tools,  and  the  
tools  are  provided  by the  manufacturer together wi th  the  equ ipment,  th is  equ ipment shal l  be  
considered  ready for use.   

The  manufacturer shal l  perform  a  risk anal ys is  and  i nclude  safe  use  i n  the  i nstruction  manual .  

The  user shal l  operate  the  equ ipment i n  accordance wi th  the  manufacturer’ s  i nstructions.   

9.2.3  Equ ipment not ready to  use  as  in  del ivery state  

I n  the  case  of res istance  weld ing  equ ipment a l lowing  several  uses  depend ing  on  
i n terchangeable  tools  not provided  by equ ipment manufacturer (for example,  proj ection  
weld ing  equ ipment),  the  manufacturer shal l  perform  the  risk anal ys is  on  a l l  reasonabl y 
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expected   cond i ti ons  g i ven  by the  use  of the  tools  fi tted  on  the  equ ipment and  provis ions  
taken  by the  manufacturer (for example,  two hands  safety device,  connection  ports  for l i gh t  
barriers)  and   

– speci fy the  essentia l  characteristics  of tools  wh ich  may be  fi tted  to  the  mach inery (for 
example,  maximum  mass  or d imensions  requ i rements) ;  

– i ncl ude  safe  use  i n  the  i nstruction  manual ;  

– i ncl ude  a  requ i rement in  the  instruction  handbook to  perform  an  add i tional  risk anal ys is  of 
the  equ ipment fi tted  wi th  the  i n terchangeable  tool .  

Risk deriving  from  user des ign  tools  sha l l  be  covered  by user risk anal ys is  and  measures.  

9.2.4  Equ ipment not ready for use and  designed  to  be  incorporated  in  more  complex 
equ ipment  

I n  case  of equ ipment not ready for use  and  in tended  to  be  i ncorporated  i n  other more  complex 
equ ipment,  the  manufacturer shal l  perform  l im i ted  risk anal ys is  and  provide  to  the  i n tegrator 
( i . e . ,  the  manufacturer of the  equ ipment where  the  componen t i s  i ncorporated)  i n formation  on  
wh ich  risks  have  been  establ ished  and  by wh ich  measures  they have  been  countered  (for 
example,  categories  of re lated  con trol  ci rcu i ts,  l i s t of possible  hazards  al ready e l im inated) .  

Completion  of ri sk anal ys is  i s  the  task of the  in tegrator.  

NOTE  Examples  of th i s  equ i pment are  robot guns,  weld i ng  g roups  wi th  or wi thou t con trol  ci rcu i try,  equ ipment  
s im i l ar to  complete  ones  bu t  wi thout  start  of cycl e  devices.  

9.3  Measures  

9.3. 1  M in imum  measures  

Al l  equ ipment shal l  be  provided  wi th  the  fol l owing  features  as  a  m in imum:  

a)  emergency stop  device  

The  fol l owing  exceptions  appl y:  

– mach ines  in  wh ich  an  emergency stop  device  wou ld  not l essen  the  risk,  e i ther because  
i t  wou ld  not reduce  the  stopping  time or because  i t  wou ld  not enable  the  specia l  
measures  requ i red  to  deal  wi th  the  risk to  be  taken ;  

– hand-held  portable  mach ines  and  hand-gu ided  mach ines;  

– equ ipment i n tended  to  be  i ncorporated  in  a  more  complex equ ipment provided  wi th  a  
connection  port,  or i n formation  on  how to  real i ze  th is  function ;  

b)  a  restart  preven ter i n  the  case  of power fa i lu re  and  emergency stop  operation ;  th is  does  
not appl y to  equ ipment i n tended  to  be  incorporated  i n  a  more  complex equ ipment;  

c)  protection  i n  the  case  of pneumatic/hydrau l ic suppl y system  fai lu re  wh ich  may create  a  
mechan ica l  hazard .  

9.3.2  Addi tional  measures  

The fo l l owing  measures  shal l  be  taken  by the  manufacturer or customer i n  accordance  wi th  
the  speci fication  of supply and  i n tended  use,  where  appl icable:  

– means  of re leas ing  trapped  parts  or persons;  

– for projection  weld ing  equ ipment on l y,  a  mechan i ca l  detent for movable  e lectrode  system  
wi th  a  mass  exceed ing  5  kg  or other system  having  the  same safety l evel  (needed  for safe  
maintenance  or tool i ng  change);  

– device(s)  to  separatel y i solate  a l l  sources  of energy supply ( i . e. ,  e l ectric,  pneumatic,  
h ydrau l ic);  ri sk re lated  to  operation  of these  devices  shal l  be  addressed  ( i . e.  effects  of 
stored  energy) ;  

– con trol  systems  category des ign  fol l owing  risk anal ys is  resu l t;  
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– any other protection  means  considered  necessary and  appropriate  (see  Annex  E).  

Real i zation  responsibi l i ty i n  accordance wi th  9. 2 .  

9.4 Conformity of components  

Componen ts  wh ich  due  to  fa i l u re  may increase  the  risk of a  hazard ,  sha l l  comply wi th  the  
requ i rements  of th is  s tandard  or wi th  the  requ i rements  of the  re levant  I EC/I SO  standards.  

Performance l evel ,  appropriate  to  the  hazard ,  shal l  be  chosen  i n  accordance  wi th  
ISO 1 3849-1 .  

NOTE  1  An  I EC  component standard  i s  considered  re l evant on l y i f the  component  i n  q uestion  fa l l s  wi th i n  i ts  
scope.  

Evaluation  and  testing  of components  shal l  be  carried  ou t as  fo l l ows.  

a)  A componen t certi fi ed  by a  recogn ized  testing  au thori ty for compl iance  wi th  the  
requ irements  of a  standard  harmon ized  wi th  the  re levant I EC component s tandard  shal l  be  
checked  for correct  appl ication  and  used  i n  accordance  wi th  i ts  rati ng .  I t  shal l  be  
subj ected  to  the  appl icable  tests  of th is  standard  as  part of the  equ ipment wi th  the  
exception  of those  tests  wh ich  are  part  of the  re levant I EC  component standard .  

b)  A componen t wh ich  is  not certi fied  for compl iance  wi th  a  re levant standard  as  above,  sha l l  
be  checked  for correct appl ication  and  used  in  accordance wi th  i ts  speci fi ed  ratin g .  I t  shal l  
be  subj ected  to  the  tests  requ i red  by th is  s tandard ,  as  part of the  equ ipment,  and  to  the  
appl icable  tests  requ i red  by the  component standard ,  under the  cond i ti ons  aris ing  i n  the  
equ ipment.  

NOTE  2  The  appl i cab le  test  for compl iance  wi th  a  component  standard  i s ,  i n  general ,  carried  ou t  separatel y.  
The  number of test  samples  i s ,  i n  general ,  the  same  as  that  requ i red  i n  the  component standard .  

c)  Where no  re levant  component standard  exists,  or where  components  are  used  i n  ci rcu i ts  
not in  accordance wi th  thei r speci fied  ratings,  the  components  shal l  be  tested  under the  
cond i ti ons  aris ing  in  the  equ ipment.  The  number of samples  requ i red  for test i s ,  i n  
general ,  the  same as  that requ i red  by an  equ ivalent standard .  

9.5  Starting  for manual  operated  equ ipment 

I t  sha l l  be  poss ib le  to  s tart the  res istance  weld ing  equ ipment on l y by voluntary actuation  of a  
device  provided  for the  purpose.  When  the  work-piece  is  too  b ig  to  a l low the  operator’s  hands  
to  reach  the  electrode  working  area  or i t  i s  held  wi th  both  hands,  or the  operator needs  to  use  
both  hands  to  hold  or operate  the  equ ipment,  the  cycle  may be  started  by means  of 

– a  foot pedal ;  

– a  s i ng le-hand  button  or s im i lar.  

When  i t  i s  not possib le  to  hold  or load  the  work-piece  wi thou t any risks,  i t  i s  necessary to  
provide  adequate  protections  accord ing  to  the  work to  be  done.  Example  of protections  are:  

– ad j ust the  d istance  between  the  e lectrodes  to  the  m in imum  value  (5  mm  to  1 0  mm);  

– movable  or immovable  safety guards  (for example,  grids  or screens);  

– safety devices  wi thou t con tact (for example,  photoelectric),  th is  device  may as  wel l  start 
the  cycle;  

– presence detector wi th  con tact.  

I f no  protections  can  be  used ,  the  cycle  has  to  be  started  by means  of 

– concom itant push  bu ttons.  

Where  equ ipment has  several  s tarti ng  controls  and  the  operators  can  therefore  pu t each  other 
i n  danger,  add i tional  devices  (for example,  enabl ing  devices  or se lectors  a l l owing  on l y one  
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part of the  s tarting  mechan ism  to  be  actuated  at any one  time)  shal l  be  fi tted  to  ru le  ou t such  
risks.  

1 0  Instructions  and  markings  

1 0. 1  Instructions  

Each  resistance  weld ing  equ ipment shal l  be  de l i vered  wi th  i nstructions  wh ich  shal l  i nclude  the  
fol l owing  (as  appl icable):  

a)  general  description ;  

b)  l i fting  and  storage  instructions,  for example,  by fork l i ft  or crane;  

c)  correct  methods  of hand l i ng  and  precau tions  to  be  taken ;  

d )  an  explanation  for a l l  i nd ications,  markings  and  graph ical  symbols;  

e)  i n formation  for selection  and  connection  to  the  suppl y network (for example,  su i table  
earth ing  system(s)  TT/TN/IT,  fuse,  ci rcu i t-breaker and/or RCD rating);  

f)  correct operational  use  re lating  to  the  res istance  weld ing  equ ipment (for example,  cool i ng  
requ irement,  l ocation ,  device,  i nd icators);  

g )  weld ing  capabi l i ty,  mechan ical  characteristics,  l im i tations  of du ty and  explanation  of 
thermal  protection  i f re levant;  

h )  l im i tations  of use  (for example,  envi ronmenta l  cond i ti ons) ;  

i )  bas ic  gu idel ines  regard ing  protection  against personal  hazards  for operators  and  persons  
i n  the  work area  (for example,  fumes,  noise,  hot metal  and  sparks,  EMF);  

j )  main tenance (preven tive  and  routi ne  i nstructions);  

k)  adequate  ci rcu i t d iagram  together wi th  a  l i st  of essen tia l  parts;  

l )  i n formation  on  auxi l i ary ou tl ets  (for example,  p l ug  for l i ghting  or e lectric tool s);  

m )  i nsta l l ation  and  commission ing ;  

n )  i n formation  that the  manufacturer’s  i nstructions  cover the  equ ipment i n  the  as-del ivery 
state,  and  of the  necess i ty to  perform  risk anal ys is  on  the  user’s  responsibi l i ty i f he  does  
not respect the  manufacturer’s  i nstructions.  

Other usefu l  i n formation  may also  be  g i ven ,  for example,  the  class  of i nsu lation ,  pol l u tion  
degree,  efficiency,  degree  of protection  provided  by the  enclosure,  etc.  

Conformity shall be checked by reading the instructions.  

1 0.2  Markings  

Each  res istance  weld ing  equ ipment shal l  be  cl earl y and  indel ib l y marked  as  defined  i n  
I SO 669  (rating  p late) .  

1 0.3  Marking  of terminals  

The term inal  for the  external  protective  conductor shal l  be  marked  wi th  the  symbol   

( I EC 6041 7-501 9).  

Optional l y the  fo l lowing  may be  added :  

a)  the  l etters:  PE  

or 

b)  the  twin  colours:  green  and  yel l ow.  
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Add i ti onal l y,  three-phase  equ ipment term inals  sha l l  be  clearl y marked  i n  accordance wi th  
I EC 60445 or other re levant component s tandards.  The  i den ti fying  marking  notation  shal l  be  
l ocated  on  or ad j acent  to  the  correspond ing  term inal .  

Conformity shall be checked by visual inspection.  
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Annex A 
(informative)  

 
Nominal  vol tages  of supply networks 

 Nominal  vol tages  presentl y i n  the  world  

 Three-phase four-
wire  systems  

Three-phase  three-
wire  systems  

Sing le-phase two-
wi re  systems  

S ing le-phase  th ree-
wi re  systems  

Vol tage l i ne-
to-neutral  

derived  from  
nominal  vol tages  

a.c.  or d .c.  
up  to  and  
i nclud ing  

with  earthed  neu tral  Earthed  or 
unearthed  

a.c.  or d .c.  a. c.  or d .c.  
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1 00  66/1 1 5  66  60   

1 50  1 20/208a ,  

1 27/220  

1 1 5,  1 20,  1 27  1 00b ,  
1 1 0 ,  1 20  

1 00-200b ,  
1 1 0-220,  
1 20-240  

300  220/380,  230/400,  
240/41 5,  260/440,  

277/480  

200b ,  220,  
230,  240,  
260,  277  

 

220  220-440  

600  347/600,  380/660,  
400/690,  41 7/720,  

480/830  

347,  380,  400,  
41 5,  440,  480,  
500,  577,  600  

480  480-960  

1  000  – 660,  
690,  720,  
830,  1  000  

1  000  – 

NOTE  1  Values  taken  from  Table  B . 2  of I EC 60664-1 : 2007.  

NOTE  2  “E”  means  “earthed ”.  

a  Common  practi ce  of the  Un i ted  S tates  of America  and  Canada.  

b  Common  practi ce  of J apan .  

Copyright International  Electrotechnical  Commission  



 – 52  – I EC 621 35-1 : 201 5  © I EC  201 5  

Annex B  
(normative)  

 
Construction  of supply circui t terminals  

B.1  Size of terminals  

The term inals  shal l  be  d imensioned  i n  accordance  wi th  the  maximum  permanent i nput curren t 
I1 p  and  i t  sha l l  be  possib le  to  connect fl exible  conductors  wi th  cross-sectional  areas  as  g i ven  

i n  Table  B. 1 .  These  values  are  based  on  wi re  rated  at  60  °C.  

Table  B . 1  – Range of conductor d imensions   
to  be  accepted  by the  supply ci rcu i t  terminals  

Input permanent current  Range  of cross-sectional  area of the  conductor 

A mm 2  

1 0  1 , 5  to  2 , 5  

1 6  1 , 5  to  4  

25  2 , 5  to  6  

35  4  to  1 0  

50  6  to  1 6  

63  1 0  to  25  

80  1 6  to  35  

1 00  25  to  50  

1 25  35  to  70  

1 60  50  to  95  

200  70  to  1 20  

250  95  to  1 50  

31 5  1 20  to  240  

400  1 50  to  300  

 

Al ternative  cross-section  ranges  are  perm i tted  i f the  manufacturer i nd icates  i n  the  i nstructions  
the  type  and  s i ze  of wire  to  be  used .  

Conformity shall be checked by calculation  and measurement.  

B.2  Spacings  between  supply ci rcui t terminals  

Term inals  sha l l  be  designed  as  fo l lows.  

The  spacing  between  the  suppl y term inals  shal l  be  not l ess  than  the  values  speci fied  i n  
Table  B. 2 .  Barriers  or means  for reta in ing  a l l  the  conductor strands  (for example,  pressure  
type  connectors)  sha l l  prevent strands  of conductors,  or l ugs  from  contacti ng  strands  of 
conductors,  or l ugs  connected  to  ad j acent term inals,  and  shal l  main tain  the  spacing  provided .  
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Table  B .2  – Spacing  between  supply ci rcu i t  terminals  

Range of vol tage  M in imum  spacing  between  l i ve  parts  

V r.m .s .  mm  

With  barrier Wi thout barri er 

Up to  1 50   
6 , 3  1 2 , 5  

1 51  to  300  

301  to  600  
9, 5  25  

601  to  1  000  

 

The clearances  in  Table  1  may be  used ,  when  barriers  envelop  the  i nsu lation  of the  suppl y 
ci rcu i t  conductors  and  preven t s trands  of conductors  from  reducing  the  clearances.  

Conformity shall be checked by measurement of the  spacings as in  IEC 60664-1 .  

B.3  Connections  at the  terminals  

Connections  at the  term inals  shal l  be  made  by means  of screws,  nu ts  or other equ iva lent 
means.  

The  term inal  screws  or nu ts  shal l  not be  used  to  secure  other parts  or to  connect other 
conductors.  

Conformity shall be checked by visual inspection.  

B.4 Construction  of the terminals  

Conductors  or their l ugs  shal l  be  cl amped  between  meta l l ic parts  and  shal l  not be  able  to  
escape when  the  clamping  means  are  tigh tened .  

L i ve  parts  that can  tu rn  and  reduce the  spacing  shal l  not re l y on  friction  between  mounting  
surfaces  to  prevent turn ing .  A su i table  l ock washer,  properl y appl ied ,  shal l  be  acceptable.  
Leads  or busbars  that  are  secured  by other means  need  not have  a  lock washer.  

I ron  or steel ,  p l ain  or pl ated ,  shal l  not be  used  for curren t-carrying  parts .  

Conformity shall be  checked by visual inspection and by the temporary connection of 
conductors with  the minimum and maximum cross-sectional area specified.  

B.5 Fixing  of the terminals  

The term inals  sha l l  be  securel y fixed  so  that they cannot work l oose  when  the  clamping  
means  are  ti ghtened  or l oosened .  Further,  i f friction  a lone  i s  re l ied  on  to  prevent turn ing  or 
sh i fti ng  of the  term inals  on  the  supporting  surface,  the  spacings  shal l  not  be  reduced  below 
the  va lues  of Table  B . 2  by sh i fting  or turn ing .  A pressure  term inal  connector need  not be  
prevented  from  turn ing  provided  no  spacings  less  than  those  requ ired  resu l t when  the  
term inals  are  turned  30°  towards  each  other,  or towards  other un insu lated  parts  of opposi te  
polari ty,  or towards  grounded  metal  parts .  

Conformity shall be checked by visual inspection and by tightening and loosening 10 times the 
clamping means holding a  conductor of the maximum cross-sectional area  specified.  

The test shal l  be  repeated  us ing  a  conductor of the  m in imum  cross-sectional  area  speci fi ed .  
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Annex C  
(normative)  

 
Touch  current measurement in  faul t  condi tion  

For measuring  the  touch  curren t i n  fau l t  cond i ti on ,  the  measuring  network i n  accordance wi th  
F igure  C. 1  and  the  appropriate  configurations  i n  F igures  C.2  and  C.3  shal l  be  used  wi th  an  
appropriate  measuring  device.  

Caution !  An  expert shal l  perform  th is  test.  The  protective  conductor i s  d isabled  for th is  test.  

 

Key 

A,  B  Test term inals  C
S
 0 , 22  µF  

R
S
 1  500  Ω  R

1
 1 0  000  Ω  

R
B  500  Ω  C

1
 0 , 022  µF  

U
1
 r.m . s.  vol tage  U

2
 peak vol tage  

Weighted  touch  cu rrent  (perception/reacti on )  
500

2U=  (peak val ue)  

Figure C. 1  – Measuring  network for weighted  touch  current  

For th ree-phase equ ipment,  touch  current i n  fau l t cond i ti on  is  measured  wi th  the  swi tches  ( I )  
and  (n )  i n  the  closed  posi ti on  and  swi tch  (e)  i n  the  open  posi ti on .  The  measurement i s  then  
repeated  wi th  each  of the  swi tches  ( l )  and  (n )  opened  one  by one ,  wi th  the  other swi tches  
closed ,  except swi tch  (e) .  The  measurements  are  s im i lar for s i ng le-phase  equ ipment,  except 
that they shal l  be  repeated  for each  pos i ti on  of the  polari ty swi tch  (p).  D iagrams  for touch  
curren t measurement wi th  swi tches  are  shown  in  F igures  C.2  and  C. 3.  

The  manufacturer shal l  i den ti fy the  configuration  (TN ,  TT,  star I T,  etc. )  to  wh ich  i ts  equ ipment 
i s  in tended  to  be  connected  in  i ts  fi na l  appl ication .  The  equ ipment under test  sha l l  be  tested  
to  those  identi fied  configurations  or the  worst-case  configuration .  

The  use  of i so lating  transformer (T)  i s  optional .  When  not used ,  safety precau tions  shal l  be  
taken  to  protect the  test operator from  any hazardous  vol tage  on  the  enclosure  and  other 
access ib le  conductive  parts  of the  equ ipment.  

IEC 

A  

B  

RS  CS  

RB  U1  U2  C1  

R1  

Copyright International  Electrotechnical  Commission  



I EC 621 35-1 : 201 5  © I EC  201 5  – 55  – 

 
  

a)  s i ng le  phase  equ i pment on   
s tar TN  or TT system  

b)  s i ng le  phase  equ i pment  connected   
l i ne-to- l i ne  on  star TN  or TT system  

 

 

c)  s i ng le  phase  equ ipment  on   
centre-  earthed  TN  or TT system  

d )  s i ng le  phase  equ i pment  connected   
l i ne-to-neutra l  on  star I T  system  

Figure C.2  – Diagram  for touch  current measurement  on  fau l t  cond ition  at  operating  
temperature  for s ing le-phase connection  of appl iances  other than  those  of class  I I  

  
a)  th ree-phase  equ ipment  on   

s tar TN  or TT system  
b)  th ree-phase  equ ipment  on  u nearthed   

th ree-phase  th ree-l i ne  system  

  

c)  three-phase  equ ipment  
on  star I T  system  

d )  th ree-phase  equ ipment on  earthed   
cen tred  th ree-phase  th ree-l i ne  system  

Figure C.3  – Diagram  for touch  current measurement  on  fau l t  cond ition  for  
three-phase  four-wire  system  connection  of appl iances  other than  those  of class  I I  

IEC IEC 

IEC 

IEC IEC 

IEC 

IEC 

IEC 
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Annex D  
(informative)  

 
Extrapolation  of temperature  to  time of shutdown  

When  the  temperature  at  the  instan t of shu tdown  cannot be  recorded ,  i t  i s  necessary to  use  
an  extrapolation  to  obtain  th is  temperature.  The  procedure  for such  extrapolation  is  as  
fol l ows:  

a)  the  time i s  marked  at  the  i nstan t of shu tdown ;  

b)  success ive  temperature  read ings  are  taken ,  and  the  e lapsed  time from  shutdown  noted  for 
each ;  

c)  a  m in imum  of four read ings  i s  taken  for each  temperature  to  be  extrapolated ;  

d )  us ing  l ogari thm ic/l i near graph  paper,  the  read ings  are  p lotted  so  that the  temperature  i s  
against the  l ogari thm ic scale,  and  the  time from  shutdown  against the  l i near scale.  A 
stra igh t l i ne  extend ing  back to  t  =  0  wi l l  g i ve  the  extrapolated  temperature  at  shutdown.  

Alternative  

A mathematical  regress ion  anal ys is  can  be  used  as  an  a l ternative  to  the  g raph ical  method .  I f 
a  l i near regress ion  is  chosen ,  then  the  l ogari thms  of the  temperatures  are  used  wi th  the  l i near 
values  of the  read ing  times  from  the  instan t of shu tdown.  The  regression  anal ys is  i s  solved  for 
the  time t  =  0  and  the  an ti logari thm  taken  to  fi nd  the  true  temperature.  
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Annex E  
(informative)  

 
Example  of risk analysis  and  safety level  requirement 

E.1  General  

This  annex describes  poss ib le  mechan ical  hazards  on  res istance  weld ing  equ ipment.  
Correspond ing  to  the  type  of equ ipment,  hazards  vary.  The  hazards  are  evaluated  on  the  
bas is  of I SO 1 41 21 -1  and  I SO  1 3849-1  and  examples  g iven  for measures  to  be  taken .  These  
measures  shou ld  be  l ooked  upon  as  one  possib le  so lu tion  ou t  of many.  

Hazards  due  to  sparks  and  splatters  are  not deal t  wi th  i n  th is  annex.   

E.2  Moni tored  hazards  

The fol l owing  hazards  on  res istance  weld ing  equ ipment are  mon i tored :  

a)  squeezing  of parts  of the  body between  the  e lectrodes  or e lectrode  wheels;  

b)  squeezing  of parts  of the  body between  upper and  l ower p laten ;  

c)  squeezing  by acciden ta l l y d ropping  of tools  from  upper p laten  or the  clamping  device;  

d )  squeezing  between  work p iece  and  clamping  device;  

e)  squeezing  by retraction  of e lectrode  wheels.  

E.3  General  measures  

The fol l owing  general  measures  are  taken :  

a)  reduced  closing  or cl amping  speed  (for example,  1 0  mm/s).  

b)  reduced  open ing  gap  between  tools  or e l ectrodes  or cl amping  devices.  

c)  force  reduction  un ti l  g ap  i s  cl osed  to  an  exten t where  no  part  of the  body can  en ter  
( i . e . ,  6  mm  between  work p iece  and  clamping  device).  

d )  necess i ty to  hold  weld ing  gun  or work p iece  wi th  both  hands.  

E.4 Typical  hazards  by type of equipment 

E.4.1  General  

Hazardous  areas  are  i nd icated  by means  of an  arrow (see  F igures  E. 1  to  E. 5).  Mach ine  
e lemen ts  are  i den ti fied  by the  fol lowing  numbering .  

1  force  generati on  system  

2  upper arm  

3  wel d ing  head  

4  l ower arm  

5  frame  

6  transformer 

7  e l ectrode  hol der 

8  e l ectrode  

9  p l aten  

1 0  wheel  head  

1 1  e l ectrode  wheel  

1 2  hand le  

1 3  fi nger defl ector 

1 4  gu id i ng  protecti ve  bar 
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E.4.2  Spot  weld ing  

E.4.2 .1  Mounted  machine  

 

NOTE  Numbers  are  defi ned  i n  E . 4. 1 .  

Figure  E.1  – Structure  of a  mounted  mach ine   

Hazard  2a  

Resu l t  of ri sk evaluation  category B  or 1 .  

Add i ti onal  measures,  where  appl icable:  operated  by one  or two  push -button(s),  l i gh t  barrier 

E.4.2.2  Hand-held  weld ing  gun  

 

NOTE  Numbers  are  defi ned  i n  E . 4. 1 .  

Figure E.2  – Structure  of a  hand-held  weld ing  gun  

Hazard  2a  wh i lst  main ta in ing  or chang ing  e lectrodes  

Resu l t  of ri sk evaluation :  category B  

Add i ti onal  measures  where  appl icable:  tri gger lock for work on  electrodes  

IEC 

2  

1  

1 2  

4  

8  

 

IEC 

1  

2  

3  

7  

8  

7  

4  

5  

6  
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E.4.3  Projection  weld ing  

 

NOTE  Numbers  are  defi ned  i n  E . 4. 1 .  

Figure E.3  – Structure  of projection  weld ing  machinery 

Hazard :  2a,  2b,  2c,  2d  

Resu l t  ri sk evaluation   

Category 3  or possib l y 2  at smal l  tool  weight and /or l ow weld ing  force  (due  to  severi ty of 
possib le  in j ury) .  

Add i ti onal  measures:  

Operation  s tart  by two  push  bu ttons,  se l f-supervising ,  l i gh t barrier sel f-supervis ing ,  movable 
protection  sh ie l d .  

On  th is  equ ipment a  special  protection  system  for the  set-up  mode may be  necessary.   

IEC 

1  

3  

9  

4  

5  
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E.4.4  Seam  weld ing  

 

NOTE  Numbers  are  defi ned  i n  E . 4. 1 .  

Figure E.4  – Structure  of seam  weld ing  machinery 

Hazard  2a,  2e  

Resu l t  of risk evaluation :  category 2  or 3.  

Add i tional  measures:  i nsta l l ation  of a  movable  (up  and  down)  fi nger deflector (1 3)  on  the 
retracting  s i de  (held  i n  posi ti on  by i ts  own  weight)  and  a  gu id ing  protective  bar (1 4) .  

E.4.5  Butt weld ing  

 

NOTE  Numbers  are  defi ned  i n  E . 4. 1 .  

Figure E.5  – Structure  of butt  weld ing  machinery 

Hazard  2c,  2d   

Resu l t  of ri sk evaluation :  category 2  or 3.  

Add i ti onal  measures:  operation  start by means  of two  push-buttons,  l i ght barrier,  movable  
sh ie l d .  

IEC 

1  

2  

3  

6  5  

1  

3  

2  

1  

IEC 

1  

2  

1 0  

1 1  

1 0  

4  

5  

1  

2  

1 0  

1 1  

1 0  

4  

5  

1 1  

1 3  

1 4  
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Annex F  
(informative)  

 
I ndirect contact protection  in  resistance welding  equipment 

F.1  Protection  against indirect contact by automatic d isconnection  of the 
supply 

F.1 . 1  General  

Protection  against i nd i rect con tact prevent  ri sk aris ing  when  a  person  touches  a  meta l  part  of 
the  equ ipment (exposed  conductive  part)  wi th  an  i nsu lation  fau l t.  The  fol l owing  F igures  F . 1  to  
F . 3  expla in  i n  pri ncipa l  poss ib le  protecti ve  measures  against  e l ectric  shock.  

 

Figure  F . 1  – Principle  i l l ustration  of i nsu lation  fau l t  

Automatic d isconnection  of the  suppl y is  the  most common  solu tion  used  for protecti on  
against i nd i rect contact.  I t  i s  ach ieved  by the  removal  of a  touch  vol tage,  appearing  on  the  
occurrence of an  i nsu lation  fau l t,  before  the  time  of contact  wi th  a  touch  vol tage  can  become 
hazardous.  

Maximum  d isconnecting  time for i nsta l lations  are  defined  by I EC 60364-4-41 .  

The  type  of d isconnection  device  i s  selected  depend ing  on  the  type  of earth ing  system  of the  
i nstal l ation .  I EC  60364-4-41  describes  the  main  earth ing  systems and  defines  thei r protection  
ru les;  i n  th is  annex on l y TN  an  TT systems are  cons idered .  

I n  TN  and  TT  systems,  an  i nsu lation  fau l t  between  a  l i ve  conductor and  the  equ ipment 
exposed  conductive  parts  caused  current flow to  earth .  I n  both  cases,  the  touch  vol tage  
usual l y exceeds  the  maximum  perm issib le  va lues  and  requ i res  an  au tomatic  d isconnection  of 
suppl y.   

Th is  protection  provis ion  requ i res  the  presence  of a  protecti ve  bond ing  ci rcu i t,  connected  to  
a l l  exposed  conductive  parts  that a l l ow detection  of the  fau l t.  

F.1 .2  TN  system  

The neutral  poin t  of the  vol tage  source  (suppl y transformer)  i s  earthed  and  the  equ ipment 
protecti ve  conductor i s  connected  d i rect to  i t.  

IEC 

3  

Id  

Uc  
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Figure F .2  – I l lustrations  of TN  systems  

Two main  types  of TN  system  exist:  

– TN-S  where  equ ipment exposed  conductive  parts  are  connected  to  the  vol tage  source  
earthed  neutral  by PE  (protecti ve  conductor and  neu tral  are  separate);  

– TN-C where  equ ipment exposed  conductive  parts  are  connected  to  the  earthed  neu tra l  by 
PEN  (protecti ve  conductor  combined  wi th  the  neu tral  conductor).  

I n  the  TN  system ,  the  fau l t curren t i s  equ ivalen t to  a  short ci rcu i t.  The  current i s  h igh  as  
l im i ted  on l y by the  fau l t- l oop  impedance;  therefore,  the  ci rcu i t  can  be  d isconnected  by an  
overcurrent protective  device  (ci rcu i t-breaker thermal  or magnetic protection ,  fuses).   

For ci rcu i ts  wh ich  supply class  I  hand-held  equ ipment or portable  equ ipment,  the  maximum  
d isconnecting  time is  0 , 4  s  (for equ ipment operati ng  on  network having  a  nom inal  vol tage  to  
earth  of 230  V) .  

An  h i gher d isconnection  time up  to  5  s  i s  perm i tted  for stationary equ ipment under special  
cond i tions.  

The  abi l i ty of an  overcurrent protective  device  to  provide  protection  for ind i rect con tact i s  
veri fi ed  at the  i nstal l ation  design  stage  by calcu lati ng  the  fau l t curren ts  for a l l  the  d istribution  
ci rcu i ts  and  veri fying  that the  d isconnection  device  operate  in  a  sufficien t time wi th  that 
curren t.  

I f due  to  l ong  cables  or l ow conductor cross-section  the  fau l t current i s  too  l ow to  properl y 
operate  the  overcurren t protection  device,  an  add i ti onal  RCD  is  used .  

Th is  RCD may be  separate  res idual  current device  or be  combined  wi th  ci rcu i t-breakers.  

Th is  solu tion  is  not appl icable  i n  i nsta l l ation  wi th  a  TN -C  earth ing  system ,  where  the 
protecti ve  conductor and  the  neu tral  one  are  the  same.  

F.1 .3  TT systems  

The  neutral  poin t of the  vol tage  source  (supply transformer)  i s  earthed  by an  e lectrode  
separate  from  that used  for the  equ ipment.  

IEC 

TN–S  TN–C  

L1  
L2  
L3  
N  
PE  

L1  
L2  
L3  
PEN  

RB  RB  
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Figure F .3  – I l lustrations  of TT systems  

I n  the  TT system ,  the  fau l t curren t i s  l ow as  l im i ted  by the  earth  resistance,  so  cannot be  
detected  and  cleared  by standard  overcurren t protective  devices.  Therefore,  d i fferent 
d isconnection  devices  are  provided  i n  the  i nstal lation ,  usual l y an  RCD.  

IEC 60364-4-41  speci fies  that the  abi l i ty of an  RCD to  provide  protection  for i nd i rect contact i s  
assured  se lecting  an  RCD sensi ti vi ty l ower that a  va lue  derived  from  measured  i nsta l lation  
earth  connection  res istance  (Ra) ,  by the  formu la:  

a
Δn

50

R
I ≤  

Th is  assures  sufficient protection  as  the  device  operates  wi th  a  fau l t  curren t generating  a  50  V 
touch  vol tage.  A fau l t  wi th  a  l ower curren t wi l l  generate  a  touch  vol tage  l ower than  50  V,  a  
fau l t  wi th  h igher curren t wi l l  be  detected  and  insu lated  by RCD in  a  shorter time.  

RCDs  have  a  tripping  time that i s  defi ned  by I EC standards  and  re lated  to  the  ratio  between  
the  fau l t  curren t and  the  sensi ti vi ty va lue.  

I EC 60364-4-41  requ ires  that de-energ izing  by the  RCDs  shal l  occur i n  l ess  than  1  s .  

The  tripping  times  of RCDs  are  general l y l ower than  those  requ ired  i n  the  majori ty of 
s i tuations.  

I n  order to  i ncrease  avai l abi l i ty of e l ectrica l  power,  the  use  of several  RCDs  ensures  time and  
curren t d iscrim ination  on  tri pping .  

F.2  Automatic d isconnection  of supply in  sing le  phase a.c.  current equipment 

F.2. 1  TN  system  

As described  above,  overcurren t protecti ve  device  are  usual l y used  as  d i sconnecting  device  
for ind i rect contact protection .  

Res istance  weld ing  equ ipment are  characterized  by very h igh  i nstan taneous  curren t 
compared  to  the  conti nuous  equ ivalen t curren t.  Therefore  h i gh  setti ng  of ci rcu i t-breaker trip  
curren t or use  of de layed  fuses  (type  aM)  are  requ ired ,  wh i l e  fuses  used  i n  i nsta l lation  for 
short-ci rcu i t protection  are  usual l y of gG  type.  

The  instal lation  des ign  shal l  take  care  of th is  provid ing  sufficient l ow fau l t  l oop  impedence to  
assure  that the  ci rcu i t-breaker or fuses  operate  i n  case  of fau l t  wi th in  the  speci fied  time (for 
example,  us ing  suppl y and  PE  cables  wi th  a  sufficien t cross-section).  
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I f the  requ ired  cond i ti ons  cannot be  met,  an  add i ti onal  res idual  cu rrent device  is  used  (apart 
from  insta l lation  wi th  a  TN-C earth ing  system).  I n  th is  s i tuation ,  the  fol lowing  considerations  
regard ing  use  of RCD i n  TT  systems appl y.  

F.2.2  TT systems  

As described  above,  res idual -curren t devices  are  usual l y used  as  d isconnecting  devices  for 
i nd i rect  con tact protection .  

The  operation  capabi l i ty of an  RCD depends  on  the  fau l t  current waveform .  I EC 60755 defines  
three  types  of RCD depend ing  on  the  characteri sti cs  of the  fau l t curren t.  

I n  the  case  of fau l t between  the  i npu t ci rcu i t  and  the  weld ing  ci rcu i t i n  typ ical  s i ng le-phase  
a. c.  equ ipment,  the  fau l t  current i s  s inusoida l ;  therefore  types  AC,  A and  B  RCDs  are  
appropriate.  

Anyway,  other ci rcu i t  fau l ts  can  generate  a  d i fferen t fau l t  waveform  that requ i res  a  d i fferent 
RCD se lection .   

On l y the  manufacturer knows  the  poss ib le  fau l t curren t waveform  of i ts  equ ipment and  can  
i ncorporate  the  device  in  the  equ ipment or speci fy wh ich  type  of RCD is  capable  of assuring  
proper operation .  

F.3  Automatic d isconnection  of supply in  d .c.  current equipment operating  at  
medium  frequency (inverter equipment)  

F.3. 1  TN  system  

Al l  the  cons iderations  above for a. c.  s ing le-phase  equ ipment appl y a lso  to  d . c.  current  
equ ipment operati ng  at med ium  frequency;  moreover,  other important factors  have  to  be  
cons idered .  

The  most common  fau l t i s  between  the  i nverter ou tpu t to  g round ,  typica l l y by a  fau l t i n  the  
weld ing  transformer i nsu lation .  Th is  type  of fau l t  requ i res  add i ti onal  consideration  described  
below.  

The  touch  vol tage  in  case  of fau l t  i s  h igher than  i n  network frequency fau l t as  the  protecti ve  
conductor impedance  is  h igher at  the  i nverter frequency (typica l l y 1  kHz to  20  kHz).  

The  fau l t  current may be  l im i ted  i n  time by the  i nverter as  i t  i s  present on l y when  the  
equ ipment execute  the  weld ing  process  ( i . e. ,  when  the  weld ing  transformer i s  suppl ied ) .  

Add i ti onal l y,  i t  has  to  be  considered  that the  fau l t curren t ampl i tude  may be  l im i ted  by 

– the  current suppl ied  by the  inverter may be  electron ica l l y l im i ted  to  a  maximum  
perm iss ible  value  (for example,  by the  weld ing  cu rrent  ad justment);  

– the  protecti ve  conductor impedance ( i t  i s  h i gher than  50  Hz impedance  value  as  the  fau l t 
curren t have  frequency components  of 1  kHz to  20  kHz).  

These  fau l t  curren t times  and  ampl i tude  l im i tations  can  avoid  the  ci rcu i t-breaker or fuse  
operation  i n  case  of fau l t.  

I t  shal l  a lso  be  considered  that the  reduction  of the  fau l t curren t time and  magn i tude  
correspond  to  a  reduced  touch  vol tage  therefore  to  a  reduced  risk.  

The  i nverter can  provide  a  protection  against short ci rcu i ts  between  phases  at the  ou tpu t that  
i n terrupt the  suppl y of cu rrent to  the  transformer.  I n  TN  systems th is  device  does  not protect  
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persons  against i nd i rect con tact under a l l  ci rcumstances.  I n  fact,  the  impedance of the  fau l t  a t 
the  i nverter frequency may l im i t  the  current to  a  va lue  that i s  below the  i nverter’s  protection  
threshold .  

F.3.2  TT  systems  

F.3.2. 1  General  

As described  above,  residual -curren t device  are  usual l y used  as  d isconnecting  device  for 
i nd i rect  con tact protection .  

I n  the  case  of fau l t between  the  i npu t ci rcu i t  and  the  weld ing  ci rcu i t  of typica l  i nverter 
equ ipment,  the  fau l t  cu rrent i s  non-s inusoidal .  I t  i s  composed  of the  i nverter swi tch ing  
frequency and  the  d . c.  bus  vol tage  to  ground  frequency (typical l y 1  000  Hz and  1 50  Hz) .  

 

Figure F .4 – Typical  fau l t  current  

Frequency content of the  fau l t current depends  on  many factors,  i nclud ing  i nverter swi tch ing  
frequency,  type  of i nverter i npu t stage  and  equ ipment weld ing  cu rrent  ad j ustment.  

The  complex shape  of the  fau l t curren t (see  F igure  F. 4)  requ i res  the  use  of a  type  A or B  RCD 
su i table  for the  frequency content  of the  fau l t  current.  

Anyway other ci rcu i t fau l ts  generate  d i fferent fau l t waveforms  that can  requ ire  d i fferent RCD 
se lection ;  for example,  d . c.  bus  to  earth  fau l t generates  a  fau l t  current that requ i res  type  B  
RCD.  

On ly the  manufacturer knows the  poss ib le  fau l t curren t waveform  of i ts  equ ipment ( i . e . ,  i ts  
frequency content)  and  can  incorporate  the  device  i n  the  equ ipment or speci fy wh ich  type  of 
RCD is  capable  of assuring  proper operation .  

The  i nverter can  provide  a  protection  against short ci rcu i ts  between  phases  at the  ou tpu t that  
i n terrupt the  suppl y of curren t to  the  transformer.  I n  TT systems th is  device  does  not protect 
persons  against i nd i rect  con tact as  the  impedance of the  fau l t  a t the  i nverter frequency i s  very 
h igh  and  l im i t the  curren t to  a  va lue  that i s  far below the  i nverter’s  protection  threshold  ( the  
fau l t  current  may be  of a  few amps).  

IEC 
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F.3.2.2  RCD sensi tivi ty,  break time and  operating  frequency 

The patho-phys iolog ical  effects  of e l ectrica l  curren t fl owing  i n  the  body depend  on  i ts  
magn i tude  and  duration .  RCD  are  typica l l y des igned  for network frequency operation  and  
provide  current re lated  operati ng  time  that are  defined  by I EC standards  based  on  patho-
phys iolog ical  effects.  

RCD sens i ti vi ty i s  expressed  as  the  rated  res idual  operating  cu rrent,  I∆n .  Preferred  values  
have  been  defined  by I EC,  making  i t  possib le  to  d i vi de  RCDs  in to  three  g roups  accord ing  to  
thei r I∆n  va l ue:  

– h igh  sens i ti vi ty (HS):  6  mA – 1 0  mA – 30  mA;  

– med ium  sens i ti vi ty (MS):  0 , 1  A – 0, 3  A – 0 , 5  A – 1  A;  

– l ow sens i ti vi ty (LS):  3  A –1 0  A – 30  A.  

H igh  sens i ti vi ty (HS)  is  most often  used  for add i tional  d i rect-con tact protection .  The  other 
sensi ti vi ties  (MS  and  LS)  are  usual l y used  for protection  against i nd i rect con tacts .  RCD are  
a lso  used  i n  i nsta l lations  for fi re  protection  and  protection  of the  equ ipment.  

When  the  RCD is  used  for protection  against i nd i rect contact,  i ts  sens i ti vi ty i s  not d i rectl y 
re lated  to  current fl owing  in to  the  body but selected  accord ing  to  i nsta l lation  earth  connection  
res istance.  

The  current flowing  through  the  human  body depends  main l y on  envi ronmenta l  cond i ti ons  and  
on  the  touch  vol tage.  

The  current fl owing  through  the  human  body i s  i n fl uenced  also  by the  frequency,  as  the  body 
impedance is  h igh l y frequency dependant.  

When  an  RCD is  used  for i nd i rect con tact protection ,  i t  has  to  d isconnect the  suppl y wi th in  a  
time that i s  re lated  to  the  prospective  touch  vol tage.  The  reference curves  used  by 
I EC 60364-4-41  are  derived  from  IEC 60479  series  together wi th  an  explanation  of the 
derivation  of the  requ i rements.  
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Figure F .5  – Time-to-vol tage reference  curve  

IEC 60364-4-41  provides  means  of compl iance  based  on  the  se lection  of RCD sens i ti vi ty 
correspond ing  to  a  fau l t  current generating  a  50  V touch  vol tage  and  a l lowing  a  maximum  
d isconnection  time of 1  s .  Th is  satisfies  the  requ irement for any value  of touch  vol tage  and  
fau l t  current.  Time-to-vol tage  reference curve  is  shown  i n  F igure  F . 5  

I n  order to  prevent undesi red  tri pping ,  an  RCD  may be  protected  against  h i gh -frequency 
curren ts  wi th  low-pass  fi l ters ;  therefore,  an  RCD device  may presen t l ow sensi ti vi ty (or 
i ncreased  break time)  to  fau l t currents  on  i nverter res istance  weld ing  equ ipment.  The  
frequency content  of the  fau l t  current  i s ,  therefore,  a  most important  factor.  

Standards  speci fy that type  B  RCD shal l  operate  wi th  frequencies  up  to  1  kHz;  therefore,  the  
use  of th is  device  sati sfies  the  requ i rement for i nverter resistance  weld ing  equ ipment 
operating  up  to  1  kHz.  

The  abi l i ty of other RCD types  or equ ipment operati ng  at h igher frequencies  shal l  be  veri fied  
case  by case  as  d i fferent  RCDs  present d i fferent  sens i ti vi ty and  operation  time.  
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