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GU IDANCE ON  CLEARANCES AND CREEPAGE  

DISTANCES IN  PARTICULAR FOR DISTANCES EQUAL  
TO OR LESS THAN  2  mm – TEST RESULTS OF RESEARCH   

ON  INFLUENCING PARAMETERS 
 

FOREWORD 

1 )  The  I n ternati ona l  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern i ng  s tandard 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 ica l  Speci fi cati ons ,  
Techn ica l  Reports,  Publ i cl y Avai l ab l e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Pub l i cati on (s)” ) .  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati ona l  Commi ttee  i n terested  
i n  the  subject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmen ta l  and  non -
governmen tal  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement  between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possib l e  i n  thei r nati ona l  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  con form i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

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

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i n cl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  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 cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  pub l i cati on .  

9)  Atten ti on  i s  d rawn  to  the  possib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t ri gh ts .  I EC  shal l  not  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  commi ttee  may propose  the  publ ication  of a  Techn ical  Report when  i t  has  col lected  
data  of a  d i fferen t kind  from  that wh ich  i s  normal ly publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 63040,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by I EC techn ical  commi ttee  
1 09:  I nsu lation  co-ord ination  for l ow-vol tage  equ ipment.  

The  text of th is  Techn ical  Report i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

1 09/1 40/DTR 1 09/1 44/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  Techn ical  Report can  be  found  i n  the  
report on  voting  ind icated  i n  the  above  table.  
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Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

The  commi ttee  has  decided  that the  conten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC  web  s i te  under "h ttp: //webstore. iec.ch"  i n  the  data  
related  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 tion ,  or 

•  amended .  

A b i l i ngual  version  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  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understanding  of i ts  contents.  Users  should  therefore print th is  document using  a  
colour printer.  
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I NTRODUCTION  

Th is  document provides  i n formation  on  prin ted  board  assembl ies  and  other equ ivalen t plane  
arrangements  of i nsu lation ,  where  the  clearance  and  the  creepage  d istance  fol lows  the  same 
path  a long  the  surface  of sol id  i nsu lation .  

Th is  document i s  based  on  German  research  data  publ i shed  i n  May 1 989  [9] ,  [1 0 ] 1 .  SC  28A,  
the  predecessor of TC  1 09,  began  analysing  th is  research  data  in  November 1 990.  

The  fol lowing  poin ts  provide  background  in formation  to  the  research .  

•  The  research  was  carried  ou t on  test samples  that were  manufactured  wi th  the  same 
technology being  used  for prin ted  ci rcu i t boards  (PCBs)  wi th  selected  spacing  of ci rcu i t  
patterns  from  0 , 1 6  mm  to  6 , 3  mm.  

•  Ten  types  of materia ls  were  used  for the  test samples.  The  i n fluence  of manufacturing  
operations  on  the  surface  of a  materia l ,  for example  mou ld ing  or mach in ing ,  was  not part  
of th is  research  project.  

•  The  test samples  were  placed  in  d i fferen t l ocations,  such  as  large  ci ty,  ru ral ,  i ndustria l ,  
desert,  sea  s i de,  and  period ical ly exposed  to  a  vol tage  stress  and  the  data  was  
accumu lated  over a  l ong  period  of time.  

 

____________ 

1   N umbers  i n  square  brackets  refer to  the  b i b l i og raphy.  
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GUIDANCE ON  CLEARANCES AND CREEPAGE  
DISTANCES IN  PARTICULAR FOR DISTANCES EQUAL  

TO OR LESS THAN  2  mm – TEST RESULTS OF RESEARCH   
ON  INFLUENCING PARAMETERS 

 
 
 

1  Scope 

Th is  document describes  test resu l ts  of research  on  d imension ing  of clearances  and  creepage 
d istances,  for spacing  equal  to  or l ess  than  2  mm  for prin ted  wi ring  material  and  other 
equ ivalen t arrangements  of i nsu lation ,  where  the  clearance  and  the  creepage  d istance  fol lows  
the  same  path  a long  the  surface  of sol id  i nsu lation .  

The  in formation  con tained  in  th is  document i s  the  resu l t  of research  on ly and  cannot be  used  
for d imension ing  the  clearances  and  creepage  d istances  for equ ipment wi th in  l ow-vol tage  
systems,  where  I EC  60664-1  appl ies.  However d istances  can  be  taken  i n to  account for 
functional  reasons.   

Th is  document provides  resu l ts  of research  related  to  the  fol lowing  cri teria:  

1 )  clearances  i ndependent from  the  m icro-envi ronment;  

2)  creepage  d istances  for pol lu tion  degree  1 ,  2  and  3  wh ich  extends  the  use  of smal ler 
d i stances  to  products  having  design  features  s imi lar to  prin ted  ci rcu i t  boards;  

3)  creepage  d istances  to  avoid  flashover of the  insu lating  surface;  

4)  i n formation  on  m in imum  creepage  d istances  to  main tain  m in imum  insu lation  resistance.  

A test method  for the  evaluation  of the  relevant water adsorption  g roup  for the  surface  of any 
insu lating  materia l  wh ich  has  not yet been  classi fied  i s  described .  

2  Normative references  

The  fol lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some  or a l l  of thei r 
con ten t consti tu tes  requ i rements  of th is  document.  For dated  references,  on ly the  ed i tion  
ci ted  appl ies.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( includ ing  
any amendments)  appl ies.  

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

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  i n  I EC  60664-1  and  the  
fol lowing  apply.  

I SO  and  I EC  main tain  terminolog ical  databases  for use  i n  standard ization  at the  fol lowing  
addresses:  

•  I EC  Electroped ia:  avai lable  at h ttp: //www.electroped ia. org/ 

•  I SO  On l ine  browsing  platform:  avai lable  at h ttp: //www. iso.org/obp  
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3.1   
i nhomogeneous  field  
non-un i form  fie ld  
e lectric fie ld  wh ich  does  not have  an  essentia l l y constant vol tage  g rad ien t between  e lectrodes   

Note  1  to  en try:  The  i nhomogeneous  fi e l d  cond i ti on  of a  po i n t-pl ane  e l ectrode  con fi gu rati on  i s  the  worst case  wi th  
regard  to  vol tage  wi thstand  capabi l i ty and  i s  referred  to  as  case  A.  I t  i s  represen ted  by a  poi n t  e l ectrode  havi ng  a  

30  µm  rad i us  and  a  p l ane  of 1  m  ×  1  m .  

3.2   
homogeneous  field  
un i form  fie ld  
e lectric fie ld  wh ich  has  an  essentia l l y constan t vol tage  g rad ient between  e lectrodes   

Note  1  to  en try:  The  e l ectri c  fi e l d  between  two  spheres  where  the  rad ius  of each  sphere  i s  g reater than  the  
d i s tance  between  them  i s  an  example  of a  homogeneous  fi e l d  (case  B) .  

3.3   
electrical  breakdown  
fa i l u re  of i nsu lation  under e lectric stress  when  the  d ischarge  completely bridges  the  
i nsu lation ,  thus  reducing  the  vol tage  between  the  e lectrodes  a lmost to  zero  

Note  1  to  en try:  For the  pu rposes  of th i s  d ocumen t  the  above  defi n i ti on  i s  u sed ,  as  the  defi n i ti on  i n  
I EC  60050-21 2: 201 0 ,  2 1 2-1 1 -33  [1 ]  i s  broader than  the  scope  of th i s  documen t.  

3.4  
flashover 
electrical  breakdown  along  a  su rface  of sol i d  i nsu lation  located  i n  a  gaseous  or l i qu id  med ium  

Note  1  to  en try:  For the  pu rposes  of th i s  d ocumen t  the  above  defi n i ti on  i s  u sed ,  as  the  defi n i ti on  i n  
I EC  60050-21 2,  21 2-1 1 -47  i s  broader than  the  scope  of th i s  d ocumen t.  

3.5  
humidi ty level  
HL 
l evel  defin ing  the  expected  humid i ty i n fluences  in  the  m icro-envi ronment and  expressed  
numerical l y 

3.6   
water adsorption  
capabi l i ty of an  i nsu lating  materia l  to  adsorb  water on  i ts  surface  

3.7   
cri tical  relative  humidi ty 
value  of the  relati ve  humid i ty when  the  impu lse  wi thstand  vol tage  of a  creepage  d istance  has  
d ropped  to  95  %  of the  value  wh ich  was  measured  at  70  %  humid i ty 

3.8   
water adsorption  group 
group  characterizing  the  exten t of the  dependence  of the  cri ti cal  re lati ve  humid i ty upon  the  
creepage  d istance  

3.9   
working  vol tage  
h ighest r.m. s.  value  of the  AC  or DC  vol tage  across  any parti cu lar i nsu lation  wh ich  can  occur 
when  the  equ ipment i s  suppl ied  at  rated  vol tage  

Note  1  to  en try:  Trans i en 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.  
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3.1 0   
rated  insu lation  vol tage  
r.m . s.  wi thstand  vol tage  value  assigned  by the  manufacturer to  the  equ ipment or to  a  part  of 
i t,  characterizing  the  speci fied  ( long-term)  wi thstand  capabi l i ty of i ts  i nsu lation  

Note  1  to  en try:  The  rated  i nsu l ati on  vol tage  i s  not  n ecessari l y equal  to  the  rated  vol tage  of equ ipmen t  wh i ch  i s  
primari l y re l a ted  to  functi onal  performance.  

3.1 1   
rated  vol tage  
value  of vol tage  assigned  by the  manufacturer,  to  a  component,  device  or equ ipment and  to  
wh ich  operation  and  performance  characteristics  are  referred  

Note  1  to  en try:  Equ i pmen t may have  more  than  one  rated  vol tage  va l ue  or may have  a  rated  vol tage  range.  

4 Fundamental  aspects  and  phenomena of clearance and  creepage d istances  

4.1  Mutual  correlation  of insu lation  characteristics  with  regard  to  environmental  
conditions  

The  m icro-envi ronmental  cond i tions  for the  i nsu lation  depend  primari l y on  the  macro-
envi ronmental  cond i tions  i n  wh ich  the  equ ipment i s  l ocated  and  i n  many cases  the  
envi ronments  are  i dentical .  However the  micro-envi ronment can  be  better or worse  than  the  
macro-envi ronment where,  for example,  enclosures,  heating ,  ven ti lation  or dust i n fluence  the  
m icro-envi ronment.  

NOTE  Protecti on  by encl osures  provided  accord ing  to  the  degrees  of protecti on  speci fi ed  i n  I EC  60529  [4 ]  can  
i ncrease  or d ecrease  the  humid i ty of the  m icro-envi ronmen t.  

The  most importan t envi ronmental  parameters  are  the  fol lowing .  

– For clearances:  

•  a i r pressure;  

•  temperature,  i f i t  has  a  wide  variation .  

– For creepage  d istances:  

•  pol lu tion ;  

•  re lative  humid i ty;  

•  condensation .  

– For sol id  i nsu lation :  

•  temperature;  

•  re lative  humid i ty.  

4.2  Pol lution  

4.2 .1  General  

Pol lu tion  does  not on ly impai r i nsu lation  wi th  regard  to  l ong-term  r.m .s  vol tage  stress  causing  
tracking  bu t a lso  impairs  i t  wi th  regard  to  peak vol tages  and  water adsorption ,  causing  
reduced  impu lse  wi thstand  capabi l i ty i n  case  of short d istances  and  thus  flashover may occur 
a long  the  i nsu lation  surface.  

The  i n fluence  of humid i ty on  the  surface  of i nsu lation  i s  i den ti fied  by the  humid i ty l evels.  
These  l evels  a l so  apply to  a  macro-envi ronment having  the  same  humid i ty as  the  m icro-
envi ronment.  

The  i n fl uence  of the  water adsorption  characteristics  on  the  su rface  of i nsu lation  i s  i den ti fi ed  
by the  water adsorption  categories.  
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4.2.2  Humidi ty l evel  (HL)  

For the  purpose  of evaluating  creepage d istances  wi th  regard  to  fl ashover a long  the  surface,  
respectively m in imum  insu lation  resistance,  the  fol l owing  three  l evels  i n  the  m icro-
envi ronment are  establ ished .  

•  Humid i ty l evel  1  (HL  1 ) :  

The  relative  humid i ty at the  i nsu lation  never reaches  a  l evel  where  condensation  occurs  
on  the  insu lation .  

Therefore,  the  flashover i s  not i n fl uenced  by humid i ty.  Humid i ty Level  HL  1  i s  considered  
to  be  pol lu tion  degree  1 .  

•  H umid i ty l evel  2  (HL  2):  

The  re lative  humid i ty at the  i nsu lation  i s  such  that condensation  on  the  i nsu lation  occurs  
on ly occasional ly during  transien t changes  in  the  m icro-envi ronment.  

Therefore,  the  flashover i s  i n fl uenced  by humid i ty.  

•  Humid i ty l evel  3  (HL  3):  

The  re lative  humid i ty at the  i nsu lation  i s  such  that condensation  on  the  i nsu lation  may 
occur frequently.  

Therefore,  the  flashover i s  strong ly i n fluenced  by humid i ty.  

4.2.3  Relation  of humidi ty levels  to  macro-environment 

Macro-envi ronmental  cond i tions  are  speci fied  in  I EC  60364-5-51 ,  i n  I EC  60721 -3-3,  
I EC  60721 -3-7,  and  I EC  60721 -3-9 .  The  relation  of humid i ty l evels  to  defined  macro-
envi ronmental  classes  i s  shown  i n  Table  1 .  

Table  1  – Relation  of the  humid i ty levels  to  macro-environments  

Standard  
speci fying  

cl imatic  classes  

C l imatic  (macro-envi ronmental )  c lasses  Humid i ty  
l evels  

I EC  60721 -3-9  
-------------------- --  
I EC  60721 -3-3  

-------------------- --  
I EC  60721 -3-7  

-------------------- --  
I EC  60364-5-51  

Y2  
-----------  

3K1  
-----------  

 
- - ---------  

 

↓  

Y3  
- ----------  

3K3  
-----------  

7K1  
-----------  

AB5  

↓  

Y4  
- ----------  

3K6  
-----------  

7K3  
-----------  

AB7  

↓  

 

 =  (–)  (–)  →  H L  1  

(+)  =  (–)  →  H L  2  

(+)  (+)  =  →  H L  3  

Key 

=  m icro-envi ronmen t has  the  same  humid i ty as  the  macro-envi ronmen t 

(–)  m icro-envi ronmen t i s  l ess  humid  than  the  macro-envi ronmen t 

(+)  m icro-envi ronmen t i s  more  hum id  than  the  macro-envi ronmen t 

NOTE  I n  I EC  60721 -3-9  d i fferen t  expressi ons  of cl imati c  cl asses  are  used .  
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4.2.4 Comparative  tracking  index (CTI)  

With  regard  to  tracking ,  an  i nsu lati ng  material  can  be  rough ly characterized  accord ing  to  the  
damage  i t  su ffers  from  the  concentrated  release  of energy du ring  scin ti l l ations  when  a  su rface  
l eakage  curren t i s  i n terrupted  due  to  the  d rying-ou t of the  con taminated  surface.  The  fol lowing  
behaviour of an  i nsu lating  material  i n  the  presence  of scin ti l l ations  can  occur:  

•  no  decomposi tion  of the  i nsu lating  materia l ;  

•  the  wearing  of i nsu lating  materia l  by action  of e lectrical  d i scharges  (electrical  erosion);  

•  the  progressive  formation  of conductive  paths  wh ich  are  produced  on  the  surface  of 
i nsu lating  materia l  due  to  the  combined  effects  of e lectric stress  and  e lectrolytical l y 
conductive  con tamination  on  the  surface  ( tracking).  

NOTE  Tracki ng  or erosi on  wi l l  occu r when  

•  a  l i q u i d  fi lm  carryi ng  the  su rface  l eakage  cu rren t  breaks,  

•  the  app l i ed  vol tage  i s  su ffi ci en t  to  break down  the  smal l  g ap  formed  when  the  fi lm  breaks,  and  

•  the  cu rren t  i s  above  a  l im i ti ng  val ue  wh ich  i s  necessary to  provide  su ffi ci en t  energy l ocal l y to  thermal l y  
decompose  the  i n su l ati ng  materi a l  beneath  the  fi lm .  Deteri orati on  i ncreases  wi th  the  time  for wh i ch  the  cu rren t 
fl ows.  

The  behaviour of the  i nsu lating  material  under various  con taminan ts  and  vol tages  i s  extremely 
complex.  Under these  cond i tions  many materia ls  may exh ib i t  two  or even  a l l  three  of the  
characteristics  stated .  However,  i t  has  been  found  by experience  and  tests  that i nsu lating  
materia ls  having  a  h igher re lative  performance a lso  have  approximately the  same relati ve  
ranking  accord ing  to  the  comparative  tracking  index (CTI ) .  Therefore,  th is  document uses  the  
CTI  values  to  categorize  i nsu lating  materia ls.  

Materia ls  are  classi fied  i n to  four g roups  (MG)  accord ing  to  thei r CTI  va lues.  These  values  are  
determined  i n  accordance  wi th  I EC  601 1 2  using  solu tion  A.  The  groups  are:  

Materia l  Group  I  600  ≤  CTI  

Materia l  Group  I I  400  ≤  CTI  <  600  

Materia l  Group  I I I a  1 75  ≤  CTI  <  400  

Materia l  Group  I I I b  1 00  ≤  CTI  <  1 75  

The  proof tracking  index (PTI )  i s  used  to  veri fy the  tracking  characteristics  of materia ls.  A 
materia l  may be  i ncluded  i n  one  of these  four g roups  on  the  basis  that the  PTI ,  veri fied  by the  
method  of I EC  601 1 2  using  solu tion  A,  i s  not l ess  than  the  l ower value  speci fied  for the  group.  

The  test for comparative  tracking  index (CTI )  i n  accordance  wi th  I EC 601 1 2  i s  designed  to  
compare  the  performance  of various  i nsu lating  materials  under test cond i tions.  I t  g ives  a  
qual i tati ve  comparison  and  i n  the  case  of i nsu lating  materials  having  a  tendency to  form  
tracks  i t  a lso  g ives  a  quan ti tati ve  comparison .  

For g lass,  ceramics  or other i norgan ic i nsu lating  materials  wh ich  do  not track,  creepage  
d istances  need  not be  g reater than  thei r associated  clearance  for the  purpose  of mutual  
correlation  of i nsu lation  characteristics.  The  d imensions  for i nhomogeneous  fie ld  cond i tions  
are  appropriate.  However,  the  behaviour wi th  regard  to  flashover i s  important.  

4.2.5  Flashover characteristics  

Electric strength ,  thermal ,  mechan ical  and  chemical  characteristics  of i nsu lating  materia l  can  
be  considered ,  taking  in to  account the  stresses  l i kely to  occur during  the  l i fetime  of the  
equ ipment.  

Water adsorption  i s  a  su rface-related  phenomenon  wh ich  depends  on  the  characteristics  of 
the  insu lating  material .  Wi th  regard  to  the  effect of water adsorption  on  fl ashover behaviour,  
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i nsu lating  materia ls  are  a l located  to  a  water adsorption  g roup  accord ing  to  the  test procedure  
i n  Clause  7:  

•  Water adsorption  g roup  W1  (neg l ig ible  i n fl uence)  

•  Water adsorption  g roup  W2  (weak in fl uence)  

•  Water adsorption  g roup  W3  (med ium  i n fluence)  

•  Water adsorption  g roup  W4  (strong  i n fluence)  

NOTE  Cl assi fi cati on  of materia l s  wi th  respect  to  water adsorpti on  g roups  can  be  d i fferen t  i f caused  by fi l l ers,  
add i ti ves ,  mou ld i ng  method ,  su rface  tool i ng  etc.  

5 Clearances  and  creepage d istances  

5.1  General  

Clearances  need  to  wi thstand  transien t overvol tages  and  steady state  vol tages.  The  
d imension ing  of the  associated  creepage  d istance  avoids  fa i l u re  due  to  tracking  and  fl ashover 
under humid  cond i tions.  

5.2  C learances  

5.2 .1  In fluencing  cri teria  

5.2 .1 . 1  In fluencing  factors  on  clearance  d imensions  

Selected  clearance  d imensions  take  in to  account the  fol l owing  i n fluencing  factors:  

•  impu lse  overvol tages;  

•  s teady-state  vol tages  and  temporary overvol tages;  

•  recurring  peak vol tages;  

•  e l ectric fie ld  cond i tions;  

•  a l ti tude.  

NOTE  1  The  cl earance  d imensions  g i ven  i n  Tabl e  2  have  su ffi ci en t  impu l se  wi thstand  capabi l i ty for equ i pmen t for 
u se  a t  a l ti tudes  up  to  2   000  m .  For equ i pment for use  at  h i gher a l ti tu des,  see  5 . 2 . 2 .  

NOTE  2  Mechan ical  i n fl uences  such  as  vi brati on  and  the  effects  of appl i ed  forces  can  requ i re  l arger cl earances.  

5.2.1 .2  Clearances  to  wi thstand  transient overvol tages  

Clearance  d imensions  accord ing  Table  2  can  wi thstand  impu lse  overvol tages  wi th  d i stances  
equal  to  or l ess  than  2  mm.  

For equ ipment d i rectl y connected  to  the  supply mains,  the  requ i red  impu lse  wi thstand  vol tage  
i s  the  rated  impu lse  vol tage  (see  I EC  60664-1 : 2007,  Table  F . 1 ) .  
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Table  2  – Clearances  for mutual  correlation  of insu lation   
characteristics  to  wi thstand  transient overvol tages  

 M in imum  clearances  up  to  2   000  m  above  sea  l evel  

Impu lse  wi thstand  vol tagea  Case  Ac
 Case  Bc  

 i nhomogeneous  fi eld  cond i tions  
(see  IEC  60664-1 )  

homogeneous  fi eld  cond i tions   
(see  IEC  60664-1 )  

kV mm  mm  

0 , 33b  0, 01  0, 01  

0 , 40  0, 02  0, 02  

0, 50b  0, 04  0, 04  

0 , 60  0, 06  0, 06  

0, 80b  0, 1 0  0, 1 0  

1 , 0  0, 1 5  0, 1 5  

1 , 2  0, 25  0, 2  

1 , 5b  0, 5  0, 3  

2, 0  1 , 0  0, 45  

2, 5b  1 , 5  0, 6  

3, 0  2, 0  0, 8  

4, 0b   1 , 2  

5 , 0   1 , 5  

6 , 0b   2 , 0  

a   Th i s  vo l tage  i s  

– for fu ncti onal  i nsu l ati on :  

 the  maximum  impu l se  vol tage  expected  to  occu r across  the  cl earance,  see  I EC  60664-1 ;  

 the  rated  impu l se  vol tage  of the  equ i pmen t;  see  Tabl e  F . 1  of I EC  60664-1 : 2007 .  

b   Preferred  val ues  speci fi ed  i n  I EC  60664-1 .  

c   The  val ues  g i ven  i n  case  A and  case  B  are  i n formati ve  and  cannot  rep lace  the  va l ues  g i ven  i n  I EC  60664-1 .  

 

5.2.1 .3  Inhomogeneous  field  condi tions  (case  A of Table  2)  

Clearances  not l ess  than  those  speci fied  in  Table  2  for i nhomogeneous  fie ld  cond i tions  can  be  
used  i rrespective  of the  shape  and  arrangement of the  conductive  parts  and  wi thout 
veri fication  by a  vol tage  wi thstand  test.  

I t  i s  advisable  that clearances  through  open ings  i n  enclosures  of i nsu lati ng  material  are  not 
l ess  than  those  speci fied  for i nhomogeneous  fie ld  cond i tions  s ince  the  configuration  i s  not 
con trol led .  Th is  can  have  an  adverse  effect on  the  homogenei ty of the  e lectric fi e ld .  

5.2.1 .4  Homogeneous  field  condi tions  (case  B  of Table  2)  

Values  for clearances  in  Table  2  for case  B  are  on ly for homogeneous  fie lds.  They may on ly 
be  used  where  the  shape  and  arrangement of the  conductive  parts  i s  designed  to  ach ieve  an  
e lectric fie ld  having  an  essential l y constant vol tage  grad ien t.  

Clearances  smal ler than  those  speci fied  i n  Table  2  for i nhomogeneous  fie ld  cond i tion  (case  A)  
need  veri fication  by a  vol tage  wi thstand  test.  F igure  1  i l l ustrates  Table  2 .  
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NOTE  See  a l so  Table  2  from  wh ich  the  fi gu re  i s  deri ved .  

Figure  1  – Clearances  in  ai r for mutual  correlation  of insu lation  characteristics  to  
withstand  transient overvol tages  up  to  2  000  m  above  sea level  

5.2 .2  Al ti tude  

5.2 .2. 1  General  

As the  values  i n  Table  2  and  Table  3  are  val id  for a l ti tudes  up  to  and  i nclud ing  2  000  m  above  
sea  l evel ,  clearances  for a l ti tudes  above  2  000  m  need  to  be  mu l tip l ied  by the  a l ti tude  
correction  factor speci fied  i n  I EC  60664-1 : 2007,  Table  A.2 .  

The  d imensions  i n  Table  5  are  val i d  for a l ti tudes  up  to  and  includ ing  2   000  m  above  sea  l evel ,  
creepage  d imensions  to  avoid  flashover for a l ti tudes  above  2  000  m  need  to  be  mu l tip l i ed  by 
the  a l ti tude  correction  factor speci fied  in  I EC  60664-1 : 2007,  Table  A.2 .  

NOTE  The  breakdown  vol tage  of a  cl earance  i n  a i r for a  homogeneous  fi e l d  i s ,  accord i ng  to  Paschen 's  Law,  
proporti onal  to  the  product  of the  d i stance  between  e l ectrodes  and  the  atmospheri c  pressu re.  Therefore  
experimen tal  data  recorded  at  approximatel y sea  l evel  i s  corrected  accord i ng  to  the  d i fference  i n  a tmospheri c 
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pressure  between  2   000  m  and  sea  l evel .  The  same  correcti on  i s  made  for i nhomogeneous  fi e l d s  and  for creepage  
d i s tances  wi th  respect  to  fl ashover.  

5.2.2 .2  Steady-state  vol tages,  temporary overvol tages  or recurring  peak vol tages  

Clearances  d imensioned  accord ing  to  Table  3  wi thstand  the  peak value  of the  steady-state  
(d i rect curren t or 50/60  Hz vol tage)  temporary overvol tage  or recurring  peak vol tage.  

The  larger clearance  of the  d imension ing  i n  Table  2  and  Table  3  i s  appl icable.  

NOTE  D imension i ng  requ i remen ts  for frequencies  h i gher than  30  kHz  are  speci fi ed  i n  I EC  60664-4 .  

Table  3  – Clearances  to  wi thstand  steady-state  vol tages,   
temporary overvol tages  or recurring  peak vol tages  

Vol tagea   

(peak value)b  

kV 

Min imum  cl earances  i n  ai r up  to  2   000  m  above  sea  l evel e  

Case  A 

I nhomogeneous  fi eld  cond i tions  (see  3 . 1 )  

mm  

Case  B  

Homogeneous  fi eld  cond i tions  (see  3.2)  

mm 

0 , 04  0 , 001 c  0 , 001 c  

0 , 06  0 , 002c  0 , 002c  

0 , 1 0  0 , 003c  0 , 003c  

0 , 1 2  0 , 004c  0 , 004 )  

0 , 1 5  0 , 005c  0 , 005c  

0 , 20  0 , 006c  0 , 006c  

0 , 25  0 , 008c  0 , 008c  

0 , 33  0 , 01  0 , 01  

0 , 4  0 , 02  0 , 02  

0 , 5  0 , 04  0 , 04  

0 , 6  0 , 06  0 , 06  

0 , 8  0 , 1 3  0 , 1 0  

1 , 0  0 , 26  0 , 1 5  

1 , 2  0 , 42  0 , 20  

1 , 5  0 , 76  0 , 30  

2 , 0  1 , 27  0 , 45  

2 , 5  1 , 8  0 , 6  

3 , 0  2 , 4d  0 , 8  

4 , 0  

 

1 , 2  

5 , 0  1 , 5  

6 , 0  2 , 0  

a  The  cl earances  for o ther vol tages  are  obta ined  by i n terpol ati on .  

b  See  Fi gu re  1  of I EC  60664-1 : 2007  for recu rri ng  peak vol tage.  

c  These  val ues  are  based  on  experimen tal  data  obtai ned  at  a tmospheri c  pressu re .  

d  Th i s  va l ue  i s  on l y g i ven  to  a l l ow i n terpol ati on  of the  peak vol tage  from  one  s tep  l ower to  a  va l ue  
correspond i ng  to  2  mm  (maximum  va l ue  accord i ng  to  th i s  documen t) .  

e  The  val ues  g i ven  i n  th i s  tab le  are  i n formati ve  and  cannot  rep l ace  the  val ues  g i ven  i n  I EC  60664-1 .  

 

I f clearances  are  stressed  wi th  steady-state  vol tages  of 2 , 5  kV (peak)  and  above,  
d imension ing  accord ing  to  the  breakdown  values  i n  Table  3  may not provide  operation  wi thout 
corona  (partia l  d ischarges),  especial l y for i nhomogeneous  fie lds.  I n  order to  provide  corona-
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free  operation ,  i t  i s  e i ther necessary to  use  l arger clearances  as  g iven  i n  I EC  60664-1 : 2007,  
Table  F.7b  or to  improve  the  fi el d  d istribu tion .  

5.2.2 .3  Clearances   

Clearances  are  d imensioned  as  speci fied  in  Table  2  correspond ing  to  

•  the  rated  impu lse  vol tage,  accord ing  Table  F . 1  of I EC  60664-1 : 2007,  or 

•  the  requ i red  impu lse  wi thstand  vol tage   

and  as  speci fied  i n  Table  3  correspond ing  to  peak value  of the  

•  the  steady-state  vol tage,   

•  the  recurring  peak vol tage,  and  

•  the  temporary overvol tage.   

I n  a  coord inated  system,  clearances  above  the  min imum  requ i red  are  unnecessary for a  
requ i red  impu lse  wi thstand  vol tage.  However,  i t  may be  necessary,  for reasons  other than  
mu tual  correlation  of i nsu lation  characteristics,  to  i ncrease  clearances  (for example  due  to  
mechan ical  i n fluences).  I n  such  instances,  the  test vol tage  i s  to  remain  based  on  the  rated  
impu lse  vol tage  of the  equ ipment,  otherwise  undue  stress  of associated  sol id  i nsu lation  can  
occur.  

5.3  Creepage  d istances  

5.3.1  General  

Creepage  d istances  equal  to  or l ess  than  2  mm  are  d imensioned  taking  i n to  account 5 . 3 . 2 .  
The  d istance  values  obtained  from  the  tables  applying  to  the  relevant stresses  and  cond i tions  
are  compared  and  the  largest i s  chosen .  (see  d imension ing  d iagrams  i n  Clause  8).  

5.3.2  Influencing  factors  

5.3.2. 1  General  

Creepage  d i stances  selected  from  Table  4  together wi th  Table  5 ,  take  i n to  account the  
tracking  phenomema and  the  in fluence  of humid i ty on  fl ashover.  The  l arger value  from   
Table  4  and  Table  5  i s  appl icable.  

The  fol lowing  i n fluencing  factors  are  taken  in to  account i n  Table  4 :  

•  vo l tage  (r.m .s.  or DC)  wi th  regard  to  tracking ;  

•  pol lu tion  degrees  (PD)  wi th in  the  m icro-envi ronment;  

•  i nsu lating  materia ls.  

The  fol lowing  i n fluencing  factors  are  taken  in to  account i n  Table  5 :  

•  vo l tage  (peak value)  wi th  regard  to  flashover a long  the  surface  of the  i nsu lating  materia l ;  

•  h umid i ty l evels  (HL)  wi th in  the  m icro-envi ronment;  

•  i nsu lating  materia ls ;  

•  a l ti tude.  

The  d imensions  i n  Table  5  are  val id  for a l ti tudes  up  to  and  includ ing  2   000  m  above  sea  l evel ,  
creepage  d istances  to  avoid  flashover for a l ti tudes  above  2   000  m  are  to  be  mu l tip l ied  by the  
a l ti tude  correction  factor speci fied  i n  Table  A.2  of I EC  60664-1 : 2007.  
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5.3.2 .2  Vol tage  

The  basis  for the  determination  of a  creepage  d istance  wi th  regard  to  tracking  i s  the  long-term  
r.m. s.  value  of the  vol tage  existing  across  th is  creepage  d istance.  Th is  vol tage  i s  the  working  
vol tage,  the  rated  insu lation  vol tage  or the  rated  vol tage.  

Wi th  regard  to  fl ashover,  however,  the  basis  for the  determination  of a  creepage  d istance  i s  
the  peak value  of the  relevant vol tage  accord ing  to  Table  5 .  The  relevant peak vol tage  i s  the  
maximum  value  of any vol tage  expected  to  occur across  the  creepage  d istance  under rated  
cond i tions.  

5.3.2 .3  Cl imatic  conditions  

5.3.2 .3. 1  General  

For d imension ing  of creepage  d istances,  the  in fl uence  of the  cl imatic cond i tions  i n  the  m icro-
envi ronment,  i n  terms  of the  humid i ty l evels  (HL),  i s  taken  in to  account i n  Table  5.  The  
fol lowing  cri teria  can  be  considered  for d imension ing :  

•  m in imum  i nsu lation  resistance;  

•  fa i l u re  due  to  tracking ;  

•  fl ashover;  

•  con tinuous  paths  of conductive  pol l u tion .  

NOTE  I n  equ ipmen t,  d i fferen t  m i cro-envi ronmen tal  cond i ti ons  can  exi st.  

5.3.2 .3.2  M in imum insu lation  resistance 

A m in imum  insu lation  resistance  appl ies  when  a  maximum  leakage  current between  l i ve  parts  
or between  l i ve  parts  and  an  accessib le  surface  of equ ipment i s  speci fied  by techn ical  
commi ttees.  The  same appl ies  for functional  i nsu lation  when  i nsu fficien t i nsu lation  resistance  
cou ld  l ead  to  excessive  l eakage  current impairing  proper function ing  of the  equ ipment.  

5.3.2 .3.3  Fai lure  due  to  tracking  

I n  order to  avoid  fa i l u re  due  to  tracking ,  creepage  d istances  are  d imensioned  as  speci fied  i n  
Table  4 .  

5.3.2 .3.4 F lashover 

I n  order to  comply wi th  the  requ i rement to  avoid  flashover along  the  surface  insu lating  
materia l ,  the  values  accord ing  to  Table  5  are  considered .  Table  5  covers  humid i ty l evels  HL  2  
and  HL  3 .  For HL  1 ,  flashover i s  not i n fluenced  by humid i ty.  D imension ing  accord ing  to  the  
clearances  of Table  2  and  Table  3  i s  appl icable.  

NOTE  1  The  i n fl uence  of the  water adsorpti on  characteri sti cs  on  the  su rface  fl ashover wi thstand  capabi l i ty i s  
s trong l y dependen t  on  the  d i s tance.  For d i stances  l arger than  2  mm  th i s  i n fl uence  i s  ra ther smal l .  For d i s tances  
equa l  to  or l ess  than  2  mm  th i s  i n fl uence  i s  of very h i gh  s i gn i fi cance.  

NOTE  2  There  i s  no  phys ica l  re l ati onsh i p  between  the  m i n imum  cl earance  i n  a i r and  the  m i n imum  acceptabl e  
creepage  d i s tance,  except  for d imension i ng  to  avoi d  fl ashover.  

I f creepage d istances  accord ing  to  Table  5  are  stressed  wi th  steady-state  vol tages  i n  excess  
of approximately 500  V (peak),  partia l  d ischarges  (corona)  can  be  expected .  Also  wi th  respect 
to  th is  effect,  the  ranking  of the  insu lating  materials  i s  accord ing  to  the  relevant adsorption  
characteristics  (see  Clause  7).  

NOTE  3  As  parti a l  d i scharges  at  the  pol l u ted  i nsu l ator su rface  are  caused  by l ocal  m icro-d i stu rbances  of the  fi e l d  
d i s tri bu ti on  i n  the  su rface  l ayer,  the  shape  of the  e l ectrodes  i s  of secondary i n fl uence  on  th i s  phenomenon .  
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Table  4  – Creepage d istances  for mutual  correlation  of insu lation   
characteristics  in  equ ipment to  avoid  fai lure  due  to  tracking  

 Min imum  creepage  d istances  i n  m i l l imetresb   c  

Vol tagea  

r.m.s  
Pol l u tion   
degree  1  

Pol lu tion   
degree  2  

Pol l u tion   
degree  3  

 MG  I ,  I I ,  I I I a   
and  I I I b  

MG  I ,  I I  and  I I I a  MG  I  MG  I I  MG  I I I a  

V mm  mm  mm  mm  mm  

≤  40  0 , 025  0 , 04  1 , 0  1 , 0  1 , 0  

50  0 , 025  0 , 04  1 , 0  1 , 0  1 , 0  

63  0 , 04  0 , 06  1 , 0  1 , 0  1 , 0  

80  0 , 063  0 , 1 0  1 , 0  1 , 1  1 , 25  

1 00  0 , 1  0 , 1 6  1 , 25  1 , 4  1 , 6  

1 25  0 , 1 6  0 , 25  1 , 6  1 , 8  2 , 0  

1 60  0 , 25  0 , 40  2 , 0  see  I EC  60664-1  see  I EC  60664-1  

200  0 , 4  0 , 63  see  I EC  60664-1    

250  0 , 56  1 , 0     

320  0 , 75  1 , 6     

400  1  2     

500  1 , 3  see  the  col umn  
for pri n ted  wi ri ng  

materi a l  i n  
I EC  60664-1  

   

630  1 , 8      

800  see  the  col umn  
for pri n ted  wi ri ng  

materia l  i n  
I EC  60664-1  

    

a   For functi onal  i n su l ati on ,  th i s  vol tage  i s  the  worki ng  vol tage.  

b   For g l ass,  ceram ics  or other i norgan ic  i nsu lati ng  materi a l s  wh ich  do  not  track,  creepage  d i stances  need  not  be  
g reater than  the i r associated  cl earance  for the  pu rpose  of mu tual  corre lati on  of i n su lati on  characteri sti cs .  The  
d imensions  of Tabl e  2  or Table  3  for i n homogeneous  fi e l d  cond i ti ons  are  appropriate .  However,  the  behaviou r 
wi th  regard  to  fl ashover accord i ng  to  Tabl e  5  i s  taken  i n to  accoun t.  

c   The  val ues  g i ven  i n  th i s  tab le  are  i n formati ve  and  cannot  rep l ace  the  va l ues  g i ven  i n  I EC  60664-1 .  

 

Figure  2  i l l ustrates  Table  4 .  
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NOTE  See  a l so  Table  4  from  wh ich  the  fi gu re  i s  deri ved .  

Figure  2  – Creepage d istances  for mutual  correlation  of insu lation   
characteristics  to  avoid  fai lure  due  to  tracking  
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Table  5  – Creepage  d istances  for mutual  correlation   
of insu lation  characteristics  to  avoid  flashover 

 M in imum  creepage  d i stances,  up  to  2  000  m  above  sea  l evel ,   
to  avoid  fl ashoverd  

Peak 
vol tagea  

HL 2b  HL  3b  

 W1  
materi als  

C ,H c  

W2  
materials  

D ,Kc  

W3  
material s  
B ,E ,F , I c  

W4 
materials  

A,Gc  

W1  
material s  

C ,H c  

W2  
materials  

D ,Kc  

W3  
material s  
B ,E ,F , I c  

W4 
material s  

A,Gc  

kV mm  mm  mm  mm  mm  mm  mm  mm  

0 , 1 0      0 , 03  0 , 042  0 , 055  0 , 095  

0 , 1 2  0 , 02  0 , 022  0 , 024  0 , 025  0 , 037  0 , 053  0 , 07  0 , 1 1 5  

0 , 1 5  0 , 028  0 , 029  0 , 032  0 , 035  0 , 05  0 , 07  0 , 09  0 , 1 5  

0 , 20  0 , 043  0 , 046  0 , 049  0 , 052  0 , 075  0 , 1 05  0 , 1 3  0 , 20  

0 , 25  0 , 06  0 , 065  0 , 07  0 , 075  0 , 1 0  0 , 1 4  0 , 1 7  0 , 26  

0 , 33  0 , 09  0 , 09  0 , 1  0 , 1 1  0 , 1 4  0 , 1 9  0 , 23  0 , 34  

0 , 40  0 , 1 2  0 , 1 3  0 , 1 4  0 , 1 5  0 , 1 9  0 , 24  0 , 30  0 , 44  

0 , 50  0 , 1 7  0 , 1 8  0 , 20  0 , 22  0 , 26  0 , 32  0 , 39  0 , 56  

0 , 60  0 , 23  0 , 26  0 , 29  0 , 32  0 , 33  0 , 41  0 , 50  0 , 70  

0 , 80  0 , 35  0 , 41  0 , 47  0 , 54  0 , 47  0 , 58  0 , 69  0 , 95  

1 , 0  0 , 50  0 , 57  0 , 64  0 , 72  0 , 63  0 , 76  0 , 90  1 , 2  

1 , 2  0 , 68  0 , 76  0 , 84  0 , 93  0 , 82  0 , 96  1 , 1  1 , 5  

1 , 5  0 , 93  1 , 02  1 , 1 1  1 , 2  1 , 1  1 , 3  1 , 5  2 , 0  

2 , 0  1 , 4  1 , 53  1 , 66  1 , 8  1 , 6  1 , 8  2 , 0  2 , 7  

2 , 5  1 , 9  2 , 1  2 , 25  2 , 4  2 , 1  2 , 4  2 , 7  3 , 4  

3 , 0  2 , 5  2 , 7  2 , 9  3 , 1  2 , 7  3 , 0  3 , 4  4 , 2  

a   For functi onal  i n su l ati on ,  th i s  vo l tage  i s  the  maximum  peak va l ue  of any vo l tage  expected  to  occu r across  the  
creepage  d i s tance,  u nder rated  cond i ti ons  of the  equ i pmen t.  

b   H L:  humid i ty l evel  

c   L i st  of materia l s  i nvesti gated  so  far:  

A – Ceramic  (ung l azed );  

B  – G l ass-epoxy l am inate  FR4;  

C  – Pol yester res i n  ( thermoset) ,  type  802 ;  

D  – Phenol i c  res i n ,  type  31 . 5 ;  

E  – Po lyim i de  fi lm  l am inated  to  g l ass-epoxy l am inate  FR4;  

F  – Phenol i c  res i n  paper l am inate  FR2 ;  

G  –  Pol yester l am inate  GPO I I I ;  

H  – Mel amine  res i n ,  type  1 50 ;  

I  –  Pol ybu tyl en tereph thal ate;  

K  – Po l ycarbonate .  

For the  cl assi fi cati on  of materia l s  wi th  regard  to  the  water adsorpti on  characteri sti cs ,  see  7 . 2 .   

 

Figure  3  i l l ustrates  Table  5 .  
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Key  

W:   water adsorpti on  g roup  

HL:   h um id i ty l evel  

NOTE  For materi a l s :  see  Tabl e  5  from  wh i ch  the  fi gu re  i s  deri ved .  

Figure  3  – Creepage  d istances  for mutual  correlation   
of insu lation  characteristics  to  avoid  flashover 

5.3.2 .3.5  Design  to  avoid  a  continuous  path  of conductive  pol lution  

For m icro-envi ronmental  cond i tions  worse  than  pol l u tion  degree  3  and /or HL  3 ,  the  i nsu lating  
su rface  can  be  shaped  in  a  way appropriate  to  break the  continu i ty of the  path  of conductive  
pol l u tion .  The  remain ing  path(s)  free  of conductive  pol lu tion  i s  subjected  to  m icro-
envi ronmental  cond i tions  not worse  than  pol l u tion  degree  3  and /or HL  3 ,  and  (the  sum  of)  i ts  
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l eng th(s)  form  the  effective  creepage  d i stance  wh ich  need  to  comply wi th  the  d imension ing  for 
thei r humid i ty l evel  ach ieved .  

5.3.2 .4 Relationship  to  clearance 

Creepage  d istances  l ess  than  the  clearances  requ i red  by Tables  2  or 3  for i nhomogeneous  
fi e ld  cond i tions  may on ly be  used  under cond i tions  of HL  1  and  HL  2  when  the  creepage 
d istance  can  wi thstand  the  impu lse  wi thstand  vol tage  requ i red  for the  associated  clearance.  
However,  atten tion  i s  d rawn  to  5 . 3. 2 . 3 .4 .  For appl ication  i n  HL  2  cond i tions,  the  impu lse  
wi thstand  test i s  to  be  conducted  under humid i ty cond i tions.  

A creepage d istance  cannot be  l ess  than  the  associated  clearance  so  that the  shortest 
creepage  d istance  possib le  i s  equal  to  the  requ i red  clearance.  

NOTE  Cl ause  9  shows  an  example  of a  test  procedure  for testi ng  u nder hum id i ty cond i ti ons .  

5.3.3  Dimensioning  of creepage  d istances  of functional  i nsu lation  

Creepage  d i stances  of functional  i nsu lation  can  be  d imensioned  as  speci fied  i n  Table  4  
correspond ing  to  the  working  vol tage  across  the  creepage  d istance  considered .  

D imension ing  to  avoid  flashover may requ i re  l arger creepage  d istances  accord ing  to  Table  5  
than  what i s  requ i red  i n  Table  4 .  

NOTE  When  the  worki ng  vo l tage  i s  u sed  for d imension i ng ,  i t  can  be  appropri ate  to  i n terpol ate  val ues  for 
i n termed iate  vol tages.  

6 Addi tional  information  regarding  creepage d istance characteristics  – surface 
current over a  creepage d istance (min imum  insu lation  resistance)  

I n  equ ipment design ,  compl iance  wi th  speci fied  maximum  leakage  curren t or m in imum  
insu lation  resistance  requ i rements  can  be  checked  using  resistance  values  of Table  6 ,  taking  
i n to  account the  maximum  relative  humid i ty to  be  expected  at  the  surface  of the  insu lati ng  
materia l .  The  values  of Table  6  are  based  on  research  data  and  are  g iven  for creepage  
d istances  of Table  6  between  conductors  runn ing  in  paral le l  over a  l eng th  of 50  mm.  For other 
l ong i tud inal  d imensions,  the  i nsu lation  resistance  can  be  calcu lated  as  i nversely proportional .  
When  more  e lectrical l y paral le l  creepage  d istances  exist,  thei r added-up  l eakage  curren t i s  
the  appropriate  value  to  be  compared  wi th  speci fied  data.  

The  values  of Table  6  are  val id  i n  so  far as  no  condensation  on  the  surface  of the  i nsu lation  
prevai ls .  Otherwise,  i n formation  about m in imum  insu lation  resistance  cannot be  g iven .  

Table  6  – M in imum insu lation  resistance 

HL Relati ve  humid i ty M in imum  insu lation  

 Continuously Short  time  Resistance  

 %  %  Ω  

2a  ≤  75  ≤  75  >  1 06  

2a  ≤  75  ≤  85  >  1 05  

3  ≤  95  ≤  95  >  1 04   b  

a  The  cond i ti ons  of HL  2  i ncl u de  both  en try l i nes .  On l y when  the  maximum  hum id i ty i s  l im i ted  to  a  maximum  

val ue  of 75  %  even  for short  t imes,  a  m i n imum  i nsu l ati on  res i stance  of >  1 06  Ω  can  be  mai n tai ned .  

b  H um id i ty can  l ead  to  a  fu rther reducti on  of the  i nsu l ati on  res i stance,  especia l l y u nder the  cond i ti ons  of 
po l l u ti on  degree  3  d u ri ng  extended  peri ods  of operati on .  I n  general ,  h owever,  the  i n su lati on  res i stance  wi l l  

remain  above  1 03  Ω .  
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NOTE  1  The  val ues  for the  m i n imum  i nsu lati on  res i stance  appl y to  worst  case  cond i ti ons.  The  average  m i n imum  
val ues  are  at  l east  one  order of magn i tude  h i gher.  

NOTE  2  Test  resu l ts  show that  i t  can  be  an ti ci pated  that  the  i nsu l ati on  res i stance  of creepage  d i stances  wi l l  be  
reduced  by abou t  two  decades  i f the  re l ati ve  h um id i ty i n  the  m icro-envi ronmen t i s  i ncreased  from  50  %  to  75  % .  
I ncreasi ng  the  re l a ti ve  humid i ty from  75  %  to  95  %  wi l l  fu rther reduce  the  i nsu l ati on  res i stance  by abou t  two  
decades.  

The  d imension ing  data  i n  Table  5  and  Table  7  can  be  used  for the  maximum  humid i ty 
speci fied  i n  Table  6 .  Humid i ty above  95  %  or condensation  wh i le  vol tage  i s  appl ied  across  the  
creepage  d istance  wi l l  l ead  to  a  permanently decreased  i nsu lation  resistance.  

NOTE  3  F i gu re  4  shows  that  the  same  i nsu l ati on  res i stance  necess i tates  i ncreasi ng  creepage  d i stances  wi th  
i ncreas i ng  vol tage.  

The  m in imum  d imensions  for creepage  d istances  i n  Table  7  have  been  assessed  by 
evaluation  of systematical l y col lected  data  and  are  recalcu lated  for an  an ticipated  l i fetime  of 
equ ipment of at  l east 1 5  years  under con tinuous  stress.  

Table  7  – Creepage d istances  to  maintain  min imum   
i nsu lation  resistance  (without condensation)  

Vol tagea  
r.m .s .  

Min imum  creepage  d i stances  
to  maintain  m in imum  i nsu lation  resistanceg  

 HL  2b  

DCc  
HL 2b  
ACd  

HL 3b  
DCc  

HL 3b  
ACd  e  

V mm  mm  mm  mm  

≤  40    1  1  

50    1  1 , 25  

63  0 , 1 6  0 , 1 6  1  1 , 6  

80  0 , 1 9  0 , 1 9  1 , 2  2  

1 00  0 , 22  0 , 22  1 , 4  2 , 5  

1 25  0 , 25  0 , 27  1 , 6  3 , 1  

1 60  0 , 3  0 , 42  1 , 9  4  

200  0 , 35  0 , 66  2 , 2  5  

250  0 , 4  1  2 , 5  6 , 3  

320  0 , 63  1 , 6  3 , 2  8 f  

400  1  2 , 5  4  1 0  

500  1 , 5  4  5  1 2 , 5  

630  2 , 5  6 , 3  6 , 3  1 6  

a  For functi onal  i n su l ati on ,  th i s  vol tage  i s  the  worki ng  vol tage.  

b  H L:  humid i ty l evel .  

c  DC:  D i rect  cu rren t  vol tage  stress.  

d  AC:  Al ternati ng  cu rren t  vol tage  s tress.  

e  The  materi a l s  g l ass-epoxy l am inate,  FR4  and  po l ycarbonate  can ,  wi th  regard  to  su rface  l eakage  cu rren t,  n ot 
be  used  under these  cond i ti ons .  

f  These  val ues  and  those  for h i gher vo l tages  have  been  determ ined  by l i near extrapol ati on  of research  data.  

g  The  val ues  g i ven  i n  th i s  tab le  are  i n formati ve  and  cannot  rep l ace  the  val ues  g i ven  i n  I EC  60664-1 .  

 

Dimension ing  data  are  on ly avai lable  for HL  2  and  HL  3 .  For HL  2  and  HL  3 ,  d imension ing  to  
avoid  flashover needs  al so  to  be  checked ,  i n  particu lar when  peak vol tages  (recurring  or 
transien t)  have  a  greater i n fluence  than  the  r.m. s.  va lue  of vol tage.  For cond i tions  worse  than  
HL  3 ,  on ly design  to  avoid  a  con tinuous  path  of conductive  pol l u tion  (5.3 .2 . 3. 5)  i s  possib le.  
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NOTE  See  a l so  Table  7  from  wh ich  the  fi gu re  i s  deri ved .  

Figure  4  – Creepage  d istances  requ ired  to  maintain  min imum insu lation  resistance 

7  Water adsorption  test 

7.1  Object 

For d imension ing  of creepage  d istances  wi th  respect to  fl ashover,  the  water adsorption  
characteristics  of any su rface  of the  i nsu lating  materia l  are  of importance.  Accord ing  to  the  
impu lse  wi thstand  capabi l i ty of the  su rfaces  of the  various  i nsu lating  materials  under humid i ty,  
the  water adsorption  g roups  W1 ,  W2,  W3  and  W4  have  been  establ ished .  The  object of th is  
test i s  the  evaluation  of the  re levant water adsorption  group  for the  surface  of any i nsu lating  
materia l  wh ich  has  not yet been  classi fied .  

7.2  Withstand  characteristics  of creepage  d istances  under h igh  humid i ty 

The  vol tage  wi thstand  capabi l i ty of creepage  d istances  may be  s i gn i fican tl y reduced  by h igh  
humid i ty.  On  these  cond i tions  water may be  adsorbed  on  the  su rface  of the  i nsu lating  
materia l .  Th is  phenomenon  has  the  more  i n fl uence  on  the  wi thstand  capabi l i ty the  smal ler the  
creepage  d istance  i s .  
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7.3  Recommended  test method  

7.3.1  Test specimen  

A new test specimen  of the  i nsu lating  material  wi th  a  th ickness  of approximately 1 , 5  mm  
having  d imensions  and  e lectrode  configuration  accord ing  to  F igure  5  i s  used .  The  test resu l ts  
for a l l  measuring  poin ts  need  to  be  included  i n  the  evaluation  of the  test.  I t  can  be  prepared  
by prin ted  ci rcu i t  board  processing  methods.  I n  that case,  however,  carefu l  clean ing  of the  
test specimen  i s  essentia l ,  as  production  residues  can  s ign i fican tl y i n fl uence  the  test resu l ts.  

I f the  proposed  test specimen  cannot be  used ,  a  p iece  of material  wi th  a  fl at  surface  may be  
used  wi th  the  plane  e lectrodes  s im i lar to  F igure  5  pressed  on  the  su rface.  A m in imum  of 
1 0  tests  i s  advisable  to  be  carried  ou t at  d i fferent p laces  of the  same test specimen  i n  order to  
take  i n to  account the  scattering  of the  cri tical  re lative  humid i ty caused  by i nhomogeneous  
structures  of fi l l ed  materia ls.  After that,  the  average  value  and  the  scattering  of the  test 
resu l ts  can  be  evaluated .  

7.3.2  Measurement of the  impu lse  withstand  vol tage 

A test ci rcu i t  i s  shown  i n  F igure  6 .  The  test vol tage  of negative  polari ty i s  provided  by an  
impu lse  test generator (1 )  wi th  the  vol tage  waveform  of 1 , 2/50  µs  and  an  ou tpu t impedance  

between  50  Ω  and  500  Ω .  The  re lati ve  humid i ty i s  ad justed  wi th in  a  cl imatic cabinet (2).  The  
test specimen  (3)  i s  energ ized  by the  impu lse  generator.  The  statistical  scatter of the  impu lse  
wi thstand  vol tage  can  be  reduced  by UV i l l umination  (6)  provided  for i nstance  by a  mercury 
vapour l amp.  There  i s  no  need  for UV i l l umination  i f 1 0  to  20  successive  flashover tests  are  
conducted ,  preferably on  the  same  specimen .  The  wi thstand  vol tage  i n  th is  case  i s  the  l ower 

l im i t  (3σ  – va lue)  of the  statistical l y scattering  flashover vol tages.  The  actual  test vol tage  can  
be  measured  by a  h i gh  vol tage  probe  (7)  and  a  d ig i ta l  storage  osci l l oscope  (4) .  For more  
conven ience  the  procedure  may be  con trol led  by a  computer (5)  i f the  test equ ipment i s  
provided  wi th  adequate  i n terfaces.  

7.3.3  Procedure  for characterization  of the  insu lating  materials  

Specimens  are  prepared  wi th  e lectrode  spacings  of 6 , 3  mm,  2 , 5  mm,  1  mm,  0 , 4  mm  and  
0 , 1 6  mm.  The  su rface  of each  specimen  can  be  prepared  in  order to  take  i n to  account the  
i n fluence  of manufacturing  operations  on  the  su rface  of the  materia l ,  for example  mou ld ing ,  
mach in ing ,  or other preparation .  

For the  evaluation  of the  cri ti cal  humid i ty for any of the  e lectrode  spacing  of the  test 
specimen ,  the  impu lse  wi thstand  vol tage  i s  measured  at d i fferent values  of relative  humid i ty.  

The  test starts  at 70  %  re lative  humid i ty,  wh ich  i s  i ncreased  i n  steps  of 5  %.  At each  step  the  
impu lse  wi thstand  vol tage  i s  measured .  The  cri tical  humid i ty i s  reached  when  the  impu lse  
wi thstand  vol tage  has  d ropped  to  95  %  of i ts  va lue  at 70  %  relati ve  humid i ty.  

For further s impl i fication  the  fol lowing  procedure  i s  proposed .  

During  a  wai ti ng  period  of at  l east four hours,  the  specimen  i s  subjected  at a  temperature  

between  20  °C  and  25  °C  and  at  70  %  humid i ty ±  3  %.  Vol tage  impu lses  wi th  i ncreasing  
ampl i tudes  are  appl ied  across  each  e lectrode  spacing  un ti l  fl ashover occurs.  Wi th  a  m in imum  
of fi ve  tests  the  average  value  of the  impu lse  vol tage  wh ich  leads  to  flashover can  be  
calcu lated .  The  cri tical  humid i ty i s  reached  when  the  impu lse  wi thstand  vol tage  has  d ropped  
to  95  %  of i ts  value  at 70  %  re lati ve  humid i ty.  The  correspond ing  vol tage  i s  ca l led  the  cri ti cal  
humid i ty vol tage  Uc.  

The  re lati ve  humid i ty can  be  increased  by steps  of 5  %.  At each  step  1 0  vol tage  impu lses  wi th  
a  peak value  of 95  %  Uc  are  appl ied .  Humid i ty l evel  i s  recorded  un ti l  a  flashover occurs  
across  the  spacing .  
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The  resu l ts  are  represented  in  F igure  7  and  compared  to  the  defin i tions  g iven  i n  7 . 4  i n  order 
to  a l locate  the  i nsu lating  materia l  to  a  water adsorption  g roup.  

NOTE  F i gu re  7  i s  based  on  smal l er hum id i ty s teps  of 1  % .  

7.4 Defin i tions  of the  water adsorption  groups  

I n  F igure  7  the  cri tical  re lati ve  humid i ty of the  i nsu lating  materia ls  wh ich  have  been  
i nvestigated  un ti l  now are  p lotted .  Accord ing  to  behaviour shown ,  the  i nvestigated  materia ls  
are  a l located  to  the  water adsorption  groups  as  fol lows:  

•  Group  1  (W1 ):  Water adsorption  g roup  for those  materia ls  wh ich  have  not shown  a  
reduction  of the  cri ti cal  re lative  humid i ty wi th  the  creepage  d istance.  

•  Group  2  (W2):  Water adsorption  g roup  for those  materia ls  wh ich  have  not shown  a  
reduction  of the  cri ti cal  re lative  humid i ty for creepage  d istances  of 1  mm  and  above.  

•  Group  3  (W3):  Water adsorption  g roup  for those  materia ls  wh ich  have  not shown  a  
reduction  of the  cri ti cal  re lative  humid i ty for creepage  d istances  of 2 , 5  mm  and  above.  

•  Group  4  (W4):  Water adsorption  g roup  for those  materials  wh ich  have  not shown  a  
reduction  of the  cri tical  re lati ve  humid i ty for creepage  d istances  of 6 , 3  mm  and  above.  

The  fol lowing  insu lati ng  materia ls  have  been  considered  un ti l  now:  

Water adsorption  group  W1  – neg l ig ib le  i n fluence:  

C  –  Polyester resin  ( thermoset),  type  802;  

H  –  Melamine  resin ,  type  1 50;  

Water adsorption  g roup  W2  – weak in fluence:  

D  –  Phenol ic resin ,  type  31 . 5;  

K –  Polycarbonate;  

Water adsorption  group  W3  – med ium  i n fluence:  

B  –  G lass-epoxy l aminate  FR4;  

E  –  Polyim ide  fi lm  l aminated  to  g lass-epoxy l aminate  FR4;  

F  –  Phenol ic resin  paper l aminate  FR2;  

I  –  Polybutylen terephthalate;  

Water adsorption  g roup  W4  – strong  i n fluence:  

A –  Ceramic (ung lazed);  

G  –  Polyester l aminate  GPO I I I .  
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Dimensions  i n  m i l l imetres  

 

Figure  5  – Layout of the  test specimen  

 

1  -  I mpu l se  
generator 

2  -  C l imati c  cabi net  

3  -  Test  specimen  

4  -  D i g i ta l  s torage  
osci l l oscope  

5  -  Compu ter 

6  -  UV i l l um inati on  
(see  7 . 3 . 2  

7  -  H i gh  vol tage  
probe  

8  -  Data-bus  

Figure  6  – Test ci rcui t 

IEC  

8  
4  

1  7  

5  

6  

3  
G  

1 , 2 /50  µs  

2  

IEC  

50  

96  

4
 

4  ×  0 , 1 6  

4  ×  0 , 4  

3  ×  1 , 0  

2  ×  2 , 5  

2  ×  6 , 3  

9
9
,5

 

International  Electrotechnical  Commission

 



 –  28  – I EC  TR 63040:201 6  © IEC  201 6  

 

Key 

A  Ceram ic  (ung l azed )  

B   G l ass-epoxy l am inate  FR4  

C   Po l yester res i n  ( thermoset) ,  type  802  

D   Phenol i c  res i n ,  type  31 . 5  

E   Po l yim i de  fi lm  l am inated  to  g l ass-epoxy l am inate  FR4  

F   Phenol i c  res i n  paper l am inate  FR2  

G   Pol yester l am inate  GPO I I I  

H   Mel am ine  resi n ,  type  1 50  

I   Po l ybu tyl en tereph thal ate  

K  Po l ycarbonate  

Figure  7  – Cri tical  relative  humid i ty of insu lating  materials  

8  Dimensioning  d iagrams 

The  d iagrams  g iven  in  F igure  8 ,  F igure  9  and  F igure  1 0  show the  re lationsh ips  between  the  
factors  i n fluencing  the  d imension ing  of clearances  and  creepage  d istances  for mutual  
correlation  of i nsu lation  characteristics.  The  d iagrams  h igh l i gh t the  major factors  and  are  not 
i n tended  to  substi tu te  a  fu l l  review of the  re levant subclauses.  

I t  i s  to  be  noted  that the  d imension ing  of clearances  and  creepage  are  i ndependent functions.  
Therefore,  where  a  clearance  and  a  creepage  d istance  are  coinciden tal  over the  same  
i nsu lating  surface,  the  larger of the  clearance  or the  creepage  d istance  i s  to  be  used .  
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a  I ncl udes  a l l  ci rcu i ts  affected  by externa l  vo l tages.  

Figure  8  – D iagram  for d imension ing  of clearances  ≤  2  mm  for ci rcu i ts  d irectly 
connected  to  the  supply mains  (for low-voltage  equ ipment up  to  2  000  m)  

IEC  

Ci rcu i t  d i rectl y  
connected  to  

the  supply mainsa  
 

Rated  impu l se  
vol tage  

Tabl e  F . 1  of 
I EC  60664-1 :  

2007  

S teady-state  
vol tage  

or recu rri ng  peak 
vol tage  

or temporary 
overvol tage  

Nom ina l  vol tage  of 
suppl y system  

Overvol tage  
category 

Cl earance  
Tabl e  2 ,  

i nhomogeneous  
fi e l d  cond i ti ons  

M i n imum  cl earance  i s  the  g reater of the  val ues  
from  Tabl e  2  or Tab le  3  

C l earance  
Tabl e  3 ,  

i nhomogeneous  
fi e l d  cond i ti ons  
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a  I ncl udes  a l l  ci rcu i ts  not  s i gn i fi can tl y affected  by external  transi en t vol tages.  

Figure  9  – Diagram  for d imension ing  of clearances  ≤  2  mm  for ci rcu i ts  not d i rectly 
connected  to  the  supply mains  (for low-vol tage  equ ipment up  to  2  000  m)  
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con trol l ed  
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M i n imum  cl earance  i s  the  g reater of the  val ues  
from  Tabl e  2  or Tabl e  3  
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connected  to  
suppl y ma i nsa  
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Tabl e  3 ,  

i nhomogeneous  
fi e l d  cond i ti ons  
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Key 

1 )  U se  l argest va l ue  of vol tage.  

2 )  For g l ass ,  ceram ics  or other i norgan i c i nsu l ati ng  materi a l s  wh i ch  do  not  track,  creepage  d i stances  need  not  be  
g reater than  the i r associated  cl earance  for the  pu rpose  of mu tual  correl ati on  of i nsu l ati on  characteri sti cs .  The  
d imensions  of Tabl e  2  or Tabl e  3  for i nhomogeneous  fi e l d  cond i ti ons  are  appropria te .  However,  the  behaviou r 
wi th  regard  to  fl ashover i s  taken  i n to  accoun t accord i ng  to  Tabl e  5 .  

3 )  I f HL  1 ,  the  re la ted  cl earance  val ue  i s  perm i tted .  I f HL  2  or HL  3 ,  use  Tabl e  5 .  

4 )  The  water adsorpti on  g roup,  i f not  a l ready estab l i shed ,  may be  determ ined  by the  test  of C l ause  7 .  

5)  I f H L  1 ,  the  re l ated  cl earance  val ue  i s  perm i tted .  I f HL  2  or HL  3 ,  use  Tabl e  7 .  

NOTE  1 )  to  5)  refer to  s teps  for d imension ing  the  m in imum  creepage  d i s tance.  

Figure  1 0  – D iagram  for d imension ing  of creepage  d istances  ≤  2  mm  
(for low-voltage  equ ipment up  to  2  000  m)  
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9  Wi thstand  vol tage  test for creepage d istance under humidi ty conditions  

The  appropriate  test for testing  the  creepage  d istances  wi th  respect to  thei r wi thstand  
capabi l i ty under humid i ty cond i tions  i s  basical l y the  impu lse  vol tage  test.  Al though  i t  i s  not 
d i fficu l t  to  apply th is  test for an  i solated  creepage  d istance,  i t  i s  not practical  to  use  the  
impu lse  test for a  complete  p iece  of equ ipment s ince  i t  i s  not a lways  possible  to  i solate  
creepage  d istances.  

The  fol lowing  test procedure  i n troduces  an  a l ternating  current or d i rect cu rren t wh ich  may 
replace  the  impu lse  test for an  equ ipment subjected  to  humid i ty cond i tions.  Th is  test a l so  
covers  the  wi thstand  requ i rements  wi th  respect to  short term  temporary overvol tages.  

For equ ipment connected  to  the  mains  the  fol lowing  test i s  appl icable.  The  equ ipment i s  
prepared  by d isconnection  of SPDs.  

The  humid i ty cond i tions  can  be  chosen  i n  accordance  wi th  the  in tended  HL.  The  fol lowing  

l evels  of re lati ve  humid i ty are  recommended :  HL  2 ,  (85  ±  3 )  %  and  HL  3 ,  (95  ±  3 )  % .  The  
equ ipment under test i s  kept at the  correspond ing  l evel  of humid i ty at a  temperature  between  
20  °C  and  25  °C  during  at l east four hours  before  testing .  

The  i npu t terminals  connected  to  the  mains  of the  equ ipment (a l l  phases  and  neu tral  
terminals)  are  connected  together accord ing  to  F igure  1 1 .  Between  these  terminals  and  earth  
the  test generator i s  connected .  The  test vol tage  i s  an  AC vol tage  of 50/60  Hz.  I f requ i red  i t  
may be  replaced  by a  DC vol tage  source  of equal  peak value.  The  ampl i tude  of the  test 

vol tage  i s  1  200  V +  Un  (wh ich  i s  2  050  V peak for Un  =  250  V)  or the  requ i red  impu lse  
wi thstand  vol tage  accord ing  to  Table  F . 1  of I EC  60664-1 : 2007  (wh ich  i s  2   500  V peak for 
overvol tage  category 2) ,  wh ichever i s  the  h igher value.  The  vol tage  i s  appl ied  for a  duration  of 
60  s .  

 

Figure  1 1  – Withstand  vol tage  test for creepage d istance  under humidi ty condi tions  
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