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SELECTION AND DIMENSIONING  OF HIGH-VOLTAGE  

INSULATORS INTENDED FOR USE IN  POLLUTED CONDITIONS –  
 

Part  4:  Insulators for d .c.  systems 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zat i ons .  

2)  The  formal  deci s i ons  or  ag reements  of  I EC on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  representat i on  from  al l  
i n terested  I EC  Nati onal  Comm ittees.   

3 )  I EC  Publ i cati ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  respons i ble  for  the  way i n  wh i ch  they  are  used  or  fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Comm i ttees  undertake  to  apply I EC Publ i cati ons  
transparen tl y  to  the  maximum  extent  poss ible  i n  the i r  nat i onal  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  nat i onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y  i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestat i on  of  con form i ty.  I n dependen t  cert i f i cat i on  bod ies  provi de  conform i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cati on  bod i es .  

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

7)  No  l i abi l i ty  shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servan ts  o r  agents  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or 
o ther damage  of  any natu re  whatsoever,  whether d i rect  o r  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 ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cat i on  or  any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  c i ted  i n  th i s  publ i cati on .  Use  of  the  referenced  publ i cat i ons  i s  
i nd i spensable  for  the  correct  appl i cat i on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some  of  the  e l ements  of  th i s  I EC  Publ i cati on  may be  the  subject  o f  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for i den ti fyi ng  any or  a l l  such  patent  ri gh ts .  

The main  task of  IEC  techn ical  comm i ttees  i s  to  prepare  I n ternati onal  Standards.  I n  
excepti onal  c i rcumstances,  a  techn ical  comm i ttee  may propose  the  publ icati on  of  a  techn ical  
speci f i cation  when  

•  the  requ i red  support  cannot  be  obtained  for  the  publ ication  of  an  I n ternati onal  Standard ,  
despi te  repeated  efforts,  or  

•  the  subj ect  i s  st i l l  u nder techn ical  developmen t or  where,  for  any other reason ,  there  i s  the  
fu ture  bu t  no  immediate  poss ibi l i ty of  an  agreement  on  an  I n ternational  Standard.  

Techn ical  speci fi cati ons  are  subj ect  to  review wi th i n  th ree  years  of  publ icati on  to  decide  
whether they can  be  transformed  i n to  I n ternati onal  Standards.   

I EC  6081 5-4,  wh ich  i s  a  techn ical  speci f ication ,  has  been  prepared  by techn ical  comm i ttee  36:  
I nsu lators.  
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The text  of  th is  techn ical  speci f ication  i s  based  on  the  fo l l owing  documen ts:  

DTS  Report  on  vot i ng  

36/382/DTS  36/390/RVC  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of  th is  techn ical  speci f i cati on  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

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

A l i s t  of  al l  parts  i n  the  I EC  6081 5  series ,  publ i shed  under the  g eneral  t i t le  Selection and 
dimensioning of high-voltage insulators intended for use in polluted conditions,  can  be  found  
on  the  I EC  websi te.  

The  comm ittee  has  decided  that  the  con ten ts  of  th is  document wi l l  remain  unchanged  un t i l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  
the  speci f ic  document.  At  th is  date,  the  document  wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  amended.  

A bi l i ngual  vers ion  of  th is  publ icati on  may be  i ssued  at  a  l ater date.  

 

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

Work has  been  go ing  on  i n  CIGRE C4. 303  and  the  IEC  to  produce  d . c.  po l l u ti on  design  gu ides  
that  represen t  the  current  s tate  of  the  art.  The  CIGRE work has  resu l ted  i n  an  HV d . c.  
Pol l u t i on  Appl ication  Gu idel i nes  brochure  [1 ]  and  the  I EC  work in  th is  f i nal  part  of  I EC  6081 5  
– Selection and dimensioning of high-voltage insulators intended for use in polluted conditions 
– Part 4: Insulators for d.c.  systems.  

The  work represents  a huge  accumu lati on  of  po l l u t i on  performance  knowledge  from  various  
sources  (both  publ ished  and  unpubl i shed)  never  before  co l lated  i n to  a  s ing le  opus.  

Contrary to  the  parts  of  I EC  6081 5  deal ing  wi th  a. c. ,  th is  techn ical  speci fi cati on  covers  both  
po l ymeric  and  g lass  and  porcelain  i nsu lators  for d . c.  systems  i n  a  s i ng le  publ ication .  I t  also  
covers  h ybri d  i nsu lators  ( the  ceram ic  core  i s  fu l l y covered  by a  po l ymer) .  

NOTE  The  presen t  documen t  does  not  appl y to  i nsu lators  wi th  coati ngs,  due  to  the  vari ety of  coati ngs  to  be  
considered.  Th i s    may  be  reconsidered  at  the  next  revi s i on  of  th i s  techn i cal  speci f i cati on ,  after  gai n i ng  more  
knowl edge  and  experi ence  and  a  better defi n i t i on  of  the  coati ng  characteri st i cs  and  requ i rements.  

The approach  for d . c.  i nsu lator desi gn  and  se lecti on  wi th  respect  to  po l l u t i on  g i ven  i n  th is  part  
i s  d i fferent  to  that  used  for a. c.  The  key d i fferences  are:  

•  A s impl i f i ed  approach  i s  presented  wh ich  i s  i n tended  for prel im inary des ign .  However,  
s i nce  under d . c.  pol l u t i on  bu i l d-up  and  i ts  effects  can  be  more  severe  than  under a. c. ,  the  
f i nal  des ign  shou ld  be  based  as  much  as  possible  on  a d i rect  pol l u t i on  severi ty measured  
under d . c.  for  the  s i te  be ing  s tud ied .  Equal l y d i rect  evaluation  of  the  i nsu lators  se lected  by 
th is  process  shou ld  be  cons idered .  (A s tati st ical  des i gn  approach  i s  avai lable  i n  the  
CIGRE gu idel i nes  for  d . c.  po l l u t i on  [1 ] ) ;  

•  Two  approaches  are  cons idered  to  est imate  po l l u t i on  severi ty:  one  usi ng  pri or d . c.  s i te  
severi ty experience,  the  other us ing  s i te  severi ty measurements  on  a. c.  or  unenerg ised  
i nsu lators;  

•  Correcti on  of  s i te  severi ty for  speci fi c  parameters  that  have  an  i n fl uence  under d . c.  (e. g .  
po l l u t i on  un i form i ty rati o,  effect  of  d i ameter on  pol l u ti on  accumu lation ,  NSDD)  are  
cons idered ;  

•  D i rect  transfer from  corrected  s i te  po l lu t ion  severi ty to  necessary USCD wi thou t  any use  of  
d i screte  s i te  severi ty c lasses  (as  made  in  I EC  6081 5  Parts  2  and  3) ;  

•  Recogn i ti on  i s  made  of  the  improved  performance  of  H ydrophobici ty Transfer Materials  
(HTM)  as  a practical  so lu ti on  for many des igns ,  notabl y at  UHV,  wh i l e  taking  i n to  account  
poten tial  h ydrophobici ty l oss;  

•  Importance  of  the  i n f luence  of  al t i tude;  

•  D i s t inct  d iameter  correcti on  for  f l ashover performance.  

Al though  there  i s  some pos i t i ve  experience  wi th  val i dati on  by testi ng  of  trad i t ional  g lass  and  
porcelain  i nsu lators,  the  fu l l  trans lati on  of  such  test  resu l ts  to  service  cond i t i ons  i s  s ti l l  u nder  
consideration .  Any such  experience  i s  main l y l acking  for composi te  i nsu lators ,  s i nce  an  
agreed  s tandard ised  testi ng  procedure  i s  not  yet  avai lable.  The  problem  i s  accentuated  to  
porcelain /g lass  as  wel l  composi te  technology by the  conti nu ing  ri se  i n  system  vol tages  where  
over-des ign  may resu l t  i n  unreal i s t ic  i nsu lator l eng ths  or  he igh ts.  Hence  for th is  f i rst  ed i t i on  
the  veri f i cati on  of  a  chosen  insu lator so lu ti on  by test i ng  i s  en ti re l y subj ect  to  agreement.  

For po l ymeric,  notabl y HTM,  the  po l lu t ion  wi thstand  may not  be  the  on l y necessary des ign  
i n formation .  The  des ign  stress  shou ld  be  se lected  not  on l y to  avo id  f l ashover,  bu t  also  to  
assure  a  l im i ted  ageing  of  the  i nsu lators  i n  servi ce.  Th is  i tem  i s  however ou t  of  the  scope  of  
the  presen t  speci f ication .  

Appl ications  wi th  con tro l l ed  i ndoor envi ronment are  not  i ncluded  in  the  scope  of  th is  
document.  
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SELECTION AND DIMENSIONING  OF HIGH-VOLTAGE  
INSULATORS INTENDED FOR USE IN  POLLUTED CONDITIONS –  

 
Part  4:  Insulators  for d .c.  systems 

 
 
 

1  Scope 

This  part  of  I EC  6081 5,  wh ich  i s  a  Techn ical  Speci fi cati on ,  i s  appl icable  as  f i rst  approach  for  
the  determ ination  of  the  requ i red  d . c.  Un i f ied  Speci fi c  Creepage  D istance  for i nsu lators  wi th  
respect  to  po l lu t ion .  To  avo id  excessive  over or  under des ign ,  exis t ing  operation  experience  
shou ld  be  compared  and  even tual l y add i t i onal  appropriate  tests  may be  performed  by 
agreement  between  suppl ier  and  customer.  

I t  i s  appl icable  to :  

•  G lass  and  porcelai n  i nsu lators;  

•  Composi te  and  h ybrid  i nsu lators  wi th  an  HTM  or non-HTM  housing .   

Th is  part  of  I EC 6081 5  g i ves  speci f ic  gu i del i nes  and  pri nciples  to  arri ve  at  an  i n formed  
j udgement  on  the  probable  behaviour  o f  a  g i ven  insu lator  i n  certain  po l l u t i on  envi ronments .   

The  structure  and  approach  of  th is  part  of  IEC  6081 5  are  s im i lar to  those  explained  i n  Part  1 ,  
bu t  adapted  for the  speci fi c  i ssues  encountered  wi th  po l lu ted  HV d . c.  i nsu lation .  

The  aim  of  th is  Techn ical  Speci fi cati on  i s  to  g i ve  the  user  s impl i f i ed  means  to:  

•  I denti fy i ssues  speci fi c  to  d . c.  appl ications  that  can  affect  the  choice  and  des ign  process;  

•  Determ ine  the  equ ivalen t  d . c.  S i te  Po l lu t ion  Severi ty (SPS)  from  measurements,  correcting 
for electrostatic effects,  diameter,  pollution distribution  and composition;  

•  Determ ine  the  reference  USCD for d i fferen t  cand idate  i nsu lat ing  so lu ti ons,  taking  i n to  
account  materials ,  d imensions  and  ri sk factors;  

•  Evaluate  the  su i tabi l i ty of  d i fferen t  i nsu lator  prof i l es;  

•  D iscuss  the  appropriate  methods  to  veri fy the  performance  of  the  selected  i nsu lators,  i f  
requ i red ;  

Th is  s impl i f ied  process  i s  i n tended  to  be  used  when  comparable  operati onal  experience  from  
exist i ng  d . c.  system  is  i ncomplete  or  not  avai lable.  

The  s impl i f ied  des ign  approach  m ight  resu l t  i n  a  so lu t ion  that  exceeds  the  phys ical  constrain ts  
of  the  project.  More  ref ined  approaches  for such  cases,  e . g .  us ing  a stat is ti cal  approach ,  are  
g i ven  i n  the  CIGRE d . c.  gu ide l i nes  [1 ] .  I n  extreme cases,  e . g .  for  exceptional l y severe  s i te  
cond i t i ons,  al ternative  so lu tions  such  as  chang ing  the  l i ne  rou te,  re location  of  converter  
stat ions  or  us i ng  an  indoor d . c.  yard  may need  to  be  cons idered.  

2 Normative references  

The fo l l owing  documents  are  referred  to  i n  the  text  i n  such  a  way that  some or al l  of  the i r  
con ten t  consti tu tes  requ i rements  of  th is  document.  For  dated  references,  on l y the  ed i t i on  
ci ted  appl i es.  For undated  references,  the  l atest  ed i t i on  of  the  referenced  documen t ( i ncl ud ing  
any amendments)  appl i es.   
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IEC TS  61 245,  Artificial pollution tests on high-voltage ceramic and glass insulators to be 
used on d.c.  systems  

I EC  TS  6081 5-1 :2008,  Selection and dimensioning of high-voltage insulators intended for use 
in polluted conditions – Part 1 : Definitions,  information and general principles  

I EC  TS  6081 5-2,  Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 2: Ceramic and glass insulators for a.c.  systems  

I EC  TS  6081 5-3 ,  Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 3: Polymer insulators for a.c.  systems  

I EC  TS  62073,  Guidance on the measurement of hydrophobicity of insulator surfaces  

3 Terms,  defin i tions and  abbreviated  terms 

3.1  Terms and  defin i t ions  

For the  purposes  of  th is  document,  the  terms  and  defi n i t i ons  g i ven  i n  I EC  60050-471 :2007 
and  the  fo l lowing  appl y.  

ISO and  I EC main tain  term inolog ical  databases  for use  i n  s tandard i zati on  at  the  fo l l owing  
addresses:  

•  I EC  E lectroped 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  

3.1 . 1   
Un i fied  Speci fic  Creepage Distance  
USCD  
creepage  d is tance  of  an  i nsu lator d i vi ded  by the  maximum  operating  vo l tage  across  the  
i nsu lator.  I t  i s  g eneral l y expressed  i n  mm/kV 

Note  1  to  en try:  For d . c.  the  maximum  operat i ng  vo l tage  i s  the  d . c.  system  vol tage  as  defi ned  i n  I EC  60071 -5.  

3.1 .2   
Reference d .c.  Un i fied  Speci fic  Creepage Distance  
RUSCDdc 
value  of  Un i f i ed  Speci fi c  Creepage  D istance  for  a  d . c.  system  at  a  po l l u t i on  s i te  determ ined  
from  ESDD  and  NSDD values  corrected  for NSDD,  CUR,  etc.  accord ing  to  th is  document  

Note  1  to  en try:  Th i s  i s  general l y  expressed  i n  mm/kV.  

3.1 .3   
Contamination  Uni formi ty Ratio  
CUR  
rati o  of  the  pol l u t i on  depos i t  dens i ty on  the  l ower surface  of  i nsu lators  to  that  of  the  upper  
surface  

Note  1  to  en try:  Referred  to  as  Pol l u t i on  Un i form i ty  Rati o  (PUR)  i n  some  countri es .  

Note  2  to  en try:  Th i s  i s  referred  to  as  Contam inati on  Un i form i ty  Rati o  i n  some  coun tri es .  

3.1 .4   
Hydrophobici ty Transfer Material  
HTM  
pol ymer materials  wh ich  exh ibi t  h ydrophobici ty and  the  capabi l i ty to  transfer h ydrophobici ty  to  
the  l ayer of  po l l u t i on  

http://www.iso.org/obp
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Note  1  to  en try:  Fu rther i n formati on  on  HTM  i s  g i ven  i n  Annex A.  

3.2  Abbreviated  terms 

CF Creepage  Factor  

ESDD  Equ ivalen t  Sal t  Deposi t  Dens i ty  

HTM  Hydrophobici ty Transfer  Material  

NSDD  Non  Soluble  Depos i t  Densi ty 

SDD  Sal t  Deposi t  Dens i ty 

SES  Si te  Equ ivalen t  Sal in i ty  

SPS  Si te  Po l lu t ion  Severi ty 

USCD  Un i f i ed  Speci f ic  Creepage  D istance  

RUSCD  Reference  Un i f i ed  Speci f ic  Creepage  D istance  

CUR  Pol l u t i on  (Con tam ination)  Un i form i ty Ratio  

RUSCDdc  Reference  d . c.  Un i f ied  Speci f i c  Creepage  D istance  

4 Principles  

4.1  General  

The overal l  process  of  i nsu lat ion  se lecti on  and  d imension ing  can  be  summarised  as  fo l lows:  

•  Determ ination  of  the  appropriate  approach  (determ in is tic,  s tat ist i cal  etc. )  as  a functi on  of  
avai lable  knowledge,  t ime  and  resources  as  recommended  i n  I EC  TS  6081 5-1 .   The  
fol l owing  steps  concern  the  s impl i f i ed ,  determ in istic  approach  as  described  i n  I EC  TS  
6081 5-1 ;  i f  the  stati s t i cal  approach  i s  chosen ,  p lease  refer  to  I EC  TS  6081 5-1  for  fu l l  
detai l s .  

Therefore,  us i ng  I EC TS  6081 5-1 :  

•  co l l ecti on  of  the  necessary inpu t  data,  notabl y system  vol tage,  i nsu lat ion  appl ication  type  
( l i ne ,  post,  bush ing ,  etc. ) ;  

•  co l l ecti on  of  the  necessary envi ronmental  data,  notabl y s i te  po l l u ti on  severi ty.  

At  th is  stage,  a  prel im inary choice  of  poss ible  cand idate  i nsu lators  su i table  for the  
appl ications  and  envi ronment may be  made.  

Then ,  us ing  th is  document  for:  

•  determ inati on  of  the  d . c.  s i te  severi ty by appl ication  of  correction  factors;  

•  determ inati on  of  the  reference  d . c.  USCD  (RUSCD) ;  

•  correcti on  of  the  RUSCD for each  cand idate  i nsu lator;  

•  checking  the  profi l e  parameters;  

•  veri f ication .  

I t  i s  to  be  noted  that  i n  the  fo l l owing  the  USCD and  the  correction  factors  are  based  on  a  
median  behaviour deri ved  from  wide l y spread  resu l ts  (see  [1 ] 1 ) .  Despi te  th is ,  when  the  
process  i s  benchmarked  against  service  experience  the  resu l ts  are  consisten t  enough  to  g i ve  
usefu l  ori entation  to  i denti fy a  range  of  pre l im inary so lu t ions  (see  [1 ] ) .  

___________ 

1   Numbers  i n  square  brackets  re fer to  the  bi bl i og raphy.  
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4.2  Overal l  design  process  

The overal l  desi gn  process  i s  shown  i n  the  f lowcharts  i n  F i gures  1  and  2 .  From  these  
f lowcharts  i t  can  be  seen  that  the  creepage  d istance  i s  on l y se lected  after mu l t i ple  s teps  to  
correct  s i te  po l lu t i on  measurements  for  the  factors  wh ich  can  i n f luence  d . c.  performance  and  
wh ich  often  have  a  more  pronounced  effect  under d . c.  than  for a. c.  The  des ign  process  i s  
compl icated  by several  factors:  

•  d . c.  energ ised  i nsu lators  exh ibi t  a  g reatl y d i fferen t  pol l u ti on  accumu lation  behaviour 
compared  to  a. c.  and  un-energ ised  i nsu lators  due  to  e l ectrostati c  effects,  th is  
accumu lation  i s  affected  by wind,  part ic le  s i ze  etc. ;  

•  compos i t i on  of  the  po l l u t i on  ( low so lubi l i ty or  s l ow-d isso lvi ng  sal ts) ;  

•  e ffect  of  the  amount  of  non-soluble  deposi t;  

•  CUR “Contam inati on  Un i form i ty Ratio”;  

•  e ffect  of  d iameter on  pol l u t i on  accumu lation ;  

•  non-un i form i ty of  the  pol l u t i on  layer  along  or  around  the  i nsu lator;  

•  e ffect  of  d iameter on  pol l u t i on  performance;  

•  e ffect  of  i nsu lator material  on  po l l u t i on  performance.  

These  po in ts  are  described  i n  more  detai l  i n  Fi gures  1  and  2.  

 

Figure 1  – Overal l  design  process for  d .c.  insu lation  –  
determination  of  d .c.  Si te  Pol lu tion  Severi ty  

IEC  

Measurements  from  d . c.  test  s i te/ 
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Figure 2  – Overal l  design  process for  d .c.  insu lation  –  
determination  of  the requ i red  USCDdc  for cand idate  insu lating  solutions  

5 Materials  

Pol ymer materials  wh ich  exh ibi t  h ydrophobici ty and  the  capabi l i ty to  transfer hydrophobici ty to  
the  l ayer of  po l l u t i on  are  referred  to  i n  th is  Techn ical  Speci f ication  as  h ydrophobici ty transfer  
materials  (HTM) .  Materials  wh ich  do  not  exh ibi t  h ydrophobici ty transfer  are  referred  to  as  non-
HTM.  H ydrophobici ty may be  lost  i n  certain  cond i t i ons  (see  I EC  TS  6081 5-3:2008,  notabl y 
Clause  5) ,  e i ther temporari l y or  i n  some cases  permanentl y.  I EC  TS 62073  provides  gu idance  
on  the  measurement  of  wettabi l i ty of  i nsu lator  surfaces  (see  Annex A) .  

Some other technolog ies  exis t  that  are  i n tended  to  improve  the  po l l u t i on  performance  of  
porcelain  or  g lass  i nsu lators  under po l lu t ion ,  for  example,  sem i -conducting  g laze  and  

IEC  

d . c.  s i te  severi ty  

For each  cand idate  i nsu l ati ng  so l u t i on  

(Cand i dates  1 . . n ) a  
a  Th is  process  i s  fo l l owed  separatel y  

 for each  of  the  i den t i f i ed  cand i dates  

Check profi l e  parameters  

– See  1 0  

Correct  for  the  non -un i form i ty  of  the  

po l l u t i on  l ayer (CUR)  – See  6. 5  

Correct  severi ty  for effect  o f  d i ameter 

on  po l l u t i on  accumu lati on  – See  6. 6  

Stati st i cal  data correcti on  

 – See  6. 7  
Number of  even ts  

Number of  i nsu lators  

Reference  d . c.  
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hydrophobic  coati ngs.  At  present  i t  i s  not  poss ible  to  g i ve  speci f ic  i n formation  on  the  durabi l i ty 
of  the  improvement g i ven  by such  technolog ies.  The  appl ication  of  th is  document to  such  
technolog ies  i s  therefore  en t i re l y subj ect  to  ag reement.   

More  in formation  on  the  aspects  of  d i fferen t  i nsu lat i ng  materials  u nder  HV  d . c.  i s  g i ven  i n  [1 ] .  

6 Si te severi ty determination  

6.1  Input  data  

The s i te  severi ty determ ination  i s  based  on  d i fferen t  poss ible  sources  of  i n formation  (ordered  
i n  i ncreas ing  con fi dence) :  

•  The  SPS,  determ ined  accord ing  to  I EC  TS 6081 5-1 ,  us i ng  the  standard  g lass  or porcelai n  
reference  i nsu lator;  

•  S im i lar data from  un-energ ised  or  a. c.  energ ised  insu lators  of  o ther  types  than  the  
reference  i nsu lator,  measured  over  a  su ff ic i en tl y l ong  period  (e . g .  at  l east  one  year) ;  

•  S im i lar data from  d . c.  energ ised  i nsu lators,  measured  over a su ff icientl y l ong  period  (e . g .  
at  l east  two  years  for  s i tes  wi th  Kp  factor >1 , 2 ,  un less  experience  al lows  th is  peri od  to  be  
reduced  e. g .  for  s i tes  wi th  Kp  factor  1 , 1 ) .  

The  necessary data i s :  

•  C l imatic  data;  

•  The  ESDD and  NSDD from  the  SPS,  or  the  SES,  from  one  of  the  above  sources  ( i n  the  
case  of  Type  A po l l u t ion  the  ESDD and  NSDD  shal l  be  measured  separatel y on  upper  and  
l ower shed  surfaces) ;  

•  The  d iameter of  the  cand idate  i nsu lator and  o f  the  reference  or mon i tor i nsu lator i f  
appl icable.  

NOTE  The  terms  ESDD  and  NSDD  refer to  average  val ues  (ESDD
ave

,  NSDD
ave

)  over the  total  measured  su rface  
( i . e .  Top  and  Bottom  combined) ,  see  Annex C  of  I EC  TS  6081 5-1 : 2008.  

6.2  d .c.  pol lu tion  accumulation  correction:  Kp  

d.c.  energ ised  i nsu lators  may accumu late  more  po l l u ti on  than  do  a. c.  energ i sed  or non-
energ ised  i nsu lators,  due  to  the  permanent  static  e lectric  f ie l d  su rround ing  d . c.  i nsu lators .  The  
rati o  of  d . c.  to  a. c.  accumu lated  po l l u t i on  (Kp  factor)  vari es  from  one  s i te  to  another and  i s  the  
resu l t  of  a  complex i n teraction  of  a  number of  parameters.   I t  i s  therefore  not  poss ible  to  
accurate l y pred ict  th is  rati o.    

The  fo l l owing  gu idance  i s  g i ven  wi th  regards  to  the  cho ice  of  Kp  (see  [1 ]  for  more  detai ls) :   

•  Kp= 1  for  measurements  made on  d . c.  energ ised  i nsu lators  for a  su ff ic i en tl y l ong  t ime  in  
s i tu ;   

•  Kp  i s  typi cal l y 1 , 1 ,  wi th  a  range  of  1  to  1 , 2  i n  areas  where  maximum  s i te  severi t i es  
cond i t i ons  are  reached  i n  short  t ime  fol l owing  speci f i c  events .  Typical  cases  are  those  
where  the  wind  speed  i s  the  dom inant  factor that  determ ines  the  amoun t  of  po l l u t i on  
carried  i n  the  ai r  or  areas  where  h i gh  wind  speeds  prevai l .  A typical  example  i s  Type  B  
po l l u t i on  c lose  to  the  sea;   

•  Kp  i s  typical l y 1 , 6,  wi th  a range  of  1 , 3  to  1 , 9  i n  areas  where  the  maximum  s i te  severi ti es  
cond i t i ons  are  reached  i n  t imes  of  the  order of  a  few months.  These  areas  may be  
characterised  by po l lu t ion  e i ther of  type  A or B  (e. g .  at  some d istance  from  the  coast  or  
from  po l lu t ion  sources  associated  wi th  human  acti vi ty)  wi th  moderate  wind  cond i t i ons;   

•  Kp  i s  typical l y 2 , 5  wi th  a  range  of  2  to  3   i n  areas  wi th  a po l lu t ion  process  i ncreas ing  s l owl y 
i n  t ime  (e. g .  showing  an  i ncreas ing  trend  i n  a  1 -2  year peri od) ,  e. g .  areas  wi th  Type  A 
pol l u t i on ,  characterised  by human  acti vi ty such  as  m in ing ,  i ndustry,  roads  etc. ,  wi th  
general l y m i l d  wind  condi ti ons.   



IEC  TS 6081 5-4:201 6  © I EC  201 6  – 1 3  –  

I t  shou ld  be  noted  that  Kp  can  be  h i gher than  the  values  g i ven  above  when  the  s i te  l ocation  i s  
characterised  wi th  extended  dry peri ods  and  can  be  lower when  there  i s  frequen t  natural  
cl ean ing  events  such  as  rain .  Table  1  summarises  and  extends  the  i n formation  above.  

Table  1  – Typical  ranges of  Kp  accord ing  to  cl imatic  cond i tions  

Event  Frequency 
Average/Normal  Wind  

H igh  Moderate  Low Dead  calm  

Frequent  rai n  1  1  1  1  

Short  du rat i on  extreme events  

Typical :   
1 , 1  

Range:   
1  to  1 , 2  

1 , 1  1 , 2  1 , 3  

Bu i l d -up  over mon ths  1 , 3  

Typi cal :  
1 , 6  

Range:   
1 , 3  to  1 , 9  

1 , 9  3  

Bu i l d -up  over years  2  2 , 25  

Typical :  
2 , 5  

Range:   
2  to  3  

3  

Long  d ry peri ods   
(<  20  mm  rai n /month  for  more  than  6  months)  

2 , 5  2 , 75  3  

Typi cal :  
3  

Range:   
>3  

 

I n  vi ew of  the  l arge  range  of  poss ible  values  for  Kp ,  i t  i s  h i gh l y recommended  to  determ ine  the  
d . c.  s i te  po l l u ti on  severi ty by measurements  made on  d . c.  energ ised  i nsu lators,  for  as  long  a  
period  as  possible  and  i nclud ing  any seasons  l ike l y to  resu l t  i n  h i gher accumu lation ,  i n  order  
to  get  a  more  precise  estimation  of  the  d . c.  ESDD.  

Kp  may be  affected  by i nsu lator  orientati on  e i ther reducing  or i ncreasing  se l f -clean ing  effects.  

6.3  Chemical  composi tion  of  the pol lu tion  l ayer (Type A pol lu tion)  

I t  i s  known  that  the  presence  of  s low-d issolvi ng  or  l ow solubi l i ty sal ts  i n  the  natural  po l lu t ion  
l ayer can  reduce  the  severi ty of  the  pol l u t i on  wi th  respect  to  sod ium  equ ivalent  sal ts .   Also  
stud ies  have  been  made  on  the  effect  of  a  proporti on  of  calci um  sal ts  i n  the  po l lu t ion  l ayer.  

I f  vo lume conductivi ty measurements  made during  s i te  severi ty evaluation  accord ing  to  
I EC TS  6081 5-1 :2008,  Annex C,  show a d ist inct  tendency to  i ncrease  wi th  t ime,  then  th is  i s  an  
i nd ication  that  s l ow-d isso lving  or low so lubi l i ty sal ts  are  present.  I n  such  cases,  i t  i s  advised  
to  s tudy the  exact  chem ical  composi t i on  of  the  po l l u t i on  l ayer,  and  then  to  refer  to  the  
i n formation  g i ven  in  [1 ]  and  [2 ] .   

6.4  Correcting  for  NSDD (Type A pol lu tion)  

The correcti on  for  al l  i nsu lator  types  i s :  

퐾NSDD = � 푁푁푁푁
푁푁푁푁0�

0 ,35
 

Where  푁푁푁푁0  i s  0 , 1  mg/cm 2  and  푁푁푁푁 ≥   0 , 02  mg/cm 2 .  

Further detai l s  on  the  i n f l uence  of  NSDD  can  be  found  i n  [1 ] .  
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6.5  Correcting  for  CUR  (Type A pol lu tion ,  cap  and  pin  insu lators)  

CUR  i s  the  rat io  of  the  Type  A po l l u t i on  deposi t  dens i ty (see  I EC  TS  6081 5-1 )  on  the  l ower  
surface  of  i nsu lators  to  that  of  the  upper  surface.  Th is  can  also  be  expressed  as  the  i nverse,  
where  i t  i s  cal led  T/B  (Top/Bottom  Rati o) .   

S ince  CUR  for  open  profi l es  i s  usual l y l im i ted  to  l ow values,  th is  correcti on  i s  general l y on l y 
appl ied  to  measurements  from  cap and  pin  i nsu lators.  Measuremen ts  from  other i nsu lators  
wi th  complex or deep under-ri b  profi l es  may also  requ i re  correction ,  bu t  at  presen t  there  i s  
i nsu ff ic i en t  data on  the  necessary correction .  

The  measured  overal l  ESDD  (non-un i form )  shal l  be  corrected  to  an  equ ivalen t  ESDD  (un i form  
pol l u t i on )  us ing :  

퐾CUR = �1,6 × 퐶퐶퐶
0,6 + 퐶퐶퐶� × �1 − 0,4 × log10 � 1

퐶퐶퐶� �
−3
 

Fu rther detai l s  on  the  i n f l uence  of  po l l u t i on  un i form i ty can  be  found  i n  [1 ] .  

6.6  Effect  of  d iameter on  the pol lu tion  accumulation  Kd  

Th is  correcti on  i s  appl i ed  when  measuremen ts  from  cap and  p in  or  smal l er d i ameter  
i nsu lators  are  being  used  to  determ ine  the  equ ivalent  po l lu t ion  severi ty for l arger d iameter  
i nsu lators.  

The  fo l l owing  correction ,  s tarting  from  an  average  d iameter of  250  mm ,  i s  proposed  for stat i on  
i nsu lators,  hous ings,  etc. :  

퐾d = � 푁푁0�
−0 ,32

 

Where  D0  =  250  mm  or  the  average  d iameter of  the  i nsu lator  used  for the  s i te  severi ty 
measurement.  

No  correction  i s  necessary for suspension  or l i ne  post  i nsu lators .  

NOTE  Average  d i ameter cal cu lat i on  i s  shown  i n  I EC  TS  6081 5-2  and  – 3 .  

I f  the  s i te  severi ty measu rements  are  made  on  an  i nsu lator of  same d iameter as  the  candidate  

i nsu lator,  then  Kd  =  1 .  

Further detai l s  on  the  i n f l uence  of  d i ameter on  po l l u t i on  accumu lation  can  be  found  in  [1 ] .  

6.7  Correction  for  the number of  simi lar  insu lators in  paral lel :  Ks  

I n  order  to  take  i n to  accoun t  the  i ncreased  risk of  f lashover due  to  having  many s im i lar  
i nsu lators  i n  paral l e l ,  a  correcti on  i s  appl ied  as  fo l l ows:  

•  Many insu lators  i n  paral l el  (e. g .  transm iss ion  l i ne  secti ons  wi th  more  than  1 00  stri ngs,  
assumed  to  be  po l l u ted  to  the  same degree  and  subm i tted  to  the  same envi ronmental  
even t) :  

Ks  =  1 , 4.  

Ks  =  1  

•  Few insu lators  i n  paral le l  (e . g .  s tati on  apparatus) :   
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Th is  correcti on  on l y covers  the  i ncreased  r isk of  f lashover due  to  many obj ects  being  
subm itted  to  the  same stress  ( i . e.  al l  the  i nsu lators  i n  the  same pol l u ti on  envi ronment) .  I t  does  
not  cover the  reducti on  of  f lashover vo l tage  that  can  arise  from  the  proxim i ty of  i nsu lator  
stri ngs  i n  mu l t i ple  stri ng  sets .  

Correction  i s  val id  for s i tes  wi th  a moderate  number of  cri t i cal  wetti ng  even ts,  e . g .  1 0  per 
year.  For h igher numbers  of  even ts  a  fu rther correction  may be  necessary.  Fu rther detai ls  can  
be  found  i n  [1 ] .  

7 Determination  of  the reference d .c.  si te  severi ty 

For type  A po l l u t i on ,  the  average  ESDD  (ESDDave )  from  the  SPS i s  corrected  to  the  reference  
d . c.  ESDD  (ESDDdc)  by:  

ESDDdc  =  ESDDave  ×  Kp  ×  KNSDD  ×  KCUR  × Kd× Ks  

For Type  B  po l l u t i on ,  the  SES is  corrected  to  the  reference  d . c.  SES  by:  

SESdc  =  SES  ×  Ks  ×  Kd  

Kp  i s  not  appl icable  to  SES as  the  i n f l uence  of  e lectrostatic  f i e l d  i s  neg l i g ible  for Type  B  
pol l u t i on .  
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8 Determination  of  the reference d .c.  USCD 

 

Figure  3a  – Pol l u tion  type A 

 

Figure  3b  – Pol lu tion  type B  

Figure 3  – RUSCDdc  as  a  function  of  d .c.  si te  pol lu tion  severi ty  

Also  taking  accoun t  of  l aboratory i n formation ,  the  fo l l owing  equations  (as  i l l ustrated  i n  F i gu res  
3a  and  3b are  proposed :  

For Type  A po l l u t i on :  

•  Non-HTM  materials :  RUSCDdc  =  1 1 0  x  ESDDdc
0, 33   
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•  HTM  materials :  RUSCDdc  =  65  x  ESDDdc
0, 25  

For Type  B  po l l u t i on :  

•  Non-HTM  materials :  RUSCDdc  =  1 5  x  SESdc
0, 33   

•  HTM  materials :  RUSCDdc  =  1 5  x  SESdc
0, 25  

The  above  equations  are  cons idered  as  su ff icient  for pre l im inary des ign .  However i t  has  to  be  
observed  that  both  service  and  experimental  resu l ts  are  rather spread ,  depend ing  s i gn i f i can tl y  
on  i nsu lator  characterist i cs,  see  [1 ] .  

NOTE  These  equati ons  are  deri ved  from  reference  i nsu l ators  as  described  i n  Annex B .  

9 Correction  of  the RUSCD for each  candidate insulator  

9.1  Correction  for  the effect  of  d iameter on  pol lu tion  wi thstand  performance Cd  

I n  order to  correct  for the  effect  of  d i ameter on  the  po l l u t i on  wi thstand  performance  of  the  
cand idate  insu lators,  a  factor  Cd  i s  appl ied  to  the  RUSCDdc .  Th is  i s  done  for non-HTM  

materials  accord ing  to:  

30,0
d )(

OD

D
C =  

where  D0  = 250  mm  and  D i s  the  average  d iameter i n  mm .  

For HTM  materials  i n  cond i t i ons  wi th  potential  part i al  l oss  of  h ydrophobici ty:   

1 7,0
d )(

OD

D
C =  

where  D0  = 250  mm  and  D  i s  the  average  d iameter i n  mm .  

And  for  HTM  materials  i n  cond i t ions  wi th  no  poten tial  parti al  l oss  of  h ydrophobici ty:   

Cd  =  1  

Fi gu re  4  shows  these  correcti ons.  

NOTE  Quanti f i cati on  of  HTM  effect  i s  s t i l l  u nder cons iderati on  of  CIGRE  SC  D1  and  therefore  the  use  of  the  
typi cal  reference  cu rves  i n  F i g u re  4  i s  subject  to  ag reement.  

For more  i n formation  on  the  source  of  th is  correcti on  see  [1 ] .  
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Key 
 Non-HTM  
 HTM  wi th  r i sk of  part i al  hydrophobici ty l oss  
 HTM  wi th  no  ri sk of  h ydrophobici ty l oss  

Figure 4  – Correction  for the  effect  of  d iameter  
on  d .c.  pol lu t ion  wi thstand  performance 

For d iameters  smal ler  than  250  mm ,  the  correcti on  factor Cd  may be  l ower than  1  (subject  to  
agreement)  [1 ] .  

9.2  Correction  for  al t i tude Ca  

I n  d . c.  i t  may become necessary to  correct  the  RUSCD for  al t i tude  by the  factor  Ca.   

NOTE  Th i s  subject  i s  cu rren tl y  under s tudy by CIGRE  D1 . 44.   

Unti l  the  CIGRE resu l ts  are  avai lable ,  the  proposed  correcti on  (based  on  I EC 60071 -1 )  i s :  

)
8150

(
H

n

a eC =
 

Where  H i s  the  he igh t  above  sea- level  i n  metres .  The  current  des ign  practi ce  in  i ndustry i s  to  
use  H – 1  000  i nstead  of  H i n  the  above  formu la and  to  on l y appl y the  correcti on  above  
1  000  m .  

S ince  the  al t i tude  correcti on  may depend  on  i nsu lator  characteristics  and  po l l u t i on  severi ty i t  
i s  appl ied  on  a per  cand idate  bas is.  Unti l  fu rther  i n formation  i s  avai lable,  a  value  of  0 , 35  i s  
suggested  for  n .  

Th is  correcti on  i s  also  used  to  correct  test  resu l ts  obtained  at  h i gh  al t i tude  to  thei r  sea- level  
value.  

9.3  Determination  of  the requ i red  USCD for  each  cand idate  

The requ i red  USCD  (USCD req )  for  each  cand idate  i s  determ ined  as  fo l l ows:  

IEC  
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adreq CCRUSCDUSCD ××=  

1 0  Checking  the profi le  parameters  

1 0. 1  General  

Profi l e  parameters  are  importan t  for avoid ing  rai n  bri dg i ng ,  preventi ng  l ocal  short  c i rcu i t i ng  
between  sheds,  aid ing  se l f-clean ing ,  avoid i ng  po l lu t ion  “ traps”  and  contro l l i ng  l ocal  e lectric  
f ie ld  s tress .   

Study of  the  effect  of  profi l e  parameters  under d . c.  [1 ]  has  revealed  that  some parameters ,  
notabl y Creepage  Factor,  can  have  a far  g reater  effect  than  under a. c.   

Th is  c lause  fo l l ows  the  ph i l osophy of  I EC 6081 5-2  and  -3.  However,  i n  these  two  techn ical  
speci f i cations  for a. c. ,  the  i n formation  was  supported  by a  s ign i f ican t  f i e l d  and  laboratory 
experience,  wh ich  i s  much  less  for d . c.  case  of  th is  documen t.  I t  i s  to  be  c lari f ied  that  the  
present  i n formation  i s  a  p icture  of  the  insu lators  curren tl y used,  wi thout  a  su ff ic i en t  
consol idated  and  l ong  f i e ld  experience  (see  also  the  case  of  i nsu lators  wi th  extremel y h i gh  
creepage  factors) .  I n  the  fo l l owing  the  typical  values  curren tl y used  i n  practice  for each  prof i l e  
parameter are  g i ven ,  along  wi th  l im i ts  i f  these  are  known .  

An  optimal  profi l e  can  be  i n f l uenced  by too  many parameters,  so  the  fo l l owing  can  be  used  to  
se lect  the  most  appropriate  profi l e:  

•  Consu l t  data from  servi ce  or  test  s tat ion  experience  to  confi rm  the  performance  of  the  
prof i le ;  

•  F i nd  an  al ternati ve  profi l e  or  i nsu lator  technology;  

•  Veri fy the  performance  of  the  prof i le  by appropriate  comparati ve  testi ng  (e . g .  order of  
meri t  comparison  wi th  other  prof i les) .  

NOTE  The  f i g u res  i n  the  Subclauses  1 0 . 1  to  1 0 . 7  are  i n tended  sole l y  to  i l l u strate  the  d imensional  parameters  
used  to  determ ine  profi l e  parameters .  They are  not  i n tended  to  represent  opt imum  shed  shapes.   

1 0.2  Al ternating  sheds defined  by shed  overhang  

 

The  class i f icati on  of  a  profi l e  as  being  al ternat i ng  or  not  i s  based  
on  d i fference  i n  shed  overhang  measured  from  the  i nsu lator trunk 
to  the  t i ps  of  the  l argest  and  smal lest  sheds.  

Shed overhang alone is not an important parameter,  as long as the 
shed angle is not essentially flat (< 5°),  or excessive (> 35°).  The 
parameter is useful for defining uniform shed diameter profiles 
compared to alternating shed diameter profiles.  However larger 
values of difference in shed overhang may be beneficial for vertical 
insulators in ice,  snow and heavy rain conditions.  

Not  appl icable  to  cap  and  p in  i nsu lators  or  mu l ti -shed  p in  
i nsu lators.   

 

Parameter  G lass  and  Porcel ain  
Insu lators  

Composi te  &  Hybrid  
Insu lators,  
non-HTM   

Composi te  &  Hybrid  
Insu lators   

HTM  

Overhang  Non -al ternati ng :  

p
1

-p
2
 <  20  mm  

Al ternati ng :  

p
1

-p
2
 ≥  20  mm  

Non -al ternati ng :  

p
1

-p
2
 <  1 5  mm  

Al ternati ng :  

p
1

-p
2
 ≥  1 5  mm  

Non -al ternati ng :  

p
1

-p
2
 <  1 5  mm  

Al ternati ng :  

p
1

-p
2
 ≥  1 5  mm  
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1 0.3  Spacing  versus shed  overhang  

  

Spacing  versus  shed  overhang  i s  rati o  of  the  
vert ical  d istance  between  two  s im i lar po i n ts  of  
success ive  sheds  of  the  same d iameter  (spacing )  
and  the  maximum  shed  overhang .  

This parameter,  as well as those described in 
clauses 10.4,  10. 5 and 10. 6,  involve shed-to-shed 
spacing and are important for the avoidance of 
“shorting out” creepage distance bridged by a 
shed-to-shed arc especially under heavy rain 
conditions.  

Not appl icable  to  cap and  pin  i nsu lators  or  mu l t i -
shed  pi n  i nsu lators .  

Un i form  sheds  Al ternating  sheds  

 

Parameter  G lass  and  Porcel ain  
Insu lators  

Composi te  &  Hybrid  
Insu lators,  

non-HTM   

Composi te  &  Hybrid  
I nsu lators  

HTM  

s/p  Usual l y ≥  1  

General l y  never   bel ow 0 , 9  

Usual l y ≥  1  

General l y  never  

be low 0, 85  

Usual l y ≥  0 , 80  

General l y  never  

be low 0, 70  

 

1 0.4  M in imum  d istance  between  sheds  

 

 

 

 

c  i s  the  m in imum  d istance  between  ad jacen t  

sheds  of  the  same d iameter,  measured  by 
drawing  a perpend icu lar  l i ne  from  the  l owest  
po in t  of  r im  of  the  upper  shed  to  the  next  shed  
be low of  the  same d iameter.  

Minimum distance between sheds is one of the 
more important characteristics for insulator 
profile evaluation.  Shed-to-shed arcing for small 
shed spacing can negate any effort to improve 
performance by adding creepage distance.  

Not appl icable  to  cap and  pi n  i nsu lators  or  p i n  
i nsu lators.  

Un i form  sheds  Al ternating  sheds   
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Parameter  G lass and  Porcelain  
Insu lators  

Composi te  &  Hybrid  
Insu lators,  non-HTM   

Composi te  &  Hybrid  
Insu lators  

HTM  

c  Typical  m i n imum :  60  mm  

(70  mm  for  i nsu lators  wi th  u nderri bs)  

Rarel y  l ess  than  60  mm  

Typical  m i n imum :  45  mm  

Rarel y  l ess  than  40  mm  

 For average  d i ameters  

>250  mm  rarel y  l ess  

than  55  mm*  

*NOTE  On l y for  su rge  arresters,  pos i t i ve  servi ce  records  wi th  c  =  46  mm  and  average  d iameters  of  up  to  31 0  
mm  are  avai l able.   

 

1 0.5  Creepage  d istance versus clearance  

 

Plain  sheds  

 

Cap and  pi n  

 

 

Al ternati ng  sheds  

d i s  the  straigh t  ai r  d i stance  between  two  
poin ts  on  the  i nsu lati ng  part  or  between  a 
poin t  on  the  i nsu lat i ng  part  and  another on  a 
metal  part.  

l  i s  the  part  of  the  creepage  d is tance  
measured  between  the  above  two  po in ts .  

l/d i s  the  h ighest  ratio  found  on  any section ,  
for  example  on  the  underside  of  a  cap  and  
pin  i nsu lator.  

Creepage distance versus clearance is a 
more localised check of the risk of bridging 
by arcs when dry bands or uneven 
hydrophobicity occur.  It is also important in 
avoiding localised pollution build-up in deep 
and narrow sections of the profile.  

 

Parameter  G lass  and  Porcel ain  
Insu lators  

Composi te  &  Hybrid  
Insu lators,  

non-HTM   

Composi te  & Hybrid  
Insu lators  

HTM  

l /d  Typi cal  maximum :  4  

Rarel y  more  than  4, 5  

Usual l y  i n  accordance  wi th  I EC  
TS  6081 5-3  
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1 0.6  Shed  ang le  

 

For rounded  sheds,  α  i s  measured  at  the  m id -poin t .  

Open profiles allow for more efficient natural washing of insulator 
surfaces,  provided the shed angle is not so low as to impede excess 
water run-off.  

Not  appl i cable  to  p i n  i nsu lators .  

 

Parameter  G lass and  Porcel ain  
I nsu lators  

 

Composi te  &  Hybrid  
Insu lators,  

non-HTM   

Composi te  & Hybrid  
Insu lators  

HTM  

α  

Typi cal l y  0°  to  25°  

Rarel y  more  than  30°  

For hori zontal  i nsu lators  wi th  α<30° ,  the  typi cal  maximum  i s  20°  

 

1 0.7  Creepage  factor 

The creepage  factor  CF  i s  equal  to  l/S  where:  

l  i s  the  total  creepage  d istance  of  the  i nsu lator un i t ,  

S  i s  the  arcing  d istance  of  the  i nsu lator u n i t .  

For cap and  pin  i nsu lators  CF  i s  determ ined  for  a  stri ng  of  5  i nsu lators  or  more.  

CF i s  a  g l obal  check of  the  overal l  dens i ty of  creepage  d is tance.  I f  the  requ i remen ts  i n  1 0 . 3 ,  
1 0 . 4  and  1 0. 5  are  met,  the  creepage  factor  requ i rement i s  usual l y au tomatical l y respected.  

CF values  encountered  i n  d . c.  are  often  h i gher than  those  used  for a. c.  The  main  reason  for 
th is  i s  that  i n  general ,  a  h igher creepage  d is tance  i s  needed  i n  a  g i ven  i nsu lator l eng th  i n  d . c.  
Nevertheless ,  i t  i s  importan t  to  bear  i n  m ind  that  g reatl y i ncreas ing  CF can  have  a  nu l l  or  even  
negative  effect  on  performance  and  may even  lead  to  l ocal  s tress  concentrati on  that  may be  
damag ing  for  some materials .  

Parameter  G lass  and  Porcel ain  
Insu lators  

Composi te  &  Hybrid  
Insu lators,  

non-HTM   

Composi te  &  Hybrid  
Insu lators  

HTM  

CF Cap &  pi n  typi cal l y  be low 3 , 4  

Rarel y g reater than  3 , 75  

Li ne  i nsu lators  typi cal l y  below 
4, 5  

Rarel y  g reater than  4, 8   

Typi cal l y  bel ow 4, 5  

Rarel y  g reater than  4, 8  

Posts ,  l ong  rods  and  ho l l ow 
cores  typ i cal l y  be low 3 , 5  

Rarel y g reater than  4, 0  

Post  and  hol l ow cores  
typi cal l y  below 4, 4  

Rarel y  g reater than  4, 6  

 

 

IEC  

α  
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1 1  Design  veri fication  

1 1 . 1  General  

A fi nal  s tep  i n  the  des ign  procedure  i s  to  perform  a detai l ed  evaluation  of  the  i nsu lati on  
des ign ,  i ncl ud ing  any m i t i gation  measures,  to  veri fy compl iance  wi th  the  requ i red  performance 
cri terion .  CIGRE i nd icates  that  one  of  the  fo l lowing  approaches  i s  general l y fo l l owed  [1 ] :  

•  by operati ng  experience;  or  by  

•  l aboratory test i ng .   

1 1 .2  Operating  experience 

This  approach  can  be  u sed  i f  service  experience  from  exist i ng  d . c.  i ns tal l ations  i n  s im i lar 
cond i t i ons  u t i l i s i ng  s im i lar i nsu lators  i s  avai lable  – extrapolat i on  of  resu l ts  i s  feas ible .  The  
des ign  i s  acceptable  i f  the  deduced  performance  conforms  to  the  set  requ i rements .  

1 1 .3  Laboratory testing  

Depend ing  on  ag reement  between  the  manufacturer and  the  user,  l aboratory test i ng  or  
existi ng  test  resu l ts  may be  u t i l i sed  as  part  of  the  des ign  veri f ication  process.    

•  For non -HTM  i nsu lators  th is  may take  the  form  of  e i ther a  speci fi c  test  s imu lating  a  
speci f i c  envi ronment  or  a  s tandard  test  accord ing  to  the  existi ng  standard ,  i . e.  
I EC TS  61 245.  The  pert i nence  of  the  resu l ts  of  such  test i ng  i s  questi onable,  as  l aboratory 
tests  can  never  fu l l y repl i cate  service  cond i ti ons  [1 ,  C lause  7] .  

•  For  HTM  i nsu lators  current  knowledge  on  the  correlation  between  d . c.  l aboratory tests  and  
service  performance  i s  l im i ted .  I EC  and  CIGRE are  working  to  remedy th is  s i tuati on .  

I f  test ing  i s  neverthe less  requ i red ,  then  carefu l  attenti on  shal l  be  paid  to  the  determ inati on  of  
the  test  parameters,  notabl y the  appl ied  po l lu t ion  severi ty,  wh ich  shal l  be  agreed  i n  detai l  
between  the  user and  manufacturer.  
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Annex A 
( in formative)  

 
Hydrophobici ty transfer materials  

A.1  Qual i tative flashover behaviour  

 

Figure A. 1  – Dependency of  speci fic  fl ashover vol tage  over  
conductivi ty of  an  electrolyte (parameter:  wettabi l i ty of  surface)  

Figu re  A. 1  shows  the  qual i tat i ve  f l ashover behaviour  i n  dependence  on  the  conducti vi ty of  the  
e lectro l yte  for a  h ydrophobic  (e . g .  s i l i cone  rubber)  (Graph  1 )  and  a  h ydroph i l i c  (e . g .  g lass ,  
porcelain )  (Graph  2)  surface.  H ydrophobic  su rfaces  form  a d iscrete  droplet  l ayer under wet  
cond i t i ons  wh ich  l eads  to  a  suppression  of  the  l eakage  curren t  compared  to  h ydroph i l ic  
su rfaces.  Th is  resu l ts  i n  a  s i gn i f i can t  lower dependence  of  the  conductivi ty  of  the  e lectro l yte  
on  the  f l ashover  vo l tage  wh ich  i s  expressed  by a s i gn i f i cant  lower decrease  of  Graph  1  (so  
cal l ed  po l l u ti on  f lashover exponent  of  0 , 01 …0. 1 )  compared  to  Graph  2  (po l l u t i on  f l ashover 
exponen t  of  0 , 25) .  I f  i rreversible  damage or deterioration  occurs  (e. g .  by tracking ) ,  the  
speci f ic  f l ashover vo l tage  can  fal l  be low the  values  characterist ic  for a  f i lm  layer state .  The  
f i gu re  shows  the  impact  of  the  dynam ic behaviour  of  h ydrophobici ty.  I t  comprises  the:  

•  retention  of  h ydrophobici ty against  certain  stresses  l ike  parti al  d i scharges  under wet  
cond i t i ons  (water droplet  corona) ,   

•  recovery of  h ydrophobici ty after a  rest ing  peri od ,  and   

•  transfer  of  h ydrophobici ty i n to  po l lu ted  su rfaces.   

A reducti on  of  h ydrophobici ty wi l l  cause  a  reducti on  of  the  speci f ic  f l ashover vo l tage  towards  
the  f i lm  layer state .  Recovery as  wel l  as  transfer can  raise  the  speci f i c  f l ashover vo l tage  again  
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to  the  i n i t i al  h ydrophobic  state .  I n  th is  f i gure  i t  i s  shown  on  principle  wi thout  considering  any 
time  effects .  

For th is  document  i t  i s  assumed  that  a  po l ymeric  i nsu lat i ng  material  wh ich  has  the  abi l i ty to  
transfer  h ydrophobici ty i n to  an  accumu lated  po l l u t i on  layer  i s  expected  to  have  the  abi l i ty for  
recovery after a  reducti on  or  l oss  of  h ydrophobici ty.  Therefore,  the  appel lati on  “HTM”  
represents  the  dynam ic  hydrophobici ty propert i es  al together.  Examples  of  po l ymeric  non-HTM  
are  Epoxy resi ns ,  EPDM,  EVA as  wel l  as  g lass  and  porcelain .  Servi ce  proven  as  HTM,  
s i l i cone  rubber are  recogn ised  for,  however the  i nd i vi dual  recipe  i ncl ud ing  ki nd  and  treatment 
of  f i l l ers  can  play a  vi tal  ro le  for the  HTM  dynam ics.  

The  model  descript ion  appl i es  the  a. c.  and  d . c.  appl ications  and  wi l l  be  moved  to  
IEC TS  6081 5-1  du ri ng  the  next  main tenance.    
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Annex B  
( in formative)  

 
Dependence of USCD on  pol lu tion  severi ty 

B.1  Pol lution  type A 

The co l lected  experience  on  d . c.  overhead  l i nes  together wi th  the  proposed  des ign  curve  for  
l i ne  i nsu lators  i s  shown  i n  F i gures  B. 1  and  B. 2,  wi th  reference  to  type  A contam inati on .  

 

Figure B. 1  – d .c.  overhead  l i nes.  Col lected  field  experience   
on  non  HTM  insu lators (uncoated  g lass  and  porcelain  insu lators)  

The comparison  of  the  f i e ld  data wi th  the  requ i red  creepage  d istances  ind i cates  that:  

•  Des igns  wi th  creepage  d is tances  l ower than  the  des ign  curve  are  l ike l y to  have  
unsatisfactory performance;  

•  Des igns  wi th  creepage  d istances  i n  accordance  wi th  the  proposed  des ign  curve  resu l t  i n  
good  performance;  

•  Recent  des igns  are  i n  accordance  wi th  the  proposed  des ign  curve.  
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Figure B.2  – d .c.  overhead  l i nes.  Col lected  field  experience   
on  HTM  insu lators (composi te  l ine insu lators)  

The comparison  of  the  f i e ld  data wi th  the  requ i red  creepage  d istances  ind i cates  that:  

•  Des igns  wi th  creepage  d is tances  l ower than  the  des ign  curve  are  l ike l y to  have  
unsatisfactory performance;  

•  Des igns  wi th  creepage  d i stances  i n  accordance  wi th  the  proposed  des ign  curve  resu l t  i n  
good  performance;  

•  Recent  des igns  are  i n  accordance  wi th  the  proposed  des ign  curve.  

The  curves  i n terpo lat i ng  the  data for l i ne  i nsu lators  wi th  creepage  factors  of  about  3 , 3  for non  
HTM  i nsu lators  and  lower than  4  for composi te  i nsu lators,  are  extended  as  a f i rst  
approximation  to  the  case  of  stati on  i nsu lators  of  smal l  d i ameter (d iameter l ess  than  250  mm) .  

The  extens ion  of  the  curve  to  h igh  creepage  factors  has  to  take  in to  accoun t  that  by 
i ncreas ing  the  creepage  factor the  eff ic iency of  the  prof i le  decreases,  as  shown  i n  the  
example  of  F igure  B .3  (Fi gure  36  of  CIGRE brochu re  N°  51 8:201 2  [1 ] )  
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Figure B.3  – Composi te  insu lators:  Example of  the influence of  CF  
on  USCD ( laboratory tests),  see CIGRE Brochure  [1 ]  for  more detai ls  

B.2  Pol lution  Type B  

I n  the  absence  of  s ign i f i can t  f ie ld  experience  a s im i lar trend  was  assumed  for po l l u t i on  types  
A and  B  and  consequen tl y a  s im i lar rati o  between  the  des ign  cu rves  for  HTM  and  non  HM  
i nsu lators  was  selected .  
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