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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ARTIFICIAL POLLUTION  TESTS ON  H IGH-VOLTAGE CERAMIC  
AND GLASS INSULATORS TO BE  USED ON  D.C.  SYSTEMS 

 
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 ing  standard i zati on  i n  the  e l ectri cal  and  e l ectron i c  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 abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ica l  commi ttees;  any I EC  Nati ona l  Commi ttee  i n terested  
i n  the  sub ject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen tal  and  non -
governmen ta l  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 ternational  Organ izati on  for Standard i zati 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  reasonable  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  responsib l 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  pub l 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  conform i ty 
assessmen t  services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsib le  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6 )  Al l  u sers  shou ld  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 ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property d amage  or 
o ther 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 ti on  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 spensable  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib 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  sub j ect  of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l d  responsib l 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.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

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

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subject to  review wi th in  three  years  of publ ication  to  decide  
whether they can  be  transformed  i n to  I n ternational  Standards.   

I EC  TS  61 245,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ical  
commi ttee  36:  I nsu lators.  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst  ed i tion  publ ished  i n  1 993.  Th is  ed i tion  
consti tu tes  a  techn ical  revision .  
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Th is  ed i tion  i ncludes  the  fol lowing  s ign i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  Corrections  and  the  add i tion  of explanatory materia l ;  

b)  The  add i tion  of Clause  4 . 4 . 2  on  atmospheric correction ;  

c)  The  change  of upper l im i t  of volume conductivi ty of tap  water for i nsu lator clean ing  to  
0 , 1  S/m;  

d )  The  extension  to  UHV vol tages;  and  

e)  The  add i tion  of Annex B  "Determination  of the  wi thstand  characteristics  of i nsu lators"  and  
Annex E  "Supplementary i n formation  on  arti fi cia l  pol lu tion  tests  on  i nsu lators  for vol tage  

systems   of ±  600  kV and  above  (sol id  l ayer method  procedure  B)  

The  text of th is  techn ical  speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

36/352/DTS  36/359/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  speci fication  can  be  found  in  
the  report on  voting  ind icated  in  the  above  table.  

Th is  publ ication  has  been  d rafted  i n  accordance  wi th  the  ISO/IEC  Di rectives,  Part 2 .  

The  commi ttee  has  decided  that the  con tents  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  websi 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  

•   transformed  i n to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thd rawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at  a  l ater date.  
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I NTRODUCTION  

The  e lectrical  strength  of d . c.  i nsu lation  under pol l u tion  cond i tions  determines,  i n  many cases,  
the  d imensions  and  the  design  of the  i nsu lation .  

The  d . c.  test procedures  as  speci fied  i n  th is  techn ical  speci fication  fol l ow closely the  ones  
establ ished  for a . c.  by I EC  60507.  Th is  does  not exclude  the  possib i l i ty that at  a  l ater time  
other d . c.  test procedures  wi l l  be  defined .  

The  main  d i fferences  between  th is  techn ical  speci fication  and  I EC  60507  are:  

– test ci rcu i t  requ i rements  i nclude  ripple  factor,  vol tage  d rop  and  vol tage  overshoot.  No  
requ i rements  are  made  for the  m in imum  short ci rcu i t  curren t or ratio  between  short ci rcu i t  
and  leakage  curren ts;  

– d i fferen t cri teria  for the  i denti fication  of fl ashover are  g iven ;  

– for the  sal t fog  test,  a  pre-cond i tion ing  process  wi th  d . c.  vol tage  may be  used  by 
agreement;  

– the  wetting  rate,  rather than  the  steam  in jection  rate,  i s  prescribed ;  the  measurement of 
the  l ayer conductance  i s  used  to  check the  wetting  action  of the  fog ;  

– as  regards  the  sol id  l ayer methods,  on ly the  test procedure  type  "B"  i s  considered  due  to  
the  h igh  scatter of the  resu l ts  obtained  wi th  tests  carried  ou t accord ing  to  the  type  "A"  
procedure.   

The  tests  are  deemed  to  be  not a  su i table  measure  to  prove  the  i nsu lation  performance  of 
polymeric or special  types  of i nsu lators  (e. g .  i nsu lators  wi th  semiconducting  g laze  or covered  
wi th  any organ ic i nsu lating  materia l )  under pol l u ted  cond i tions.  The  test procedures  g iven  in  
th is  standard  do  not take  account of the  d i fferen t properties  of i nsu lators  such  as  surface  
hydrophobici ty and  hydrophobici ty transfer through  the  pol lu tion  l ayer etc.  These  questions  
are  under consideration  by CIGRE  SC  D1 .  

For the  test methods  described  in  th is  techn ical  speci fication ,  i t  i s  recommended  that the  
vol tage  for the  wi thstand  vol tage  tests  be  speci fied  as  the  h ighest value  of operating  vol tage  
wh ich  occurs  under normal  operating  cond i tions.  Other test vol tages  may be  agreed  upon .  I f 
not otherwise  speci fied  and  agreed  between  the  parties,  vol tage  of the  negative  polari ty wi l l  
be  appl ied .  

On ly those  test methods  i n  wh ich  the  vol tage  i s  held  constan t during  the  whole  test are  
considered  su i table  for standard ization .  Varian ts  i n  wh ich  the  vol tage  i s  ra ised  continuously to  
fl ashover are  not i ncluded  i n  th is  techn ical  speci fication .  

The  l eakage  curren t may be  used  for i n terpretation  of the  test resu l ts,  and  therefore  i t  i s  
recommended  that th is  cu rrent be  con tinuously measured  du ring  the  arti fi cial  pol l u tion  tests.  

To  ach ieve  repeatable  resu l ts,  the  arti ficia l  l ayer for d . c.  pol l u tion  tests  shou ld  be  as  un i form  
as  possible,  s ince  non-un i formi ty can  i n fluence  d . c.  wi thstand  and  flashover vol tages.   

The  amount of non-soluble  materia l  on  the  insu lator surface  may affect the  test resu l ts.  
Al though  th is  matter i s  under consideration  and  no  requ i rements  can  be  g iven ,  the  defin i tion  
of non-soluble  deposi t densi ty has  been  in troduced  i n to  th is  techn ical  speci fication  for 
reference.   

The  type  and  quan ti ty of non-soluble  materia l ,  the  steam  rate  and  the  precond i tion ing  
procedure  wi th  sa l t  fog  (e i ther by a. c.  or d . c.  vol tage)  may affect the  test resu l ts.  
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The  standard  resu l ts  are  in tended  as  resu l ts  obtained  in  l aboratories  close  to  sea  level  

(a l ti tude  ≤  1  000  m).  Test resu l ts  obtained  at h i gher a l ti tude  or i n  test chambers  wi th  non-
standard  a i r densi ti es  are  to  be  corrected  for a i r densi ty.  
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ARTIFICIAL POLLUTION  TESTS ON  H IGH-VOLTAGE CERAMIC  
AND GLASS INSULATORS TO BE  USED ON  D.C.  SYSTEMS 

 
 
 

1  Scope 

Th is  techn ical  speci fication  i s  appl icable  for the  determination  of the  d . c.  wi thstand  
characteristics  of ceramic and  g lass  i nsu lators  to  be  used  ou tdoors  and  exposed  to  pol lu ted  

atmospheres,  on  d . c.  systems  wi th  the  h ighest vol tage  of the  system  greater than  ±
 
1
 
000  V.   

These  tests  are  not appl icable  to  polymeric i nsu lators,  to  g reased  i nsu lators  or to  special  
types  of i nsu lators  (e. g .  i nsu lators  wi th  semiconducting  g laze  or covered  wi th  any organ ic 
i nsu lating  materia l ) .  

The  object of th is  techn ical  speci fication  i s  to  prescribe  procedures  for arti fi cia l  pol lu tion  tests  
appl icable  to  i nsu lators  for overhead  l i nes,  substations  and  traction  l i nes  and  to  bush ings.  

I t  may a lso  be  appl ied  to  hol low i nsu lators  wi th  su i table  precau tions  to  avoid  i n ternal  
fl ashover.  I n  applying  these  procedures  to  apparatus  i ncorporating  hol low insu lators,  the  
relevant techn ical  commi ttees  shou ld  consider thei r effect on  any in ternal  equ ipment and  the  
special  precau tions  wh ich  may be  necessary.  

2  Normative  references  

The  fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  in  th is  document and  
are  ind ispensable  for i ts  appl ication .  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  TS  6081 5-1 ,  Selection and dimensioning of high-voltage insulators intended for use in  
polluted conditions – Part 1 :  Definitions,  information and general principles  

I EC  60060-1 ,  High-voltage test techniques – Part 1 :  General definitions and test requirements  

I EC  60060-2,  High-voltage test techniques – Part 2:  Measuring systems  

3  Terms and  defin i tions  

For the  purpose  of th is  techn ical  speci fication ,  the  fol lowing  terms  and  defin i ti ons  apply.  

3.1   
i nd ividual  test 
one  s ing le  process  consisting  i n  applying  to  the  object a  speci fied  test vol tage,  for a  speci fied  
time  or un ti l  fl ashover occurs,  at  a  speci fied  degree  of pol lu tion  

3.2   
actual  mean  vol tage   
Ua  
mean  value  of the  vol tage  at a  g iven  i nstan t over a  time  i n terval  end ing  at  the  i nstan t 
considered  and  having  a  duration  equal  to  that of one  cycle  of the  a l ternating  vol tage  
supplying  the  recti fi er 

Note  1  to  en try:  When  i t  i s  not  possi b l e  to  determ ine  the  cycl e  of the  suppl y vol tage,  the  time  i n terval  i s  20  ms.  
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3.3   
test  vol tage   
Ut  
actual  mean  vol tage  at the  beg inn ing  of an  i nd ividual  test 

3.4  
ripple  
period ic deviation  from  the  ari thmetic mean  value  of the  test vol tage  

3.5  
ripple  ampl i tude  
Ur  
hal f the  d i fference  between  maximum  and  m in imum  values  

3.6   
ripple  factor 
ratio  of the  ri pple  ampl i tude  to  the  actual  mean  vol tage  

See:  Ur/Ua  i n  F igure  1  

 

Figure  1  – Ripple  ampl i tude  and  actual  mean  vol tage,  measured  on  
a  resistive  load  absorbing  1 00  mA 

3.7   
vol tage  drop  

∆ut  
d i fference  between  the  test vol tage  and  the  actual  mean  vol tage  

See:  F igure  2  

3.8   
relative  vol tage  drop 

ratio  of the  vol tage  d rop  ∆ut  to  the  test vol tage  (Ut)  usual l y expressed  as  a  percentage  
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3.9   
vol tage  overshoot 
d i fference  between  the  actual  mean  vol tage  and  the  test vol tage  

See:  F igure  2   

3.1 0   
relative  vol tage  overshoot 
ratio  of the  vol tage  overshoot to  the  test vol tage  Ut,  usual ly expressed  as  a  percentage  

3.1 1   
l eakage  current 
curren t measured  i n  series  wi th  the  insu lator surface  at  i ts  earth  end  during  a  pol l u tion  test 

3.1 2   
short ci rcu i t  current  
curren t del i vered  by the  complete  testing  ci rcu i t,  when  the  test object i s  energ ized  at the  test 
vol tage  and  then  short-  ci rcu i ted  

3.1 3   
sal in i ty  
Sa  
concentration  of the  solu tion  of sa l t i n  tap  water,  expressed  by the  amount of sa l t  d i vided  by 
the  volume  of solu tion  

Note  1  to  en try:  Th i s  i s  genera l l y expressed  i n  kg /m 3 .  

3.1 4  
pol lution  layer  
conducting  e lectrolytic l ayer on  the  i nsu lator su rface,  composed  of sa l t  p lus  non-soluble  
materia ls  

3.1 5   
l ayer conductance  
GL  
ratio  curren t/vol tage  measured  as  speci fied  i n  Annex C.3  

3.1 6   
salt  deposit density  
SDD 
amount of sa l t  i n  the  deposi t  on  a  g iven  surface  of the  i nsu lator (metal  parts  and  assembl ing  
materia ls  are  not to  be  included  i n  th is  su rface),  d i vided  by the  area  of th is  surface  

Note  1  to  en try:  See  6 . 5 .   

Note  2  to  en try:  Th i s  i s  genera l l y expressed  i n  mg /cm 2 .  

3.1 7   
non-soluble  deposi t  density 
NSDD 
amount of non-soluble  materia l  i n  the  deposi t on  a  g iven  surface  of the  i nsu lator (metal  parts  
and  assembl ing  materials  are  not to  be  i ncluded  i n  th is  surface),  d ivided  by the  area  of th is  
su rface  

Note  1  to  en try:  Th i s  i s  genera l l y expressed  i n  mg /cm 2 .  

3.1 8   
degree  of pol lution  
value  of the  quan ti ty (sal in i ty,  sa l t  deposi t densi ty)  wh ich  characterizes  the  arti ficia l  pol l u tion  
appl ied  to  the  test i nsu lator 
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3.1 9   
reference  sal in i ty 
value  of the  sal in i ty used  to  characterize  an  i nd ividual  test 

3.20   
reference  sal t  deposit  density 
value  of the  sal t  deposi t  densi ty used  to  characterize  an  i nd ividual  test 

Note  1  to  en try:  Th i s  i s  defi ned  as  the  average  of the  sa l t  deposi t  densi ty va l ues  measured  on  a  few i nsu l ators  (or 
on  parts  of them),  wh i ch  are  chosen  for th i s  pu rpose  from  among  the  con tam inated  ones  pri or to  the i r submiss ion  
to  any test.  

3.21   
speci fied  wi thstand  degree  of pol lu tion  
reference  degree  of pol l u tion  at  wh ich  an  i nsu lator shal l  wi thstand  the  speci fied  test vol tage  i n  
at l east th ree  ind ividual  tests  ou t of four,  under the  cond i tions  described  i n  the  relevant 
Subclauses  5. 6  or 6 . 7  

3.22   
maximum wi thstand  degree  of pol lution  
h ighest degree  of pol l u tion  at wh ich  an  i nsu lator has  wi thstood  at  l east th ree  i nd ividual  tests  
ou t of four at  the  speci fied  test vol tage,  under the  cond i tions  described  i n  Clause  B. 1  

3.23   
maximum wi thstand  vol tage  
h ighest test vol tage  at wh ich  an  i nsu lator has  wi thstood  at l east three  i nd ividual  wi thstand  
tests  ou t of four at the  speci fied  degree  of pol l u tion ,  under the  cond i tions  described  in  C lause  
B. 2  

3.24  
50  % withstand  vol tage 
test vol tage  at  wh ich  an  i nsu lator has  50  %  probabi l i ty to  wi thstand  one  ind ividual  test 

Note  1  to  en try:  See  Cl ause  B . 3 .  

4 General  test requirements  

4.1  General  

Pol lu tion  tests  can  be  carried  ou t for two  main  objectives:  

– to  obtain  i n formation  about the  pol lu tion  performance  of  i nsu lators  e. g .  for comparison  of 
d i fferen t i nsu lator types/profi le ;  

– to  check the  performance  in  a  configuration  as  close  as  possible  to  the  in -service  
cond i tions.  

To  reach  the  fi rst objective,  tests  on  re latively short i nsu lator sets  (e. g .  arcing  d istance  

≥  1 , 5  m  – i f representative  of the  fu l l  set i n  terms  of rad ia l  geometry and  profi le)  may be  
su fficien t.   

Tests  to  reach  the  second  objective  may be  agreed  between  the  manufacturer and  the  user 
whenever optimisation  of the  design  i s  necessary and /or whenever i t  i s  expected  that the  
mounting  cond i tion  or the  i nner active  parts  i n  apparatus  can  affect the  performance.  Such  
tests  shal l  be  made  s imu lating  the  relevant service  cond i tions  as  closely as  possib le.   I n  
particu lar tests  i n  other posi tions  from  the  verti cal  ( i ncl ined ,  horizon tal )  dupl icating  actual  
service  cond i tions  may be  agreed  between  the  suppl ier and  the  user.   

Tests  at h igher system  vol tages  (of ±  600  kV and  above)  may present particu lar requ i rements  
as  reported  in  Annex E.  
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4.2  Test methods  

The  two  fol lowing  pol l u tion  test methods  are  recommended  for standard  tests:   

– the  sal t  fog  method  (Clause  5)  i n  wh ich  the  i nsu lator i s  subjected  to  a  defined  ambien t 
pol lu tion ;   

– the  sol id  l ayer method  (Clause  6)  i n  wh ich  a  fa i rl y un i form  layer of a  defined  sol id  pol l u tion  
i s  deposi ted  on  the  insu lator surface.   

I n  these  test methods  the  vol tage  i s  held  constan t for a  period  of at  l east several  m inu tes.  
Varian ts  i n  wh ich  the  vol tage  i s  ra ised  con tinuously to  fl ashover are  not standard ized  bu t may 
be  used  for special  purposes.   

NOTE  I n  testi ng  of fu l l  sca le  i n su l ators  for system  vol tages  of h i gher than  ±  600  kV experi ences  wi th  sa l t-fog  
method  are  not avai l ab le  yet.  The  appl i cati on  of sol i d  l ayer method  i s  therefore  preferred .  More  i n formation  on  the  
so l i d  l ayer method  for such  i nsu l ators  are  g i ven  i n  Annex E .  

4.3  Arrangement of insu lator for test 

4.3.1  Test configuration  

The  vertical  posi tion  i s  i n  general  suggested  for comparison  of d i fferent i nsu lator types.  Tests  
i n  other posi tions  ( incl ined ,  horizontal )  reproducing  actual  service  cond i tions  may be  carried  
ou t when  agreed  between  the  manufacturer and  the  purchaser.  When  there  are  specia l  
reasons  not to  test i nsu lators  i n  the  vertical  posi tion  (e. g .  wal l  bush ings  and  ci rcu i t-breaker 
l ong i tud inal  i nsu lation),  on ly the  service  posi tion  shal l  be  considered .  

The  m in imum  clearances  between  any part of the  i nsu lator and  any earthed  object other than  
the  structu re  wh ich  supports  the  i nsu lator and  the  columns of the  nozzles,  when  used ,  shal l  
be  not l ess  than  0 , 5  m  per 1 00  kV of the  test vol tage  and ,  i n  any case,  not l ess  than  1 , 5  m.  

The  con fi gu ration  of the  supporti ng  structu re  and  the  energ ized  meta l  parts ,  a t  l east wi th in  
the  m in imum  clearance  from  the  i n su lator,  sha l l  reproduce  those  expected  i n  service.   

As  regards  the i r i n fl uence  on  the  test  resu l ts ,  the  ava i l ab l e  experience  i nd icates  that:  

– external  components,  e . g .  fi tti ngs,  do  not s ign i fican tl y affect the  resu l ts;  

– the  i n ternal  components  may affect the  wi thstand  value  namely wi th  l ow pol lu tion  severi ty.  

4.3.2  Insu lator clean ing  

The  i nsu lator shal l  be  carefu l l y cleaned  so  that a l l  traces  of d i rt  and  g rease  are  removed .  After 
clean ing ,  the  i nsu lati ng  parts  of the  i nsu lator shal l  not be  touched  by unprotected  hand .   

The  surface  of the  i nsu lator i s  deemed  to  be  su fficien tly clean  and  free  from  any g rease  i f 
l arge  con tinuous  wet areas  are  observed  after ri nsing .  

I n  the  case  of the  sol id - layer method ,  before  the  fi rst con tamination ,  scrubbing  wi th  a  s lu rry of 
water and  i nert  material  such  as  kaol in  shal l  be  done,  after wh ich  the  insu lator shal l  be  
thorough ly rinsed  wi th  tap  water.  A detergen t may be  added  to  the  s lu rry.  

Before  every subsequent contamination ,  the  i nsu lator shal l  again  be  thorough ly washed  wi th  
tap  water on ly.  Hand  wiping  m igh t be  necessary,  i f e i ther the  SDD-levels  or the  test resu l ts  
become inconsisten t.  

I n  the  case  of the  sal t-fog  method ,  water,  preferably heated  to  abou t 50  °C,  wi th  the  add i tion  
of trisod ium  phosphate  or other detergen t,  shal l  be  used ,  after wh ich  the  insu lator shal l  be  
thorough ly rinsed  wi th  tap  water.  Before  th is  fi nal  treatment,  scrubbing  as  for the  sol i d - layer 
method  may be  done  i f necessary.   
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When  the  volume conductivi ty of tap  water i s  h igher than  0 , 1  S/m,  demineral ized  water shal l  
be  used .  

NOTE  I f necessary,  the  meta l  parts  and  the  assembl i ng  materia l s  can  be  pa i n ted  wi th  a  sa l t-water res i stan t  pai n t  
to  ensu re  that no  corrosi on  products  wash  down  on  to  the  i nsu l ati ng  su rface  du ri ng  a  test.  

4.4 Requirements  for the  test ci rcui t  

4.4.1  Test vol tage  

Throughout the  test,  the  i nsu lator shal l  be  con tinuously energ ized  at  the  speci fied  test vol tage  
and  polari ty.  

The  ripple  factor of the  test vol tage  demonstrated  i n  a  su i table  way shal l  be  ≤  3  %  for a  
cu rren t of 1 00  mA wi th  a  resisti ve  l oad  (F igure  1 ) .  

The  relative  vol tage  d rop  (F igure  2)  occurring  du ring  ind ividual  tests  resu l ting  i n  wi thstand  
shal l  not exceed  1 0  %.    

The  re lati ve  vol tage  overshoot (F igure  2) ,  usual ly due  to  l oad-  re lease  caused  by extinction  of 
e lectrical  d ischarges  on  the  i nsu lator surface,  shal l  not exceed  1 0  %.  

I f a  fl ashover occurs  du ring  the  time  when  a  re lati ve  vol tage  overshoot i s  between  5  %  
and  1 0  %,  the  test i s  not val id .  

The  vol tage  measurement shal l  be  carried  ou t by vol tage  d ivider accord ing  to  I EC 60060-2  
su i table  to  measure  con tinuous  vol tage  and  transien ts  wi th  requ i red  accuracy.  

4.4.2  Atmospheric corrections     

No humid i ty correction  factor shal l  be  appl ied .  Test vol tages  shal l  be  corrected  for a i r densi ty 
accord ing  to  I EC  60060-1 .  The  coefficien t m  i s  however sti l l  under i nvestigation .  

NOTE  1  The  temperatu re  i n  test  chamber for re l ati ve  a i r densi ty ca l cu l ati on  i s  temperatu re  measured  at  the  hei gh t  
of the  test  obj ect  before  the  test.  

NOTE  2  The  coeffi ci en t  m  d epends  on  many factors  such  as  pol l u ti on  severi ty and  i n su l ator characteri sti cs .  For 

the  time  bei ng  provi s i onal l y reference  can  be  made  to  va lue  m  =  0 , 35  [1 ] 1 .  

NOTE  3  Atmospheri c  correcti on  factors  for pol l u ted  i nsu lators  are  presen tl y under consi derati on  by CIGRE  
SC  D1 .  

4.4.3  Characteristics  of the  measuring  systems  

The  systems  used  for measuring  vol tage  and  leakage  curren t shal l  have  an  upper l im i ting  
frequency of at l east 1  kHz.  

4.4.4 Identi fication  of flashover 

The  complete  bridg ing  of the  i nsu lator under test by the  short-ci rcu i t arc i n  the  case  of 
apparen t fl ashover shal l  be  demonstrated .  One  of the  fol lowing  cri teria  i s  su fficien t:  

– the  vol tage  record ing  clearly i nd icates  a  breakdown  to  arc-vol tage;  

– the  curren t measurements  ind icate  the  short-ci rcu i t  of the  complete  ci rcu i t  by an  arc;  

– the  peak value  of the  curren t of the  test ci rcu i t,  measured  in  the  m icrosecond  range  wi th  a  
shunt resistor of su i table  response,  i s  h igher than  0 , 5  Ut/Rs ;  

___________ 

1   N umbers  i n  square  brackets  refer to  the  b i b l i og raphy.  
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– photograph ic or video  record ings  wi th  su fficien t resolu tion  clearly show the  complete  
short-ci rcu i t  arc.  

 

Figure  2  – Vol tage  drop  and  vol tage  overshoot and  leakage current 

5 Sal t fog  method    

5.1  General  information  

The  sal t  fog  test procedure  s imu lates  type  B  pol l u tion  (see  IEC  TS  6081 5-1 )  where  a  l i qu id  
conductive  layer covers  the  insu lator surface.  I n  practice,  th is  l ayer does  not contain  any 
s ign i fican t i nsoluble  material .   

The  degree  of pol lu tion  i n  a  test i s  defined  by the  sal i n i ty of the  sal t  fog  expressed  i n  kg  of 
sa l t  (NaCl )  per m3  of water.  

The  test consists  of two  parts  – precond i tion ing  process  ( the  aim  of wh ich  i s  clean ing  of the  
tested  insu lator surface)  and  wi thstand  test.  The  detai led  description  of both  procedures  i s  i n  
5 . 5  and  5. 6.  

The  sal t fog  test i s  curren tl y not recommended  for tests  of i nsu lator configurations  at system  

vol tages  of h igher than  ±  600  kV.  Further i nvestigations  are  necessary to  extend  the  
appl icabi l i ty of th is  method  a lso  to  h igher system  vol tages.  

5.2  Sal t  solution  

The  sal t  solu tion  shal l  be  made  of sod ium  ch loride  (NaCl )  of commercia l  puri ty and  tap  water.  

Tap  water wi th  h igh  hardness,  e . g .  wi th  a  con ten t of equ ivalen t CaCO3  g reater than  350  g /m
3 ,  

can  cause  l imestone  deposi ts  on  the  insu lator su rface.  I n  th i s  case  deion ized  water shal l  be  
used  for preparation  of the  sal t  solu tion .   
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NOTE  Hardness  of tap  water i s  measu red  i n  terms  of con ten t  of equ ival en t  CaCO
3
 i n  accordance  wi th  the  

Condensed  Chem ical  D i cti onary,  revi sed  by Gessner G .  Hawley:  Encyclopaed ia  of Chemistry;  Van  Nostrand  
Re i nhol d  Company New York (USA),  1 971 .  

The  sal in i ty to  be  used  shal l  be  one  of the  values:  2 , 5;  3 , 5;  5 ;  7 ;  1 0 ;  1 4 ;  20 ;  28;  40;  56;  80;  
1 1 2 ;  1 60;  224  kg /m3 .  

The  maximum  permissib le  to lerance  i n  sa l i n i ty i s  ±  5  %  of the  speci fied  value.  I t  i s  
recommended  that the  sal in i ty be  determined  e i ther by measuring  the  conductivi ty or by 
measuring  the  densi ty wi th  a  correction  for temperature.  Table  1  g i ves  the  correspondence  
between  the  value  of sal in i ty,  volume conductivi ty and  densi ty of the  solu tion  at a  temperature  
of 20  °C.  

When  the  solu tion  temperature  i s  not at 20  °C,  conductivi ty and  densi ty values  shal l  be  
corrected  accord ing  to  formu las  (1 )  or (2).   

Care  shal l  be  taken  that the  temperature  of the  sal t  solu tion  i s  between  5  °C  and  30  °C,  s ince  
no  experiment i s  avai lable  to  val i date  tests  performed  ou tside  th i s  range  of solu tion  
temperature.  

Table  1  – Sal t-fog  method:  correspondence  between  the  value  
of sal in i ty and  volume conductivi ty of the  solution  

at a  temperature  of 20  °C  

Sal in i ty  Volume  conductivi ty  

Sa   σ20   

kg /m 3   S /m   

2, 5   0 , 43   

3 , 5   0 , 60   

5   0 , 83   

7   1 , 1 5   

1 0   1 , 6   

1 4   2 , 2   

20   3 , 0   

28   4 , 1   

40   5 , 6   

56   7 , 6   

80   1 0   

1 1 2   1 3   

1 60   1 7   

224   20   

 

The  conductivi ty correction  shal l  be  made  using  formu la  (1 ) :  

 σ20  =  σθ  [1  – b  (θ  – 20)]  (1 )  

where:  

θ  i s  the  solu tion  temperature  (°C)  

σθ  i s  the  volume  conductivi ty at  a  solu tion  temperature  of θ  °C  (S/m)  

σ20  i s  the  volume  conductivi ty at a  solu tion  temperature  of 20  °C  (S/m)  

b  i s  the  factor depend ing  on  solu tion  temperature  θ ,  as  obtained  by the  fol lowing  
equation ,  and  as  shown  in  F igure  3 :  
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b  =  3 , 200  ×  1 0 -8θ3  + 1 , 032  ×  1 0 -5θ2  – 8, 272  ×  1 0 -4θ  + 3,544  ×  1 0 -2  

 

Figure  3  – Value  of factor b  versus  solution  temperature  θ  

The  densi ty correction  shal l  be  made  using  formu la  (2) :   

 ∆20  =  ∆θ  [1  +  (200  +  1 , 3  Sa)  (θ  –  20)  ×  1 0–6 ]  (2)  

where:   

θ   i s  the  solu tion  temperature  (°C)   

∆θ  i s  the  densi ty at a  solu tion  temperature  of θ°C  (kg /m3)   

∆20   i s  the  densi ty at a  solu tion  temperature  of 20  °C  (kg /m3)   

Sa   i s  the  sal in i ty (kg /m3)   

Th is  correction  formu la  i s  on ly val id  for sa l i n i ties  over 20  kg /m3 .  

5.3  Spraying  system 

The  fog  i s  produced  i n  the  test chamber by means  of a  speci fied  number of fog  spray nozzles  
wh ich  atomize  the  solu tion  by a  stream  of compressed  a i r from  the  ai r nozzle  b lowing  at  ri gh t 
ang les  to  the  solu tion  nozzle.  The  nozzles  consist of corrosion  resistan t tubes,  the  i n ternal  

d iameter of the  a i r nozzles  being  1 , 2  mm  ±  0 , 02  mm  and  the  i n ternal  d iameter of the  solu tion  

nozzles  being  2 , 0  mm  ±  0 , 02  mm.  Both  nozzles  shal l  have  an  ou tside  d iameter of 

3 , 0  mm  ±  0 , 05  mm  and  the  ends  of the  nozzles  shal l  be  square-cu t and  pol ished .    

The  end  of the  solu tion  nozzle  shal l  l i e  on  the  axis  of the  a i r nozzle  to  wi th in  ±0,05  mm.  The  
d istance  between  the  end  of the  a i r nozzle  and  the  cen tral  l i ne  of the  solu tion  nozzle  shal l  be  

3  mm  ±  0 , 05  mm.  The  axes  of the  two  nozzles  shal l  l i e  i n  the  same plane  to  wi th in  ±0,05  mm.  

F igure  4  shows  a  typical  construction  of the  fog  spray nozzle.   

The  fog  spray nozzles  shal l  be  i n  two  columns  paral l e l  to  and  on  opposi te  s ides  of the  
i nsu lator wh ich  shal l  have  i ts  axis  i n  the  same  p lane  as  the  columns,  i . e.  a  vertical  i nsu lator 
shal l  be  tested  wi th  vertical  columns  and  a  horizon tal  i nsu lator wi th  horizontal  columns.  I n  the  
case  of an  i ncl ined  i nsu lator (see  F igure  5)  the  p lane  con tain ing  the  i nsu lator and  the  columns  
shal l  i n tersect the  horizon tal  p lane  in  a  l i ne  at  ri gh t ang les  to  the  i nsu lator axis;  i n  th is  case,  
the  axis  of the  solu tion  nozzles  i s  vertical .  The  d istance  between  the  solu tion  nozzles  and  the  

i nsu lator axis  shal l  be  3  m  ±  0 , 05  m .  
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The  fog  spray nozzles  shal l  be  spaced  at  0 , 6  m  in tervals,  each  a i r nozzle  poin ting  at  righ t 
ang les  to  the  column  axis  towards  i ts  coun terpart on  the  other column  and  wi th in  an  ang le  of 
1 °  to  the  p lane  of the  fog  spray nozzles.  Th is  a l ignment can  be  checked  for fog  spray nozzles  
on  vertical  columns  by l owering  the  solu tion  nozzles,  and  passing  water through  the  a i r 
nozzles  and  d i recting  i t  towards  the  opposing  nozzles.  Then  the  solu tion  nozzles  are  raised  to  
the  operating  posi tion .  The  m id -poin t of the  insu lator shal l  preferably be  in  l i ne  wi th  the  m id -
poin ts  of the  columns  of fog  spray nozzles.  Both  columns  shal l  extend  beyond  the  i nsu lator at  
both  ends  by at  l east 0 , 6  m .  

The  m in imum  number N of fog  spray nozzles  per col umn  shal l  be,  for a  l eng th  H i n  metres  of 
the  i nsu lator:  

3
6,0

N +=
H

 

The  a i r nozzles  shal l  be  suppl ied  wi th  fi l tered ,  oi l -free  a i r at  a  relative  pressure  of 

(7, 0  ±  0 , 35)  ×  1 05  Pa.  

The  flow of solu tion  to  each  solu tion  nozzle  shal l  be  (0 , 5  ±  0 , 05)  dm³/min  for the  period  of the  

test and  the  to lerance  on  the  tota l  fl ow to  a l l  sprays  shal l  be  ±5  %  of the  nominal  va lue.  

 

Al l  d imensions  i n  m i l l imeters  (except thread)  
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NOTES:  HARDWARE  REQU IREMENTS:  

NOTE  1  Mach ine  a l l  over ±  0 , 1  mm  un l ess  stated  
otherwi se.  

2  off s ta i n l ess  stee l  fi tt i ngs  wi th  hose  barb  (Swagelok No. :  
SS-4-HC-1 -4)  

NOTE  2  Concen tri ci ty of nozzles  wi th i n  0 , 1  mm.  2  off s ta i n l ess  stee l  set  screws  (as  requ i red ) .   

NOTE  3  Ou ter face  of both  nozzl es  to  be  sq uare  and  
po l i shed .   

Rubber hose  as  requ i red  wi th  re ta i n i ng  cl amps.  

NOTE  4  F i n i sh i ng  of nozzl es  i n  the  b l ock wi th  a  s i zed  
m i l l i ng  cu tter i s  suggested  to  ach ieve  the  best  fi t .  

Corrosi on -resi s tan t  moun ti ng  hardware  (as  requ i red ).  

NOTE  5  Remove  a l l  sharp  edges  except  as  Note  3 .  MATERIAL  REQU IREMENTS:  

NOTE  6  Moun ti ng  holes  shou ld  be  d ri l l ed  th rough  to  a l l ow 
un i t  to  be  posi ti oned  from  e i ther s i de .  

Sa l t  water nozzle  – s ta i n l ess  stee l  Type  303   
Compressed  a i r nozzle  – s ta i n l ess  stee l  Type  303  

NOTE  7  Un i t  shou ld  i n i ti a l l y  be  assembled  wi th  nozzle  
shou l ders  fl u sh  wi th  i nboard  su rfaces  of b l ock as  shown  
above.  I f requ i red ,  smal l  ad j ustmen ts  i n  the  pos i ti on i ng  of 
the  nozzles  can  be  made  to  optim ize  spray properti es .  

B l ock – nonabsorben t  p l asti c*   
 
*POM  (pol yoxymethylene)  i s  recommended  for ease  of 
mach in i ng  and  d imensional  s tab i l i ty 

 

Figure  4  – Typical  construction  of fog  spray nozzle   
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Figure  5  – Test layout for incl ined  insu lators  

5.4 Condi tions  before  starting  the  test 

The  test shal l  start wh i le  the  i nsu lator,  cleaned  as  recommended  i n  4 . 3. 2 ,  i s  completely wet.  

At the  start of the  test the  insu lator shal l  be  i n  thermal  equ i l ibrium  wi th  the  a i r i n  the  test 
chamber.  I n  add i tion  the  ambien t temperature  shal l  be  not l ess  than  5  °C  or greater than  
40  °C  and  i ts  d i fference  from  the  temperature  of the  sal t  solu tion  shal l  not exceed  1 5  K.  

The  i nsu lator i s  energ ized ,  the  sal t-solu tion  pump and  a i r compressor are  swi tched  on ,  and  
the  test i s  deemed  to  have  started  as  soon  as  the  compressed  a i r has  reached  the  normal  
operating  pressure  at the  nozzles.  

5.5 Precondi tion ing  process  

The  insu lator,  cleaned  as  described  i n  4 . 3 . 2 ,  i s  subjected  to  sa l i n i ty equal  to  or h igher than  
the  one  for the  test,  and  precond i tion ing  i s  carried  ou t applying  a . c.  vol tage.  I n  the  case  of 
apparatus  such  as  wal l  bush ings,  transducers  and  arresters,  the  maximum  permissib le  a . c.  
precond i tion ing  vol tage  shal l  be  g iven  by the  manufacturer of the  test object.  

Un less  the  insu lator fl ashes  over earl ier,  the  a . c.  precond i tion ing  vol tage  shal l  be  main tained  
for 20  m in .  I f the  i nsu lator does  not fl ashover,  the  vol tage  shal l  be  raised  i n  steps  of 1 0  %  of 
the  test vol tage  every 5  m in  un ti l  flashover or un ti l  the  h ighest permissib le  precond i tion ing  
vol tage  i s  reached  and  main tained  for 5  m in .  

I f fl ashover occurs,  the  vol tage  shal l  be  reappl ied  and  ra ised  as  qu ickly as  possib le  to  90  %  of 
the  flashover vol tage  j ust obtained  and  thereafter i ncreased  i n  steps  of 5  %  of the  flashover 
vol tage  every 5  m in  un ti l  fl ashover occurs  or the  h ighest permissible  precond i tion ing  vol tage  

IEC 

0,6 m 

3 m 

3 m 

90°  

 α  

 α  

 α  

Fog  spray nozzle positions 

Direction  of spray 

Solution  nozzle axis:  vertical  

 α  =  angle of incl inaison  
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i s  reached .  I f fl ashover occurs,  the  latter process  i s  repeated  s ix fu rther times.  After the  e igh t 
fl ashovers,  the  fog  shal l  be  cleared ,  the  i nsu lator shal l  be  washed  down  wi th  tap  water and  
then  the  tests  shal l  start as  soon  as  possible.   

Precond i tion ing  procedure  wi th  d . c.  vol tage  may be  agreed  between  the  parties.  The  number 
of fl ashovers  shal l  be  chosen  using  avai lable  experience.   

NOTE  1  The  u sers  of th i s  process  are  i n  ag reemen t that  the  heavy cu rren t  su rg i ng  and  the  fl ashover i tse l f i n  a  
fl ashover test  removes  the  l ast  traces  of g rease  on  an  i nsu l ator su rface  after an  effecti ve  cl ean ing  process  (see  
4 . 3 . 2) .  The  i n troduction  of the  precond i ti on i ng  process,  before  the  sa l t  fog  test  i s  performed ,  ensu res  a  su i tab le  
cond i ti on i ng  of the  i nsu lator su rface.  

NOTE  2  The  use  of d . c.  for precond i ti on i ng  can  be  probl emati c  d ue  to  vol tage  sou rce  l im i tati on  i n  terms  of vol tage  
and  cu rren t.    

When  test series  are  foreseen ,  the  i nsu lator shal l  be  cleaned  as  described  i n  4 . 3 . 2  and  
subsequently precond i tioned  as  described  i n  the  present clause,  whenever the  cond i tion  of 
the  i nsu lator requ i res  i t.  

I f the  precond i tion ing  process  performed  at  the  reference  sal in i ty requ i res  excessively h igh  
vol tages,  the  use  of h igher values  of sa l i n i ty for the  precond i tion ing  i s  a l l owed .  I f,  i n  spi te  of 
th is  exped ien t,  the  vol tage  requ i red  remains  too  h igh ,  shorter sections  of the  insu lator may be  
separately precond i tioned  using  adequate  procedures  to  avoid  overstressing  of the  i n ternal  
i nsu lation ,  i f any (e. g .  i n  the  case  of arresters  or bush ings).   

5.6  Withstand  test 

The  object of th is  test i s  to  confi rm  the  speci fied  wi thstand  sal in i ty at the  speci fied  test 
vol tage.  

The  test shal l  start when  the  test i nsu lator and  the  chamber cond i tions  fu l fi l  the  requ i rements  
g iven  i n  5 . 4  and  after precond i tion ing  the  insu lator accord ing  to  5. 5.   

A series  of i nd ividual  tests  shal l  be  performed  on  the  i nsu lator at  the  speci fied  test vol tage,  
us ing  a  sal t  solu tion  having  the  speci fied  sal i n i ty i n  accordance  wi th  5 . 2 .  Un less  fl ashover 
occurs  earl ier,  the  duration  of each  ind ividual  test shal l  be  1  h .  The  i nsu lator shal l  be  carefu l l y  
washed  wi th  tap  water before  each  subsequent i nd ividual  test.  

5.7  Acceptance  cri teria  for the  withstand  test 

The  speci fied  characteristics  of the  i nsu lator are  confi rmed  i f no  fl ashover occurs  during  a  
series  of th ree  consecutive  ind ividual  tests  i n  accordance  wi th  the  procedure  i n  5 . 6 .  I f on ly 
one  flashover occurs,  a  fourth  test shal l  be  performed  and  the  i nsu lator then  passes  the  test i f 
no  further flashover occurs.  

6 Sol id  layer method  

6.1  General  information    

The  sol id  l ayer test procedure  s imu lates  type  A pol lu tion  (see  I EC  TS  6081 5-1 )  where  a  sol i d  
l ayer con tain ing  sal ts  and  i nert  materials  bu i l ds  up  on  the  i nsu lator surface.  When  wetted  th is  
l ayer becomes  conductive.   

Con trary to  sol id  l ayer test method  for a . c.  vol tage  for d . c.  vol tage  on ly the  test procedure  
type  "B"  i s  considered  due  to  the  h igh  scatter of the  resu l ts  obtained  wi th  tests  carried  ou t 
accord ing  to  the  type  "A"  procedure.  

Procedure  B  – wetting  after energ ization ,  where  the  test vol tage  i s  appl ied  to  a  d ry 
i nsu lator before  any wetting  occurs.  Th is  s imu lates  the  most frequent s i tuation  for s i tes  wi th  
sol id  l ayer con tamination  as  may occur i n  ru ral ,  i ndustria l  and  desert cond i tions.  
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The  degree  of pol lu tion  i n  a  test i s  defined  by Sal t  Deposi t  Densi ty (SDD),  wh ich  i s  expressed  
i n  mg  of sa l t (NaCl )  per cm

2
 of the  speci fied  surface  of the  test specimen .  

For th is  procedure,  the  wetting  process  i s  started  after the  appl ication  of constant test vol tage  
to  the  i nsu lator wi th  the  l ayer d ry and  i t  l asts  wi th  a  constant steam  inpu t rate  to  the  end  of 
i nd ividual  test.  

Based  on  experience  wi th  sol i d  l ayer pol l u tion  tests  th is  procedure  i s  recommended  for testing  
of i nsu lators  for h ighest system  vol tage  of 600  kV and  above.  Some  supplementary 
i n formation  i s  g i ven  i n  Annex E .   

6.2  Main  characteristics  of inert materials   

Kaol in  shal l  be  preferred  as  the  inert  materia l .  Other i nert material  as  Tonoko  can  be  used  i f i t  
i s  agreed  between  manufacturer and  purchaser,  bu t test resu l ts  are  not d i rectly comparable  
and  the  d i fferen t suspension  concentrations  may be  needed  to  attain  the  requ i red  NSDD 
range  [1 ] .  

Ranges  of va lues  for the  main  characteristics  of the  i nert materials  are  g iven  i n  Table  2 .   

Table  2  – Main  characteristics  of the  inert  materials  used  
 in  sol id  layer suspensions   

Type  of i nert  
material  

Weight  composi tion  %  

Granu lometry 

(cumulative  d i stribution )  

µm 

Volume  
conducti vi ty 

σ20  

S/m  
SiO

2
 Al

2
O

3
 Fe

2
O

3
 H

2
O 1 6  %  50  %  85  %  

Kaol i n  40  to  50  30  to  40  0 , 3  to  2  7  to  1 4  0 , 5  to  2  2  to  8  8  to  25  0 , 001 5  to  0 , 02  

Tonoko  60  to  70  1 0  to  20  4  to  8  -  1  to  3  6  to  1 0  1 5  to  30  0 , 002  to  0 , 01  

 

NOTE  1  Granu l ometry d i stri bu ti on  g i ves  the  val ues  of the  hol e  d i ameter of a  s i eve  i n  µm th rough  wh ich  one  of the  
quoted  percen tages  of the  tota l  mass  of parti cl es  passes.  The  va l ues  i n  Tabl e  2  were  determ ined  by measuremen t 
u s i ng  the  l aser l i g h t  scatteri ng  techn i que.  Other methods  may provi de  somewhat d i fferen t va l ues.  

NOTE  2  Vo lume  conductivi ty for the  characteri zati on  of i n ert  materi a l  i s  determ ined  wi th  the  u se  of deminera l i sed  
water.  

6.3  Composition  of the  contaminating  suspension  

– 40  g  Kaol in  (or Tonoko)  (see  6. 2);   

– 1
 
000  g  tap  water;   

– a  su i table  amount of NaCI  of commercial  puri ty.   

NOTE  The  quan ti ty of Kaol i n  (or Tonoko)  above  corresponds  very rough l y to  an  NSDD  of abou t  0 , 1  mg /cm 2 .   

When  the  volume  conductivi ty of tap  water i s  h igher than  0 , 1  S/m,  demineral ized  water shal l  
be  used .   

To  ach ieve  the  reference  degree  of pol lu tion  on  the  insu lator under test,  wi th  the  prescribed  

tolerance  of ±1 5  %,  an  appropriate  value  of volume conductivi ty of the  prepared  suspension  i s  
to  be  determined  by submi tting  the  i nsu lator i tsel f (or part of i t)  to  prel im inary con tamination  
tria ls .  The  desi red  volume  conductivi ty i s  reached  by ad justing  the  amount of sa l t  i n  the  
suspension .   

As  an  approximate  gu ide  to  start the  tria ls ,  Table  3  g ives  an  approximate  correspondence  
between  the  reference  degree  of pol lu tion  on  the  i nsu lator and  the  volume conductivi ty of the  
suspension  at  a  temperature  of 20  °C,  i n  the  case  of standard  cap  and  pin  i nsu lators  
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con taminated  i n  a  vertical  posi tion  i n  normal  ambient cond i tions.  The  volume  conductivi ty 
requ i red  for other i nsu lators  can  vary from  the  values  g iven  i n  Table  3 .   

Table  3  – Kaol in  (or Tonoko)  composition:  approximate  correspondence  between  the  
reference  degrees  of pol lution  on  the  insu lator and  the  volume conductivi ty of the  

suspension  at a  temperature  of 20  °C   

Reference  degrees  of pol lu tion   
for Kaol in  (or Tonoko)  composi tion   Volume  conductivi ty  

of the  suspension   
Sal t  deposi t  densi ty  Layer conducti vi ty  

SDD K
20
 σ

20
 

mg/cm2  µS  S/m  

0 , 01 2  -  0 , 5  

0 , 01 8  -  0 , 7  

0 , 025  3  1  

0 , 035  4 , 2  1 , 4  

0 , 05  5 , 5  2  

0 , 07  8  2 , 8  

0 , 1  1 1  4  

0 , 1 4  1 4 , 5  5 , 6  

0 , 2  20  8  

0 , 28  27  1 1 , 2  

0 , 4  37  1 6  

 

6.4 Appl ication  of the  pol lu tion  layer 

The  suspension  prepared  using  the  composi tion  described  i n  6 . 3  shal l  be  appl ied  by spraying ,  
fl ow-on  or brush ing  on  the  d ry i nsu lator,  previously cleaned  as  recommended  i n  4 . 3 .2 ,  to  
obtain  a  reasonably un i form  layer.  Al ternatively the  insu lator may be  d ipped  i n  the  
suspension ,  provided  i ts  s ize  a l lows  th is  operation .   

The  l ayer shal l  be  l eft  to  d ry prior to  the  submission  of the  i nsu lator to  the  test.  More  deta i l s  
are  g i ven  i n  C lause  C. 2 .  

I f a fter the  con taminating  operation  a  b l otched  l ayer i s  observed  on  the  i nsu lator,  i ts  su rface  
shal l  be  washed  and  cl eaned  again  accord ing  to  4 . 3 . 2 .  Then  one  or more  fu rther 
con taminati ons  shal l  be  performed ,  each  fo l l owed  by the  re levan t wash ing ,  un ti l  a  
con ti nuous  l ayer i s  ach ieved  on  the  i nsu lator.  At th i s  time  tests  can  start  on  i t.  Experience  
has  shown  that,  i n  general ,  a  few repeated  operations  are  su ffi cien t  to  prepare  the  i nsu lator 
su rface  i n  a  sati sfactory manner.  

The  arti ficia l  pol l u tion  layer may be  appl ied  on  the  i nsu lator su rface  by spraying  the  prepared  
suspension  through  one  or two  nozzles  of a  commercia l  type  spray gun .  The  d i rection  of the  
spray nozzles  i s  ad justed  to  ensure  a  reasonably un i form  layer on  the  whole  i nsu lator surface.  
A d istance  of abou t 200  mm  to  400  mm  between  the  spray nozzle  ou tlet  and  the  rim  of the  
i nsu lator shed  has  been  found  satisfactory.  I t  i s  desi rable  to  keep  the  suspension  sti rred .  

The  requ i red  degree  of pol lu tion  on  the  i nsu lator may be  obtained  by repeated  appl ications.  

When  d ipping  the  i nsu lator,  the  suspension  shal l  be  wel l  sti rred  and  the  insu lator may be  
turned  to  ach ieve  un i formi ty i n  the  layer.  
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The  coating  time  can  be  reduced  by preheating  the  insu lator.  I n  th is  case  the  whole  i nsu lator 
shal l  be  i n  thermal  equ i l ibrium  wi th  the  a i r i n  the  test chamber at the  start of the  test.  The  
coating  time  can  be  reduced  a lso  by d rying  the  l ayer between  successive  appl ications.  

NOTE  1  The  practi ce  of fl ood i ng  the  prepared  suspension  over the  i nsu lator su rface  u n ti l  i t  i s  fl owing -on  ( " fl ow-
on "  techn i que)  i s  parti cu l arl y su i tab l e  for l arge  or l ong  i nsu l ators.  

The  layer shal l  be  as  un i form  as  possib le  (see  Clause  C.5).   

NOTE  2  I n  the  case  of cap-and -p in  type  i nsu l ators  a  u n i form  l ayer can  be  obtai ned  by more  carefu l  d i pp i ng  u s i ng  
a  procedure  descri bed  as  fol l ows:  The  i nsu lator i s  con tam inated  before  i ts  assembly i n  the  test  chamber.  I f the  
i nsu lator consi sts  of several  u n i ts  i n  series,  each  of them  can  be  d i pped  separatel y and  then  be  kept  wi th  i ts  axi s  
verti ca l  for the  du rati on  of d ri pp i ng  of the  con tam inan t  up  to  the  complete  d ryi ng  of the  l ayer.  

NOTE  3  I n  the  case  of l ong  i nsu l ators ,  a  reasonab le  un i form i ty of the  l ayer can  be  reached  by rotati ng  the  
i nsu lator wh i l e  d ryi ng .   

NOTE  4  The  un i form i ty of the  wet  l ayer can  be  checked  wi th  a  probe  (see  Annex A).   

6.5 Determination  of the  degree  of pol lution  of the  test insu lator 

The  degree  of pol l u tion  of the  test i nsu lator expressed  in  terms  of sa l t  deposi t  densi ty SDD  i s  
determined  e i ther on  the  tested  insu lators  or on  an  i den tical  i nsu lator con taminated  i n  the  
same  way as  fol lows.  

After the  con tamination  of the  insu lator (or part  of i t)  chosen  for SDD  measurement,  d rops  at  
the  rims  shal l  be  removed  carefu l l y before  they have  d ried .  

Then  the  deposi t  i s  removed  and  carefu l l y col l ected  from  the  surface  of the  insu lator (or a  part 
of i t) .  The  whole  surface  of th is  i nsu lator or upper and  l ower surfaces  separately,  are  cleaned  
for th is  purpose  exclud ing  metal  parts  and  assembl ing  materials.  More  detai ls  are  g iven  i n  
Clause  C.8.  

When  on ly one  i nsu lator i s  avai lable  for the  test,  measurement of SDD  is  made  on  a  few 
sheds.  The  su rface  wh ich  was  cleaned  for the  measurement shal l  be  re-con taminated .  

The  col lected  deposi t  i s  then  d issolved  i n  a  known  quan ti ty of water,  preferably deion ized  
water.  The  resu l ting  suspension  i s  sti rred  for at l east 2  m in  before  the  measurement of i ts  

volume  conductivi ty σθ  (S/m)  and  the  temperature  θ  ( °C).  Then  the  value  σ20  i s  obtained  from  

σθ  by the  re lationsh ip  g iven  i n  5 . 2 .  

The  sal in i ty Sa  (kg /m³)  of the  suspension  i s  determined ,  when  σ20  i s  wi th in  the  range  
(0, 004  to  0 , 4)  S/m,  by the  fol lowing  formu la:  

Sa  =  (5 , 7  ×  σ20)
1 , 03  

The  sal t  deposi t  densi ty SDD  (mg/cm2)  i s  then  obtained  by the  fol lowing  formu la:  

A
SDD a VS ⋅

=  

where:   

V i s  the  volume  of the  suspension  (cm3)  

A  i s  the  area  of the  cleaned  surface  (cm2)  

6.6  Test procedure 

The  i nsu lator i s  prepared  for the  test accord ing  to  6 . 4  and  p laced  in  i ts  test posi tion  wi th  the  
pol l u tion  l ayer sti l l  d ry.  
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Steam  fog  shal l  be  used  for wetti ng  the  l ayer.    

The  test object shal l  be  wetted  by means  of fog  generators  wh ich  provide  a  un i form  fog  
d istribu tion  around  and  over the  whole  l ength  of the  test object.  The  temperature  of the  test 
object at  the  beg inn ing  of the  wetting  shal l  be  wi th in  2  K of the  ambien t temperature  in  the  
test chamber.   

NOTE  The  steam  can  be  generated  by d i fferen t  methods,  e . g  boi l ers  i n s i de  the  test  chamber or s team  generator 
ou ts i de  the  test  chamber wi th  d i s tri bu ti on  i ns i de  the  test  chamber by su i table  tubes  wi th  hol es  

The  fog  generation  in  the  test chamber shal l  be  main tained  un ti l  the  end  of the  i nd ividual  test 
at  a  constant steady rate  of flow.  

The  fog  generation  shal l  be  under the  test object as  close  as  possible  to  the  floor l evel .  I n  any 
case  they shal l  be  at l east 1  m  away from  the  test object and  thei r fl ow shal l  not be  d i rected  
towards  i t  (see  a lso  Clause  C. 6) .  

A p lastic ten t surround ing  the  test object may be  used  to  l im i t the  volume  of the  test chamber 
wi thou t i n fl uencing ,  however,  the  pattern  of the  fog  development around  the  i nsu lator.  

NOTE  I f a  p l asti c  ten t  i s  used ,  i t  can  be  u sefu l  to  check the  wetti ng  effi ciency by dummy i nsu l ator (see  Cl ause  
C. 5)  

The  steam  i npu t rate  i n  the  chamber shal l  be  zero  un ti l  the  test vol tage  i s  appl ied  and  
main tained  constant thereafter.  At normal  ambien t temperature,  the  nominal  steam  i npu t rate  

of (0 , 05  ±  0 , 01 )  kg /h  per cubic metre  of the  test chamber volume normal l y provides  the  
requ i red  wetting  rate.  I n  cases  of very l ow or h i gh  ou tdoor temperature,  especial l y wi th  poor 
thermal  i nsu lation  of the  chamber,  h igh  a l ti tude,  or the  presence  of tu rbu lence  i n  the  chamber,  
a  d i rect check of the  wetting  action  of the  fog  may be  requ i red  as  described  in  Clause  C.4  and  
accord ing  to  the  checking  resu l ts  the  necessary steam  inpu t rate  may be  d i fferen t.  

NOTE  1  For the  determ inati on  of the  s team  rate ,  one  of the  fo l l owing  methods  can  be  u sed :  

– power measuremen ts  for steam  fog  generati on ;  

–  measurement of the  amoun t  of water u sed  for steam  generati on  i n  an  i nd i vi dual  test.  

NOTE  2  The  wetti ng  acti on  of the  fog  wi l l  be  affected  by the  absolu te  hum id i ty and  condensati on  on  the  wa l l s .  

For very l arge  test objects  un i form  wetting  of the  l ayer may be  d i fficu l t  to  ach ieve.  I n  such  
cases  the  procedure  described  i n  Clause  C.5  may be  used  to  check fog  un i formi ty.  

The  test vol tage  i s  main tained  un ti l  fl ashover occurs.  Otherwise  i t  i s  main tained  for 1 00  m in  
from  the  start of the  test or un ti l  the  risk of flashover i s  j udged  neg l ig ible  by measurement of 
the  l eakage  curren t or other techn iques.  More  detai led  i n formation  i s  g i ven  i n  Clause  C.7.   

The  pol l u tion  l ayer can  be  used  on ly once.  

6.7  Withstand  test and  acceptance  cri teria  

The  object of th is  test i s  to  confi rm  the  speci fied  wi thstand  degree  of pol l u tion  at the  speci fied  
test vol tage.  The  speci fied  characteristics  of the  insu lators  are  confi rmed  i f no  flashover 
occurs  during  th ree  consecu tive  ind ividual  tests  performed  i n  accordance  wi th  6 . 6 .  I f on ly one  
fl ashover occurs,  a  fourth  test shal l  be  performed  and  the  i nsu lator then  passes  the  test i f no  
fu rther flashover occurs.  
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Annex A 
( informative)  

 
Method  for checking  the  uniformity of the layer 

The  device  for checking  the  un i formi ty of the  wet l ayer on  an  i nsu lator surface  basical l y 
consists  of a  probe  and  a  meter.  As  an  i nd ication  a  possible  arrangement of such  a  device  i s  
described  as  fol lows:  

– Probe  (F igure  A. 1 )  
Two  spherical  stain less  steel  e lectrodes,  5  mm  d iameter and  1 4  mm  between  cen tres,  
overhang ing  from  the  probe  shal l  be  pressed  against the  insu lator surface.  A constan t 
su rface  pressure  i s  obtained  by means  of a  spring  mechan ism  developing  a  force  of abou t 
9  N .  

– Meter (F igure  A.2)  
A vol tage  source  stabi l i zed  by a  Zener-d iode  at  6 , 8  V suppl ies  the  cu rren t across  the  
e lectrodes  and  the  surface  between  them.  The  measuring  i nstrument wi th  a  fu l l  scale  

deflection  at 50  µA is  protected  by a  d iode  i n  paral le l .  

Measurements  shal l  be  carried  ou t at d i fferen t poin ts  of the  insu lator surface.  The  polarization  
effect shal l  be  taken  i n to  account by a  momentary operation  of the  meter push-bu tton .   

The  un i formi ty of the  l ayer i s  deemed  acceptable  when  the  d i fference  between  each  of the  
measurements  and  thei r average,  as  a  percentage  of the  average  value,  does  not exceed  the  

l im i ts  ±30  %.  

Dimensions in  millimetres 

 

Figure  A.1  – Arrangement of the  probe electrodes  
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Figure  A.2  – Ci rcu it  d iagram  of the  meter 
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Annex B  
( informative)  

 
Determination  of the  withstand  characteristics  of insulators  

B.1  General  

Clauses  5  and  6  deal  wi th  the  veri fication  of the  speci fied  wi thstand  degree  of pol lu tion ,  at  the  
speci fied  test vol tage.  I n  add i tion ,  however,  the  characteristics  of an  i nsu lator can  be  
determined  over a  range  of vol tage,  or,  i n  other words,  over a  range  of speci fic  creepage 
d istances  of the  i nsu lator i tsel f.  To  do  th is ,  the  maximum  wi thstand  degree  of pol lu tion  i s  
measured  at d i fferen t vol tage  l evels  or the  maximum  wi thstand  vol tage  i s  determined  at 
d i fferen t degrees  of pol l u tion  values.  Examples  of procedures  for such  evaluations  are  
described  below (see  Clauses  B .2  and  B. 3).  

D i rections  for checking  the  laboratory equ ipment for arti fi cia l  pol l u tion  tests,  when  requested ,  
are  g iven  i n  Annex E.  

B.2  Determination  of the  maximum withstand  degree  of pol lution  at a  g iven  
test vol tage  

The  i nsu lator shal l  be  subjected  to  several  tests  at a  g i ven  test vol tage  and  at  d i fferen t 
degrees  of pol l u tion  among  those  l i sted  in  5 . 2  and  6 . 3 .  The  tests  shal l  be  performed  accord ing  
to  the  test procedure  of 5 . 6  or 6 . 6 .  The  tests  can  be  carried  ou t i n  any sequence  provided  
that:  

a)  when  the  tota l  number of i nd ividual  tests  end ing  wi th  fl ashover at any degree  of pol l u tion  
reaches  two,  no  fu rther tests  shal l  be  carried  ou t at  the  same  or h i gher degree  of 
pol lu tion ;  

b)  when  the  total  number of i nd ividual  tests  resu l ting  i n  wi thstand  reaches  th ree,  no  fu rther 
tests  shal l  be  carried  ou t at the  same or lower degree  of pol lu tion .  

Shou ld  the  ind ividual  tests  at any degree  of pol lu tion  l ead  to  th ree  tests  resu l ti ng  i n  wi thstand ,  
the  degree  of pol l u tion  used  can  be  declared  to  be  the  maximum  wi thstand  degree  of pol lu tion  
at  the  test vol tage,  provided  that the  next h igher degree  of pol lu tion  accord ing  to  5. 2  or 6 . 3  
l eads  to  two  i nd ividual  tests,  end ing  wi th  flashover.  

I n  the  case  of sa l t  fog  tests,  the  precond i tion ing  process  (see  5. 5)  shal l  be  performed  on  the  
i nsu lator before  the  determination  of the  maximum  wi thstand  sal in i ty.  

I f four wi thstands  occur i n  four i nd ividual  tests  at 224  kg /m³ sal in i ty,  the  maximum  wi thstand  
sal in i ty shal l  be  assumed  as  being  equal  to  or g reater than  224  kg /m³.  I f one  flashover and  
th ree  wi thstands  occur i n  four i nd ividual  tests  at 224  kg /m³ sal in i ty,  th is  sa l i n i ty shal l  be  
considered  as  the  maximum  wi thstand  sal i n i ty.  

B.3  Determination  of the  maximum wi thstand  vol tage  at a  g iven  degree of 
pol lution  

A series  of i nd ividual  tests  shal l  be  carried  ou t on  i nsu lators  having  a  g iven  degree  of 
pol lu tion .  Each  test shal l  be  carried  ou t at any one  of a  series  of vol tage  l evels,  each  of wh ich  
shal l  be  abou t 1 , 05  times  the  next lower value.  The  test shal l  be  performed  accord ing  to  the  
test procedure  of 5 . 6  or 6 . 6 .  The  tests  can  be  carried  ou t i n  any sequence  provided  that:  

a)  when  the  total  number of i nd ividual  tests  end ing  wi th  flashover at any vol tage  l evel  
reaches  two,  no  further tests  shal l  be  carried  ou t at the  same  or h igher vol tage  l evel ;  
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b)  when  the  total  number of i nd ividual  tests  resu l ting  i n  wi thstand  at any vol tage  l evel  
reaches  th ree,  no  fu rther tests  shal l  be  carried  ou t at the  same or lower vol tage  level .  

Shou ld  the  i nd ividual  tests,  at any vol tage  l evel ,  resu l t  i n  three  wi thstands,  the  vol tage  used  
can  be  declared  to  be  the  maximum  wi thstand  vol tage  at that degree  of pol lu tion ,  provided  
that the  next h igher vol tage  l evel  l eads  to  two  i nd ividual  tests  end ing  wi th  fl ashover.  

I n  case  of sa l t-fog  tests,  the  precond i tion ing  process  (see  5. 5)  shal l  be  performed  on  the  
i nsu lator before  the  determination  of the  maximum  wi thstand  vol tage.  

B.4 Determination  of the  50  % wi thstand  vol tage  at a  g iven  degree  of pol lution  

The  insu lator shal l  be  subjected  to  at l east ten  "usefu l "  tests  at the  g iven  degree  of pol lu tion .  
The  test shal l  be  made i n  accordance  wi th  5 . 6  or 6 . 6.  The  appl ied  vol tage  l evel  i n  each  test 
shal l  be  varied  accord ing  to  the  up-and-down  method .  The  vol tage  step  shal l  be  not more  
than  1 0  %  of the  expected  50  %  wi thstand  vol tage.  

The  fi rst "usefu l "  test shal l  be  selected  as  being  the  fi rst  one  that yiel ds  a  resu l t  d i fferen t from  
the  preced ing  test:  on ly th is  test and  at  l east n ine  fol lowing  tests  shal l  be  taken  as  usefu l  tests  
to  be  considered  to  determine  the  50  %  wi thstand  vol tage.  

The  calcu lation  of the  50  %  wi thstand  vol tage  shal l  be  made  using  the  fol lowing  formu la:   

( )

N

Un
U

∑ ×
=

ii
% 50

 

where:  

Ui  i s  an  appl ied  vol tage  level   

n i   i s  the  number of groups  of tests  carried  ou t at the  same appl ied  vol tage  l evel  Ui   

N  i s  the  number of usefu l  tests   

More  detai l s  on  the  up-and-down  method  and  processing  of the  relevant resu l ts  are  found  in  
I EC  60060-1 .  

Al ternatively,  the  method  of maximum  l i kel ihood  can  be  used  to  obtain  U50  % .  More  
i n formation  abou t th is  method  wi l l  be  found  in  the  re levant l i terature.  
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Annex C  
( informative)  

 
Additional  recommendations  concerning  

the sol id  layer method  procedures  

C.1  General  

The  add i tional  recommendations  g iven  below go  more  deeply i n to  the  practices  of the  sol id  
l ayer methods.  They provide  cri teria  for auxi l i ary con trols  during  the  tests  and  help  users  who 
are  not yet su fficien tl y expert i n  th is  fie ld  from  obtain ing  i naccurate  resu l ts.  

C.2  Contamination  practice   

When  the  spraying  or "fl ow-on"  practice  i s  used ,  the  operation  can  be  performed  on  the  
i nsu lator p laced  i n  the  chamber i n  i ts  test posi tion .  When  the  d ipping  practice  i s  used ,  the  
i nsu lator shal l  be  con taminated  before  i ts  erection  in  the  test chamber.  I f the  i nsu lator 
consists  of several  un i ts  i n  series,  each  of them  shal l  be  d ipped  separately and  then  be  kept 
wi th  i ts  axis  vertical  for the  duration  of d ripping  of the  con taminan t and  un ti l  the  l ayer i s  
completely d ry.   

I f,  after the  contaminating  operation ,  a  b lotched  l ayer i s  observed  on  the  i nsu lator,  i ts  su rface  
shal l  be  washed  and  cleaned  again  accord ing  to  4 . 3 . 2 .  Then  one  or more  tria l  con taminations  
are  performed ,  each  fol lowed  by the  re levant wash ing ,  un ti l  a  con tinuous  l ayer i s  obtained  on  
the  i nsu lator.  The  tests  may then  be  started .  Experience  has  shown  that,  i n  general ,  i t  su ffices  
to  repeat the  operation  several  times  i n  order to  have  the  i nsu lator surface  ready to  be  
con taminated  in  a  satisfactory way,  wi thout us ing  any precond i tion ing  process.   

C.3  Drying  of the  pol lu tion  layer 

Natural  d rying  of the  pol l u tion  layer on  the  i nsu lator may be  su fficien t,  provided  that i t  l asts  
l ong  enough  (6  h  to  8  h )  wh i le  the  re lative  humid i ty i s  kept below 70  %.  Humid i ty values  lower 
than  th is  l evel  a l l ow shorter d rying  times.  I f hot a i r i s  used  to  accelerate  the  d rying  of the  
l ayer,  the  method  for producing  hot a i r shal l  not resu l t  i n  the  deposi tion  of materia l  wh ich  
affects  e i ther the  wetting  of the  insu lator surface  or the  degree  of pol l u tion .  F inal l y the  speed  
of the  hot a i r flow shou ld  be  con trol led ,  i n  order to  prevent the  d istu rbance  of any con tent of 
the  pol lu tion  l ayer on  the  i nsu lator.  

C.4 Checking  the  wetting  action  of the  fog  

The  test i nsu lator,  con taminated  wi th  the  same  suspension  as  that wh ich  wi l l  be  used  for the  
actual  test,  shal l  be  p laced  i n  the  location  where  i t  wi l l  be  tested .  

I nstead  of the  test i nsu lator,  a  dummy insu lator,  s im i larly pol lu ted ,  preferably of a  s im i lar type  
can  be  used .  I n  th is  case  the  dummy i nsu lator shal l  be  i nstal led  as  close  as  possib le  to  the  
posi tion  of the  i nsu lator to  be  tested ,  and  at the  same  average  heigh t above  the  floor.  

Wh i le  the  fog  generators  are  working  as  i n  the  actual  test,  the  l ayer conductance  of the  wet 
l ayer of the  test i nsu lator shal l  be  period ical l y measured  accord ing  to  the  fol lowing  procedure.  

Each  measurement of the  layer conductance  consists  of applying  to  the  i nsu lator a  vol tage   
(0  to  1 00  Hz)  not l ower than  1  000  V per metre  of overal l  creepage  d istance  and  measuring  
the  curren t.  The  vol tage  must be  appl ied  for su fficien t time  to  determine  the  values  of vol tage  
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and  current and  short enough  time  to  avoid  serious  error due  to  heating  or d rying  of the  
pol l u tion  l ayer.  No  d ischarge  activi ty shal l  occur.  

The  i ncrease  of the  l ayer conductance  wi th  time  shal l  be  mon i tored .  The  rise  time  Tc  shal l  be  

1 5  m in  ≤   Tc  ≤  70  m in  (see  F igure  C. 1 ) .  I f i t  i s  not,  repeated  humid i fication  wi th  d i fferent steam  
inpu t rates  shal l  be  carried  ou t un ti l  Tc  i s  wi th in  the  speci fied  l im i ts.  The  steam  inpu t rate  so  
determined  shal l  be  used  in  the  actual  tests.  

NOTE  1  The  l im i ts  for the  ri se  time  are  based  on  experience  from  a. c.  tests  and  have  been  con fi rmed  by some  
d . c.  tests .  

NOTE  2  I t  i s  suggested  that a  mon i tor i nsu l ator be  i nsta l l ed  a l so  i n  the  actua l  test  chamber i n  order to  ach i eve  
i n formati on  to  be  usefu l  for a  fu tu re  revi s i on  of the  test  procedu res.  

C.5 Checking  fog  un i formity for large  or complex test objects  

I f the  test object i s  l arge  or complex (e. g .  more  than  3  m  long  or wi th  several  i nsu lating  parts  
submi tted  to  vol tage)  i t  may be  necessary to  check that the  fog  densi ty (and  hence  the  wetting  
rate)  i s  un i form  at  the  d i fferen t parts  of the  test object.  Uneven  wetting  of the  test object,  
notably i f the  l i ve  end  i s  wetted  wh i le  the  rest i s  sti l l  re lati vely d ry can  lead  to  i ncorrect resu l ts.  

Measurements  are  made  near the  test object i tsel f or p laced  at  posi tions  correspond ing  to  the  
posi tion  of the  test object i f i t  i s  not present.  I t  i s  l eft  up  to  the  test l aboratory to  decide  on  
su i table  measurements,  typical  examples  are:  

•  Conductance  measurement on  pol l u ted  dummy insu lators  (measured  as  described  in  
C lause  C.4)  

The  dummy insu lators  shal l  be  p laced  at  posi tions  that fa l l  wi th in  the  fol lowing  gu idel ines:  

– Wi th in  1  to  1 . 5  m  l ateral  d i stance  from  the  test object  

– For test objects  up  to  3  m  in  heigh t,  one  measurement s i te  i s  su fficien t and  shal l  be  
p laced  approximately at the  m idd le  of the  test object.  For test objects  exceed ing  3  m  i n  
heigh t the  number of measuring  s i tes  shal l  be  i ncreased  to  cover the  fu l l  heigh t of the  
test object.  I t  i s  recommended  that the  maximum  d istance  between  two  ad jacent 
measuring  si tes  does  not exceed  3  m .   

•  Conductance  measurement on  sections  of the  pol lu ted  test object i tsel f i s  performed  using  
su i table  e lectrodes,  e . g .  copper adhesive  tape.  The  conductance  of these  sections  i s  
measured  as  described  i n  Clause  C.4 .  The  l ocation  of the  e lectrodes  shou ld  be  such ,  to  
guaran tee  the  un i form  wetting  d istribu tion  a long  the  test object.  I n  the  case  of mu l tiple  
paral le l  i nsu lator configurations,  there  i s  no  need  for measurement on  each  insu lator arm.  

I t  i s  recommended  to  carry ou t the  wetting  rate  check as  described  i n  Clause  C.4  after any 
ad justments  i n  order to  ensure  that the  steam  i npu t rate  i s  sti l l  correct.  

C.6 Fog  input to  the  test chamber 

The  fog  shal l  be  produced  by steam  generated  by boi l i ng  water i n  open  tanks  or by steam  
admi tted  at l ow veloci ty th rough  l arge  d iameter spray nozzles.  The  fog  inpu t to  the  test 
chamber shal l  be  a l lowed  on ly after the  steam  generation  has  reached  i ts  steady rate.  
Therefore,  when  the  steam  is  produced  i n  tanks,  these  shal l  be  kept covered  un ti l  the  water 
i ns ide  reaches  the  boi l ing  poin t.  

The  i nsu lator shal l  be  posi tioned  so  that the  vi s i b l e  fog  su rrounds  i t  as  un i form ly as  
possib le .  

The  temperatu re  ri se  i n  the  test chamber,  measured  at  the  he igh t of the  test  ob ject,  sha l l  
not exceed  1 5  K by the  end  of the  test.  

Copyright International  Electrotechnical  Commission  



I EC  TS  61 245:201 5  © IEC  201 5  – 31  – 

 

C.7  Duration  of the  wi thstand  test 

Present knowledge  i nd icates  that the  flashover risk becomes  neg l ig ib le  when  the  test object 
wi thstands  the  test vol tage  for 1 00  m in  from  fog  appl ication .  However,  the  risk of fl ashover 
can  be  d i rectly evaluated  by measurement of l eakage  curren t on  the  energ ized  test object 
during  the  test.  Th is  l eakage  curren t normal l y reaches  a  peak and  then  decreases  due  to  
wash ing  of the  layer.  The  risk of flashover i s  considered  neg l ig ible  i f 30  m in  have  passed  from  
the  start of d i scharge  activi ty,  i nd icated  by the  leakage  curren t measurements.   

When  fl ashover i s  j udged  improbable  by measurement of the  leakage  curren t or other 
techn iques,  the  test can  be  stopped  and  considered  as  a  wi thstand .  

C.8  Evaluation  of the  reference sal t deposit densi ty (SDD)  

The  pol l u tion  layer shal l  be  removed  completely from  the  area  of the  insu lator chosen  to  be  
sampled .  At l east th ree  consecu tive  wipings  of that area  shal l  be  performed .  As  an  i nd ication ,  
2  l  to  4  l  of de-ion ized  water per square  metre  of the  surface  to  be  sampled  can  be  used  for 
d issolving  the  col lected  deposi t.  The  effectiveness  of the  removal  operation  can  be  checked  
by making  measurements  of the  residual  deposi t.  

I t  i s  suggested  to  veri fy that that the  ratio  between  local  measurements  of SDD  (on  upper 
su rface  or on  l ower surface  of sheds)  and  the  SDD  on  the  whole  sampled  area  of the  insu lator 
l i es  between  0 , 7  and  1 , 3 .  

 

Figure  C. 1  – Determination  of layer conductance  and  evaluation  
of i ts  rise  time  Tc  =  t2  – t1  
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Annex D  
( informative)  

 
I nformation  to  check equipment for arti ficial  pol lution  tests  

To faci l i tate  the  ad justment of l aboratory equ ipment for arti fi cial  pol l u tion  tests,  va lues  for the  
wi thstand  characteristics  of a  few reference  suspension  i nsu lators  are  g iven  in  Table  D . 1 .  
These  values,  wh ich  are  based  for the  time  being  on  resu l ts  from  one  l aboratory located  l ess  
than  1  000  m  above  sea  l evel ,  were  obtained  accord ing  to  the  recommendations  g iven  in  the  
present techn ical  speci fication .  

NOTE  1  Va l ues  to  complete  Tab l e  D . 1  wi l l  be  i nserted  after d i scuss ion  of ava i l ab l e  resu l ts  from  d i fferen t  
l aboratories.  

NOTE  2  The  reference  i nsu lators  g i ven  i n  Tabl e  D . 1  are  not  to  be  seen  as  representati ve  of thei r respecti ve  
classes.  Thei r choi ce  does  not  impl y i n  i tsel f any j u dgemen t  of meri t  or any assumpti on  that  they m i gh t  h ave  better 
performance  than  other s im i l ar types  i n  tests  or i n  operati ng  cond i ti ons.   

The  choi ce  of these  i nsu lators  i s  based  on  the  recommendati ons  for the  comparati ve  i n ter- l aboratory tests  of the  
CIGRE/I EEE  WG.   

Laboratories  starting  arti ficia l  pol lu tion  tests  or wh ich  are  l ocated  at a l ti tudes  h igher than  
1  000  m  above  sea  l evel ,  or wh ich  do  not common ly use  one  of the  above-mentioned  test 
methods,  may expect i n  the  relevant resu l ts  some  variation  from  the  ranges  of va lues  g iven  i n  
Table  D . 1 .  
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Table  D.1  – (Provisional )  

Withstand  degree  of pol l u tion  and  values  of 50  %  wi thstand  vol tage  (U50  %)  for reference  
i nsu lators  i n  arti fi cia l  pol l u tion  tests.  S ing le  arrangement i n  vertical  posi tion .  Resu l ts  were  
obtained  wi th  tests  procedures  as  g iven  i n  the  present techn ical  speci fication .   

I nsu lator type  and  
number of un i t  per 

s tri ng  

Maximum  wi th stand  d eg ree  of po l l u ti on  U
50  %

 

Speci fi ed  
creepage  
d i s tance  

Appl i ed  
vo l tage  

kV  
u n i t  

Sa l t  fog  
method  

Sol i d  
l ayer 

method  

Sa l t  fog  method  Sol i d  l ayer method  a  

Sa l i n i ty  
Creepage  
d i s tance  

U
50  %

 SDD  
Creepage  
d i s tance  

U
50  %

 

mm/kV kV  kg /m 3  m g /cm 2  kg /m 3  mm  kV mg /cm 2  mm  kV 

 

 

An ti fog  creepage  
d i s tance:  570  mm  

M in imum:  5  un i ts  

        0 , 02  3  390  1 87  

 

Anti fog  creepage  
d i s tance:  390  mm  

M in imum:  5  un i ts  

        0 , 02  2  730  1 44  

 

1  un i t  

Creepage  d i s tance:  
2  960  mm  

        0 , 02  2  960  1 05  

 

1  u n i t  
Creepage  d i s tance:  

3  353  mm  

        0 , 02  3  353  1 02  

a  These  val ues  are  d etermined  i n  on l y one  l aboratory.  The  reproducibi l i ty of the  resu l ts  i s  not  estab l i shed .  The  
i n fl uence  of the  steam  rate  and  of the  absol u te  amoun t  of s team  depend i ng  on  the  s i ze  of testi ng  chamber has  sti l l  to  
be  cl ari fi ed .  

 

Φ320 mm 

1 70 mm 
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Annex E  
( informative)  

 
Supplementary information  on  arti ficial  pol lution  tests  on  insulators  for 

voltage systems  of ±  600  kV and  above (sol id  layer method  procedure B)  

E.1  General  

I n  th is  annex,  supplementary i n formation ,  especia l l y on  testing  faci l i ties,  wetting  system,  
check of wetti ng  action  and  steam  inpu t rate,  i s  g i ven  wi th  sol i d  l ayer method–procedure  B  for 

arti fi cia l  pol lu tion  tests  on  i nsu lators  for vol tage  systems  above  ±
 
600  kV.  

E.2  Test chamber 

Recommended  d istances  ( i n  meters)  of the  l i ve  parts  of test object from  any earthed  structure  
shal l  be  g reater than  maximum  phase  to  earth  test vol tage  ( i n  kV)  d ivided  by 200.  The  same  
d istance  shal l  be  main tained  between  the  l i ve  part of vol tage  suppl ier bush ing  and  any part of 
test object.  

E.3  Fog  generator 

The  fog  can  be  generated  in  d i fferen t ways,  such  as  boi ler(s)  i n  the  test chamber,  horizon tal  
and /or vertical  nozzles  fed  by external  steam  generator,  or combination  of the  above.   

When  nozzles  are  used  they shal l  not be  d i rectly poin ted  at the  test object.  

E.4 Wetting  action  and  un i formity of fog  density 

Check of the  wetti ng  action  and  fog  d istribu tion  un i formi ty accord ing  to  Clauses  C.4  and  C.5  
i s  recommended  at  l east at each  change  of test configuration .  

For large  test objects  there  may be  s ign i fican t scatter i n  the  test resu l ts,  particu larly at UHV 
test l evels.  To  m in imize  th is  scatter precise  con trol  of a l l  test parameters  i s  necessary.  

Test experience  i nd icates  that i n  a  case  of h igh  temperature  as  i n  summer i t  may be  
necessary to  i ncrease  the  in i tia l  steam  inpu t rate  for example  up  to  0 , 080  kg /h /m3  and  to  
ad just the  rate  during  the  test.  For example  the  i n i tia l  rate  cou ld  be  kept for 1 0  to  20  m inu tes  
and  then  decreased  for the  rest of test duration .  

E.5 Test of very large  insu lators  

When  the  main  objective  of the  test i s  to  obtain  i n formation  abou t the  pol lu tion  performance of  
i nsu lators  e. g .  for comparison  of d i fferent i nsu lator types/profi le  (see  4 . 1 ) ,  the  test on  

relati vely short i nsu lator sets  (e. g .  arcing  d istance  ≥  1 , 5  m  – i f representative  of the  fu l l  set i n  
terms  of rad ial  geometry and  profi l e)  may be  su fficien t.   
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Annex F  
( informative)  

 
Further investigation  

The  fol lowing  problems  need  fu rther i nvestigation :  

– effectiveness  of precond i tion ing  wi th  d . c.  vol tage  i n  the  case  of sal t  fog  procedure;   

– i n fluence  of non-soluble  materia ls  on  the  test resu l ts  i n  the  case  of sol id  l ayer procedure;   

– i n fluence  of steam  rate  and  actual  d . c.  e lectric fie ld  on  wetting  characteristics;  

– appl ication  of atmospheric correction  factors;  

– sa l t  fog  test method  for vol tages  greater than  ±
 
600  kV.  
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