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HYBRID INSULATORS FOR A.C.  AND D.C.  H IGH-VOLTAGE 

APPLICATIONS – DEFINITIONS,  TEST METHODS  

AND ACCEPTANCE CRITERIA 

 
FOREWORD 

1 )  The  I n ternational  E lectrotechn ical  Comm ission  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  national  e l ectrotechn ical  comm i ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternational  co-operation  on  a l l  questions  concern ing  standard ization  i n  the  e l ectri cal  and  e l ectron ic fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y Avai l able  Speci fi cations  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC 
Publ i cation(s)”).  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC National  Comm i ttee  i n terested  
i n  the  subject  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osely 
wi th  the  I n ternational  Organ ization  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
agreement  between  the  two  organ izations.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y as  possible,  an  i n ternational  
consensus  of opin ion  on  the  re levant  subjects  s i nce  each  techn ical  comm i ttee  has  representation  from  al l  
i n terested  I EC National  Commi ttees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  conten t  of I EC 
Publ i cations  i s  accurate,  I EC cannot be  hel d  responsib le  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  user.  

4)  I n  order to  promote  i n ternational  un i form i ty,  I EC National  Commi ttees  undertake  to  apply I EC Publ i cations  
transparen tl y to  the  maximum  extent  possib le  i n  thei r national  and  reg ional  publ i cations.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond ing  national  or reg ional  publ i cation  shal l  be  cl earl y i nd icated  i n  
the  l atter.  

5)  I EC i tsel f does  not  provide  any attestation  of conform i ty.  I ndependent  certi fi cation  bod ies  provide  conform i ty 
assessment services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsib le  for any 
services  carried  ou t  by i ndependent certi fi cation  bod ies.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cation .  

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors,  employees,  servan ts  or agents  i ncl ud ing  i nd ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC National  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud ing  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cation  or any other I EC 
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cation  of th i s  publ i cation .  

9)  Atten tion  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 cation  may be  the  subject  of 
paten t  ri gh ts.  I EC shal l  not  be  hel d  responsible  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

The main  task of I EC techn ical  committees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  committee  may propose the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ ired  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  is  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  in to  I n ternational  Standards.   

I EC TS  62896,  wh ich  is  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ical  
committee  36:  I nsu lators.  
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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  

36/362/DTS  36/368/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  i nd icated  in  the  above table.  

Th is  publ ication  has  been  drafted  in  accordance wi th  the  I SO/IEC Di rectives,  Part 2 .  

The  committee  has  decided  that the  contents  of th is  publ ication  wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  ind icated  on  the  I EC web s i te  under "h ttp: //webstore. iec.ch"  in  the  data  related  to  
the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be  

•  transformed  in to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  
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INTRODUCTION  

Hybrid  insu lators  consist of an  i nsu lating  core,  bearing  the  mechan ical  l oad  protected  by a  
polymeric housing ,  the  load  being  transm itted  to  the  core  by end  fi ttings.  Despi te  these  
common  features,  the  materials  used  and  the  construction  detai l s  employed  by d i fferent 
manufacturers  may be  qu i te  d i fferent.  The  core  is  made of ceram ic or g lass  material .  

Hybrid  i nsu lators  are  appl ied  as  overhead  l i ne,  post or hol low core  equ ipment i nsu lators.  I n  
order to  perform  the  design  tests,  I EC 6221 7  shal l  be  appl ied  for the  polymeric housing  and  the  
in terfaces  between  core  and  the  housing .  For the  core,  the  test standards  for the  respective  
ceram ic product ( I EC 601 68,  I EC 60383  and  IEC 621 55)  shal l  be  appl ied .  

Some tests  have  been  grouped  together as  "design  tests",  to  be  performed  on ly once  on  
insu lators  wh ich  satisfy the  same design  cond i tions.  For al l  design  tests  of hybrid  i nsu lators,  
the  common  clauses  defined  in  I EC 6221 7  are  appl ied .  As  far as  practical ,  the  i n fluence of time  
on  the  e lectrical  and  mechan ical  properties  of the  components  (core  material ,  housing ,  
in terfaces  etc. )  and  of the  complete  hybrid  i nsu lators  has  been  considered  in  speci fying  the  
design  tests  to  ensure  a  satisfactory l i fe-time under normal ly known  stress  cond i tions  in  
service.  

Polymeric housing  materials  that show the  hydrophobici ty transfer mechan ism  (HTM)  are  
preferred  for hybrid  insu lators.  They are  appl ied  as  a  countermeasure  against severe  pol lu ted  
service  cond i tions.  For the  time being ,  no  ageing  or pol lu tion  tests  have  been  developed  for the  
veri fication  of th is  property,  bu t CIGRE Techn ical  Brochure  No.  442  is  avai lable  for the  
evaluation  of the  retention  of the  hydrophobici ty and  the  HTM  of polymeric housing  materials .  

Arti ficia l  pol lu tion  tests  for insu lators  wi th  polymeric housings  under AC and  DC vol tage  stress  
are  presently under development by CIGRE.  
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HYBRID INSULATORS FOR A.C.  AND D.C.  H IGH-VOLTAGE 

APPLICATIONS – DEFINITIONS,  TEST METHODS  

AND ACCEPTANCE CRITERIA 

 

 

 

1  Scope 

This  techn ical  speci fication  appl ies  to  hybrid  i nsu lators  for a. c.  and  d . c.  appl ications  consisting  
of a  load-bearing  insu lating  sol id  or hol low core  consisting  of ceram ic or g lass,  a  housing  
(defined  geometry,  ou tside  the  i nsu lating  core)  made of polymeric material  and  end  fi ttings  
permanently attached  to  the  insu lating  core.  

Hybrid  i nsu lators  covered  by th is  techn ical  speci fication  are  in tended  for use  as  
suspension/tension  l i ne  insu lators,  l i ne  post i nsu lators,  station  post i nsu lators  and  hol low core  
insu lators  for apparatus.  

The  object of th is  techn ical  speci fication  is  to:   

•  define  the  terms used ;   

•  prescribe  test methods;   

•  prescribe  acceptance  cri teria.   

S i l i cone  or other functional  coatings  (CIGRE Techn ical  Brochure  No.  478,  Append ix B),  booster 
sheds,  shed  extenders  and  rain  deflectors  are  not wi th in  the  scope of th is  techn ical  
speci fication .   

Th is  techn ical  speci fication  does  not i nclude  requ i rements  deal ing  wi th  the  choice  of i nsu lators  
for speci fic operating  cond i tions.  

2  Normative references  

The fol lowing  documents,  i n  whole  or in  part,  are  normatively referenced  in  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  latest ed i tion  of the  referenced  document ( includ ing  any amendments)  
appl ies.  

I EC 60050-471 :2007,  International Electrotechnical Vocabulary – Part 471: Insulators  

I EC  601 68,  Tests on indoor and outdoor post insulators of ceramic material or glass for 
systems with nominal voltages greater than 1000 V 

I EC  60383-1 ,  Insulators for overhead lines with a  nominal voltage above 1000 V – Part 1 : 
Ceramic or glass insulator units for a. c.  systems – Definitions,  test methods and acceptance 
criteria  

I EC  60383-2,  Insulators for overhead lines with a  nominal voltage above 1000 V – Part 2: 
Insulator strings and insulator sets for a. c.  systems – Definitions,  test methods and acceptance 
criteria  

I EC  621 55,  Hollow pressurized and unpressurized ceramic and glass insulators for use in 
electrical equipment with rated voltages greater than 1  000 V 
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I EC 6221 7,  Polymeric HV insulators for indoor and outdoor use – General definitions,  test 
methods and acceptance criteria  

3 Defin i tions  

For the  purpose  of th is  document the  terms  and  defin i tions  g iven  in  I EC 60050-471  and  the  
fol lowing  apply (some defin i tions  from  IEC  6221 7  are  reproduced  here  for ease  of reference) .  

3.1   

h igh  vol tage  

HV 
vol tage  over 1  000  V a. c.  or over 1  500  V d . c.  or over 1  500  V peak value  

3.2   

polymeric insu lator 
insu lator whose  insu lating  body consists  of on ly polymer contain ing  materials,  to  the  ends  of 
wh ich  coupl ing  devices  may be  attached   

Note  1  to  en try:  Polymeri c  i nsu lators  are  a l so  known  as  non-ceram ic  i nsu lators.  

3.2. 1   

resin  insu lator 
polymeric insu lator whose insu lating  body consists  of a  sol id  shank and  sheds  protrud ing  from  
the  shank made from  on ly one  organ ic based  housing  material  (e. g .  cycloal iphatic epoxy)  

3.2.2   

composi te  insu lator 
polymeric insu lator made  of at l east two polymeric insu lating  parts,  namely a  core  and  a  
housing ,  equ ipped  wi th  metal  fi ttings   

Note  1  to  en try:  Composi te  i nsu lators,  for example,  can  cons ist  e i ther of i nd ivi dual  sheds  mounted  on  the  core,  
wi th  or wi thou t  an  i n termed iate  sheath ,  or a l ternati vely,  of a  housi ng  d i rectl y mou lded  or cast  i n  one  or several  
p i eces  on  to  the  core.  

3.3   

hybrid  insu lator 
insu lator that consists  of a  ceram ic or g lass  core  and  a  polymeric housing ,  equ ipped  wi th  one  
or more  metal  fi ttings  

 

 

Note  1  to  en try:  The  mechan ical  functions  are  main l y characteri sed  by the  core,  the  e l ectri cal  functions  are  main l y 
characteri sed  by the  polymeric  housing .  The  housing  may cover the  core  completely or partl y.  I n  the  l atter case  the  
exposed  portions  of the  ceram ic core  are  usual l y covered  by g l aze.  

IEC  

Resin  
i nsu lator 

Polymeric  i nsu lator 

Composi te  
i nsu lator 

Hybrid  i nsu lator 

Ceram ic  /  g l ass  i nsu lator 
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3.4  

core  of a  hybrid  insu lator  
the  in ternal  i nsu lating  part,  consisting  of ceram ic or g lass,  of a  hybrid  i nsu lator wh ich  is  
designed  to  ensure  the  mechan ical  characteristics  

Note  1  to  en try:  The  core  for composi te  i nsu lators  i s  defi ned  i n  I EC 6221 7.   

3.5  

shank of a  hybrid  insu lator 
the  section  between  two ad jacent sheds  (also  known  as  trunk on  larger insu lators)  

3.6   

housing  
external  insu lating  part wh ich  i s  made of polymeric material  provid ing  necessary creepage  
d istance  and  protecting  the  core  from  envi ronment 

3.7   

shed  
insu lating  part,  projecting  from  the  insu lator trunk,  in tended  to  i ncrease  the  creepage d istance  

Note  1  to  en try:  The  shed  can  be  wi th  or wi thou t  ri bs .  

[SOURCE:  I EC 60050-471 :2007,  471 -01 -1 5]  

3.8   

creepage d istance   
shortest d istance  or the  sum  of the  shortest d istances  along  the  surface  on  an  i nsu lator 
between  two conductive  parts  wh ich  normal ly have  the  operating  vol tage  between  them   

Note  1  to  en try:  The  su rface  of cement  or of any other non-i nsu lati ng  j o i n ti ng  materia l  i s  not  cons idered  as  form ing  
part  of the  creepage  d i stance.   

Note  2  to  en try:  I f a  h i gh  res i stance  coati ng  i s  appl i ed  to  parts  of the  i nsu lati ng  part  of an  i nsu lator,  such  parts  are  
considered  to  be  effecti ve  i nsu lati ng  surfaces  and  the  d i s tance  over them  i s  i ncl uded  i n  the  creepage  d i stance.  

[SOURCE:  I EC 60050-471 :2007,  471 -01 -04]  

3.9   

arcing  d istance  
shortest d istance  in  a i r external  to  the  insu lator between  the  metal l ic parts  wh ich  normal ly have  
the  operating  vol tage  between  them   

[SOURCE:  I EC 60050-471 :2007,  471 -01 -01 ]  

3.1 0   

in terfaces  
surface  between  the  d i fferent materials.  Various  in terfaces  occur in  most hybrid  insu lators,  
e. g . :  

•  between  housing  and  fixing  devices;  

•  between  various  parts  of the  housing ;  e. g .  between  sheds,  or between  sheath  and  sheds;  

•  between  core  and  housing ;  

3.1 1   

end  fi tting  

fixing  device  
in tegral  component or formed  part of an  insu lator i n tended  to  connect i t  to  a  supporting  
structure,  or to  a  conductor,  or to  an  i tem  of equ ipment,  or to  another i nsu lator  
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Note  1  to  en try:  Where  the  end  fi tti ng  i s  metal l i c,  the  term  “metal  fi tti ng”  i s  normal l y used .  

[SOURCE:  I EC 60050-471 :2007,  471 -01 -06]  

3.1 2   

connection  zone 
zone  where  the  mechan ical  load  is  transm i tted  between  the  insu lating  body and  the  fixing  
device  

3.1 3   

coupl ing  
part of the  fixing  device  wh ich  transm its  load  to  the  hardware  external  to  the  insu lator 

3.1 4  

tracking  
process  wh ich  forms i rreversible  degradation  by formation  of conductive  paths  (tracks)  starting  
and  developing  on  the  surface  of an  i nsu lating  material  

Note  1  to  en try:  Tracking  paths  are  conducti ve  even  under d ry cond i ti ons.  

3.1 5  

erosion  
i rreversible  and  non-conducting  degradation  of the  surface  of the  insu lator that occurs  by loss  
of material ,  wh ich  can  be  un i form ,  local ized  or tree-shaped  

Note  1  to  en try:  L i gh t  surface  traces,  common ly tree-shaped ,  can  occur on  hybrid  i nsu lators  as  on  ceram ic and  
g l ass  i nsu lators,  after parti a l  fl ashover.  These  traces  are  not  considered  to  be  objectionable  as  l ong  as  they are  
non-conducti ve.  When  they are  conducti ve  they are  cl assi fi ed  as  tracking .  

3.1 6   

crack 
any in ternal  fracture  or surface  fissure  of depth  greater than  0, 1  mm  

3.1 7   

puncture  
permanent loss  of d ielectric strength  due  to  a  d isruptive  d ischarge  passing  through  the  sol id  
insu lating  material  of an  i nsu lator  

[SOURCE:  I EC 60050-471 :2007,  471 -01 -1 4]  

4 Identi fication  

Each  insu lator shal l  be  marked  wi th  the  name or trade  mark of the  manufacturer and  the  year 
of manufacture.  I n  add i tion ,  each  insu lator shal l  be  marked  wi th  the  rated  characteristics  
speci fied  i n  the  appl icable  I EC product standards  for ceram ic or g lass  insu lators.  These  
markings  shal l  be  leg ible,  i ndel ib le  and  thei r fixings  ( i f any)  weather-  and  corrosion-proof.  

5 Environmental  condi tions  

The normal  environmental  cond i tions  to  wh ich  insu lators  are  subm i tted  in  service  are  defined  in  
I EC 6221 7.  

6 Tolerances  

Unless  otherwise  agreed ,  a  tolerance  of 

•  ±(0, 04  ×  d +  1 , 5)  mm  when  d ≤  300  mm,  
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•  ±(0, 025 ×  d +  6  )  mm  when  d >  300  mm  wi th  a  maximum  tolerance of ±50  mm,   

shal l  be  al lowed  on  al l  d imensions  for wh ich  speci fic tolerances  are  not requested  or g iven  on  
the  insu lator d rawing  (d being  the  d imension  in  m i l l imetres).  

The  measurement of creepage d istances  shal l  be  related  to  the  design  d imensions  and  
tolerances  as  determ ined  from  the  insu lator d rawing ,  even  i f th is  d imension  i s  greater than  the  
value  orig inal ly speci fied .  When  a  m in imum  creepage is  speci fied ,  the  negative  tolerance i s  
also  l im i ted  by th is  value.  

I n  the  case  of insu lators  wi th  a  creepage d istance  exceed ing  3  m  and  a  un i form  shed  profi le,  i t  
i s  perm issible  to  measure  a  short section  (approximately 1  m  in  l ength)  of the  insu lator and  
then  extrapolate.  

7 Classification  of tests  

7.1  Design  tests  

These tests  are  in tended  to  veri fy the  su i tabi l i ty of the  design ,  materials  and  method  of 
manufacture  (technology).  A hybrid  i nsu lator design  is  defined  by:  

•  materials  of the  core,  housing  and  thei r manufacturing  method ;  

•  material  of the  end  fi ttings,  thei r design  and  method  of attachment (exclud ing  the  coupl ing);  

•  l ayer th ickness  of the  housing  over the  core  ( includ ing  a  sheath  where  used);  

•  d iameter of the  core.  

Design  tests  have  to  be  performed  in  accordance wi th  Table  1 .  Sampl ing ,  test procedures  and  
acceptance cri teria  shal l  apply as  i n  the  standards  referenced  in  Table  1 .  

When  changes  in  the  design  occur,  re-qual i fication  shal l  be  carried  ou t i n  accordance wi th  
Table  1 .   

When  a  hybrid  i nsu lator i s  subm itted  to  the  design  tests,  i t  becomes a  parent i nsu lator for a  
g iven  design  and  the  resu l ts  shal l  be  considered  val id  for that design  on ly.  Th is  tested  parent 
insu lator defines  a  particu lar design  of insu lators  wh ich  have  a l l  the  fol lowing  characteristics:  

a)  same materials  for the  core  and  housing  and  same manufacturing  method ;  

b)  same material  of the  fi ttings,  the  same design ,  and  the  same method  of attachment;  

c)  same or greater m in imum  layer th ickness  of the  housing  over the  core  ( includ ing  a  sheath  
where  used);  

d )  same or smal ler stress  under mechan ical  l oads;  

e)  same or g reater cross-d iameter of the  core;  

f)  equ ivalent housing  profi le  parameters,  see  Note  (1 )  of Table  1 .   

7.2  Type tests  

The  type  tests  are  in tended  to  veri fy the  main  characteristics  of a  hybrid  insu lator,  wh ich  
depend  main ly on  i ts  materials,  shape  and  s ize.  Type  tests  i n  accordance wi th  Table  1  shal l  be  
appl ied  to  hybrid  i nsu lators,  the  class  of wh ich  has  passed  the  design  tests.  They shal l  be  
repeated  on ly when  the  type  or material  of the  hybrid  insu lator i s  changed  (see  Table  1 ) .  The  
type  tests  shal l  be  performed,  depend ing  on  type  and  appl ication ,  accord ing  to  the  type  tests  
defined  in :  

•  I EC 601 68  for sol id  core  station  post insu lators,  

•  I EC  60383  for overhead  transm ission  l ine  i nsu lators  (cap  and  pin  and  long  rod  and  l ine  post 
type),  
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•  I EC  621 55 for hol low core  insu lators,   

7.3  Sample  tests  

The sample  tests  are  for the  purpose  of veri fying  other characteristics  of hybrid  i nsu lators,  
includ ing  those  wh ich  depend  on  the  qual i ty of manufacture  and  on  the  materials  used .  They 
are  made  on  i nsu lators  taken  at random  from  lots  offered  for del ivery.  Sample  tests  shal l  be  
appl ied  i n  accordance wi th  I EC  601 68,  I EC 60383  or I EC 621 55 for the  respective  kind  of 
products.  

7.4 Routine  tests  

The aim  of these  tests  i s  to  el im inate  hybrid  insu lators  wi th  manufacturing  defects.  They are  
made on  every hybrid  insu lator offered  for acceptance.  Routine  tests  shal l  be  appl ied  in  
accordance wi th  I EC 601 68,  I EC 60383  or I EC 621 55 for the  respective  kind  of products.  
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Table  1  – Required  tests  

 THEN  the  fol l owing  tests  shal l  be  repeated :  

 
I F  a  new desi gn  i s  made  or i f the  change  i n  
i nsu lator des ign  concerns:  

Design  Tests  Type Tests  c)
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)  

1  Housing  materia l s  X X X X X   X 

2  Housing  profi l ea)  X   X    X  

3  Core  materia l  X     X X  

4  Core  d iameterc)  X     X  X  

5  Core  and  end -fi tti ng  manufacturi ng  process  X     X  X  

6  Core  and  end -fi tti ng  assembly process  X      X  

7  Housing  manufacturi ng  process  X X X X X    

8  Housing  assembly process  X   X     

9  End  fi tt i ng  material  X      X  

1 0  End  fi tt i ng  connection  zone  desi gn  X      X  

1 1  Core/housing/end  fi tti ng  i n terface  des ign  X        

1 2  Type  of i nsu lator       X  X 

a)  Variations  of the  profi l e  wi th i n  fol l owing  tolerances  do  not  consti tu te  a  change  ( I EC 6221 7):  

Overhang :  ±1 5  %  

Diameter:  +1 5  % ,  –0  %  

Th ickness  at  base  and  ti p :  ±1 5  %  

Spacing :  ±1 5  %  

Shed  i ncl i nati ons:  ±3°  

Shed  repeti ti on :   I den ti cal  

b)  Poros i ty test  acc.  to  I EC 60383  (for porcela in  on ly)  

c)  Variati ons  of the  core  d iameter wi th i n  ±20  %  do  not  consti tu te  a  change.  However,  the  type  tests  shal l  be  
performed  i n  case  of change  of core  d iameter 

d )  Mechan ical  and  e l ectri cal  type  tests  shal l  be  carried  ou t  accord ing  to  product test  s tandards  for ceram ic or 
g l ass  I nsu lators.  I t  i s  perm iss ible  to  perform  the  mechan ical  type  tests  wi thou t  the  polymeric  housing .  

 

8 Design  tests  

8.1  General  

These tests  consist of the  tests  prescribed  in  I EC 6221 7  as  l i sted  in  Table  2 .  The  design  tests  
are  performed  on ly once  and  the  resu l ts  are  recorded  in  a  test report.  Each  part can  be  
performed  independently on  new test specimens.  The  hybrid  insu lator of a  particu lar design  wi l l  
be  qual i fied  on ly when  al l  i nsu lators  or test specimens  pass  the  design  tests.  
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Table  2  – Design  tests  

Tests  on  i n terfaces  and  connections  of end  fi tti ngs  

thermal -cycle  pre-stressing   

water immersion  pre-stressing  

Verification tests:  

 vi sual  exam ination  

 s teep-front  impu lse  vol tage  test  

 d ry power frequency vol tage  test  

Tests  on  shed  and  housing  material  

hardness  test  

accelerated  weathering  test  

tracking  and  erosion  test  – see  8 . 2 . 3  for specimens  

fl ammabi l i ty test  

Tests  on  core  material  

porosi ty test  

 

8.2  Tests  on  in terfaces  and  connections  of end  fi ttings  

8.2. 1  General  

Three insu lators  assembled  on  the  production  l ine  shal l  be  tested .  The  insu lation  length  (metal  
to  metal  spacing)  shal l  be  not less  than  800  mm.  Both  metal  fi ttings  shal l  be  the  same as  on  
standard  production  insu lators.  The  end  fi ttings  shal l  be  assembled  so  that the  i nsu lating  part 
from  the  fi tting  to  the  closest shed  shal l  be  i dentical  to  that of the  production  l i ne  i nsu lator.  

I f the  manufacturer on ly has  faci l i ties  to  produce insu lators  shorter than  800  mm,  the  design  
tests  may be  performed  on  insu lators  of those  lengths  avai lable  to  h im ,  bu t the  resu l ts  are  on ly 
val id  for up  to  the  lengths  tested .  

8.2.2  Pre-stressing  

8.2.2.1  Thermal  cycle  test 

The specimens  are  subm i tted  to  temperature  cycles  under no  mechan ical  load  as  described  in  
F igure  1 ,  the  24  h  temperature  cycle  being  repeated  four times.  Each  24  h  cycle  has  two 
temperature  levels  wi th  a  duration  of at  l east 8  h ,  one  at +50  °C  ±  5  K,  the  other at   
–35  °C  ±  5  K.  The  cold  period  shal l  be  at a  temperature  at l east 85  K below the  value  actual ly 
appl ied  in  the  hot period .  The  pre-stressing  can  be  conducted  in  a i r or any other su i table  
med ium .  
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Figure  1  – Thermal  cycle  test 

The  cycles  may be  in terrupted  for main tenance of the  test equ ipment for a  total  duration  of 2  h .  
The  starting  poin t after any in terruption  shal l  be  the  beg inn ing  of the  in terrupted  cycle.  

8.2.2.2  Water immersion  pre-stressing  

Shal l  be  performed  accord ing  to  I EC  6221 7.  

8.2.3  Verification  tests  

8.2.3.1  General  

Shal l  be  performed  accord ing  to  I EC  6221 7.  

8.2.3.2  Visual  examination  

Shal l  be  performed  accord ing  to  I EC  6221 7.  

8.2.3.3  Steep-front impulse  vol tage test 

Shal l  be  performed  accord ing  to  I EC  6221 7.  

I f necessary for i nsu lators  wi th  a  nom inal  length  <  500mm,  the  test arrangement on ly of 61 21 1  
may be  used .  

8.2.3.4 Dry power frequency vol tage test 

Shal l  be  performed  accord ing  to  I EC  6221 7.  

8.3  Tests  on  Shed  and  Housing  Material  

8.3.1  Hardness  test 

Shal l  be  performed  accord ing  to  I EC  6221 7.  

8.3.2  Accelerated  weathering  test 

Shal l  be  performed  accord ing  to  I EC  6221 7.  
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8.3.3  Tracking  and  erosion  test 

I EC 6221 7  speci fies  that the  creepage d istance  shal l  be  between  500  mm  and  800  mm.  I f the  
manufacturer on ly has  faci l i ties  to  produce insu lators  wi th  creepage shorter than  500  mm,  the  
design  tests  may be  performed  on  insu lators  of those  lengths  he  has  avai lable,  bu t the  resu l ts  
are  on ly val id  for up  to  the  tested  lengths.  

I f the  i nsu lator design  does  not a l low samples  wi th  th is  creepage  d istance  requ i rement,  (e. g .  
i nsu lators  wi th  one  shed)  then  the  orig inal  i nsu lator shal l  be  used  as  test sample  and  the  l i ne-
to-earth  vol tage  as  speci fied  by the  manufacturer shal l  be  appl ied  as  test vol tage.    

8.3.4 Flammabi l i ty test 

Shal l  be  performed  accord ing  to  I EC  6221 7.  

9  Type tests  

9.1  General  

One insu lator type  i s  e lectrical ly defined  by the  arcing  d istance,  creepage d istance,  shed  
incl ination ,  shed  d iameter and  shed  spacing .  The  electrical  type  tests  shal l  be  performed  on ly 
once  on  insu lators  satisfying  the  above  cri teria  for one  type  and  shal l  be  performed  wi th  arcing  
and/or corona  devices,  i f they are  an  in tegral  part of the  insu lator type.  

One  insu lator type  i s  mechan ical ly defined  by the  core  d iameter and  the  method  of attachment 
of the  metal  fi ttings.  The  mechan ical  type  tests  shal l  be  performed  on ly once  on  insu lators  
satisfying  the  above cri teria  for each  type.  

The  electrical  and/or mechan ical  type  tests  shal l  be  repeated  on ly when  one  or more  of the  
above mentioned  characteristics  are  changed .  

9.2  Electrical  tests  

The  electrical  tests  for l i ne  i nsu lators  shal l  be  performed  accord ing  to  I EC  60383-1  and  
IEC 60383-2  to  confi rm  the  speci fied  values.  E lectrical  tests  for station  post insu lators  shal l  be  
performed  accord ing  to  I EC 601 68.  No  electrical  type  tests  are  requ i red  for hol low core  
insu lators.  

I n terpolation  of e lectrical  test resu l ts  may be  used  for i nsu lators  of in termed iate  length ,  
provided  that the  factor between  the  arcing  d istances  of the  insu lators  whose resu l ts  form  the  
end  poin ts  of the  in terpolation  range  i s  less  than  or equal  to  1 , 5.  Extrapolation  is  not a l lowed .  

9.3  Mechanical  tests  

The mechan ical  type  tests  shal l  be  performed  accord ing  to  the  respective  product standard  for 
the  kind  of ceram ic or g lass  i nsu lator (e. g .  post,  l ongrod ,  cap  and  pin  type  etc. ) .  

1 0  Sample  tests  

The sample  tests  shal l  be  performed  accord ing  to  the  respective  product standard  for the  kind  
of insu lator (e. g .  post,  l ongrod ,  cap  and  pin  type  etc. ) .  

1 1  Routine tests  

The routine  tests  shal l  be  performed  accord ing  to  the  respective  product standard  for the  kind  
of insu lator (e. g .  post,  l ongrod ,  cap  and  pin  type  etc. ) .  
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Annex A 
(informative)  

 

Comparison  between  hybrid  insulators  and  g lass  fibre   

cored  polymeric housing  and  porcelain  insulators  

A.1  H istory 

The problem  of vandal  resistance  on  rai lway catenary insu lators  lead  in  the  UK to  an  
exam ination  of the  use  of p lastic insu lators  to  replace  the  porcelain  i nsu lators  in  common  use  
at the  time in  the  seventies  [1 3]  1 . .  Pu l truded  epoxy resin  bonded  g lass  fibre  rod  using  E  g lass  
had  been  developed  for the  h igh  vol tage  swi tchgear industry and  th is  rod  was  used  in  the  
development of under bridge  arm  HV insu lators  for the  25  kV catenary.  At the  time i t  was  on ly 
avai lable  in  d iameters  up  to  25  mm.  The  tie  and  stru t porcelain  insu lators  had  typical ly 70  mm  
core  d iameter and  portal  post insu lators  up  to  80  mm  core  d iameters.  To  obtain  s im i lar 
mechan ical  properties  in  bend ing  and  compression  i t  was  necessary to  use  a  g lass  fibre  core  
of around  50  mm  in  d iameter and  these  were  not avai lable  i n  pu l truded  form  wi th  the  necessary 
freedom  from  long i tud inal  e lectrical  weaknesses.  

I t  was  proposed  therefore  to  make polymeric housed  insu lators  using  cyl indrical  porcelain  
cores  of the  same core  d iameter and  wi th  the  same end  fi ttings  as  the  existing  porcelain  
insu lators.  Th is  wou ld  ensure  that they were  identical  i n  mechan ical  performance and  part 
replacements  for the  existing  porcelains  [1 4]  [1 5] .  

A.2  Comparison  between  porcelain  and  pul truded  GFRP 2  rod  

Material /Property G lazed  porcelain  Pu l truded  GFRP  rod  

Tensi l e  strength  MPa  80  to  1 00  1  300  to  1  600  

Compress ive  strength  MPa  500  to  800  600  to  800  

Tensi l e  modu lus  GPa  60  to  1 00  40  to  60  

 

The torsional  strength  and  torsional  modu lus  of pu l truded  GFRP rod  are  largely control led  by 
the  bond ing  resin  wh ich  has  typical ly one  ten th  of the  strength  and  modu lus  of the  g lass  fibre  
i tsel f.  

A.3 Advantages  of hybrid  insulators  over conventional  porcelain  insulators  

A.3.1  The  core  mechan ical  part i s  made by a  s imple  extrusion  process  and  th is  g ives  a  l ow 
weight,  l ow cost mechan ical  part wi th  consistent mechan ical  properties  compared  to  a  shedded  
porcelain .  

A.3.2  The  polymeric housing  offers  some protection  to  the  core  and  more  resistance  to  
impact damage than  the  vu lnerable  sheds  of a  conventional  porcelain .   

A.3.3  The  hybrid  i nsu lator i s  typical ly hal f to  a  quarter the  weight of the  conventional  and  th is  
reduces  transport costs,  transport and  instal lation  breakages  and  eases  instal lation .   

A.3.4  The  use  of a  polymeric housing  normal ly a l lows  th inner sheds  and  greater creepage 
d istances  wi th  improved  long  term  pol lu tion  flashover performance.   

                                                      
1  Numbers  i n  square  brackets  refer to  the  b ib l i ography.  

2  GFRP =  G lass  fi ber rei n forced  p lasti c.  
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A.3.5  The  polymeric housing  protects  the  core  from  short ci rcu i t arc damage wh ich  can  
fracture  conventional  ceram ic long  rod  insu lators.  

A.4 Advantages  of hybrid  insulators  over g lass  fibre  cored  insulators  

A.4.1  I t  i s  common  for conventional  polymeric insu lators  to  fi rst show d ry band  arcing  or 
electrochemical  damage  on  the  insu lation  next  to  the  end  fi ttings.  By leaving  an  exposed  
g lazed  porcelain  band  at th is  poin t,  the  partia l  d ischarges  take  place  over the  g lazed  porcelain  
surface,  and  not over a  more  vu lnerable  polymeric housing .  

A.4.2  The  core  material  i s  not susceptible  to  moisture  ingress  problems.  I f the  housing  i s  
damaged ,  the  porcelain  core  i tsel f remains  unaffected  by moisture  ingress.  

A.4.3  As  d iscussed ,  they can  be  easi ly made  as  part replacements  for conventional  porcelain  
posts  used  in  substations,  swi tchgear and  overhead  l ines.  

A.4.4  The  manufacturing  processes  are  relatively much  easier to  control  compared  to  making  
resin /g lass  fibre  rod ,  and  crimping  on  end  fi ttings.  

A.4.5  Post insu lators  can  include  the  same l ipped  and  grooved  ends  to  accept OHL 
conductors  that are  used  on  conventional  l i ne  posts.   

A.5 Problems shared  wi th  polymeric insulators  

A.5.1  Selection  of appropriate  housing  material .  Long-term  stabi l i ty such  as  UV weathering  
resistance,  retention  of hydrophobici ty and  tracking  and  erosion  resistance  have  to  be  
considered .  

A.5.2  Form ing  an  electrical ly stable  i n terfacial  seal  between  the  housing  and  the  g lazed  
ceram ic core.  Th is  i s  normal ly done  wi th  ei ther a  su i table  mastic material ,  an  RTV si l i cone  
material ,  or the  housing  may be  “mou lded  in  p lace”  using  appropriate  coupl ing  agents,  as  i s  
done  wi th  resin  g lass  cores.  

A.6 Transport,  storage and  instal lation  

Hybrid  i nsu lators  shal l  be  hand led  l i ke  composi te  i nsu lators.  I n  add i tion  to  the  requ irements  of 
I EC 6221 7,  in formation  on  hand l ing  of composi te  i nsu lators  can  be  found  in  CIGRE Techn ical  
Brochure  1 84  [1 1 ]  
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