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Part 301 :  On-si te  acceptance tests  

 
FOREWORD 

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

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

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

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparen tl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty  
assessment services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

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

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  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 ications  i s  
i nd i spensable  for the  correct appl i cati on  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 
patent  ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts.  

The  main  task of I EC  techn ica l  comm ittees  is  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  comm ittee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ ired  support cannot be  obta ined  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subj ect 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  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

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

I EC TS  63042-301 ,  wh ich  i s  a  Techn ica l  Speci fication ,  has  been  prepared  by I EC  techn ical  
committee  1 22:  UHV AC transm ission  systems.  
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The  text of th is  Techn ica l  Speci fication  is  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

1 22/57/DTS  1 22/65A/RVDTS  

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

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

A l i s t of a l l  parts  i n  the  I EC 63042  series ,  publ ished  under the  general  ti tl e  UHV AC 
transmission systems,  can  be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  con ten ts  of th is  document 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  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

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

With  the  i ncrease  i n  vo l tage  l evels ,  the  rel iabi l i ty and  safety of h igh-vol tage  e lectric equ ipment 
i s  facing  new chal lenges.  There  is  a  need  to  have  consensus  on  a  series  of techn ical  cri teria  
and  requ irements  for on-s i te  acceptance  tests  for e lectrical  equ ipment of UHV AC  
transm ission  systems  exceed ing  800  kV to  detect the  damages  or abnormal  cond i ti ons  that 
may occur during  the  transportation  and  i nstal l ation  processes  and  to  determ ine  whether 
equ ipment can  be  pu t in to  operation  re l iabl y and  safel y for power systems.  

Th is  Techn ica l  Speci fication  proposes  on-s i te  acceptance tests,  re levant test i tems,  test 
methods,  and  evaluation  cri teria  for transformers,  ci rcu i t  breakers,  G IS,  surge  arresters,  
vol tage  and  curren t transformers,  shun t reactors,  series  compensators,  insu lators,  
d isconnectors,  earth ing  swi tches  and  h igh-speed  earth ing  swi tches.  
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UHV AC transmission  systems – 
 

Part 301 :  On-si te  acceptance tests  
 
 
 

1  Scope 

This  part of I EC 63042,  wh ich  i s  a  techn ica l  speci fication ,  appl ies  to  on-s i te  acceptance tests  
of e l ectrical  equ ipment wi th  the  h ighest vol tages  of AC transm iss ion  system  exceed ing  800  kV.  

The  e lectrical  equ ipment exceed ing  800  kV i ncludes  the  fo l l owing  i tems:  

•  power transformers;  

•  ci rcu i t  breakers;  

•  gas  insu lated  swi tchgear (G IS);  

•  surge  arresters ;  

•  vo l tage  and  curren t transformers;  

•  shun t reactors;  

•  series  compensators ;  

•  i nsu lators;  

•  d isconnectors  and  earth ing  swi tches;  

•  h igh-speed  earth ing  swi tches.  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text  in  such  a  way that some or a l l  of the ir 
con ten t consti tu tes  requ i rements  of th is  document.  For dated  references,  on l y the  ed i ti on  
ci ted  appl i es.  For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60376,  Specification of technical grade sulfur hexafluoride (SF6)  for use in  electrical 
equipment  

I EC 60480,  Guidelines for the checking and treatment of sulfur hexafluoride (SF6)  taken from 
electrical equipment and specification for its re-use  

I EC 62271 -1 : 201 7,  High-voltage switchgear and controlgear – Part 1 :  Common specifications 
for alternating current switchgear and controlgear 

I EC  62271 -4,  High-voltage switchgear and controlgear – Part 4:  Handling procedures for 
sulphur hexafluoride (SF6)  and its mixtures  

I EC 62271 -1 00: 2008,  High-voltage switchgear and controlgear – Part 100: Alternating current 
circuit-breakers  

I EC 62271 -1 02: 201 8,  High-voltage switchgear and controlgear – Part 102: Alternating current 
disconnectors and earthing switches  

I EC  62271 -1 1 2: 201 3,  High-voltage switchgear and controlgear – Part 112:  Alternating current 
high-speed earthing switches for secondary arc extinction on transmission lines  
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I EC 62271 -203,  High-voltage switchgear and controlgear – Part 203: Gas-insulated metal-
enclosed switchgear for rated voltages above 52 kV 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i ti ons  apply.  

I SO and  I EC main tain  term inolog ical  databases  for use  i n  standard ization  at  the  fo l l owing  
addresses:  

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

•  I SO  On l ine  browsing  p latform :  avai lable  at h ttp: //www. iso.org/obp  

3. 1   
on-si te  acceptance  tests  
i nspections  and  tests  performed  (or checked)  i n  order to  veri fy the  correct  operation  and  
d ie lectric  i n tegri ty of the  equ ipment after sh ipping  and  on-s i te  i nsta l l ation  

3.2   
UHV AC  
h ighest  vol tage  of AC  transm ission  system  exceed ing  800  kV 

4 General  

On-s i te  acceptance tests  for newly i nsta l l ed  e lectrical  equ ipment are  an  importan t approach  to  
j udge  whether equ ipment i s  normal  or abnormal  after transportation  and  i nsta l l ation .  
Repeti tion  of the  fu l l  programme of routine  tests,  a l ready performed  i n  the  factory is  not 
requ ired ;  however some of the  tests  shou ld  be  repeated  for confi rmation  of the  correct  
operation  of the  equ ipment taking  i n to  accoun t the  d i fferen t cond i ti ons  on-si te.  

On-s i te  acceptance  test  resu l ts  shou ld  be  anal ysed  and  compared  carefu l l y wi th  those  from  
the  factory test.  The  i n fl uence of d i fferent test  cond i tions,  such  as  hum id i ty and  the  ambien t  
temperature  and  pressure,  shou ld  be  taken  i n to  cons ideration  when  making  comparisons.  

5 Power transformers  

5.1  General  

UHV power transformers  have  very h igh  l evel  of vo l tage,  l arge  capaci ty and  large  s i ze.  I f the  
UHV power transformer i s  adopted  wi th  spl i t  type  instal l ation  on  s i te,  i t  i s  recommended  to  
carry ou t separate  tests  on  the  main  transformer and  the  vol tage  regu lati ng  and  compensating  
transformer respective l y.  

NOTE  For the  procedu re  fol l owed  for on-s i te  tests,  the  test  method  refers  to  the  same ki nd  of tests  described  i n  
re l evant  publ i cati ons  for factory tests ,  such  as  I EC 60076  and /or the  I EC 60599  series .  

UHV power transformers  shou ld  be  subj ected  to  on-s i te  acceptance tests  as  speci fi ed  below:  

•  Leak testi ng  wi th  pressure  ( tightness  test)  

•  W ind ing  res istance  measurement 

•  Ratio  test  

•  Polari ty check 

•  I nsu lation  res istance  test on  each  wind ing  to  earth  and  between  wind ings  i nclud ing  
bush ings  

Provided by IHS Markit under l icense with  IEC



 – 1 0  – I EC TS  63042-301 : 201 8  © I EC  201 8  

•  D iss ipation  factor (tan  δ)  and  capaci tance  measurement on  each  wind ing  to  earth  and  
between  wind ings  i nclud ing  bush ings  

•  Core  and  frame i nsu lation  check 

•  Tests  on  bush ings  

•  I nsu lating  o i l  test  

•  D issolved  gas  anal ysis  (DGA)  test  

•  Exci tation  curren t measurement at  l ow vol tage  

•  Frequency-response  analys is  (FRA)  

•  Short-ci rcu i t  impedance  measurement 

The  fol l owing  i tems  are  optional :  

•  I n duced  vol tage  test wi th  partia l  d ischarge  measurement 

•  Appl i ed  vol tage  test  

NOTE  The  above  optional  tes t  i tems  are  based  on  ag reement  between  purchaser and  suppl i er.  

5.2  Leak testing  wi th  pressure  (tightness  test)  

The transformer main  tank shou ld  wi thstand  a  pressure  of 30  kPa  or any speci fied  value  
pressure  appl ied  on  the  top- level  of o i l  i n  the  o i l  conservator and  maintained  for 24  hours  or 
any speci fi ed  period  wi thou t any l eakage  and  damage.  

5.3  Winding  resistance  measurement 

Wind ing  res istance  measurement tests  shou ld  include  the  fol lowing :  

•  Measurement shou ld  be  performed  for a l l  wind ings  at a l l  tap  pos i ti ons  ( i f any).  

•  Measured  values  shou ld  be  compared  wi th  the  factory test resu l ts .  The  deviation  shou ld  
be  wi th in  ±5  % or otherwi se  speci fied .  

•  Measured  values  shou ld  be  compared  wi th  the  average  value  of th ree  phase  wind ings.  
The  deviation  shou ld  be  wi th in  ±3  %  or otherwise  speci fied .  

5.4  Ratio  test  

Ratio  tests  shou ld  i nclude  the  fol l owing :  

•  The  vol tage  ratio  shou ld  be  measured  on  each  tap.  

•  Vol tage  ratio  shou ld  correspond  to  the  value  on  nameplate  and  the  factory test  resu l t.  

5.5  Polari ty check 

The polari ty of s ing le-phase  transformers  shou ld  be  checked .  The  polari ty shou ld  be  the  same 
as  that i denti fied  on  the  nameplate.  

5.6  Insu lation  resistance  test on  each  wind ing  to  earth  and  between  wind ings  
includ ing  bush ings  

I nsu lation  res istance  tests  shou ld  be  made  for each  wind ing  wi th  respect  to  earth  and  
between  wind ings.  

5.7  Dissipation  factor (tan  δ)  and  capacitance  measurement on  each  wind ing  to  earth  
and  between  wind ings  

Dissipation  factor ( tan  δ)  and  capaci tance  measurement on  each  wind ing  to  earth  and  
between  wind ings  shou ld  i nclude  the  fo l lowing :  
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•  Term inals  to  be  tested  shou ld  be  connected  to  the  test i nstrument and  the  term inals  not 
being  tested  shou ld  be  short-ci rcu i ted  and  connected  to  earth .  Test  vol tage  shou ld  be  
1 0  kV or agreement between  purchaser and  suppl ier.  

•  Tan  δ  measurement resu l ts  shou ld  be  compared  wi th  the  factory test resu l t  cons idering  the  
temperature  d i fference  and  the  d i fference shou ld  be  wi th in  ±0, 001  or otherwise  speci fied .  
The  d i fference  of the  capaci tance  value  shou ld  be  wi th in  ±1  % of the  factory test resu l t or 
otherwise  speci fied .  

5.8  Core  and  frame insu lation  check 

I nsu lation  res istance  check shou ld  be  made  between  core  to  frame,  core  to  tank and  frame  to  
tank.  For detai l s  see  I EC 60076-1 .  

5.9  Tests  on  bush ings  

5.9. 1  Visual  i nspection  

Visual  i nspections  shou ld  be  made  on  each  bush ing .  See  9 . 1 0  of I EC  601 37:201 7.  

5.9.2  Tan  δ  and  capacitance measurement  

•  The  measurement i s  on ly appl icable  to  capaci tance-graded  bush ings.  After i nsta l l ation  of 
the  transformer and  reactor bush ings,  tan  δ  and  capaci tance  of the  i nsu lation  shou ld  be  
measured .  The  test  vol tage  shou ld  be  1 0  kV or agreement between  purchaser and  
suppl ier.  Vol tage  tap  ( i f any)  shou ld  be  short-ci rcu i ted  wi th  the  test  tap.  

•  The  deviation  between  measured  capaci tance  value  and  factory test  va lue  shou ld  be  l ower 
than  ±1  % ,  depend ing  on  the  number of l ayers  up  to  5  % or agreement between  purchaser 
and  suppl ier.  

See  9 . 1  of I EC 601 37: 201 7.  

5.9.3  Tap wi thstand  vol tage  

A rated  frequency vol tage  wi thstand  test shou ld  be  appl i ed  to  or i nduced  at the  tap  for 1  m in  
wi th  the  bush ing  mounting  flange  earthed .  The  vol tage  tap  shou ld  be  tested  at 20  kV or 
agreement between  pu rchaser and  suppl ier.  The  test tap  shou ld  be  tested  at 2  kV or 
agreement between  purchaser and  suppl ier.  

For vol tage  tap,  d i fferen t suppl iers  may g ive  d i fferen t suggested  value  of test  vol tage.  I t  i s  
advised  to  refer to  the  product speci fication  or consu l t  the  suppl ier before  testing .  

5.1 0  Insu lating  oi l  tests  

The test requ irements  of i nsu lating  o i l  fi l l i ng  in to  e lectrical  equ ipment shou ld  be  as  per Table  
1  or agreement  between  purchaser and  suppl ier.  
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Table  1  – Requ irements  of insu lating  oi l  

No.  I tem  Requ i rements  

1  Vi sual  exam ination  Transparen t,  i ncl us ion -free,  no  suspended  matter 

2  Parti cl e  coun t i n  o i l  Granu l ari ty(5  µm  ~  1 00  µm):  ≤  1  000/1 00  mL 

Granu l ari ty (>  1 00  µm):  None  

3  D iel ectri c  s trength  (kV)  ≥70（2. 5  mm  gap,  spherical  e l ectrode）  

4  D i ss ipation  factor (90  °C)  %  After fi l l i ng  i n to  equ ipment ≤  0 , 7  

5  Water conten t mg/ kg  (50  °C)  ≤1 0  after fi l l i n g  

6  Total  d i ssol ved  gas  
(volume  fraction )  %  

≤  0 , 5  

7  DGA Refer to  re levant  cl auses  of th i s  document 

NOTE  1  For deta i l s  see  I EC 60422  and  I EC 60296.  

NOTE  2  Requ i rement  cri teria  of i nsu lati ng  o i l  a re  means  of the  fi n i shed  of a l l  o i l  treatment.  

 

5.1 1  Dissolved  gas  analysis  (DGA)  test  

The DGA test shou ld  be  carried  ou t after the  completion  of oi l  treatmen t.  I f a  d ie lectric test i s  
requ ired ,  the  DGA test shou ld  be  carried  ou t after the  d ie lectric test.  See  I EC  60599.  

5.1 2  Exci tation  current measurements  at  reduced  vol tage  

Exci tation  curren t measurements  at  l ow vol tage  shou ld  i nclude  the  fo l l owing :  

•  The  exci tation  curren t  shou ld  be  measured  at the  same low test vo l tage  as  the  factory test.  
The  test  shou ld  be  carried  ou t before  the  wind ing  res istance  measurement to  avoid  the  
i n fl uence of residual  fl ux i n  the  core.  

•  The  va lue  of exci tation  curren t at  l ow test  vol tage  shou ld  be  compared  wi th  the  factory test 
resu l ts.  The  d i fference shou ld  be  l ess  than  30  %  or agreement between  purchaser and  
suppl ier.  

NOTE  I f a  h igher exci tati on  cu rren t i s  needed  a  h i gher vol tage  cou l d  be  appl i ed .  

5.1 3  Frequency-response analysis  (FRA)  

The FRA shou ld  be  performed  for each  wind ing  of transformers.  For deta i l s  see  I EC 60076-1 8.  

5.1 4 Short-circu i t  impedance measurement at  reduced  current  

A short-ci rcu i t  impedance measurement at reduced  curren t shou ld  i nclude  the  fol lowing :  

•  The  short-ci rcu i t  impedance  shou ld  be  measured  at  the  same  reduced  curren t  as  i n  the  
factory test.  

•  The  va lue  of short-ci rcu i t  impedance  at reduced  current  shou ld  be  compared  wi th  the  
factory test resu l t.  The  d i fference shou ld  be  l ess  than  5  %  or agreement between  
purchaser and  suppl ier.  

As  an  option ,  i f pu rchaser and  suppl ier ag ree,  Subclauses  5. 1 5  and  5. 1 6  may be  appl icable.  

5. 1 5  Induced  vol tage  tests  wi th  partial  d i scharge measurement  

The  test may be  made  on-s i te.  For deta i l s  see  I EC 60076-3.  The  va lue  of the  accepted  partia l  
d ischarge  may be  agreed  between  purchaser and  suppl ier.  
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5.1 6  Appl ied  vol tage  tests  

The test  may be  made on-s i te .  For detai ls  see  IEC 60076-3.  The  appl ied  vol tage  test may 
i nclude  the  fol l owing :  

•  The  test vol tage  may be  appl ied  between  a l l  term inals  of the  wind ing  under test  connected  
together and  a l l  term inals  of the  remain ing  wind ings,  core,  frame and  tank of the  
transformer,  connected  together to  earth ;  

•  Test vol tage  may be  80  % of the  factory test value  and  the  time duration  may be  1  m inu te,  
or agreement between  purchaser and  suppl ier;  

•  The  test vo l tage  may be  as  nearl y as  poss ib le  to  a  s i ne-wave form .  The  peak value  
d ivi ded  by √2  may be  equal  to  the  test  value;  

•  The  test i s  successfu l  i f no  col lapse  of the  test vo l tage  occurs.  

6 Circui t  breakers  

6.1  General  

After i nsta l l ation ,  and  before  being  pu t i n to  service,  the  ci rcu i t breaker (CB)  shou ld  be  tested  
i n  order to  check the  correct operation  and  the  d ie lectric  i n tegri ty of the  equ ipment.  

A programme of s i te  comm ission ing  checks  and  tests  shou ld  be  agreed  between  suppl ier and  
purchaser.  Repeti ti on  of the  fu l l  programme of routine  tests ,  a l ready performed  i n  the  factory 
is  not requ ired ;  however some of the  tests  shou ld  be  repeated  for confi rmation  of 

•  absence  of damage;  

•  compatib i l i ty of separate  un i ts;  

•  correct assembly;  

•  correct performance  of the  assembled  ci rcu i t-breaker.  

I n  general ,  th is  i s  ach ieved  when  the  commission ing  tests  i nclude,  bu t  are  not  l im i ted  to  the  
fol lowing  test  program  wi th  a  record  of the  test  resu l ts  i n  a  test  report:  

•  D ie lectric test  on  main  ci rcu i t;  

•  D ie lectric test  on  auxi l i ary ci rcu i t;  

•  Measurement of the  res istance  of the  main  ci rcu i t;  

•  Checks  after i nsta l l ation  i nclud ing  gas  tightness  test,  gas  qual i ty,  i nsu lation  res istance  test;  

•  Mechan ical  test  and  measurement;  

•  Test of accessories .  

The  suppl ier and  purchaser shou ld  agree  on  a  commission ing  test p l an  for tests  on  s i te.  

6.2  Dielectric test on  main  ci rcu i t  

For d ie lectric tests  on  the  main  ci rcu i t  of ci rcu i t  breaker,  power frequency vol tage  test shou ld  
be  performed  and  the  test vol tage  and  procedure  on  main  ci rcu i t  for ci rcu i t breaker are  the  
same as  that  for the  meta l -enclosed  swi tchgear and  con trolgear.  See  Subclause  7 . 2 .  

6.3  Dielectric test on  auxi l iary ci rcu i t  

Dielectric tests  on  auxi l i ary ci rcu i ts  shou ld  be  performed  to  confi rm  that transportation  and  
storage  of the  ci rcu i t-breaker have  not  damaged  these  ci rcu i ts.  However,  i t  i s  recogn ized  that 
such  ci rcu i ts  con tain  vu lnerable  sub-componen ts  and  the  appl ication  of the  fu l l  testing  vol tage  
for the  fu l l  d uration  can  cause  damage.  I n  order to  avoid  th is,  and  to  avoid  the  temporary 
removal  of proven  connections,  the  suppl ier shou ld  detai l  the  test process  that  demonstrates  
that  damage has  not occurred  as  wel l  as  the  method  of record ing  the  resu l ts  from  th is  test 
process.  
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See  a lso  1 0. 2. 1 02. 3. 1  of I EC 62271 -1 00: 2008.  

6.4 Measurement of the  resistance of the  main  ci rcu i t  

Measurement of the  res istance  of the  main  ci rcu i t  need  on l y be  made  i f i n terrupting  un i ts  have  
been  assembled  on  s i te.  The  measurement shou ld  be  made  wi th  a  d i rect current i n  
accordance  wi th  1 0 . 2 . 1 02. 3. 2  of I EC  62271 -1 00:2008.  

Dynam ic res istance  measurements  (DRM)  cou ld  be  carried  ou t as  an  add i ti onal  tool  for the  
assessment of the  cond i tion  of the  ci rcu i t-breaker during  i ts  l i fetime.  

6.5  Checks  after instal lation  includ ing  gas  tightness  tests,  gas  qual i ty,  insu lation  
resistance test  

6.5. 1  General  

The  suppl ier shou ld  produce  a  programme of commission ing  checks  and  tests.  Th is  shou ld  be  
based  on ,  bu t  i s  not l im i ted  to,  the  programme of checks  and  tests  g i ven  here.  

6.5.2  General  checks  

•  Assembly conforms  to  suppl ier's  d rawings  and  instructions;  

•  T igh tness  of ci rcu i t-breaker,  i ts  fasten ings,  fl u id  systems  and  con trol  devices;  

•  External  i nsu lation  and ,  where  appl icable,  in ternal  i nsu lation  are  undamaged  and  clean ;  

•  Pain t and  other corros ion  protection  are  sound ;  

•  Operating  devices,  especial l y operati ng  re leases,  are  free  from  con tam ination ;  

•  Adequacy and  in tegri ty of the  earth  connection  up  to  and  i ncl ud ing  the  i n terface  wi th  the  
substation  earth ing  system ;  

and ,  where  appl icable:  

•  Record  the  number on  the  operations  coun ter(s)  at de l i very;  

•  Record  the  number on  the  operations  coun ter(s)  at completion  of a l l  on -s i te  testing ;  

•  Record  the  number on  the  operations  coun ter(s)  at fi rst energ ization .  

6.5.3  Checks  of electrical  ci rcu i ts  

•  Conform i ty to  the  wi ri ng  d iagram .  

•  Correct operation  of s ignal i ng  (pos i ti on ,  a larms,  l ockouts,  etc. ) .  

•  Correct operation  of heati ng  and  l i gh ting .  

6.5.4  Checks  of the  insu lation  and/or extingu ish ing  flu id(s)  

For UHV gas  fi l l ed  CB  SF6  i s  commonl y used .  

•  Check of fi l l i ng  pressure/dens i ty 

•  Qual i ty checks,  to  confi rm  the  acceptance  l evels  of I EC  60376,  I EC  60480  and  
I EC 62271 -4.  These  qual i ty checks  are  not  requ i red  on  sealed  equ ipment and  new gas  
used  from  sealed  bottl es .  A dew poin t check and  a  check of the  tota l  impuri ti es  shou ld  be  
carried  ou t to  confi rm  the  suppl ier's  acceptance  levels.  

I n  add i ti on  to  the  qual i ty i ssues  for SF6 ,  the  fo l lowing  checks  for gas  m ixtures  shou ld  be  
performed:  

•  Qual i ty to  be  confi rmed  prior to  energ ization .  
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6.5.5  Checks  on  operating  flu id(s) ,  where  fi l l ed  or added  to  on  s i te  

Subclause  1 0. 2 . 1 02. 1 . 4  of I EC 62271 -1 00: 2008  i s  appl icable.  

6.5.6  Si te  operations  

See  1 0 .2 . 1 02. 1 . 5  of I EC  62271 -1 00: 2008.  

6.6  Mechan ical  test and  measurement  

The  mechan ical  tests  and  measurements  shou ld  be  taken  in  order to  compare  them  wi th  the  
values  both  recorded  du ring  the  routine  tests  and  guaranteed  by the  suppl ier.  These  values  
serve  as  the  reference for fu ture  maintenance  and  other checks  and  wi l l  enable  any dri ft  i n  
operati ng  characteristics  to  be  detected .  

These  measurements  i nvolve  a  check of the  operation  of the  a larm  and  l ockou t devices  
(pressure  swi tches,  re lays,  transducers,  etc. )  where  appl icable:  

•  Measurements  of the  characteristic insu lati ng  and /or in terrupting  fl u id  pressures  (where  
appl icable)  

•  Measurements  of characteristic operating  flu id  pressures  ( i f appl icable)  

•  Measurement of consumption  during  operations  ( i f appl icable)  

•  Veri fication  of the  rated  operati ng  sequence  

•  Measurement of time quanti ti es  

•  Record  of mechan ica l  travel  characteristics  

•  Checks  of certa in  speci fic operations  

Subclause  1 0. 2 . 1 02. 2  of I EC 62271 -1 00: 2008  is  appl icable  wi th  the  fo l lowing  add i ti on :  

•  Veri fication  of t im ing  of open ing  resistor and  clos ing  resistor 

•  Veri fication  of delay time between  open ing  time  of main  i n terrupter and  open ing  res istor 
i n terrupter 

NOTE  1  Th i s  test  general l y appl i es  to  CB  wi th  open ing  and  /  or clos ing  res i stor.  

•  Veri fication  of pre- insertion  time of clos ing  res istor 

NOTE  2  Th i s  test  general l y appl i es  to  CB  wi th  cl os i ng  res i stor.  For detai l s  see  F igure  1 .  
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a)  Open ing  operation  b)  Closing  operation  

Figure  1  – Delay time of opening  resistor and  pre-insertion  time of closing  resistor 

6.7  Test of accessories  

Further tests  can  be  done  depend ing  on  the  agreement between  suppl ier and  purchaser.  The  
fol lowing  tests  are  practical  examples:  

•  Bush ing  curren t transformer test;  

•  Gas  bush ing  test;  

•  Veri fication  of gas  densi ty re lay;  

•  Veri fication  of o i l  pressure  re lay;  

•  Counter check;  

•  O i l  l eakage test of h ydrau l ic  operati ng  mechan ism .  

7 GIS  

7. 1  General  

After i nsta l l ation ,  and  before  being  pu t i n to  service,  the  G IS  shou ld  be  tested  i n  order to  check 
the  correct  operation  and  the  d ie lectric i n tegri ty of the  equ ipment.  

These  tests  and  veri fications  comprise:  

•  d ie lectric  tests  on  the  main  ci rcu i ts;  

•  d ie lectric  tests  on  auxi l iary ci rcu i ts;  

•  measurement of the  res istance  of the  main  ci rcu i t;  

•  gas  ti ghtness  tests;  

•  checks  and  veri fications;  
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•  gas  qual i ty veri fications.  

To  ensure  m in imum  d isturbance,  and  to  reduce the  risk of moisture  and  dust  en tering  
enclosures  and  thus  preven ting  correct operation  of the  swi tchgear,  no  ob l igatory period ic  
i nspections  or pressure  tests  concern ing  the  enclosures  are  speci fi ed  or recommended  when  
the  gas- insu lated  substation  i s  i n  service.  Reference shou ld  be  made,  i n  any case,  to  the  
suppl ier’s  instruction  book.  

The  suppl ier and  purchaser shou ld  agree  on  a  comm ission ing  test p l an  for tests  on  s i te.  

7.2  Dielectric tests  on  the  main  ci rcu i ts  

Since  i t  i s  especial l y important  for G ISs,  the  d ie lectric  i n tegri ty shou ld  be  checked  i n  order to  
e l im inate  fortu i tous  causes  (wrong  fasten ing ,  damage during  hand l i ng ,  transportation ,  s torage  
and  i nstal lation ,  presence of foreign  bod ies,  etc. )  wh ich  m ight i n  the  fu ture  g i ve  rise  to  an  
i n ternal  fau l t.  

Because  of the ir d i fferen t purpose,  these  tests  shou ld  not replace  the  type  tests  or the  rou tine  
tests  carried  ou t on  the  transported  un i ts  and ,  as  far as  poss ib le,  i n  the  factory.  They are  
supplementary to  the  d ie lectric routi ne  tests  wi th  the  a im  of checking  the  d ie lectric i n tegri ty of 
the  completed  instal l ation  and  of detecting  i rregu lari ti es  as  men tioned  above.  Normal l y,  the  
d ie lectric  test  shou ld  be  made  after the  G ISs  have  been  fu l l y i nsta l led  and  gas-fi l l ed  at the  
rated  fi l l i ng  dens i ty,  preferably at the  end  of a l l  on-si te  tests ,  when  newly i nstal l ed .  

Some parts  may be  d isconnected  for the  test,  e i ther because  of thei r h igh  charg ing  curren t or 
because  of thei r effect on  vol tage  l im i tation ,  such  as:  

•  h igh  vol tage  cables  and  overhead  l i nes;  

•  power transformers  and ,  occas ional l y,  vol tage  transformers;  

•  surge  arresters  and  protective  spark gaps.  

General l y,  1 0. 2 . 1 01 . 2  of I EC  62271 -203: 201 1  i s  appl icable  wi th  the  fol l owing  add i tion :  

One  of the  fo l l owing  two  test procedures  shou ld  be  chosen :  

Procedure  B  (preferred  and  recommended) :  

•  Power-frequency vol tage  test wi th  duration  of 1  m in  at the  value  speci fi ed  in  Table  2 ,  
column  (2);  and  

•  Partia l  d ischarge  measurements  wi th  test vol tage  for PD  measurement Upd -test  (>1  m in)  

Upd -test  =  1 ,2 Ur  / √3,  however wi th  Upre-stress  =  Uds  of Table  2 ,  column  (2)  

With  

Ur  i s  rated  vol tage  for equ ipment,  

Upre-stress  i s  pre-stress  vol tage  

Upd -test  i s  test vol tage  for PD  measurement.  

A PD  measurement at Ur / √3  is  a lso  recommended  s i nce  th is  measurement may be  
helpfu l  i n  determ in ing  the  need  for main tenance  of the  equ ipment after a  period  of service.  

For practical  appl ication  of PD  measurements,  see  Annex C  of I EC  62271 -203:201 1 .  

Procedure  C  (a l ternative  to  procedure  B) :  

•  Power-frequency vol tage  test  wi th  duration  of 1  m in  at the  value  speci fi ed  i n  Table  2 ,  
co lumn  (2);  and  

•  L ightn ing  impu lse  tests  wi th  th ree  impu lses  of each  polari ty and  wi th  the  va lue  speci fi ed  i n  
Table  2 ,  column  (3) .  
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Table  2  – On-si te  test vol tages  

Rated  vol tage  for equ ipment  On-si te  short-duration  power-
frequency wi thstand  vol tage  

On-si te  l i ghtn ing  impu lse   
wi thstand  vol tage  

U
r
 U

ds
 U

ps
 

kV (r.m . s .  va l ue)  kV (r.m . s .  va l ue)  kV (peak value)  

(1 )  (2)  (3)  

1  1 00  865  1  920  

1  200  865  1  920  

 

Values  of column  (2)  are  on l y appl icable  for SF6  i nsu lation  or when  SF6  i s  a  major part of the  
gas  m ixture.  For other i nsu lation ,  refer to  Tables  1  and  2  of I EC 62271 -1 : 201 7,  applying  a  
factor 0, 8  on  column  (2) .  

The  on -si te  test vol tages  have  been  calcu lated  as  fol l ows:  

Up  (rated  l i gh tn ing  impu lse  wi thstand  vol tage,  phase-to-earth):  2  400  kV 

Uds  
(on-s i te  test va lue)  =  Up  x  0, 45  ×  0,8  (column  (2))  

Ups  
(on-s i te  test va lue)  =  Up  x  0 , 8  (column  (3))  

Al l  va lues  have been  rounded  up to  the next h i gher modus  5  kV.  

I f another i nsu lation  l evel  than  the  preferred  values  of Up  =  2  400  kV is  speci fied ,  the  on-s i te  
test vol tage  shou ld  be  ca lcu lated  accord ing  to  the  above procedure.  

For in formation  abou t vol tage  waveforms,  vol tage  appl ication  and  assessment of the  test,  see  
1 0 . 2. 1 01 . 2  of I EC  62271 -203:201 1 .  

7.3  Dielectric tests  on  auxi l iary ci rcu i ts  

Auxi l i ary and  control  ci rcu i ts  of swi tchgear and  controlgear shou ld  be  subj ected  to  short-
duration  power-frequency vol tage  wi thstand  tests .  Each  test shou ld  be  performed :  

•  between  the  auxi l iary and  con trol  ci rcu i ts  connected  together as  a  whole  and  the  frame of 
the  swi tch ing  device;  

•  i f practicable,  between  each  part of the  auxi l i ary and  control  ci rcu i ts,  wh ich  i n  normal  use  
may be  i nsu lated  from  the  other parts,  and  the  other parts  connected  together and  to  the  
frame.  

See  8 . 3  of I EC 62271 -1 : 201 7.  

7.4  Measurement of the  resistance of the  main  ci rcu it  

Overal l  measurements  shou ld  be  made  on  the  complete  i nstal lation ,  u nder cond i ti ons  as  
s im i lar as  poss ible  to  those  of the  rou ti ne  test  on  transported  un i ts.  

The  res istance  measured  shou ld  not  exceed  the  maximum  values  perm i tted  for the  rou tine  
tests  on  transport un i ts ,  taking  i n to  account the  d i fferences  of the  two test arrangements  
(number of devices,  con tacts  and  connections,  l eng th  of conductors,  etc. ) .  

See  1 0 .2 . 1 01 . 4  of I EC  62271 -203:201 1 .  
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7.5  Gas  tightness  tests  

A qual i tati ve  gas  tightness  test shou ld  be  carried  ou t on  a l l  fi e ld  assembled  connections.  A 
l eakage  detector may be  used .  

See  1 0 . 2. 1 01 .5  of I EC 62271 -203: 201 1  and  add i tion ,  8 . 5  of I EC 62271 -1 : 201 7  for on-s i te  gas  
ti gh tness  tests.  

7.6  Checks  and  verifications  

The fo l l owing  shou ld  be  veri fi ed :  

•  conform i ty of the  assembly wi th  the  suppl ier's  d rawings  and  instructions;  

•  sea l i ng  of a l l  p i pe  j unctions,  and  the  ti gh tness  of bol ts  and  connections;  

•  conform i ty of the  wi ring  wi th  the  d iagrams;  

•  proper function  of the  e lectrica l ,  pneumatic  and  other in terlocks;  

•  proper function  of the  con trol ,  measuring ,  protecti ve  and  regu lati ng  equ ipment i nclud ing  
heating  and  l i ghting .  

See  1 0 . 2 . 1 01 . 6  of I EC  62271 -203:201 1 .  

7.7  Gas  qual i ty veri fications  

I n  order to  get a  re l iab le  measurement,  the  moisture  conten t shou ld  be  checked  at l east 
5  days  after final  fi l l ing  of gas.  For SF6 ,  the  moisture  content shou ld  not exceed  the  l im i t  
defined  i n  6. 2  of I EC  62271 -1 : 201 7.  

For checking  the  cond i ti on  of the  gas  during  service,  reference is  made  to  I EC  60480.  

For hand l i ng  precautions,  reference  i s  made to  I EC 62271 -4.  

NOTE  Care  shou ld  be  taken  to  m in im ize  the  re l ease  of gas  i n to  the  atmosphere  du ri ng  sampl i ng  and /or checking  
operati ons  (e. g .  by provi d i ng  a  col l ecting  bag  or recei ver i nsta l l ed  on  the  ou tl et  val ve  of the  checking  device  when  
determ in ing  moisture  con tent).  

See  1 0 . 2 . 1 01 . 7  of I EC  62271 -203:201 1 .  

8 Surge arresters  

8. 1  General  

On-s i te  acceptance tests  after sh ipping  and  s i te  assembly shou ld  be  performed  to  check the  
correct operation  and  the  d ie lectric i n tegri ty of metal -oxide  surge  arresters.  I f the  arrester i s  
del i vered  incomplete l y and  assembled  on  s i te,  i t  shou ld  be  checked  for correct  moun ting  by 
any appropriate  method  adopted  by the  suppl ier.  The  test methods  and  thei r descriptions  
l i sted  be low are  appl icable  for metal -oxide  surge  arresters :  

•  i nsu lation  res istance  test;  

•  i nsu lation  res istance  test of the  base  i nsu lator;  

•  l eakage  cu rrent test;  

•  checks  and  veri fications;  

•  tests  of accessories .  

8.2  Insu lation  resistance  test  

I nsu lation  res istance  shou ld  be  measured .  
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As  an  example  i n  some coun tries,  the  insu lation  resistance  is  tested  at 5  000  V and  the  tested  
insu lation  res istance  value  shou ld  not be  l ower than  2  500  MΩ .  

8.3  Insu lation  resistance  test of the  base  insu lator 

I nsu lation  res istance  of the  base  i nsu lator shou ld  be  measured .  

As  an  example  i n  some coun tries,  the  insu lation  resistance  is  tested  at 2  500  V and  the  tested  
i nsu lation  res istance  val ue  shou ld  not be  lower than  50  MΩ .  The  surge  coun ter shou ld  be  
d isconnected  before  measurement.  

8.4  Leakage current test  

Total  l eakage  current and  res istive  leakage  current  shou ld  be  measured  under d ry cond i ti on  
and  operation  vol tage.  The  measured  values  shou ld  meet the  requ i rements  of the  suppl ier 
and  purchaser.  

8.5  Checks  and  verifications  

The fo l l owing  shou ld  be  veri fi ed :  

•  Appearance  shou ld  show no  vis ib le  damage;  

•  Appearance  after i nsta l l ation ,  such  as  the  p i l i ng  order of arrester un i ts  and  the  sh ie ld  ri ng ,  
etc. ,  shou ld  be  accord ing  to  the  d rawing  and  instruction  manual  of the  suppl ier.  

8.6  Tests  of accessories  

There  shou ld  be  no  damage of the  appearance or the  script cl ear of the  coun ter.  The  i n i tia l  
number of the  coun ter shou ld  be  recorded .  

9  Vol tage and  current transformers  

9. 1  Capacitive  vol tage transformers  (CVTs)  

9. 1 . 1  General  

For the  procedure  fo l l owed  for on-s i te  tests,  the  test  method  shou ld  refer to  the  same  kind  of 
tests  described  in  re levant publ ications,  such  as  I EC  61 869-5.  The  test  methods  and  their 
descriptions  l i sted  below are  appl icable  for UHV CVTs.  

Checks  and  veri fications  i nclude  the  fo l lowing :  

•  i nsu lation  res istance  measuremen t l ow-vol tage  term inal  to  earth  term inal ;  

•  capaci tance  and  d iss ipation  factor (tan  δ)  measurement;  

•  t i ghtness  of l i qu id -fi l l ed  capaci tors ;  

•  wind ing  res istance  measurement of e lectromagnetic  un i ts ;  

•  i nsu lation  res istance  measurement of each  component of e l ectromagnetic un i ts ;  

•  connection  check between  components  of e l ectromagnetic un i ts ;  

•  ti gh tness  of e l ectromagnetic  un i ts ;  

•  accuracy check (determ ination  of error);  

•  damper check.  

A l ow-frequency wi thstand  test on  capaci tive  vol tage  d i viders  i s  optional  based  on  agreement 
between  suppl ier and  purchaser.  
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9. 1 .2  Insu lation  resistance  measurement of low vol tage terminal  to  earth  terminal  

I nsu lation  res istance  measurement of l ow-vol tage  term inal  to  earth  term inal  shou ld  be  made.  

As  an  example,  i n  some coun tries ,  the  i nsu lation  res istance  i s  tested  at  2  500  V and  the  
tested  va lue  of i nsu lation  res istance  shou ld  not be  l ower than  1  000  MΩ .  

9. 1 .3  Capacitance and  d issipation  factor (tan  δ)  measurement 

Capaci tance  and  d issipation  factor (tan  δ)  measurement shou ld  i nclude  the  fol lowing :  

•  Measurement of capaci tance  and  tan  δ  of each  d ivi der un i t  shou ld  be  performed  at  1 0  kV.  
Measurement of capaci tance  and  tan  δ  of the  i n termed iate  vol tage  capaci tor shou ld  be  
performed  at  rated  vol tage.  The  value  of tan  δ  shou ld  not be  greater than  0 , 2  % ;  

•  The  deviation  of the  capaci tance  of each  capaci tor un i t  and  i n termed iate  vol tage  capaci tor 
un i t  shou ld  be  between  −5  % ~  +1 0  % of rated  va lue ;  

•  I f the  value  of tan  δ  measured  at  1 0  kV doesn ’ t  meet the  requ irement,  i t  shou ld  be  
measured  at  the  rated  vol tage  i nstead .  When  the  value  of tan  δ  measured  at  rated  vol tage  
meets  the  requ i rement,  the  capaci tor vol tage  d i vi der can  be  cons idered  to  be  acceptable.  

9. 1 .4  Tightness  of the  l i qu id-fi l led  capacitor vol tage  d ividers  

Tigh tness  of the  l i qu id -fi l l ed  capaci tor vol tage  d i viders  shou ld  be  checked :  no  surface  defects  
that  cou ld  affect  the  satisfactory performance  shou ld  be  to lerated .  

9. 1 .5  Winding  resistance  measurement  of electromagnetic  un i ts  

Wind ing  res istance  measurement of e lectromagnetic  un i ts  shou ld  i nclude  the  fo l l owing :  

•  Measurement shou ld  be  performed  for a l l  wind ings  of i n termed iate  transformers,  
compensation  reactors  and  dampers.  The  res istance  of the  primary wind ing  of 
i n termed iate  transformers  and  compensation  reactor wind ings  can  be  measured  together 
when  poss ib le ;  

•  For the  res istance  of i n termed iate  transformers  and  compensation  reactor wind ings,  
re levant deviation  shou ld  be  wi th in  ±1 0  % of the  factory test va lue  at  the  same 
temperature.  For dampers,  the  re levant  deviation  shou ld  be  wi th in  ±1 5  % of the  factory 
test va lue.  

9. 1 .6  Insu lation  resistance  measurement of each  component of e lectromagnetic  un i ts  

I nsu lation  res istance  between  term inals  of i n termed iate  transformer secondary wind ings  and  
earth ,  i nsu lation  res istance  of i n termed iate  transformer primary wind ings  to  earth ,  i nsu lation  
res istance  of compensation  reactor wind ings  to  earth ,  as  wel l  as  insu lation  res istance  of 
damper to  earth  shou ld  be  tested  and  shou ld  meet the  requ irements  of the  suppl ier and  the  
purchaser.  

D i fferen t suppl iers  and  purchasers  may g ive  d i fferen t suggested  values  of test vo l tage  and  
i nsu lation  res istance.  As  an  example,  i n  some coun tries ,  the  test vol tage  is  2  500  V,  and  
insu lation  res istance  shou ld  not be  lower than  1  000  MΩ .  

9. 1 .7  Connection  check between  components  of electromagnetic un i ts  

Connection  between  componen ts  of e l ectromagnetic un i ts  shou ld  be  checked  and  shou ld  be  
conform  to  the  name p late.  

9. 1 .8  Tightness  of electromagnetic  un i ts  

No surface  defects  that  cou ld  affect the  satisfactory performance  i n  service  shou ld  be  
to lerated .  
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9. 1 .9  Accuracy check (determination  of error)  

Accuracy checks  shou ld  i nclude  the  fol l owing :  

•  During  measurement,  the  l ayout of a  h igh-vol tage  l ead  shou ld  be  as  close  as  poss ib le  to  
the  actual  operation  cond i ti on ;  

•  The  checks  shou ld  be  performed  on  a l l  gate  metering  vol tage  transformers;  

•  Error measurement shou ld  not be  replaced  by vol tage  ratio  measurement methods  wi th  a  
vol tage  ratio  tester;  

•  A polari ty check shou ld  be  performed  s imu l taneousl y wi th  error measurement,  and  the  
l abel l i ng  of each  connecting  term inals  shou ld  be  checked ;  

•  Both  d i fference methods  and  vol tage  coefficient  measurement methods  can  be  appl i ed  to  
accuracy check;  

•  Checks  shou ld  be  performed  on  each  secondary wind ing  separatel y except for res idual  
wind ings.  The  access  l oad  of checked  wind ings  shou ld  be  between  25  % ~  1 00  % of rated  
l oad ,  and  for other wind ings  the  l oad  shou ld  be  between  0  % ~  1 00  % of rated  load .  The  
power factor of the  secondary l oad  shou ld  be  cons idered  as  1  i f there  is  no  other specia l  
requ irement g i ven  by the  purchaser;  

•  Checks  for the  metering  wind ing  and  the  measuring  wind ing  (0 , 2  l evel  and  0 , 5  accuracy 
l evel )  shou ld  be  performed  at  80  %,  1 00  %,  and  1 20  % of rated  vol tage  or as  agreed  upon  
between  the  suppl ier and  purchaser;  

•  Error characteristic  measurement of protection  wind ings  shou ld  be  performed  at  2  %,  5  %,  
and  1 00  % of rated  vol tage .  

NOTE  The  l ast  th ree  checks  depend  on  the  ag reement  between  the  suppl i er and  the  pu rchaser.  

9. 1 . 1 0  Damper check 

Check whether the  damper has  been  connected  correctl y wi th  the  speci fied  secondary 
wind ing  term inal .  

9.2  Bush ing-type  CTs  

9.2. 1  General  

On-s i te  acceptance  tests  for bush ing -type  CTs  i nclude  the  fo l lowing :  

•  i nsu lation  res istance  test;  

•  res istance  measurement;  

•  appl ied  vol tage  test on  secondary wind ings;  

•  determ ination  of error and  polari ty check;  

•  exci tation  test.  

9.2.2  Insu lation  resistance  test  

I nsu lation  res istance  between  each  secondary wind ing  and  earth  and  on  secondary wind ings  
shou ld  be  tested  and  shou ld  meet the  requ irements  of the  suppl ier and  the  purchaser.  

Di fferen t suppl iers  and  purchasers  g i ve  d i fferen t suggested  values  of test vo l tage  and  
insu lation  res istance.  As  an  example,  i n  some coun tries ,  the  test vo l tage  is  2  500  V and  the  
i nsu lation  res istance  shou ld  not be  lower than  1  000  MΩ .  

9.2.3  Resistance  measurement 

The res istance  measurements  shou ld  i nclude  the  fol l owing :  
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•  Compare  the  DC  res istance  of secondary wind ing  wi th  factory test  resu l t  when  converted  
to  the  same temperature.  The  d i fference shou ld  not  exceed  1 0  % ;  

•  For CTs  wi th  the  same batch ,  model ,  and  speci fication ,  the  d i fference of the ir tested  va lue  
of the  secondary wind ing  DC res istance  shou ld  not exceed  1 0  %.  

9.2.4  Appl ied  vol tage  test on  secondary wind ings  

Power frequency wi thstand ing  vol tage  between  secondary wind ings  and  wind ings  to  earth  of 
curren t transformers  i s  3  kV,  wi th  time duration  of 1  m in .  

9.2.5  Determination  of error and  polari ty check 

The determ ination  of error and  polari ty shou ld  i nclude  the  fo l lowing :  

•  Polari ty check shou ld  be  performed  s imu l taneousl y wi th  determ ination  of error,  or DC  
method  shou ld  be  adopted  and  term inal  markings  shou ld  be  checked ;  

•  For mu l ti - transformation  ratio  wind ings,  measurement of on l y the  fu l l  range  error of one  
transformation  ratio  shou ld  be  done  and  veri fy the  error at  l east at  20  %  of the  rated  
curren t and  the  transformation  ratio  of a l l  wind ings  shou ld  conform  to  the  value  g iven  on  
the  nameplate;  

•  For determ ination  of error,  the  d i rect method  (d i fference  value  method)  shou ld  appl y.  I f the  
appl ied  current cannot reach  the  speci fi ed  value,  the  i nd i rect method  can  be  adopted  wi th  
the  precond i ti on  that  the  error at  20  % of Ir  ( rated  current)  poin t  has  been  measured  by 
d i rect method .  

9.2.6  Exci tation  test  

The exci tation  tests  shou ld  i nclude  the  fol l owing :  

•  The  test shou ld  be  carried  ou t when  the  CT exci tation  characteristic  i s  requ i red  by the  
re lay protection ;  

•  I f the  CT is  a  mu l ti - tap  type,  the  measurement can  be  taken  at  the  tap  i n  use  or at  the  tap  
wi th  the  maximum  transformation  ratio  and  the  resu l t  shou ld  meet the  requ irement 
speci fied  by the  suppl ier and  the  purchaser;  

•  Appl y the  vol tage  across  the  wind ings  under test in  the  steps  of 500  V and  ra ise  the  
vol tage  up  to  rated  knee  poin t vol tage.  At each  vol tage,  the  magneti zing  curren t shou ld  
not be  more  than  factory va lue  wi th in  a  deviation  of 5  %.  

1 0  Shunt reactors  

1 0. 1  General  

Most of the  test  i tems  or cond i ti ons  of shunt  reactors  are  the  same as  those  of C lause  5.  

NOTE  For the  procedure  fo l l owed  for fi e l d  tests ,  the  test  method  refers  to  the  same ki nd  of tests  descri bed  i n  
re l evant  publ i cati ons  for factory tests ,  such  as  I EC 60599  and  I EC 60076  series.  

Shunt reactors  and  neutral -earth ing  reactors  ( i f any)  shou ld  be  subj ected  to  on-s i te  tests  as  
speci fied  below:  

•  l eak testi ng  wi th  pressure  ( tigh tness  test) ;  

•  wi nd ing  res istance  measurement;  

•  i nsu lation  res istance  tests  i nclud ing  bush ings ;  

•  d issipation  factor ( tan  δ)  and  capaci tance  measurement on  each  wind ing  to  earth  and  
between  wind ings;  

•  core  and  frame insu lation  check;  

•  tests  on  bush ings;  
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•  i nsu lation  oi l  tests ;  

•  DGA test.  

The  fol l owing  i tem  is  optional :  

•  appl ied  vol tage  test.  

1 0.2  Leak testing  wi th  pressure (tightness  test)  

Oi l  tank of shun t  reactors  shou ld  wi thstand  a  pressure  of 30  kPa  or any speci fi ed  value  
pressure  appl ied  on  the  top- level  of o i l  i n  oi l  conservator and  mainta ined  for 24  hours  or any 
speci fied  period  wi thou t any l eakage  and  damage.  

1 0.3  Winding  resistance  measurement 

Wind ing  res istance  measurement tests  shou ld  i nclude  the  fol lowing :  

•  measurement shou ld  be  performed  for a l l  wind ings  at a l l  tap  pos i ti ons  ( i f any);  

•  measured  values  shou ld  be  compared  wi th  the  factory test  resu l ts .  The  deviation  shou ld  
be  wi th in  ±5  % ;  

•  measured  values  shou ld  be  compared  wi th  the  average  va lue  of three  phase  wind ings.  
The  deviation  shou ld  be  wi th in  ±2  % otherwise  speci fied .  

1 0.4  Insu lation  resistance  tests  on  each  wind ing  to  earth  and  between  wind ings  
includ ing  bush ings  

I nsu lation  res istance  tests  shou ld  be  made  for each  wind ing  wi th  respect to  earth  and  
between  wind ings.  

1 0.5  Dissipation  factor (tan  δ)  and  capaci tance measurement on  each  wind ing  to  earth  
and  between  wind ings  

Diss ipation  factor ( tan  δ)  and  capaci tance  measurement on  each  wind ing  to  earth  and  
between  wind ings  shou ld  i nclude  the  fol lowing :  

•  Term inals  to  be  tested  shou ld  be  connected  to  the  test i nstrument and  the  term inals  not 
being  tested  shou ld  be  short-ci rcu i ted  and  connected  to  earth .  Test vol tage  i s  1 0  kV AC.  

•  Tan  δ  measurement resu l ts  shou ld  be  compared  wi th  the  factory test resu l t  cons idering  the  
temperature  d i fference  and  the  d i fference shou ld  be  wi th in  ±0, 001  and  the  d i fference of 
the  capaci tance  va lue  shou ld  be  wi th in  ±1  % of the  factory test resu l ts .  

1 0.6  Core  and  frame insu lation  check 

I nsu lation  res istance  check shou ld  be  made  between  core  to  frame,  core  to  tank and  frame  to  
tank.  For deta i ls  see  I EC 60076-1 .  

1 0.7  Tests  on  bush ings  

1 0.7. 1  Visual  i nspection  

The visual  i nspection  shou ld  be  made on  each  bush ing .  For detai ls  see  9 . 1 0  of 
I EC 601 37: 201 7.  

1 0.7.2  Tan  δ  and  capacitance measurement  

The measurement i s  on ly appl icable  to  capaci tance-graded  bush ings.  For deta i l s  see  9. 1  of 
I EC 601 37: 201 7.  Tan  δ  and  capaci tance  measurement shou ld  i nclude  the  fol lowing :  
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•  after i nsta l l ation  of the  transformer bush ings,  tan  δ  and  capaci tance  of the  i nsu lation  
shou ld  be  measured  at 1 0  kV wh i l e  vol tage  tap  ( i f any)  shou ld  be  short-ci rcu i ted  wi th  the  
test tap;  

•  the  deviation  between  measured  capaci tance  va lue  and  factory test value  shou ld  be  l ower 
than  ±1  % (s im i lar to  5 . 7  for tan  δ)  or depend ing  on  the  number of l ayers  up  to  5  %.  

1 0.7.3  Tap withstand  vol tage  

A rated  frequency vol tage  wi thstand  test shou ld  be  appl i ed  to  or i nduced  at the  tap  for 1  m in  
wi th  the  bush ing  mounting  fl ange  earthed .  Vol tage  tap  shou ld  be  tested  at 20  kV.  The  test  tap  
shou ld  be  tested  at 2  kV.  

NOTE  For vol tage  tap,  d i fferen t suppl i ers  m igh t  g i ve  d i fferen t suggested  val ue  of test  vol tage.  I t  i s  advi sed  to  
refer to  the  product  speci fi cati on  or consu l t  the  suppl i er before  testi ng .  

1 0.8  Insu lating  oi l  tests  

Test requ i rements  of i nsu lating  oi l  fi l l i ng  i n to  e lectrica l  equ ipment shou ld  be  as  per Table  1 .  
See  Subclause  5 . 1 0.  

1 0.9  DGA test  

The DGA test shou ld  be  carried  ou t  after the  completion  of oi l  treatmen t.  I f a  d ie lectric test i s  
requ i red ,  the  DGA test  shou ld  be  carried  ou t  after the  d ie lectric test.  See  I EC  60599.  

1 0. 1 0  Appl ied  vol tage  tests  

The test shou ld  be  made  on-s i te.  For detai l s ,  see  I EC 60076-3.  The  appl ied  vol tage  test 
shou ld  i nclude  the  fol l owing :  

•  The  test vol tage  shou ld  be  appl ied  between  a l l  term inals  of the  wind ing  under test 
connected  together and  a l l  term inals  of the  remain ing  wind ings,  core,  frame and  tank of 
the  transformer,  connected  together to  earth ;  

•  The  test vol tage  va lue  shou ld  be  80  % of the  factory test va lue  and  the  time duration  
shou ld  be  1  m in ;  

•  The  test vol tage  shou ld  be  as  near as  poss ible  to  a  s ine-wave form .  The  peak value  
d ivi ded  by √2  shou ld  be  equal  to  the  test va lue;  

•  The  test i s  successfu l  i f no  col lapse  of the  test vo l tage  occurs.  

1 1  Series  compensators  

1 1 . 1  General  

Series  compensators  shou ld  be  subjected  to  on-s i te  tests  as  speci fi ed  below:  

•  test on  capaci tors ;  

•  test on  metal  oxide  varistors;  

•  test on  damping  devices;  

•  test on  spark gaps;  

•  test on  curren t transformers;  

•  test on  by-pass  swi tches;  

•  test on  d isconnect swi tches;  

•  test on  i nsu lators;  

•  test on  con trol  and  protection  systems.  
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1 1 .2  Test on  capacitors  

On-si te  tests  for capaci tors  shou ld  i nclude  the  fo l l owing :  

•  Capaci tance  measurement  

The  capaci tance  measured  by a  bri dge  or other specia l  i nstruments  shou ld  meet the  
fol l owing  requ i rements :  

– Capaci tor un i t:  deviations  from  factory test va lues  shou ld  not exceed  ±2  %;  

–  Capaci tor bank:  deviations  from  rated  values  shou ld  not exceed  ±1  %;  

–  D i fference  between  s i ng le  phase  bri dge  arm  of capaci tor shou ld  not exceed :  ±0 , 5  %;  

–  The  ratio  between  the  maximum  and  the  m in imum  of the  capaci tance  measured  among  
the  three  phases  of the  capaci tor bank shou ld  not exceed  1 , 01 .  

•  Unbalanced  current  measurement of capaci tor bank 

Unbalanced  curren t of capaci tor bank is  measured  us ing  the  current-vol tage  method .  The  
measured  va lue  shou ld  meet the  recommendations  of the  suppl ier.  

•  I nsu lation  res istance  measurement between  term inals  and  conta iner 

I nsu lation  res istance  of capaci tor un i t  shou ld  be  measured  between  the  pole  and  the  case.  

As  an  example,  i n  some coun tries  the  i nsu lation  res istance  i s  measured  at  2   500  V and  
the  i nsu lation  res istance  va lue  shou ld  not be  l ower than  2   000  MΩ .  

•  AC  wi thstand  vol tage  test between  term inals  and  con tainer 

The  test shou ld  be  performed  in  accordance  wi th  5. 6  of I EC 601 43-1 : 201 5.  The  test 
vol tage  shou ld  be  75  % of the  vol tage  value  of the  factory test.  

1 1 .3  Tests  on  metal  oxide  varistors  

On-s i te  tests  for metal  oxide  varistors  shou ld  i nclude  the  fo l l owing :  

•  I nsu lation  res istance  measurement  

As  an  example  i n  some coun tries  the  i nsu lation  resistance  i s  measured  at  5  000  V and  the  
i nsu lation  res istance  between  conductor and  earth  i s  not lower than  2  500  MΩ.  

•  DC  reference vol tage  measurement  

DC  reference vol tage  shou ld  be  measured  on  the  varistor un i t.  The  tested  curren t value  of 
each  varistor column  shou ld  not be  l ower than  1  mA.  The  d i fference  between  the  
measured  va lue  and  the  factory test va lue  shou ld  not exceed  ±5  % and  shou ld  satisfy the  
speci fied  value.  

•  Leakage  current measurement at 75  %  of the  DC  reference  vol tage  

Leakage  curren t at  75  %  of the  DC  reference  vol tage  shou ld  meet the  speci fications  of the  
suppl ier.  

1 1 .4  Tests  on  damping  equ ipment 

On-s i te  tests  for damping  devices  shou ld  i nclude  the  fol lowing :  

•  Damping  reactor 

I nductance shou ld  be  measured  us ing  current-vol tage  method .  Measurement shou ld  be  
kept away from  strong  magnetic  sources.  The  deviation  between  the  measured  va lue  and  
the  factory value  shou ld  not exceed  ±5  % .  

DC  res istance  shou ld  be  measured  us ing  double  DC  bri dge  or DC resistance  tester.  
Measurement shou ld  be  kept  away from  strong  magnetic  fi e l d  sources.  The  deviation  
between  the  measured  value  and  the  factory va lue  shou ld  not  exceed  ±  1 0  %.  

•  “L inear res istance  +  gap”  type  damping  res istor 

The  deviation  between  the  measured  resistance  value  and  the  factory va lue  shou ld  not 
exceed  ±5  %.  
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Gap d istance  shou ld  be  measured  or gap  d ischarge  vol tage  shou ld  be  tested  us ing  DC 
vol tage  generator.  The  deviation  between  the  measured  value  and  the  factory va lue  
shou ld  not exceed  ±1 0  %.  

•  “Linear res istance  +  non l i near resistance”  type  damping  res istor 

I nsu lation  res istance  to  earth  of damping  res istor shou ld  be  measured  at 2  500  V and  the 
i nsu lation  res istance  shou ld  meet the  suppl ier’ s  requ i rement.  

The  DC  reference vol tage  and  l eakage  current  of non l i near resistance  shou ld  be  
measured .  The  deviation  between  the  measured  value  and  the  factory va lue  shou ld  not 
exceed  ±5  %.  The  l eakage current at 75 % of the  reference vol tage  shou ld  not exceed  
1 , 2  times  the  factory value  or 500  μA.  

1 1 .5  Tests  on  spark gaps  

On-si te  tests  for spark gaps  shou ld  i nclude  the  fol lowing :  

•  DC  res istance  measurement of curren t l im i ti ng  res istor for gaps  

The  deviation  between  the  measured  val ue  and  the  factory va lue  shou ld  not exceed  ±5  %.  

•  I nsu lation  res istance  measurement of bush ings  

For 66  kV and  above  capaci ti ve  type  bush ings,  i nsu lation  res istance  of bush ings'  end  
screen  to  flange  shou ld  be  measured .  

As  an  example,  i n  some countries  the  i nsu lation  resistance  is  measured  at  2  500  V and  
the  i nsu lation  res istance  shou ld  not be  l ower than  1  000  MΩ .  

•  AC  wi thstand  vol tage  test of bush ings  

AC  wi thstand  vol tage  test of bush ings  shou ld  be  performed  i n  accordance wi th  
I EC 60071 -1 .  

•  Tan  δ  and  capaci tance  measurement of bush ings  

The  tan  δ  of 20  kV and  above non-pure  porcela in  bush ings  shou ld  be  not g reater than  the  
value  i n  Table  3,  a t ambien t temperature  not l ower than  1 0  °C.  

The  deviation  between  the  measured  value  of capaci tive  type  bush ings  and  the  value  on  
the  product nameplate  or the  factory va lue  shou ld  not exceed  ±5  %.  

Table  3  – Tan  δ  (%)  of bush ings  

Major i nsu lation  type  of bush ings  Maxima of tan  δ  (%)  

Organ ic  composi te  i nsu l ation 1  0 , 7  

Gas  1 , 5  

Casti ng  res in  1 , 5  

Oi l  immersed  paper 0 , 7  

Resin  immersed  paper 0 , 7  

1  Med ium  l oss  test  of organ ic composi te  i nsu lati ng  s l eeve  shou ld  be  conducted  i n  a  d ry p l ace.  

 

•  D ie lectric l oss  and  capaci tance  measurement of capaci tor for gaps  

The  deviation  between  the  measured  value  and  the  factory va lue  shou ld  not exceed  ±5  %.  
The d ie lectric  loss  shou ld  meet the  techn ical  requ irements  of the  suppl ier and  purchaser.  

•  AC  wi thstand  vol tage  test of h i gh  i nsu lated  pu lse  transformer 

The  test vol tage  shou ld  be  80  % of the  factory test  va lue  wi th  du ration  of 1  m in .  No  
evidence  of d ischarge  of the  sample  i s  a l l owed  to  occur during  the  test.  

•  Functional  test of gap  tri gger control  system  

The  gap  trigger command  shou ld  be  issued  by the  series  compensator control  and  
protection  system ,  and  the  gap  tri gger con trol  system  shou ld  work correctl y.  

•  AC  wi thstand  vol tage  test of gap  

Provided by IHS Markit under l icense with  IEC



 – 28  – I EC TS  63042-301 : 201 8  © I EC  201 8  

The  tested  gap  shou ld  have  no  d ischarge  phenomenon  during  the  test,  and  the  gap  shou ld  
work normal l y.  AC  wi thstand  vol tage  test  va lue  of gap  shou ld  be  not l ess  than  1 , 05  times  
of the  l im i ting  vol tage  of the  capaci tor bank.  

•  Triggered  d ischarge  test of gap  

The  tri ggered  d ischarge  test shou ld  be  conducted  twice.  Triggered  d ischarge  test  vol tage  
value  of gap  shou ld  be  not more  than  1 , 8  times  of the  rated  vol tage  of the  capaci tor bank 
or the  recommended  value  of the  suppl ier.  

1 1 .6  Tests  on  current  transformers  

On-s i te  tests  for current transformers  shou ld  i nclude  the  fol lowing :  

•  I nsu lation  res istance  measurement of wind ings  

As  an  example,  i n  some countries  the  i nsu lation  resistance  is  measured  at  2  500  V and  
the  i nsu lation  res istance  shou ld  not be  l ower than  1  000  MΩ .  

•  Measurement of tan  δ  of 35  kV and  above curren t transformer 

The  test  vol tage  of tan  δ  of current transformer wind ings  shou ld  be  1 0  kV.  The  tan  δ  
shou ld  not exceed  the  value  in  Table  4 .  

The  test vol tage  of tan  δ  of end  screen  shou ld  be  not l ess  than  2  kV.  

NOTE  Th is  test  i s  appl i cabl e  to  oi l - immersed  curren t transformer and  i nappl i cabl e  to  current  transformer wi th  SF
6
 

i nsu lati on  and  epoxy res in  i n su lation  s tructu re.  S i l i cone  g rease,  etc.  and  other d ry current  transformers  can  
reference  i t.  

Table  4 – Limiting  value  of tan  δ  (%)  

Rated  vol tage  (kV)  20  to  35  66  to  1 1 0  220  

tan  δ  i n  %  for oi l -immersed  curren t transformer 2, 5  0 , 8  0 , 6  

tan  δ  i n  %  of oi l -immersed  curren t transformer 
end  screen  

-  2  

 

•  AC  wi thstand  vol tage  test 

AC  wi thstand  vol tage  test shou ld  be  conducted  at 80  % of factory va lue .  The  vol tage  of AC 
wi thstand  vol tage  test  among  secondary wind ings  and  case  or the  earth  shou ld  not  be  l ess  
than  2  kV.  

The  vol tage  of AC wi thstand  vol tage  test on  the  end  screen  to  earth  of 1 1 0  kV curren t 
transformer shou ld  not  be  l ess  than  2  kV.  

•  DC  res istance  measurement of wind ings  

The  deviation  of DC  resistance  and  the  average  value  between  primary wind ing  and  
secondary wind ing  of curren t  transformers  wi th  the  same type,  the  same speci fication  and  
the  same batch  shou ld  be  no  more  than  1 0  %.  

•  Polari ty check 

I t  shou ld  conform  to  the  design  requ i rements ,  nameplate  and  label .  

•  Ratio  test  

I t  shou ld  conform  to  the  design  requ i rements ,  nameplate  and  label .  

•  Vol tage-curren t characteristic  cu rve  measurement of curren t transformer 

When  relay protection  has  requ irements  on  vol tage-curren t  characteristics  of curren t 
transformer,  the  test  shou ld  be  performed.  The  test resu l t  shou ld  conform  to  the  techn ica l  
requ i rements  of the  suppl ier.  

•  Seal i ng  performance  check (when  appl icable)  

Appearance shou ld  have  no  oi l  sta ins .  
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1 1 .7  Tests  on  by-pass  switches  

On-s i te  tests  for by-pass  swi tches  shou ld  include  the  fol lowing :  

•  Res istance  measurement of main  ci rcu i t  

Res istance  measurement shou ld  be  done  i n  accordance wi th  2 . 2 . 3. 2  of I EC 601 43-2 :201 2  
us ing  DC  vol tage  method  wi th  a  curren t of not l ower than  300  A.  The  test resu l t  shou ld  
conform  to  the  techn ical  requ i rements  of the  suppl ier.  

•  AC  wi thstand  vol tage  test of main  ci rcu i t  

AC  wi thstand  vol tage  test between  open  contacts  shou ld  be  carried  ou t when  SF6  
pressure  i s  equal  to  the  rated  value;  i f necessary,  the  AC  wi thstand  vol tage  test between  
swi tch  and  earth  shou ld  be  done.  The  test vo l tage  shou ld  be  agreed  between  suppl ier and  
purchaser.  

•  AC  wi thstand  vol tage  test of control  and  auxi l i ary ci rcu i t  

The  test vol tage  shou ld  be  2  000  V for wi th  duration  of 1  m in .  

•  Mechan ica l  characteristic  test  

I t  shou ld  conform  to  techn ica l  requ irements  of the  suppl ier.  

•  I nsu lation  res istance  and  DC res istance  measurement of breaking  and  closing  coi l s  

As  an  example  i n  some coun tries,  the  i nsu lation  res istance  is  measured  at  2  000  V and  
below and  the  i nsu lation  res istance  i s  not l ower than  1 0  MΩ .  The  DC res istance  shou ld  be  
measured  by a  mu l timeter or an  e lectric  bridge.  

•  Mechan ical  operation  test 

When  the  by-pass  swi tch  i s  i n  operation ,  the  power suppl y vol tage  range  of the  control  
and  auxi l i ary ci rcu i ts  i s  between  85  %  and  1 1 0  %,  and  the  operati ng  pressure  range  of the  
hydrau l ic actuating  mechan ism  is  i n  accordance  wi th  the  techn ical  requ i rements  of the  
suppl ier.  

•  Detection  of SF6  water con ten t  

Detection  of water conten t shou ld  be  done  after the  swi tch  i s  fi l l ed  wi th  SF6  for 48  h  

(volume fraction  at 20  °C),  and  shou ld  be  l ess  than  1 50  µL/L.  

•  Leakage  test  

The  l eakage  test  shou ld  be  done  after the  swi tch  i s  fi l led  wi th  SF6  for 24  h  or speci fi ed  by 
agreement between  purchaser and  suppl ier.  For detai ls ,  see  Subclause  7. 5.  

•  Detection  of gas  dens i ty re lay,  pressure  gauge  and  operating  valve  

Check operati ng  value  of dens i ty re lay;  i t  shou ld  conform  to  the  techn ical  requ i rements  of 
the  suppl ier.  The  equ ipment transported  to  the  s i te  separate l y shou ld  be  veri fied .  

1 1 .8  Tests  on  d isconnectors  

On-s i te  tests  for d isconnectors  shou ld  i nclude  the  fo l l owing :  

•  Resistance  measurement of main  ci rcu i t  

The  res istance  of the  d isconnector main  ci rcu i t,  subsid iary vacuum  breaker main  ci rcu i t  
and  d isconnecting  swi tch  main  open  con tact connecting  l i ne  shou ld  be  measured  us ing  
DC  vol tage  method  wi th  a  curren t of not  l ower than  300  A.  The  test resu l ts  shou ld  conform  
to  the  techn ica l  requ i rements  of the  suppl ier.  

•  I nsu lation  test  of control  and  auxi l i ary ci rcu i t  

The  test vo l tage  shou ld  be  2  000  V wi th  a  duration  of 1  m in .  

•  Mechan ical  operation  test 

For AC  d ynam ic operating  mechan ism ,  the  test vol tage  of motor term inal  i s  between  85  %  
and  1 1 0  % of the  rated  vol tage;  for secondary con trol  coi l  and  magnetic b locking  device,  
the  test vol tage  of coi l  term inal  i s  a lso  between  80  %  and  1 1 0  % of the  rated  vol tage.  
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1 1 .9  Tests  on  i nsu lators  

On-si te  tests  for i nsu lators  shou ld  i nclude  the  fol lowing :  

•  When  mu l ti -post i nsu lators  are  used  in  para l le l ,  check number and  re lati ve  pos i ti on  of un i t  
post as  requ ired  by the  suppl ier.  I f necessary,  measure  the  perpend icu lari ty of the  post 
i nsu lator.  The  measured  value  shou ld  meet the  techn ical  requ irements  of the  suppl ier;  

•  Check appearance  of pol ymeric  i nsu lators;  the  body of the  composi te  i nsu lator shou ld  
have  no  scratch ,  deformation  and  cracking ;  the  socket and  the  body shou ld  be  fixed  
re l iabl y and  shou ld  have  no  oxide  etch ;  the  grad ing  ri ng  shou ld  not be  deformed;  

•  I nsu lation  res istance  shou ld  be  measured .  As  an  example,  i n  some countries  the  
i nsu lation  res istance  i s  measured  before  i nstal lation  at  5  000  V and  the  i nsu lation  
res istance  shou ld  not  be  l ower than  5  000  MΩ .  

1 1 . 1 0  Tests  on  control  and  protection  systems  

On-si te  tests  for control  and  protection  systems  shou ld  i nclude  the  fol lowing :  

•  The  con trol  and  protection  systems shou ld  be  visual l y i nspected  and  checked  for wiring ;  

•  P latform  measuring  box and  spark gap  tri gger con trol  box power suppl y test shou ld  be 
carried  ou t;  

•  The  attenuation  va lue  of the  s i gnal  optical  cable  l oop  and  the  output  power of the  optical  
fibre  l oop  shou ld  be  meet the  des ign  requ irements ;  

•  The  test of power suppl y for con trol  cabinet shou ld  meet the  requ irements ;  

•  The  deviation  of the  accuracy of the  data  acqu is i tion  test shou ld  meet the  techn ical  
requ irements  of the  suppl ier.  Zero  dri ft  i s  detected  accord ing  to  requ irements;  

•  Under normal  working  cond i tion  of l aser power modu le,  check whether i ts  temperature  and  
protection  function  conform  to  the  design  requ irements;  

•  I nspection  of fau l t  record ing  function  shou ld  be  conducted ;  

•  Functional  check of t im ing  system  shou ld  be  conducted ;  

•  Setti ng  of protection  i tems  of series  compensator control  and  protection  system  shou ld  
meet the  des ign  requ i rements.  

1 2  Insulators  

1 2. 1  General  

For fie ld  tests,  the  test  method  shou ld  refer to  same  kind  of tests  described  in  re levant  
publ ications,  such  as  I EC 60383-1 : 1 993.  The  test methods  and  thei r descriptions  l i sted  below 
are  appl icable  for suspension  and  post  i nsu lators.  

1 2 .2  On-si te  acceptance  tests  of suspension  insu lators  

On-s i te  acceptance  tests  of suspension  i nsu lators  shou ld  i nclude  the  fol lowing :  

•  The  i nsu lation  res istance  shou ld  be  tested  at  5  000  V and  the  tested  value  of i nsu lation  
res istance  of each  piece  of suspension  i nsu lator shou ld  not  be  l ower than  5  000  MΩ  
before  instal l ation ;  

•  For the  AC  vol tage  wi thstand  test,  the  test vol tage  for each  d isc of the  suspension  
i nsu lator i s  60  kV.  For the  test method ,  refer to  1 4 . 1  of I EC  60383-1 : 1 993.  

1 2 .3  On-si te  acceptance  tests  of post  insu lators  

As an  example  i n  some coun tries ,  the  i nsu lation  res istance  measurement i s  performed  on  a  
transportation  un i t  wi th  5  000  V before  i nsta l l ation  and  the  value  of the  measured  i nsu lation  
res istance  shou ld  not be  l ower than  5  000  MΩ .  
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1 3  Disconnectors  and  earth ing  swi tches  

1 3. 1  Ai r-insu lated  d isconnectors  

1 3. 1 . 1  General  

On-s i te  acceptance  tests  for d isconnectors  shou ld  i nclude  the  fo l lowing :  

•  d ie lectric  test  on  con trol  and  auxi l i ary ci rcu i ts;  

•  measurement of the  res istance  of the  main  ci rcu i t;  

•  des ign  and  visual  i nspection ;  

•  mechan ical  test.  

1 3. 1 .2  Dielectric test on  control  and  auxi l i ary circu i ts  

See  8. 3  of I EC 62271 -1 : 201 7  for d ie lectric  tests  on  control  and  auxi l i ary ci rcu i ts,  wi th  the  
fol l owing  add i tion :  

•  I nsu lation  res istance,  measured  before  appl ying  the  vol tage  wi thstand  test,  shou ld  be  
g reater than  2  MΩ ;  measured  at 500  V;  

•  Control  and  auxi l i ary ci rcu i ts  shou ld  wi thstand  power frequency vol tage  at  2  kV for 1  m in .  
The  va lue  of i nsu lation  res istance  shou ld  not s i gn i fican tl y d rop  after vol tage  wi thstand  test.  

1 3. 1 .3  Measurement of the  resistance of the  main  ci rcu i t  

See 7. 5 .5  of I EC 62271 -1 : 201 7  for measurement of the  res istance  of the  main  ci rcu i t  
speci fications.  

1 3. 1 .4  Design  and  visual  Inspection  

See  8 . 6  of I EC 62271 -1 : 201 7  for design  and  visual  i nspection  speci fications.  

1 3. 1 .5  Mechan ical  test  

See  8 . 1 01  of I EC  62271 -1 02: 201 8  for mechan ical  test speci fications.  

1 3.2  Ai r-insu lated  earth ing  switches  

1 3.2. 1  General  

On-s i te  acceptance  tests  for a i r- insu lated  earth ing  swi tches  i nclude  the  fol l owing :  

•  appearance  check;  

•  d ie lectric  tests  on  con trol  and  auxi l i ary ci rcu i ts ;  

•  mechan ica l  test.  

1 3.2.2  Appearance  check 

See  8 . 6  of I EC 62271 -1 : 201 7  for appearance  check requ i rements.  

1 3.2.3  Dielectric tests  on  control  and  auxi l iary ci rcu i ts  

See  8. 3  of I EC  62271 -1 : 201 7  for d ie lectric tests  on  control  and  auxi l iary ci rcu i ts  wi th  the  
fol l owing  add i tion :  

•  I nsu lation  res istance,  measured  before  appl ying  the  vol tage  wi thstand  test,  shou ld  be  
greater than  2  MΩ  measured  at 500  V;  

•  Control  and  auxi l i ary ci rcu i ts  shou ld  wi thstand  power frequency vol tage  at  2  kV for 1  m in .  
The  value  of i nsu lation  res istance  shou ld  not s i gn i fican tl y d rop  after vol tage  wi thstand  test.  

Provided by IHS Markit under l icense with  IEC



 – 32  – I EC TS  63042-301 : 201 8  © I EC  201 8  

1 3.2.4  Mechan ical  test  

See  8 . 1 01  of I EC  62271 -1 02 :201 8  for the  mechan ical  test.  

1 4 H igh-speed  earthing  switches  (HSES)  

1 4. 1  General  

The  occurrence  of the  secondary arc i s  speci fic  phenomena i n  very h i gh  vol tage  system  such  
as  UHV transm ission .  The  fol lowing  subclauses  establ ish  the  requ i rements  for testing  
h igh-speed  earth ing  swi tch  (HSES)  after i nsta l l ation  and  before  p lacing  i t  i n to  commercia l  
service.  

For the  test  i tems,  see  6 . 1  wi th  the  fol l owing  add i ti on :  

•  CB  and  HSES operating  sequence  check 

1 4.2  Dielectric  test on  main  ci rcu i t  

Subclause  6 . 2  i s  appl icable.  

1 4.3  Dielectric  test on  auxi l i ary ci rcu i t  

Subclause  6 . 3  i s  appl icable.  

1 4.4  Measurement of the  resistance of the  main  ci rcu i t  

Subclause  6 . 4  i s  appl icable.  

1 4.5  Checks  and  verifications  after instal l ation  includ ing  gas  tightness  tests,  gas  
qual i ty,  i nsu lation  resistance  test  

Subclause  6 . 5  is  appl icable .  

1 4.6  Mechan ical  tests  and  measurements  

Fol lowing  checks  shou ld  be  performed:  

•  characteristic i nsu lating  and /or i n terrupti ng  flu id  pressures  (where  appl icable) ;  

•  characteristic operating  fl u id  pressures  ( i f appl icable);  

•  consumption  during  operations  ( i f appl icable);  

•  veri fication  of rated  operating  sequence;  

•  time  quanti ties ;  

•  mechan ica l  travel  characteristics ;  

•  checks  of certa in  speci fic  operations.  

Clause  1 0  of I EC  62271 -1 1 2 :201 3  is  appl icable  wi th  fo l lowing  add i tion :  

•  mechan ical  travel  characteristics  shal l  be  recorded ,  and  acceptance cri teria  are  referred  to  
6. 1 01 . 1 . 1  of I EC 62271 -1 00: 2008  wi th  the  mod i fication  of the  to lerance  to  20  %  wi th  
fol lowing  combination  +20  % and  –0  % or +1 0  % and  –1 0  % or +0  % and  –20  %;  

•  t im ing  test of cl ose  and  open  wi th  rated  and  m in imum  cond i ti ons  of auxi l i ary suppl y shou ld  
be  veri fied .  
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1 4.7  Tests  of accessories  

Subclause  6 . 7  i s  appl icable.  

1 4.8  CB  and  HSES  operating  sequence test  

HSES  closes  immed iately after i n terruption  of re levant ci rcu i t  breaker (CB)  and  opens  before  
the  ci rcu i t breaker recloses.  For confi rmation  of coord ination  of operating  time  and  operating  
sequence  between  CB  and  HSES,  the  operation  test of HSES  together wi th  re levant CB  
shou ld  be  carried  ou t wi th  rated  operating  sequence.  HSES closes  immed iate l y after 
i n terruption  of re levant ci rcu i t  breaker and  opens  before  the  ci rcu i t  breaker recloses .  

A record  of travel l i ng  curves  of CB  and  HSES  is  preferable  for confi rmation  of con tact  
posi tions.  

A typ ical  t ime  chart  and  travel l i ng  curves  of CB  and  HSES  under rated  operati ng  sequence  
are  in troduced  in  4 . 1 02  of I EC 62271 -1 1 2: 201 3.  

Provided by IHS Markit under l icense with  IEC



 – 34  – I EC TS  63042-301 : 201 8  © I EC  201 8  

Bibl iography 

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  

I EC  60060-3,  High-voltage test techniques – Part 3: Definitions and requirements for on-site  
testing 

IEC 60071 -1 : 2006,  Insulation  co-ordination – Part 1 :  Definitions,  principles and rules   
I EC  60071 -1 : 2006/AMD1 :201 0  

IEC 60076-1 ,  Power transformers – Part 1 :  General  

I EC  60076-3,  Power transformers – Part 3:  Insulation levels,  dielectric tests and external 
clearances in  air 

I EC  60076-1 8,  Power transformers – Part 18: Measurement of frequency response  

I EC 601 37: 201 7,  Insulated bushings for alternating voltages above 1  000 V 

I EC 601 43-1 : 201 5,  Series capacitors for power systems – Part 1 :  General  

I EC 601 43-2: 201 2,  Series capacitors for power systems – Part 2: Protective equipment for 
series capacitor banks  

I EC  60296,  Fluids for electrotechnical applications – Unused mineral insulating oils for 
transformers and switchgear 

I EC  60383-1 : 1 993,  Insulators for overhead lines with  a  nominal voltage above 1  000 V – 
Part 1 :  Ceramic or glass insulator units for a. c.  systems – Definitions,  test methods and 
acceptance criteria  

I EC 60422,  Mineral insulating oils in  electrical equipment – Supervision and maintenance 
guidance  

I EC  60599,  Mineral oil-filled electrical equipment in  service – Guidance on the interpretation 
of dissolved and free gases analysis 

IEC 61 869-2,  Instrument transformers – Part 2:  Additional requirements for current 
transformers  

I EC  61 869-4,  Instrument transformers – Part 4:  Additional requirements for combined 
transformers 

IEC 61 869-5,  Instrument transformers – Part 5:  Additional requirements for capacitor voltage 
transformers  

I EC  61 936-1 ,  Power installations exceeding 1  kV a. c.  – Part 1 :  Common rules  

I EEE  1 861 ,  IEEE guide for on-site accept tests of electrical equipment and system 
commissioning of 1  000 kV ac and above  

___________ 

Provided by IHS Markit under l icense with  IEC



Provided by IHS Markit under l icense with  IEC



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION 

 

3,  rue de Varembé 

PO Box 1 31  

CH-1 21 1  Geneva 20 

Switzerland  

 

Tel:  +  41  22 91 9 02 1 1  

Fax:  +  41  22 91 9 03 00 

info@iec.ch  

www. iec.ch  

Provided by IHS Markit under l icense with  IEC


