
A
S
 I
E
C
 6
0
0
6
0
.1
:2
0
1
8

High-voltage test techniques

Part 1:  General  defnitions and test 

requirements

AS IEC 60060.1:2018
IEC 60060-1:2010

Full document details: AS IEC 60060.1-2018

http://www.avadocuments.com/doc/as-iec-60060-1-2018
http://www.avadocuments.com/doc/as-iec-60060-1-2018


AS IEC 60060.1:2018

ISBN  978  1  76072  201  2

This Austral ian  Standard®  was prepared by EL-007,  Power Switchgear.  It was approved on  

behalf of the Council  of Standards Australia  on 27 September 2018.

This Standard  was published on  18 October 2018.

The fol lowing  are represented  on  Committee EL-007:

Austra l ian  Industry Group
Energy Networks Austra l ia
Eng ineers Austra l ia
Testing  Interest of Austra l ia
Universi ty of New South  Wales

This Standard  was issued in  draft form for comment as DR AS IEC 60060.1:2018.

Keeping Standards up-to-date

Ensure you  have the l atest versions of our publ ications and  keep up-to-date about 

Amendments,  Ru l ings,  Withdrawals,  and  new projects by visi ting :   

www.standards. org . au

www.sa ig loba l . com  (sa les and  d istribution)

Full document details: AS IEC 60060.1-2018

http://www.avadocuments.com/doc/as-iec-60060-1-2018
http://www.avadocuments.com/doc/as-iec-60060-1-2018


High-voltage test techniques

Part 1:  General  defnitions and test 

requirements

First publ ished as AS IEC 60060.1:2018.

COPYRIGHT

© IEC — Al l  rights reserved 

© Standards Austra l ia  Limited  

Al l  rights are reserved.  No part of th is  work may be reproduced  or copied  in  any 

form  or by any means,  electron ic or mechan ica l ,  includ ing  photocopying,  wi thout the 

wri tten  permission  of the publ isher,  un less otherwise permitted  under the Copyright 

Act 1968 (Cth).

Publ i shed  by SAI  Globa l  Pty Limited  under l i cence from  Standards Austra l ia  Limi ted,  GPO 

Box 476,  Sydney,  NSW 2001 ,  Austra l ia .

AS IEC 60060.1:2018
IEC 60060-1:2010

Full document details: AS IEC 60060.1-2018

http://www.avadocuments.com/doc/as-iec-60060-1-2018
http://www.avadocuments.com/doc/as-iec-60060-1-2018


Preface

This Standard was prepared by the Standards Australia Committee EL-007, Power Switchgear.

The objective of this Standard is  to set out general definitions and test requirements applicable to 
dielectric tests with alternating voltage,  dielectric tests with direct voltage,  dielectric tests with 
impulse voltage and dielectric tests with combinations of the above.  This document is  applicable to 
tests on equipment having its  highest voltage for equipment Um  above 1  kV.

This Standard is  identical with,  and has been reproduced from, IEC 60060-1:2010, High-voltage test 
techniques — Part 1: General definitions and test requirements.

As this document has been reproduced from an International Standard, the following applies:

(a)  In the source text “this International Standard/this part of IEC 60060” should read “this 
Australian Standard”.

(b)  A full point substitutes for a comma when referring to a decimal marker.

Australian or Australian/New Zealand Standards that are identical adoptions of international 
normative references may be used interchangeably.  Refer to the online catalogue for information on 
specific Standards.

The terms “normative” and “informative” are used in Standards to define the application of the 
appendices or annexes to which they apply.  A “normative” appendix or annex is  an integral part of a 
Standard, whereas an “informative” appendix or annex is  only for information and guidance.
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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  
____________ 

 
H IGH-VOLTAGE TEST TECHNIQUES –  

 
Part 1 :  General  defin i tions  and  test requirements  

 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern ing  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  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Publ i cation (s)” ) .  Thei r preparation  i s  en trusted  to  techn ica l  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ ization  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i ti 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  possi ble,  an  i n ternational  
consensus  of opin ion  on  the  re l evant sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendati ons  for i n ternational  use  and  are  accepted  by I EC Nationa l  
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  accurate,  I EC  cannot  be  he l d  respons ibl e  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 ternati onal  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Publ i cations  
transparentl y to  the  maximum  exten t poss ibl e  i n  thei r national  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ 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 does  not  provide  any attestati on  of conform i ty.  I n dependent certi fi cation  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  users  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,  servants  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 ona l  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 rel i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  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 cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cati on  may be  the  sub ject  of 
patent  ri gh ts .  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts .  

I n ternational  Standard  I EC 60060-1  has  been  prepared  by I EC  techn ical  comm ittee  42 :  H igh-
vol tage  test techn iques.  

Th is  th i rd  ed i ti on  of I EC  60060-1  cancels  and  replaces  the  second  ed i ti on ,  publ ished  in  1 989,  
and  consti tu tes  a  techn ical  revis ion .  

The  s ign i ficant techn ical  changes  wi th  respect to  the  previous  ed i tion  are  as  fol l ows:  

a)  The  general  l ayou t and  text was  updated  and  improved  to  make the  standard  eas ier to  
use.  

b)  Arti ficia l  pol lu tion  test procedures  were  removed  as  they are  now described  i n  I EC  60507.   

c)  Measurement of impu lse  curren t has  been  transferred  to  a  new standard  on  current 
measurement ( I EC 62475).   

d )  The  atmospheric correction  factors  are  now presented  as  formu las.  
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e)  A new method  has  been  i n troduced  for the  calcu lation  of the  time parameters  of l igh tn ing  
impu lse  waveforms.  Th is  improves  the  measurement of the  time  parameters  of l i ghtn ing  
impu lses  wi th  osci l l ations  or overshoot.  

The  text of th is  s tandard  is  based  on  the  fo l lowing  documents:  

FDIS  Report  on  voti ng  

42/277/FDIS  42/282/RVD 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voti ng  i nd icated  in  the  above  tab le .  

Th is  publ icati on  has  been  d rafted  i n  accordance wi th  the  I SO/IEC D irecti ves,  Part 2  

A l i s t of a l l  the  parts  i n  the  I EC 60060  series ,  under the  general  ti tl e  High-voltage test 
techniques ,  can  be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  con tents  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  th is  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be:  

•  reconfi rmed ;  

•  wi thdrawn ;  

•  replaced  by a  revised  ed i ti on  or 

•  amended .  
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HIGH-VOLTAGE TEST TECHNIQUES –  
 

Part 1 :  General  defin i tions  and  test requirements  
 
 
 

1  Scope 

This  part  of I EC  60060  i s  appl icable  to:  

–  d ie lectric  tests  wi th  d i rect  vol tage;  

–  d ie lectric  tests  wi th  al ternating  vol tage;  

–  d ie lectric  tests  wi th  impu lse  vol tage;  

– d ie lectric  tests  wi th  combinations  of the  above.  

Th is  part i s  appl icable  to  tests  on  equ ipment having  i ts  h i ghest vol tage  for equ ipment Um  

above 1  kV.  

NOTE  1  Al ternati ve  test  procedu res  may be  requ i red  to  obtain  reproduci ble  and  s i gn i fi can t resu l ts .  The  choice  of 
a  su i tabl e  test  procedure  shou l d  be  made  by the  re l evant  Techn ical  Commi ttee.  

NOTE  2  For vol tages  Um  above  800  kV meeti ng  some  speci fi ed  procedu res,  to l erances  and  uncertai n ti es  may not  
be  ach i evabl e.  

2  Normative  references  

The  fol l owing  referenced  documents  are  i nd ispensable  for the  appl ication  of th is  document.  
For dated  references,  on ly the  ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl ies.  

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

I EC 60270,  High-voltage test techniques – Partial discharge measurements 

I EC 60507: 1 991 ,  Artificial pollution tests on high-voltage insulators to  be used on a. c.  
systems 

I EC 61 083-1 ,  Instruments and software used for measurement in  high-voltage impulse tests – 
Part 1 :  Requirements for instruments  

I EC  61 083-2,  Digital recorders for measurements in  high-voltage impulse tests – Part 2:  
Evaluation of software used for the determination  of the parameters of impulse waveforms 

I EC 62475,  High-current test techniques: Definitions and requirements for test currents and 
measuring systems 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i ti ons  apply.  
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3. 1  Defin i tions  related  to  characteristics  of d ischarges  

3. 1 . 1   
d isruptive  d ischarge 
fai l u re  of i nsu lation  under e lectric s tress,  i n  wh ich  the  d ischarge  completel y bri dges  the  
i nsu lation  under test,  reducing  the  vol tage  between  e lectrodes  to  practical l y zero  

NOTE  1  Non -sustained  d i srupti ve  d i scharge  i n  wh ich  the  test  object  i s  momentari l y  bri dged  by a  spark or arc  may 
occur.  Du ri ng  these  even ts  the  vol tage  across  the  test  object  i s  momentari l y reduced  to  zero  or to  a  very smal l  
va l ue.  Depend ing  on  the  characteri sti cs  of the  test  ci rcu i t  and  the  test  obj ect,  a  recovery of d i e l ectri c  strength  may 
occur and  may even  a l l ow the  test  vol tage  to  reach  a  h i gher val ue.  Such  an  even t shou ld  be  i n terpreted  as  a  
d i srupti ve  d i scharge  un l ess  otherwise  speci fi ed  by the  relevan t  Techn ical  Comm i ttee.  

NOTE  2  A d i srupti ve  d i scharge  i n  a  sol i d  d i e lectri c  produces  permanent l oss  of d i e l ectri c  strength ;  i n  a  l i qu i d  or 
gaseous  d iel ectri c  the  l oss  may be  on l y temporary.  

3. 1 .2   
sparkover 

d isruptive  d ischarge  that occurs  i n  a  gaseous  or l i qu id  d ielectric 

3. 1 .3   
flashover 
d isruptive  d ischarge  that occurs  over the  surface  of a  d ie lectric i n  a  gaseous  or l i q u id  
d ie lectric 

3. 1 .4   
puncture  

d isrupti ve  d ischarge  that occurs  through  a  sol i d  d ie lectric 

3. 1 .5   
d isruptive-d ischarge  vol tage  value  of a  test  object 
value  of the  test vol tage  causing  d isruptive  d ischarge,  as  speci fi ed ,  for the  various  tests,  i n  
the  re levant cl auses  of the  present  standard  

3. 1 .6   
non-d isruptive  d ischarge 
d ischarge  between  i n termed iate  e lectrodes  or conductors  where  the  test vol tage  does  not  
col lapse  to  zero  

NOTE  1  Such  an  event  shou ld  not  be  i n terpreted  as  a  d i srupti ve  d i scharge  u n less  so  speci fi ed  by the  relevant  
Techn ical  Commi ttee.  

NOTE  2  Some  non -d i srupti ve  d i scharges  are  termed  “parti a l  d i scharges”  and  are  deal t  wi th  i n  I EC 60270.  

3.2  Defin i tions  relating  to  characteristics  of the  test vol tage 

3.2. 1   
prospective  characteristics  of a  test vol tage 
characteristics  wh ich  wou ld  have  been  obta ined  i f no  d isruptive  d ischarge  had  occurred .  
When  a  prospective  characteristic  i s  used ,  th is  shal l  a lways  be  stated .  

3.2.2   
actual  characteristics  of a  test  vol tage  
those  characteristics  wh ich  occur du ring  the  test  at the  term inals  of the  test  object 

3.2.3   
value of the  test  vol tage 

as  defined  i n  the  relevant  cl auses  of th is  s tandard  
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3.2.4   
wi thstand  vol tage  of a  test  object 
speci fied  prospective  vol tage  va lue  wh ich  characterizes  the  i nsu lation  of the  object wi th  
regard  to  a  wi thstand  test 

NOTE  1  Un l ess  otherwise  speci fi ed ,  wi thstand  vol tages  are  referred  to  s tandard  reference  atmospheric  cond i ti ons  
(see   4 . 3 . 1 ) .  

NOTE  2  Th i s  appl i es  to  external  i nsu lation  on ly.  

3.2.5   
assured  d isruptive-d ischarge vol tage  of a  test  object 
speci fied  prospective  vol tage  va lue  wh ich  characterizes  i ts  performance  wi th  regard  to  a  
d isruptive-d ischarge  test  

3.3  Defin i tions  relating  to  tolerance  and  uncertainty 

3.3. 1   
tolerance 

consti tu tes  the  perm i tted  d i fference  between  the  measured  value  and  the  speci fi ed  value   

NOTE  1  Th i s  d i fference  shou l d  be  d i sti ngu ished  from  the  uncertain ty of a  measu rement.   

NOTE  2  A pass/fai l  deci s ion  i s  based  on  the  measured  val ue,  wi thout  consideration  of the  measurement 
uncertain ty.  

3.3.2   
uncertainty (of measurement)  
parameter,  associated  wi th  the  resu l t  of a  measurement,  that characterizes  the  d ispersion  of 
the  values  that  cou ld  be  reasonabl y attribu ted  to  the  measurand   

[I EV 31 1 -01 -02]   

NOTE  1  I n  th i s  s tandard ,  a l l  u ncertai n ty val ues  are  speci fi ed  at  a  l evel  of confi dence  of 95  % .  

NOTE  2  Uncertai n ty i s  posi ti ve  and  g i ven  wi thout  s i gn .  

NOTE  3  I t  shou l d  not  be  confused  wi th  the  tol erance  of a  test-speci fi ed  val ue  or parameter.  

3.4 Defin i tions  relating  to  statistical  characteristics  of d isruptive-d ischarge vol tage 
values  

3.4. 1   
d isruptive-d ischarge  probabi l i ty of a  test object 
p 

probabi l i ty that one  appl ication  of a  certa in  prospective  vol tage  value  of a  g iven  shape wi l l  
cause  d isruptive  d ischarge  in  the  test object 

NOTE  The  parameter p  may be  expressed  as  a  percentage  or a  proper fracti on .  

3.4.2   
wi thstand  probabi l i ty of a  test  object 
q 

probabi l i ty that an  appl ication  of a  certa in  prospective  vol tage  value  of a  g i ven  shape does  not 
cause  a  d isrupti ve  d ischarge  on  the  test object 

NOTE  I f the  d i srupti ve-d i scharge  probabi l i ty i s  p ,  the  wi thstand  probabi l i ty q  i s  (1  – p) .  

3.4.3   
p  %  d i sruptive-d ischarge vol tage  of a  test  object 
Up  

prospective  vol tage  va lue  wh ich  has  p  %  probabi l i ty of producing  a  d isruptive  d ischarge  on  
the  test object 
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NOTE  1  Mathematical l y the  p  %  d i srupti ve-d i scharge  vol tage  i s  the  q uanti l e  of the  order p  (or p  q uanti l e)  of the  
breakdown  vol tage.  

NOTE  2  U1 0  i s  ca l l ed  the  “s tati sti cal  wi thstand  vol tage”  and  U90  i s  cal l ed  the  “s tati s ti cal  assured  d i s rupti ve-
d i scharge  vol tage” .  

3.4.4   
50  %  d isruptive-d ischarge vol tage of a  test object 
U50  

prospective  vol tage  value  wh ich  has  a  50  %  probabi l i ty of producing  a  d isruptive  d ischarge  on  
the  test object 

3.4.5   
ari thmetic mean  value  of the  d isruptive-d ischarge vol tage  of a  test  object,   
Ua 
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where  

iU   i s  the  measured  d isruptive-d ischarge  vol tage  and  

n   i s  the  number of observations  (d ischarges).  

NOTE  For symmetri c  d i s tri bu tions  Ua  i s  i d en ti cal  to  U50 .   

3.4.6   
standard  deviation  of the  d isruptive vol tage of a  test  object 
s 

a measure  of the  d ispers ion  of the  d isruptive  vol tage  estimated  by 
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where  

Ui   i s  the  ith  measured  d isruptive  vol tage  and  

Ua   i s  the  ari thmetic  mean  of the  d isruptive  vol tages  ( i n  most cases  i t  i s  i dentical  to  U50) .  

n   i s  the  number of observations  (d ischarges).  

NOTE  1  I t  can  a l so  be  eval uated  by the  d i fference  between  the  50  %  and  1 6  %  d i srupti ve-d ischarge  vol tages  (or 
between  the  84  %  and  50  %  d i srupti ve-d i scharge  vol tages).  I t  i s  often  expressed  i n  per un i t  or percentage  value  
referred  to  the  50  %  d i s rupti ve-d i scharge  vol tage.  

NOTE  2  For successive  d i srupti ve-d i scharge  tests  the  standard  deviati on  s  i s  defi ned  by the  formu la.  For mu l ti pl e  
l evel  and  up-and -down  tests  i t  i s  d efi ned  by the  d i fference  of the  quan ti l es.  The  methods  are  equ ivalent  because,  
between  p  =  1 6  %  and  p  =  84  %  al l  d i s tri bu tion  functions  are  nearl y i den ti cal .  

3.5  Defin i tions  relating  to  classi fication  of insu lation  in  test objects  

3.5. 1   
external  i nsu lation  
air i nsu lation  and  the  exposed  surfaces  of sol i d  i nsu lation  of the  equ ipment,  wh ich  are  subject 
both  to  d ie lectric stresses  and  to  the  d i rect effects  of a tmospheric and  other external  
cond i ti ons  

3.5.2   
i n ternal  insu lation  
i n ternal  sol i d ,  l i qu i d  or gaseous  e lements  of the  i nsu lation  of equ ipment protected  from  the  
d i rect effects  of external  cond i ti ons  such  as  pol l u ti on ,  hum id i ty and  verm in  
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3.5.3   
sel f-restoring  insu lation  
i nsu lation  wh ich  complete l y recovers  i ts  i nsu lati ng  properties  after a  d i sruptive  d ischarge  
caused  by the  appl ication  of a  test vol tage  

[I EV 604-03-04,  mod i fied ]  

3.5.4   
non-self-restoring  insu lation  
i nsu lation  wh ich  loses  i ts  i nsu lati ng  properties,  or does  not recover them  completel y,  after a  
d isruptive  d ischarge  caused  by the  appl ication  of a  test vo l tage  

[I EV 604-03-05,  mod i fied ]  

NOTE  I n  h i gh -vol tage  apparatus,  parts  of both  se l f-restori ng  and  non-sel f-restori ng  i nsu lati on  are  a lways  
operati ng  i n  combinati on  and  some  parts  may be  deg raded  by repeated  or conti nued  vol tage  appl i cations.  The  
behavi ou r of the  i nsu lation  i n  th i s  respect  shou ld  be  taken  i n to  account by the  re levant  Techn ical  Comm i ttee  when  
speci fying  the  test  procedu res  to  be  appl i ed .  

4 General  requirements  

4. 1  General  requ irements  for test  procedures  

The test procedures  appl icable  to  particu lar types  of test objects,  for example,  the  test 
vo l tage,  the  polari ty to  be  used ,  the  preferred  order i f both  polari ties  are  to  be  used ,  the  
number of appl ications  and  the  i n terval  between  appl icati ons  shal l  be  speci fi ed  by the  
re levant Techn ical  Committee,  having  regard  to  such  factors  as:  

–  the  requ i red  accuracy of the  test resu l ts ;  

– the  random  nature  of the  observed  phenomena;  

– any polari ty dependence of the  measured  characteristics  and  

– the  possib i l i ty of progressive  deterioration  wi th  repeated  vol tage  appl ications.  

At  the  time of a  test,  the  test obj ect sha l l  be  complete  i n  a l l  essentia l  detai l s ,  and  i t  shou ld  
have  been  processed  in  the  normal  manner for s im i lar equ ipment.  

At the  time of a  test,  the  test object shou ld  have  become accl imatised  as  much  as  practicable  
to  the  ambient atmospheric  cond i tions  of the  test area.  The  period  a l located  to  reach  
equ i l ibri um  shou ld  be  recorded .  

4.2  Arrangement of the  test  object in  dry tests  

The  d isruptive-d ischarge  characteristics  of a  test obj ect wi th  external  i nsu lation  may be  
affected  by i ts  general  arrangement (for example,  proxim i ty effects  such  as  d is tance  i n  a i r 
from  other l i ve  or earthed  structures,  height above ground  level  and  the  arrangement of i ts  
h igh-vol tage  lead).  The  general  arrangement shou ld  be  speci fi ed  by the  relevan t Techn ical  
Committee.  

NOTE  1  A clearance  to  extraneous  structures  not  l ess  than  1 , 5  times  the  l eng th  of the  shortest  possib le  d i scharge  
path  on  the  test  object  usual l y  makes  such  proxim i ty effects  neg l i g ib l e.  I n  wet  or pol l u ti on  tests,  or wherever the  
vol tage  d i stri bu tion  a l ong  the  test  obj ect  and  the  e l ectri c  fi e l d  around  i ts  energ i zed  e l ectrode  are  su ffi cien tl y  
i ndependent  of external  i n fl uences,  smal l er cl earances  may be  acceptabl e,  provided  that  d i scharges  do  not  occur 
to  extraneous  structures.   

NOTE  2  I n  the  case  of a . c.  or posi ti ve  swi tch i ng -impu lse  vol tage  tests  above  750  kV (peak)  the  i n fl uence  of an  
extraneous  structure  may be  considered  as  neg l i g ib l e  i f i ts  d i stance  from  the  energ i zed  e l ectrode  i s  a l so  not  l ess  
than  the  hei ght  of th i s  e l ectrode  above  the  g round  pl ane.  A gu ide  for recommended  m in imum  clearance  i s  g i ven  i n  
F i gu re  1 ,  as  a  function  of the  h i ghest  test  vol tage.  S i gn i fi cant  shorter cl earances  may be  su i tabl e  i n  i nd i vi dual  
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cases.  However,  an  experimental  adaptati on  or a  fi e l d  cal cu lati on ,  taki ng  i n to  accoun t  a  vol tage  dependent  

maximum  fi e l d  s trength  as  described  i n  the  l i teratu re  [1 ,  2 ] 1 ,  i s  recommended .  
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F igure 1  – Recommended  min imum  clearance  D  of extraneous  l ive  or earthed  objects  to  
the  energ ized  electrode  of a  test object,  during  an  a.c.  or posi tive  switch ing  impulse 

test at  the  maximum  vol tage  U appl ied  during  test  

I f not otherwise  speci fied  by the  re levant Techn ical  Committee,  the  test shou ld  be  made  at  
ambien t atmospheric cond i ti ons  i n  the  test area  wi thou t extraneous  precipi tation  or pol l u tion .  
The  procedure  for vol tage  appl ication  shal l  be  as  speci fied  i n  the  re levant clauses  of th is  
standard .   

4.3  Atmospheric  corrections  in  dry tests  

4.3. 1  Standard  reference atmosphere 

The standard  reference atmosphere  i s :   

– temperature   t0  =  20  °C  ;   

– absolu te  pressure   p0  =  1  01 3  hPa  (1  01 3  mbar)  ;  

– absolu te  hum id i ty  h0  =  1 1  g /m3.  

NOTE  1  An  absol u te  pressure  of 1  0 1 3  hPa  corresponds  to  the  hei ght  of 760  mm  of the  mercury col umn  i n  a  
mercury barometer at  0  °C.  I f the  barometer he ight  i s  H  mm  of mercury,  the  atmospheric  pressure  i n  hectopascal  i s  
approximately:  

p  =  1 , 333  H  hPa  

Correction  for temperature  wi th  respect  to  the  hei gh t  of the  mercu ry col umn  i s  cons idered  to  be  neg l i g ib l e.  

NOTE  2  I nstruments  au tomati cal l y correcti ng  pressure  to  sea  l evel  are  not  su i table  and  shou ld  not  be  used .  

4.3.2  Atmospheric  correction  factors  for ai r gaps  

The  d isruptive  d ischarge  of external  i nsu lation  depends  upon  the  atmospheric cond i tions.  
Usual l y,  the  d isruptive-d ischarge  vol tage  for a  g i ven  path  i n  a i r i s  i ncreased  by an  i ncrease  i n  
e i ther a i r dens i ty or hum id i ty.  However,  when  the  relative  hum id i ty exceeds  abou t 80  %,  the  
d isruptive-d ischarge  vol tage  becomes  i rregu lar,  especial l y when  the  d isruptive  d ischarge  
occurs  over an  i nsu lati ng  surface.  

___________ 

1  Numbers  i n  square  brackets  refer to  the  B ib l i og raphy.  
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NOTE  Atmospheric  corrections  do  not  appl y to  fl ashover,  on l y to  sparkover.  

The d isruptive-d ischarge  vol tage  i s  proportional  to  the  atmospheric correction  factor Kt  tha t  
resu l ts  from  the  product of two  correction  factors:  

–  the  a i r dens i ty correction  factor k1  (see   4 . 3. 4. 1 );  

–  the  hum id i ty correction  factor k2  (see   4 . 3 . 4. 2).  

21kkKt =  

4.3.3  Appl ication  of correction  factors  

4.3.3.1  Standard  procedure 

By appl ying  correction  factors,  a  d isruptive-d ischarge  vol tage  measured  i n  g i ven  test  
cond i tions  (temperature  t,  pressure  p ,  hum id i ty h)  may be  converted  to  the  value,  wh ich  wou ld  
have  been  obtai ned  under the  standard  reference  atmospheric cond i ti ons  ( t0 ,  p0 ,  h0) .  

D isruptive-d ischarge  vol tages,  U,  measured  at g i ven  test cond i ti ons  are  corrected  to  U0  
correspond ing  to  standard  reference  atmosphere  by d i vid i ng  by Kt:  

tKUU =0  

The test report shal l  a lways  conta in  the  actual  atmospheric cond i ti ons  during  the  test and  the  
correction  factors  appl i ed .  

4.3.3.2  Converse  procedure 

Conversel y,  where  a  test vol tage  i s  speci fied  for standard  reference cond i ti ons,  i t  shal l  be  
converted  in to  the  equ ivalen t va lue  under the  test cond i ti ons  and  th is  may requ ire  an  i terati ve  
procedure.   

I f not otherwise  speci fied  by the  relevan t Techn ical  Committee,  the  vol tage  U to  be  appl ied  
during  a  test on  external  i nsu lation  i s  determ ined  by mu l ti p l ying  the  speci fied  test vol tage  U0  
by Kt;   

tKUU 0=  

However,  as  U en ters  i n to  the  ca lcu lation  of Kt ,  an  i terati ve  procedure  m ight have  to  be  used  
(see   Annex E).  

NOTE  1  The  test  for the  correct  choice  of U for the  calcu lation  of Kt  i s  to  d i vi de  U by Kt.  I f the  resu l t  i s  the  
speci fi ed  test  vol tage,  U0 ,  then  a  correct  choice  of U h as  been  made.  I f U0  i s  too  h i gh ,  U h as  to  be  reduced  bu t  i f i t  
i s  too  l ow,  i t  h as  to  be  i ncreased .  

NOTE  2  When  Kt  i s  cl ose  to  un i ty,  i terati ve  calcu lation  i s  not  necessary.  

NOTE  3  I n  correcti ng  power-frequency vol tage  the  peak va l ue  has  to  be  used ,  because  the  d i scharge  behaviour 
i s  based  on  the  peak value.  

4.3.4  Correction  factor components  

4.3.4.1  Ai r densi ty correction  factor,  k1  

The a i r dens i ty correction  factor k1  depends  on  the  re lative  a i r dens i ty δ  and  can  be  general l y 
expressed  as:   

mk δ=1
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where  m  i s  an  exponen t g i ven  i n   4 . 3. 4. 3.   

When  the  temperatures  t  and  t0  are  expressed  i n  degrees  Celsius  and  the  atmospheric 
pressures  p and  p0  are  expressed  i n  the  same un i ts,  the  relative  a i r dens i ty i s :   

t

t

p

p

+
+

×=
273

273 0

0

δ  

The  correction  i s  considered  re l i ab le  for 0 , 8  <  k1  <  1 , 05.  

4.3.4.2  Humidi ty correction  factor,  k2  

The hum id i ty correction  factor may be  expressed  as:   

wkk =2
 

where  w  i s  an  exponent g i ven  i n   4 . 3. 4. 3  and  k  i s  a  parameter that depends  on  the  type  of test  
vol tage  and  may be  obtained  as  a  function  of the  ratio  of absolu te  hum id i ty,  h ,  to  the  rel ati ve  
a i r dens i ty,  δ,  us ing  the  fo l l owing  equati ons  (F igure  2):  

DC   ( ) ( )21 10002201 101401 −−−+= δδ hhk ,,  for 1  g /m 3  <  h /δ  <  1 5  g /m3  

AC   ( )1 101201 −+= δhk ,    for 1  g /m3  <  h /δ  <  1 5  g /m3   

Impu lse  ( )1 101001 −+= δh,k    for 1  g /m3  <  h /δ  <  20  g /m3   

NOTE  The  impu lse  equation  i s  based  on  experimental  resu l ts  for posi ti ve  l i gh tn ing -impu lse  waveforms.  Th i s  
equation  a l so  appl i es  to  negati ve  l i gh tn i ng -impu lse  vol tages  and  swi tch ing- impu lse  vol tages.  
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F igure 2  – k  as  a  function  of the  ratio  of the  absolute  humidi ty h  to  the  relative  air 

densi ty δ     (see   4.3.4.2  for l imits  of appl icabi l i ty)  
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For Um  below 72 , 5  kV (or approximatel y gap  l eng ths  l  <  0 , 5  m )  no  hum id i ty correction  can  at  
present be  speci fied .  

NOTE  For speci fi c  apparatus,  the  relevant  Techn ical  Comm ittee  has  speci fi ed  other procedures  (e. g .  I EC 62271 -
1 ).  

4.3.4.3  Exponents  m  and  w  

As the  correction  factors  depend  on  the  type  of pre-d ischarges,  th is  fact can  be  taken  in to  
account by considering  the  parameter:   

kL

U
g

δ500

50=  

where  U50  i s  the  50  %  d isruptive-d ischarge  vol tage  (measured  or estimated)  at the  actual  
atmospheric cond i ti ons,  i n  ki l ovol t peak,  

L  i s  the  m in imum  d ischarge  path  in  m ,  

δ  i s  the  re lati ve  a i r densi ty and   

k i s  the  d imension  less  parameter defined  in   4 . 3 . 4 . 2 .  

I n  the  case  of a  wi thstand  test where  an  estimate  of the  50  %  d isruptive-d ischarge  vol tage  i s  
not avai l able,  U50  can  be  assumed  to  be  1 , 1  times  the  test vol tage,  U0 .   

The  exponents,  m  and  w,  are  obtained  from  Table  1  for the  speci fied  ranges  of g  (F igure  3).  

Table  1  – Values  of exponents,  m  for air densi ty correction  and  w  for humid i ty 
correction ,  as  a  function  of the  parameter g  

g m  w 

<0, 2  0  0  

0 , 2  to  1 , 0  g(g-0, 2 )/0 , 8  g(g-0 , 2 )/0, 8  

1 , 0  to  1 , 2  1 , 0  1 , 0  

1 , 2  to  2 , 0  1 , 0  (2 , 2 -g)(2 , 0-g)/0 , 8  

>2, 0  1 , 0  0  
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Figure  3a  – Values  of exponent m  for ai r densi ty correction   
as  a  function  of parameter g  
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Figure  3b  – Values  of exponent w  for humid i ty correction   
as  a  function  of parameter g 

Figure 3  – Values  of exponents  m  and  w  

4. 3.5  Measurement of atmospheric  parameters  

4.3.5.1  Humidi ty 

The hum id i ty shou ld  preferably be  determ ined  wi th  an  i nstrument measuring  d i rectl y the  
absolute  hum id i ty wi th  an  expanded  uncertainty not l arger than  1  g /m 3 .   

Measurement of relati ve  hum id i ty and  the  ambien t temperature  can  a lso  be  used  for the  
determ ination  of the  absolu te  hum id i ty,  us ing  the  formu la  below,  provided  that the  accuracy of 
the  absolu te  hum id i ty determ ination  in  th is  case  is  the  same as  requ ired  above.  

)(,

,

,

t

eR
h

t

t

+×

××
=

+

×

27346150

1 16 243

617

 

where   

h   i s  the  absolu te  hum id i ty i n  g /m 3 ,   

R   i s  the  re lati ve  hum id i ty i n  percent and   

t   i s  the  ambient temperature  i n  °C.  

NOTE  Th is  measurement  may a l so  be  made  by means  of a  venti l ated  wet  and  d ry bu lb  hygrometer.  The  absol u te  
hum id i ty as  a  fu nction  of the  thermometer read i ngs  i s  determ ined  from  F igure  4 ,  wh ich  a l so  perm i ts  determ ination  
of the  re lati ve  hum id i ty.  I t  i s  importan t to  provide  adequate  a i rfl ow so  as  to  reach  a  s teady s tate  and  to  read  the  
thermometers  carefu l l y i n  order to  avoi d  excess ive  errors  i n  the  determ inati on  of the  hum id i ty.  
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Figure 4 – Absolute  humid i ty of ai r as  a  function  of dry- 
and  wet-bu lb  thermometer read ings  

4.3.5.2  Temperature 

The ambient temperature  shou ld  be  measured  wi th  an  expanded  uncertain ty of not l arger than  
1  °C.  

4.3.5.3  Absolute  pressure 

The ambient absolu te  pressure  shou ld  be  measured  wi th  an  expanded  uncertain ty of not 
l arger than  2  hPa.  

4.3.6  Confl icting  requ irements  for testing  in ternal  and  external  insu lation  

Whi le  wi thstand  l evels  are  speci fi ed  under standard  reference atmospheric  cond i ti ons,  cases  
wi l l  arise  where  the  appl ication  of atmospheric corrections  (due  to  atmospheric cond i tions  
d i ffering  from  the  standard  reference ones)  resu l ts  in  the  wi thstand  l evel  for in ternal  i nsu lation  
appreciabl y i n  excess  of that for the  associated  external  i nsu lation .  I n  such  cases  measures  
to  enhance the  wi thstand  l evel  of the  external  i nsu lation  shal l  be  adopted  to  perm i t appl ication  
of the  correct test vol tage  to  the  i n ternal  i nsu lation .  These  measures  shou ld  be  speci fied  by 
the  re levant Techn ical  Committee  wi th  reference to  the  requ i rements  of particu lar classes  of 
apparatus  and  cou ld  i nclude  immersion  of the  external  i nsu lation  i n  l iqu ids  or compressed  
gases.   

For those  cases  where  the  test vol tage  of the  external  i nsu lation  i s  h igher than  that of the  
i n ternal  i nsu lation ,  the  external  i nsu lation  can  on l y be  correctl y tested  when  the  i n ternal  
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i nsu lation  is  especia l l y designed  wi th  i ncreased  s trength .  I f not,  the  i n ternal  i nsu lation  shou ld  
be  tested  wi th  the  rated  value  and  the  external  i nsu lation  be  tested  by means  of test fixtures  
un less  the  re levant  Techn ical  Committee  states  otherwise,  i n  wh ich  case  i t  shal l  speci fy the  
test procedure  to  be  used .  

4.4 Wet tests  

4.4. 1  Wet test procedure 

This  wet test procedure  i s  in tended  to  s imu late  the  effect of natural  ra in  on  external  i nsu lation .  
I t  i s  recommended  for tests  wi th  a l l  types  of test vol tages  and  on  al l  types  of apparatus.  

The re levant Techn ical  Committee  shou ld  speci fy the  arrangement of the  test object during  
the  test.  

The test object shal l  be  sprayed  wi th  water of prescribed  res istivi ty and  temperature  (see  
Table  2)  fa l l i ng  on  i t  as  d roplets  (avoid ing  fog  and  m ist)  and  d i rected  so  that the  vertical  and  
horizon tal  components  of the  spray i n tens i ty are  approximatel y equal .  These i n tensi ti es  are  
measured  wi th  a  d ivi ded  col l ecting  vessel  having  open ings  of 1 00  cm 2  to  750  cm2 ,  one  
horizon tal  and  one  vertical  wi th  the  vertical  open ing  facing  the  spray.  

The  posi tion  of the  test object re lative  to  the  vertical  and  horizon tal  ra in  components  shal l  be  
speci fied  by the  re levant Techn ical  Committee.  

I n  general ,  the  reproducibi l i ty of wet test resu l ts  i s  less  than  that for other h igh-vol tage  
d ischarge  or wi thstand  tests.  To  m in im ize the  d i spers ion ,  the  fol l owing  precau tions  shal l  be  
taken :  

–  The  col l ecti ng  vessel  shal l  be  placed  close  to  the  test obj ect,  bu t avoid ing  the  col lection  of 
d rops  or splashes  from  i t.  During  the  measuring  period ,  i t  shou ld  be  moved  s lowly over a  
sufficient area  to  average  the  effect of non-un i form i ties  of the  spray from  ind ividual  
nozzles.  Th is  measuring  zone  shal l  have  a  wid th  equal  to  that of the  test object and  a  
maximum  height  of 1  m .  

–  For test objects  between  1  m  and  3  m  i n  heigh t,  the  i nd ividual  measurements  shal l  be  
made at the  top,  cen tre  and  bottom  of the  test object.  Each  measuring  zone  shal l  cover 
on l y one  th i rd  of the  he ight of the  test object.  

– For test objects  exceed ing  3  m  in  height,  the  number of measuring  zones  shal l  be  
i ncreased  to  cover the  fu l l  he ight of the  test obj ect  wi thout overlapping .  

–  The  above procedures  shal l  be  su i tabl y adapted  for test obj ects  having  l arge  horizon tal  
d imensions.  

–  The  spread  of resu l ts  may be  reduced  i f the  test obj ect i s  cleaned  wi th  a  surface-active  
detergent,  wh ich  has  to  be  removed  before  the  beg inn ing  of wetti ng .  

–  The  spread  of resu l ts  may a lso  be  affected  by local  anomalous  (h igh  or l ow)  precipi tation  
rates.  I t  i s  recommended  to  detect these  by local i zed  measurements  and  to  improve the  
un i form i ty of the  spray,  i f necessary.  

The  spray apparatus  shal l  be  ad justed  to  produce,  wi th in  the  speci fi ed  to lerances,  
precipi tation  cond i ti ons  at the  test object g i ven  in  Table  2 .  

Any type  and  arrangement of nozzles  meeting  the  requ irements  g i ven  i n  Table  2  may be  
used .   
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Table  2  – Precipi tation  cond itions  for standard  procedure  

Precipi tati on  cond i ti on  Un i t  Range  

Average  precipi tati on  rate  of a l l  
measurements :  

 –  verti ca l  component  

 –  hori zon tal  component  

 

[mm/m in ]  

[mm/m in ]  

 

1 , 0  to  2 , 0  

1 , 0  to  2 , 0  

Lim i ts  for any i nd i vi dual  measu rement  
and  for each  component 

[mm/m in ]  ±0, 5  from  average  

Temperatu re  of water [°C]  Ambient  temperature  ±1 5  

Conducti vi ty of water [μS/cm ]  1 00  ±  1 5  

The water temperature  and  res isti vi ty shal l  be  measured  on  a  sample  col lected  immed iatel y 
before  the  water reaches  the  test object.  They may a lso  be  measured  at other l ocations  (e. g . ,  
i n  a  storage  reservoir)  provided  that a  check ensures  that no  s i gn i fican t change occurs  by the  
time the  water reaches  the  test object.   

The  test object shal l  be  pre-wetted  i n i tial l y for at least 1 5  m in  under the  above-speci fied  
cond i ti ons  and  these  cond i tions  shal l  remain  wi th in  the  speci fied  to lerances  throughout the  
test,  wh ich  shou ld  be  performed  wi thou t i n terrupti ng  the  wetti ng .  The  pre-wetti ng  time shal l  
not incl ude  the  time needed  for ad justing  the  spray.  I t  i s  a lso possible  to  perform  an  in i tia l  
pre-wetting  by uncond i ti oned  mains  water for 1 5  m in ,  fol l owed  wi thou t i n terruption  of the  
spray by a  second  pre-wetting  for at l east 2  m in  before  the  test beg ins,  using  water wi th  al l  
the  correct precipi tation  cond i ti ons,  wh ich  shou ld  be  measured  immed iatel y before  starting  the  
test.  

Un less  otherwise  speci fied  by the  re levant Techn ical  Committee,  the  test procedure  for wet 
tests  shal l  be  the  same as  that speci fi ed  for the  correspond ing  d ry tests.  The  test duration  for 
an  a. c.  test shal l  be  60  s ,  i f not otherwise  speci fi ed .  I n  general ,  for a l ternating  and  d i rect 
vol tage  wet wi thstand  tests ,  i t  i s  recommended  that one flashover shou ld  be  perm i tted  
provided  that  in  a  repeat test no  further fl ashover occurs.  

NOTE  For a. c.  apparatus  of l arge  d imensions,  such  as  those  havi ng  a  maximum  rated  vol tage,  Um ,  h i gher than  
800  kV,  no  appropri ate  wet  test  procedu re  i s  avai l abl e  at  present.  

4.4.2  Atmospheric  corrections  for wet tests  

A densi ty correction  factor shal l  be  appl i ed  as  speci fied  i n   4 . 3,  bu t  no  hum id i ty correction  
factor shal l  be  appl i ed  for wet tests.  

4.5  Arti ficial  pol lu tion  tests  

Arti ficia l  pol l u tion  tests  are  i n tended  to  provide  i n formation  on  the  behaviour of external  
i nsu lation  under cond i ti ons  representati ve  of pol l u tion  i n  service,  a l though  they do not  
necessari l y s imu late  any particu lar service  cond i tions.  They are  described  i n  I EC  60507.  

5 Tests  wi th  d irect vol tage 

5. 1  Defin i tions  for d i rect  vol tage  tests  

5. 1 . 1   
value of the  test  vol tage 

ari thmetic mean  value  

5. 1 .2   
ripple  

period ic deviation  from  the  ari thmetic mean  value  of the  test vol tage  
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5. 1 .3   
ripple  ampl i tude  
hal f the  d i fference between  the  maximum  and  m in imum  values  

NOTE  I n  cases  where  the  ri pple  shape  i s  nearl y s i nusoi dal ,  true  r.m . s.  val ues  mu l ti pl i ed  by √2  are  acceptable  for 
determ ination  of the  ri ppl e  ampl i tude.  

5. 1 .4   
ripple  factor 

ratio  of the  ri pple  ampl i tude  to  the  value  of test vol tage  

5. 1 .5   
vol tage  drop 

i nstantaneous  reduction  of the  test vol tage  for a  short duration  of up  to  a  few seconds  

NOTE  Vol tage  d rop  may be  caused  by non -d i srupti ve  d i scharges.  

5.2  Test vol tage  

5.2. 1  Requirements  for the  test vol tage  

5.2. 1 . 1  Vol tage  shape 

The test vol tage,  as  appl i ed  to  the  test obj ect,  shou ld  be  a  d i rect vol tage  wi th  not more  than  
3  %  ri pple  factor,  un less  otherwise speci fied  by the  re levant Techn ical  Committee.  

NOTE  I ncreas ing  ri pp le  ampl i tude  i s  d i rectl y rel ated  to  i ncreasing  res i sti ve  l oad  currents.  D iel ectri c  testi ng  where  
heavy s treamers  are  present  may cause  excessive  ri pp le  and /or vol tage  d rop.  Wet testi ng  and  pol l u ti on  testi ng  by 
thei r very natu re  requ i re  sou rces  su i table  for h i gh  res i sti ve  cu rrents,  see  I EC 60507.  

5.2. 1 .2  Tolerances  

For test durations  not exceed ing  60  s,  the  measured  values  of the  test vol tage shal l  be  
maintained  wi th in  ±1  %  of the  speci fied  l evel  throughout  the  test.  For test  durations  exceed ing  
60  s,  the  measured  value  of the  test vol tage  shal l  be  maintained  wi th in  ±3  %  of the  speci fied  
l evel  throughout the  test.  

NOTE  I t  i s  emphasized  that  the  tolerance  consti tu tes  the  perm i tted  d i fference  between  the  speci fi ed  va l ue  and  
that  actual l y measured .  Th is  d i fference  shou l d  be  d i s ti ngu ished  from  the  uncertai n ty of a  measurement  (see   3. 3. 1 ).  

The source  characteristics  shou ld  be  sufficient to  a l l ow charg ing  of the  capaci tance  of the  test  
obj ect i n  a  reasonably short time.  I n  the  case  of wet or pol l u tion  tests,  the  source,  i nclud ing  i ts  
storage  capaci tance,  shou ld  also  be  adequate  to  suppl y the  transient d i scharge  currents  of 
the  test object wi th  a  vol tage  drop  of <  1 0  %.  

5.2.2  Generation  of the  test vol tage 

The test vol tage i s  general l y obtained  by means  of transformer recti fi er ci rcu i ts .  The  
requ irements  to  be  met by the  test-vol tage  source  depend  cons iderabl y upon  the  type  of 
apparatus  that i s  to  be  tested  and  on  the  test cond i ti ons.  These  requ irements  are  determ ined  
main l y by the  value  and  nature  of the  test curren t to  be  suppl ied ,  the  important consti tuen ts  of 
wh ich  are  i nd icated  i n   5. 2 . 4.  

5.2.3  Measurement of the  test vol tage 

The measurement of the  ari thmetic mean  value,  the  ripple  factor and  any transient i n  the  test  
vol tage  shal l  be  made wi th  approved  measuring  systems (see I EC  60060-2) .   

Atten tion  is  d rawn  to  the  requ i rements  the  on  response characteristics  of converting  devices  
used  for measuring  ripple,  transients  or vol tage  stabi l i ty.  
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