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IEC  61 000  i s  publ i shed  i n  separate  parts  accord ing  to  the  fo l lowing  structure:  

Part  1 :  General  

General  cons iderati ons  ( i n troduction ,  fundamental  pri nciples)  

Def in i ti ons,  term ino logy 

Part  2:  Envi ronment  

Descripti on  of  the  envi ronment  

Class i f i cati on  of  the  envi ronment  

Compatibi l i ty l evels  

Part  3:  Lim i ts  

Em ission  l im i ts  

Immun i ty l im i ts  ( i nsofar  as  they do  not  fal l  u nder  the  respons ibi l i ty of  the  product  
comm i ttees)  

Part  4:  Testing  and  measurement  techn iques  

Measurement  techn iques  

Testi ng  techn iques  

Part  5:  Instal l ation  and  mi ti gation  gu idel ines  

I nstal l ati on  gu i del i nes  

M i t i gation  methods  and  devices  

Part  6:  Generic  standards  

Part  9:  M iscel laneous  

Each  part  i s  fu rther subd ivided  i n to  several  parts,  publ i shed  e i ther  as  i n ternational  s tandards  
or  as  techn ical  speci f icati ons  or  techn ical  reports,  some of  wh ich  have  al ready been  publ i shed  
as  secti ons.  Others  wi l l  be  publ ished  wi th  the  part  number fo l l owed  by a dash  and  a second  
number i denti fying  the  subd ivis i on  (example:  I EC  61 000-6-1 ) .  

Th is  part  i s  an  I n ternati onal  Standard  wh ich  g i ves  immun i ty requ i rements  and  test  procedures  
re lated  to  surge  vol tages  and  surge  curren ts.  
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1  Scope and  object  

This  part  of  I EC  61 000  re lates  to  the  immun i ty requ i rements ,  test  methods,  and  range  of  
recommended  test  levels  for  equ ipment  wi th  regard  to  un i d i rectional  surges  caused  by over-
vol tages  from  swi tch ing  and  l i gh tn i ng  trans ien ts .  Several  test  l evels  are  defi ned  wh ich  re late  
to  d i fferen t  envi ronment  and  i nstal l ati on  cond i t i ons .  These  requ i rements  are  developed  for  
and  are  appl icable  to  e lectrical  and  e lectron ic  equ ipment.  

The  object  of  th is  s tandard  i s  to  establ i sh  a  common  reference  for  evaluati ng  the  immun i ty of  
e lectrical  and  e lectron ic  equ ipment when  subj ected  to  surges.  The  test  method  documented  i n  
th is  part  of  I EC 61 000  describes  a consis ten t  method  to  assess  the  immun i ty of  an  equ ipment  
or  system  against  a  defi ned  phenomenon.  

NOTE ? As described  i n  I EC  Gu ide  1 07,  th i s  i s  a  bas i c  EMC publ i cat i on  for  u se  by product  comm i ttees  of  the  I EC.  
As  al so  s tated  i n  Gu ide  1 07,  the  I EC  product  comm i ttees  are  responsi ble  for  determ in i ng  whether th i s  immun i ty  
test  s tandard  i s  appl i ed  or not,  and  i f  appl i ed ,  they are  responsible  for determ in i ng  the  appropriate  test  l evel s  and  
performance  cri teri a.  TC  77  and  i ts  sub-comm i ttees  are  prepared  to  co-operate  wi th  product  comm i ttees  i n  the  
evaluati on  of  the  value  of  part i cu lar immun i ty  test  l evel s  for  thei r  products .  

This  s tandard  defi nes:  

– a  range  of  test  l eve ls ;  

– test  equ ipment;  

– test  setups;  

– test  procedures.  

The  task of  the  descri bed  laboratory test  i s  to  f i nd  the  reacti on  of  the  equ ipment  under test  
(EUT)  under speci f i ed  operati onal  cond i ti ons  to  su rge  vo l tages  caused  by swi tch ing  and  
l i gh tn i ng  effects.  

I t  i s  not  i n tended  to  test  the  capabi l i ty of  the  EUT's  i nsu lat i on  to  wi thstand  h igh-vol tage  s tress.  
Di rect  i n j ecti ons  of  l i gh tn ing  currents ,  i . e.  d i rect  l i gh tn ing  s trikes,  are  not  cons idered  i n  th is  
standard.  

2 Normative references  

The  fo l l owing  documents ,  i n  whole  or  i n  part,  are  normati vel y referenced  i n  th is  document and  
are  i nd ispensable  for  i ts  appl ication .  For dated  references,  on l y the  ed i t i on  c i ted  appl i es .  For 
undated  references,  the  l atest  ed i t i on  of  the  referenced  documen t ( i nclud ing  any 
amendments)  appl i es .  

IEC  60050  (al l  parts) ,  International Electrotechnical Vocabulary (IEV) (avai lable  at  
www.e lectropedia.org )  
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3 Terms,  defin i tions and  abbreviations  

3. 1  Terms and  defin i t ions  

For the  pu rposes  of  th is  documen t,  the  terms  and  def in i ti ons  g i ven  i n  I EC 60050  as  wel l  as  
the  fo l l owing  appl y.  

3.1 . 1   
avalanche  device  
d iode,  gas  tube  arrestor,  or  other componen t  that  i s  des igned  to  break down  and  conduct  at  a  
speci f ied  vo l tage  

3.1 .2   
cal ibration  
set  of  operati ons  wh ich  establ i shes,  by reference  to  standards,  the  re lati onsh ip  wh ich  exists ,  
under speci f i ed  cond i t i ons,  between  an  ind ication  and  a  resu l t  of  a  measurement  

Note  1  to  en try:  Th i s  term  i s  based  on  the  "uncertai n ty"  approach .  

Note  2  to  en try:  The  re lat i onsh ip  between  the  i nd i cati ons  and  the  resu l ts  of  measurement  can  be  expressed ,  i n  
pri nciple,  by a  cal i brat i on  d i ag ram .  

[SOURCE:  IEC 60050-31 1 :2001 ,  31 1 -01 -09]  

3. 1 .3   
cl amping  device  
d iode,  varistor or  other  component  that  i s  des i gned  to  prevent  an  appl i ed  vol tage  from  
exceed ing  a  speci f i ed  value  

3. 1 .4   
combination  wave generator  
CWG  

generator wi th  1 , 2/50  ?s  or 1 0/700  ?s  open-ci rcu i t  vo l tage  waveform  and  respecti vel y 8/20  ?s  
or 5/320  ?s  short-ci rcu i t  curren t  waveform  

3.1 .5   
coupl ing  network  
CN  
electrical  c i rcu i t  for  the  pu rpose  of  transferri ng  energy from  one  ci rcu i t  to  another  

3.1 .6   
coupl ing /decoupl ing  network  
CDN  
combination  of  a  coupl i ng  network and  a  decoupl i ng  network  

3.1 .7   
decoupl ing  network  
DN  
electrical  c i rcu i t  for  the  pu rpose  of  preventi ng  surges  appl i ed  to  the  EUT from  affecti ng  o ther  
devices,  equ ipment  or  systems  wh ich  are  not  under test  

3.1 .8   
duration   

3. 1 .8. 1   
duration  
Td  

?surge  vo l tage?  t ime  i n terval  between  the  i nstan t  at  wh ich  the  surge  vo l tage  ri ses  to  0 , 5  of  i ts  
peak value,  and  then  fal l s  to  0 , 5  of  i ts  peak value  (Tw)   
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Td  =  Tw   

SEE:  F igures  2  and  A. 2  

3.1 .8.2   
duration  
Td  

?surge  curren t  for 8/20  ?s?  vi rtual  parameter def i ned  as  the  t ime  i n terval  between  the  i nstan t  
at  wh ich  the  su rge  current  r i ses  to  0 , 5  of  i ts  peak value,  and  then  fal l s  to  0 , 5  of  i ts  peak value  
(Tw) ,  mu l ti pl i ed  by 1 , 1 8   

Td  =  1 , 1 8  ?  Tw   

SEE:  F igu re  3 .  

3.1 .8.3   
duration  
Td  

?surge  cu rrent  for  5/320  ?s?  t ime  i n terval  between  the  instan t  at  wh ich  the  surge  cu rrent  r i ses  
to  0 , 5  of  i ts  peak value,  and  then  fal ls  to  0 , 5  of  i ts  peak value  (Tw)  

Td  =  Tw   

SEE:  F igure  A. 3.  

3.1 .9   
effective  output  impedance  

?surge  generator?  rat i o  of  the  peak open-ci rcu i t  vo l tage  to  the  peak short-ci rcu i t  curren t  at  the  
same outpu t  port  

3. 1 . 1 0   
el ectrical  instal l ation  
assembly of  associated  e lectrical  equ ipment having  co-ord inated  characterist ics  to  fu l f i l  
purposes   

[SOURCE:  IEC 60050-826:2004,  826-1 0-01 ]  

3. 1 . 1 1   
front  t ime  

3. 1 . 1 1 . 1   
front  t ime 
Tf  

?surge  vo l tage?  vi rtual  parameter  defi ned  as  1 , 67  times  the  i n terval  T  between  the  i nstan ts  
when  the  impu lse  i s  30  % and  90  % of  the  peak value   

SEE:  F i gures  2  and  A.2 .  

3.1 . 1 1 .2   
front  t ime  
Tf  

?surge  current?  vi rtual  parameter defi ned  as  1 , 25  t imes  the  i n terval  Tr  between  the  instan ts  
when  the  impu lse  i s  1 0  % and  90  % of  the  peak value   

SEE:  F i gures  3  and  A.3 .   

3.1 . 1 2   
h igh-speed  communication  l ines  
i npu t/ou tpu t  l i nes  wh ich  operate  at  transm iss ion  frequencies  above  1 00  kHz  
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3. 1 . 1 3   
immuni ty 
abi l i ty of  a  device,  equ ipment or  system  to  perform  wi thou t  degradati on  i n  the  presence  of  an  
e lectromagnetic  d is tu rbance  

[SOURCE:  IEC 60050-1 61 : 1 990,  1 61 -01 -20]  

3. 1 . 1 4   
i n terconnection  l ines  
I /O  l i nes  ( i npu t/ou tpu t  l i nes)  and/or communicati on  l i nes  and/or l ow vol tage  d . c.  i npu t/ou tpu t  

l i nes  (?  60  V) ,  where  secondary ci rcu i ts  ( i so lated  from  the  a. c.  mains  suppl y)  are  not  subj ect  
to  trans ien t  over-vol tages  ( i . e.  rel i abl y-grounded ,  capaci t i vel y-f i l tered  d . c.  secondary c i rcu i ts  
where  the  peak-to-peak ripple  i s  l ess  than  1 0  % of  the  d . c.  component)  

3. 1 . 1 5   
power port  
port,  at  wh ich  the  conductor  or  cable  carrying  the  primary e lectrical  power needed  for  th e  
operati on  ( function ing )  of  an  apparatus  or  associated  apparatus  i s  connected  to  the  apparatus  

3. 1 . 1 6   
primary protection  
means  by wh ich  the  majori ty of  s tressfu l  energy i s  prevented  from  propagati ng  beyond  a  
des i gnated  i n terface  

3. 1 . 1 7   
reference g round  
part  of  the  Earth  considered  as  conducti ve,  the  e lectrical  potential  of  wh ich  i s  conven ti onal l y  
taken  as  zero,  be i ng  ou ts ide  the  zone  of  i n fl uence  of  any earth i ng  (g round ing )  arrangement  

[SOURCE:  IEC 60050-1 95: 1 998,  1 95-01 -01 ]  

3. 1 . 1 8   
ri se t ime  
Tr  
i n terval  of  t ime  between  the  i nstants  at  wh ich  the  i nstantaneous  value  of  an  impu lse  f i rst  
reaches  1 0  % value  and  then  90  % value   

SEE:  F i gures  3  and  A.3 .  

[SOURCE:  I EC  60050-1 61 : 1 990,  1 61 -02-05,  mod i fi ed  – the  content  of  the  note  has  been  
i ncl uded  i n  the  def in i t ion  and  “pu lse”  has  been  changed  to  “ impu lse”. ]  

3.1 . 1 9   
secondary protection  
means  by wh ich  the  l et- through  energy from  primary protecti on  i s  suppressed   

Note  1  to  en try:  I t  may be  a  special  devi ce  or  an  i n herent  characteri st i c  of  the  EUT.  

3. 1 .20   
su rge  
trans ien t  wave  of  e lectrical  cu rrent,  vo l tage  or  power propagating  along  a  l i ne  or  a  c i rcu i t  and  
characteri zed  by a rapid  i ncrease  fo l l owed  by a  s l ower decrease  

[SOURCE:  I EC  60050-1 61 : 1 990,  1 61 -08-1 1 ,  mod i f ied  – “surge”  here  appl ies  to  vo l tage,  
curren t  and  power]  
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3.1 .21   
symmetrical  l ines  
pai r  of  symmetrical l y d ri ven  conductors  wi th  a  convers ion  loss  from  d i fferen tial  to  common  
mode of  g reater  than  20  dB  

3.1 .22   
system  
set  of  i n terdependent  e l ements  consti tu ted  to  ach ieve  a g i ven  objecti ve  by perform ing  a  
speci f ied  function  

Note  1  to  en try:  The  system  i s  cons idered  to  be  separated  f rom  the  envi ronment  and  other external  systems  by an  
imag inary  su rface  wh i ch  cu ts  the  l i nks  between  them  and  the  considered  system .  Through  these  l i nks,  the  system  
i s  affected  by the  envi ronmen t,  i s  acted  upon  by the  external  systems,  or  acts  i tse l f  on  the  envi ronment  or  the  
external  systems.   

3. 1 .23   
transient,  adjecti ve  and  noun  
pertain i ng  to  or  desi gnat i ng  a  phenomenon  or a  quan ti ty wh ich  varies  between  two  
consecuti ve  s teady s tates  during  a  t ime  i n terval  short  compared  to  the  t ime  scale  of  i n terest  

[SOURCE:  IEC 60050-1 61 : 1 990,  1 61 -02-01 ]  

3. 1 .24   
veri fi cation  
set  of  operati ons  wh ich  i s  used  to  check the  test  equ ipment  system  (e. g .  the  test  generator  
and  i ts  i n terconnecti ng  cables)  to  demonstrate  that  the  test  system  i s  functi on ing  

Note  1  to  en try:  The  methods  used  for veri f i cati on  may be  d i fferent  f rom  those  used  for  cal i brat i on .  

Note  2  to  en try:  For the  pu rposes  of  th i s  bas i c  EMC standard  th i s  defi n i t i on  i s  d i fferen t  from  the  defi n i t i on  g i ven  i n  
I EC  60050-31 1 :2001 ,  3 1 1 -01 - 1 3.  

3.2  Abbreviat ions  

AE  Auxi l i ary equ ipment  

CD  Coupl i ng  device  

CDN  Coupl i ng /decoupl i ng  network 

CLD  Clamping  device  

CN  Coupl i ng  network 

CWG Combinati on  wave  generator  

DN  Decoupl i ng  network 

EFT/B  E lectrical  fast  trans ien t/burst  

EMC  E lectromagnetic  compatib i l i ty  

ESD  E lectrostatic  d i scharge  

EUT  Equ ipment  under test  

GDT Gas  d ischarge  tube  

MU  Measurement  uncertai n ty 

PE   Protecti ve  earth  

SPD   Surge  protecti ve  device  

4 General  

4. 1  Power system  switch ing  transients  

Power system  swi tch ing  trans ients  can  be  separated  i n to  trans ien ts  associated  wi th :  
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a)  major power system  swi tch ing  d isturbances,  such  as  capaci tor bank swi tch ing ;  

b)  m inor  l ocal  swi tch ing  acti vi ty or  l oad  changes  i n  the  power d istri bu ti on  system ;  

c)  resonati ng  c i rcu i ts  associated  wi th  swi tch ing  devices,  e . g .  th yristors,  trans is tors;  

d)  various  system  fau l ts ,  such  as  short-ci rcu i ts  and  arcing  fau l ts  to  the  g round ing  system  of  
the  i nstal lation .  

4.2  Lightn ing  transients  

The major  mechan isms  by wh ich  l i gh tn ing  produces  surge  vo l tages  are  the  fo l l owing :  

a)  d i rect  l i gh tn i ng  s troke  to  an  external  (ou tdoor)  c i rcu i t  i n j ecti ng  h i gh  curren ts  that  produce  
vo l tages  by e i ther f l owing  th rough  g round  res istance  or  f l owing  th rough  the  impedance  of  
the  external  c i rcu i t;  

b)  i nd i rect  l i gh tn i ng  stroke  ( i . e .  a  s troke  between  or  wi th i n  cl ouds  or to  nearby objects  wh ich  
produces  e lectromagneti c  f i e lds)  that  i nduces  vo l tages/currents  on  the  conductors  ou ts ide  
and/or  i ns ide  a bu i l d ing ;  

c)  l i gh tn i ng  g round  cu rren t  f l ow resu l t i ng  from  nearby d i rect- to-earth  d ischarges  coupl i ng  i n to  
the  common  g round  paths  of  the  g round ing  system  of  the  i nstal lat ion .  

The  rapid  change  of  vo l tage  and  f l ow of  current  wh ich  can  occur  as  a resu l t  of  the  operation  
of  a  l i gh tn ing  protection  device  can  i nduce  e lectromagnetic  d is turbances  i n to  ad j acen t  
equ ipment.  

4.3  Simu lation  of  the transients  

The  characteristics  of  the  test  generator  are  def ined  to  s imu late  the  above-menti oned  
phenomena as  closel y as  poss ible.  

I f  the  source  of  i n terference  i s  i n  the  same ci rcu i t  as  the  victim  equ ipment,  for  example  i n  the  
power suppl y network (d i rect  coupl i ng ) ,  the  generator may s imu late  a  l ow source  impedance  
at  the  ports  of  the  EUT.  

I f  the  source  of  i n terference  i s  not  i n  the  same ci rcu i t  as  the  vict im  equ ipment  ( i nd i rect  
coupl ing ) ,  then  the  generator may s imu late  a h igher impedance  source.  

5 Test  levels  

The preferred  range  of  test  l evels  i s  g i ven  i n  Table  1 .  
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Table  1  – Test  l evels  

Level  

Open-ci rcu i t  test  vol tage  

kV 

Line-to-l ine  Line-to-ground  
b
 

1  - - -  0 , 5  

2  0 , 5  1  

3  1  2  

4  2  4  

 X
 a
 Special  Special  

a
 "X"  can  be  any  l evel ,  above,  bel ow or  i n  between  the  others.  The  l eve l  shal l  be  
speci f i ed  i n  the  ded i cated  equ i pment  speci f i cat i on .  

b
 For symmetri cal  i n terconnecti on  l i nes  the  test  can  be  appl i ed  to  mu l t i pl e  l i n es  
s imu l taneousl y  wi th  respect  to  g round,  i . e .  “ l i nes  to  g round ”.

 

The test  l eve ls  shal l  be  se lected  accord ing  to  the  i nstal lation  cond i t i ons;  c lasses  of  i nstal lat ion  
are  g i ven  i n  Annex  C.  

The  test  shal l  be  appl i ed  at  al l  test  l eve ls  i n  Table  1  up  to  and  i nc lud ing  the  speci f i ed  test  
l evel  (see  8 . 3) .  

For  se lecti on  of  the  test  l eve ls  for the  d i fferen t  i n terfaces,  refer to  Annex B.  

6 Test  instrumentation  

6. 1  General  

Two  types  of  combinati on  wave  generators  are  speci f i ed .  Each  has  i ts  own  particu lar 

appl ications,  depending  on  the  type  of  port  to  be  tested.  The  1 0/700  ?s  combinati on  wave  
generator i s  used  to  test  ports  i n tended  for connecti on  to  ou tdoor symmetrical  communicati on  

l i nes  (see  Annex  A) .  The  1 , 2/50  ?s  combination  wave  generator i s  used  i n  al l  other  cases.  

6.2  1 ,2/50  ?s  combination  wave generator 

6.2. 1  General  

I t  i s  the  i n ten tion  of  th is  standard  that  the  ou tpu t  waveforms  meet speci fi cations  at  the  po in t  
where  they are  to  be  appl ied  to  the  EUT.  Waveforms  are  speci f i ed  as  open -ci rcu i t  vo l tage  and  
short-ci rcu i t  curren t  and  therefore  shal l  be  measured  wi thou t  the  EUT connected .  I n  the  case  
of  an  a. c.  or  d . c.  powered  product  where  the  su rge  i s  appl i ed  to  the  a. c.  or  d . c.  suppl y l i nes ,  
the  ou tpu t  waveforms  shal l  be  as  speci fi ed  i n  Tables  4 ,  5,  and  6.  I n  the  case  where  the  surge  
i s  appl ied  d i rectl y from  the  generator  ou tpu t  term inals ,  the  waveforms  shal l  be  as  speci f i ed  i n  
Table  2 .  I t  i s  not  i n tended  that  the  waveforms  meet  speci fi cati ons  both  at  the  generator ou tpu t  
and  at  the  ou tpu t  of  coupl i ng /decoupl i ng  networks  s imu l taneousl y,  bu t  on l y as  appl i ed  to  the  
EUT.  

Th is  generator  i s  i n tended  to  generate  a surge  having :  

?  an  open-ci rcu i t  vo l tage  fron t  t ime  of  1 , 2  ?s;  

?  an  open-ci rcu i t  vo l tage  du ration  of  50  ?s;  

?  a  short-ci rcu i t  cu rrent  front  t ime  of  8  ?s;  

?  a  short-ci rcu i t  current  du rati on  of  20  ?s.  
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A s impl i f ied  ci rcu i t  d iagram  of  the  generator i s  g i ven  i n  F igu re  1 .  The  values  for  the  d i fferen t  

components  RS1 ,  RS2 ,  Rm ,  Lr,  and  Cc  are  se lected  so  that  the  generator de l i vers  a  1 , 2/50  ?s  
vo l tage  surge  at  open -ci rcu i t  cond i t ions  and  an  8/20  ?s  cu rrent  surge  i n to  a short-ci rcu i t .  

 

 
Rc 

U 
Rs1  Rs2 

Rm Lr 
Switch 

Cc 

IEC   1142/14  

Key 

U High -vol tage  sou rce  

R
c
 Charg i ng  res i stor  

C
c
 Energy s torage  capaci tor  

R
s
 I mpu l se  du rati on  shapi ng  res i stors  

Rm Impedance  match i ng  res i s tor  

L
r
 R i se  t ime  shaping  i nductor  

Figure 1  – Simpl i fi ed  ci rcu i t  d iagram  of  the combination  wave  generator  

The rat io  of  peak open-ci rcu i t  ou tpu t  vo l tage  to  peak short-ci rcu i t  cu rrent  at  the  same ou tpu t  
port  of  a  combinati on  wave  generator  shal l  be  considered  as  the  effecti ve  ou tpu t  impedance.  

For th is  generator,  the  ratio  defi nes  an  effecti ve  ou tpu t  impedance  of  2  ? .  

When  the  generator ou tpu t  i s  connected  to  the  EUT,  th e  waveform  of  the  vo l tage  and  cu rren t  
i s  a  function  of  the  EUT input  impedance.  Th is  impedance  may change  duri ng  surges  to  
equ ipment  due  ei ther  to  proper  operati on  of  the  i nstal led  protection  devices,  or  to  f l ash  over  
or  component  breakdown  i f  the  protection  devices  are  absent  or  i noperative.  Therefore,  the  

1 , 2/50  ?s  vo l tage  and  the  8/20  ?s  curren t  waves  shou ld  be  avai lable  from  the  same generator  
ou tpu t  as  requ i red  by the  l oad .  

6.2.2  Performance characteristi cs of  the generator 

Polari ty  pos i t i ve  and  negati ve  

Phase  sh i ft ing  i n  a  range  between  0°  to  360°  re lati ve  to  the  
phase  ang le  of  the  a. c.  l i ne  vo l tage  to  the  EUT 

wi th  a to lerance  of  ?  1 0°  

Repeti t i on  rate  1  per m inu te  or faster  

Open-ci rcu i t  peak ou tpu t  vo l tage  ad j ustable  from  0 , 5  kV to  the  requ i red  test  
l evel   

Waveform  of  the  surge  vo l tage  see  Table  2  and  Fi gure  2  

Output  vol tage  sett ing  to l erance  see  Table  3  

Short-ci rcu i t  peak ou tpu t  curren t  depends  on  peak vol tage  sett ing  (see  Tables  2  
and  3)  

Waveform  of  the  surge  curren t  see  Table  2  and  Fi gure  3  
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NOTE  The  t ime  parameters  are  val i d  for the  short-ci rcu i t  cu rren t  at  the  generator ou tpu t  wi thou t  a  1 0  ?  res i stor 
(see  6. 3) .  

Short-ci rcu i t  ou tpu t  current  to lerance  see  Table  3  

Table  2  – Defin i tions  of  the waveform  parameters  1 ,2/50  ?s  and  8/20  ?s  

 Front  time T
f
 

?s  
Duration  T

d
 

?s  

Open-ci rcu i t  vol tage  T
f
 =  1 , 67  ?  T  =  1 , 2  ?  30  %  T

d
 =  T

w
 =  50  ?  20  %  

Short-ci rcu i t  curren t  T
f
 =  1 , 25  ?  T

r
 =  8  ?  20  %  T

d
 =  1 , 1 8  ?  T

w
 =  20  ?  20  %  

Table  3  – Relationship  between  peak open-circu i t  vol tage and  peak short-ci rcu i t  cu rrent  

Open-ci rcu i t  peak vol tage ?  1 0  %  

at  generator  ou tput  

Short-ci rcu i t  peak curren t  ?  1 0  % 

at  generator  ou tput  

0, 5  kV 0 , 25  kA 

1 , 0  kV 0 , 5  kA 

2 , 0  kV 1 , 0  kA 

4, 0  kV 2, 0  kA 

A generator  wi th  f l oating  ou tpu t  shal l  be  used.  

 

t 

1 ,0

0,9

0,5

0,3

0,1

0,0
T 

Tw 

0 to ?0,3 

Uoc normal ized 

IEC   1143/14
 

Fron t  t ime:   T
f
 =  1 , 67  ?  T  =  1 , 2  ?s  ?  30  %  

Durati on :   T
d
 =  T

w
 =  50  ?s  ?  20  %  

NOTE  The  val ue  1 , 67  i s  the  reciprocal  o f  the  d i fference  between  the  0 , 9  and  0 , 3  th reshol ds.   

Figure 2  – Waveform  of  open-ci rcu i t  vol tage (1 ,2/50  ?s)  at  the  output  
of  the generator wi th  no  CDN  connected  

The  undershoot  speci fi cati on  appl i es  on l y at  the  generator  ou tpu t.  At  the  ou tpu t  of  the  
coupl ing /decoupl ing  network there  i s  no  l im i tati on  on  undershoot  or  overshoot.  
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t Tr 
0 to ?0,3 

Isc normal ized 

Tw 

1 ,0

0,9

0,5

0,3

0,1

0,0

IEC   1144/14
 

Fron t  t ime:   T
f  
=  1 , 25  ?  T

r
 =  8  ?s  ?  20  %  

Durati on :   T
d
 =  1 , 1 8  ?  T

w
 =  20  ?s  ?  20  %  

NOTE  1  The  val ue  1 , 25  i s  the  reciprocal  of  the  d i fference  between  the  0 , 9  and  0 , 1  th reshol ds.   

NOTE  2  The  val ue  1 , 1 8  i s  deri ved  from  empi ri cal  data.  

Figure 3  – Waveform  of  short-ci rcu i t  current  (8/20  ?s)  at  the  output  
of  the generator wi th  no  CDN  connected  

The  undershoot  speci f icati on  appl i es  on l y at  the  generator  ou tpu t.  At  the  ou tpu t  of  the  
coupl ing /decoupl ing  network there  i s  no  l im i tati on  on  undershoot  or  overshoot.  

6.2.3  Cal ibration  of  the  generator 

The  test  generator  characteris tics  shal l  be  cal i brated  in  order  to  establ ish  that  they meet  the  
requ i rements  of  th is  s tandard.  For  th is  pu rpose  the  fo l lowing  procedure  shal l  be  undertaken  
(see  also  Annex G ) .  

The  generator ou tpu t  shal l  be  connected  to  a  measuri ng  system  wi th  a su ff ici ent  bandwid th ,  
vo l tage  and  cu rren t  capabi l i ty to  mon i tor  the  characteris tics  of  the  waveforms.  Annex E  
provides  i n formation  concern ing  the  bandwid th  of  the  su rge  waveforms.  

I f  a  cu rren t  transformer (probe)  i s  used  to  measu re  short-ci rcu i t  cu rrent  i t  shou ld  be  selected  
so  that  saturation  of  the  magnetic  core  does  not  take  place.  The  l ower  ( -3  dB)  corner  
frequency of  the  probe  shou ld  be  less  than  1 00  Hz.  

The  characterist ics  of  the  generator  shal l  be  measured  through  an  external  capaci tor of  1 8  ?F  
i n  series  wi th  the  ou tpu t,  both  under open-ci rcu i t  ( load  g reater  than  or  equal  to  1 0  k?)  and  
short-ci rcu i t  cond i t i ons  at  the  same set  vo l tage.  I f  the  1 8  ?F  capaci tor  i s  implemented  in  the  
generator,  no  external  1 8  ?F capaci tor i s  requ i red  for cal i brati on .  

Al l  performance  characteristics  s tated  i n  6 . 2 . 2 ,  wi th  the  exception  of  phase  sh i ft i ng ,  shal l  be  
met  at  the  ou tpu t  of  the  generator.  Phase  sh i ft i ng  performance  shal l  be  met  at  the  ou tpu t  of  
the  CDN  at  0° ,  90° ,  1 80°  and  270°  at  one  po lari ty.  

NOTE  When  an  add i t i onal  i n ternal  o r external  res i stor i s  added  to  the  generator ou tpu t  to  i ncrease  the  effecti ve  

source  impedance  from  2  ?  to  e . g .  1 2  ?  or  42  ? ,  accord i ng  to  the  requ i rements  of  the  test  setup,  the  f ron t  t ime  and  
the  du rati on  of  test  impu l ses  at  the  ou tpu t  of  the  coupl i ng  network can  be  s i g n i f i cant l y  changed.  
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6.3  Coupl ing /decoupl ing  networks  

6.3. 1  General  

Each  coupl ing /decoupl ing  network (CDN)  cons ists  of  a  coupl ing  network and  a decoupl i ng  
network as  shown  i n  the  examples  of  F igures  5  th rough  1 1 .  

NOTE  The  coupl i ng  res i s tors  and/or capaci tors  can  be  part  of  the  CDN  or part  of  the  generator o r d i screte  
external  components.  

On  the  a. c.  or  d . c.  power l i nes ,  the  decoupl i ng  network provides  re lat i ve l y h igh  impedance  to  
the  surge  waveform  bu t  at  the  same t ime,  al l ows  curren t  to  f l ow to  the  EUT.  Th is  impedance  
al l ows  the  vo l tage  waveform  to  be  developed  at  the  ou tpu t  of  the  coupl i ng /decoupl ing  network 
and  preven ts  the  surge  cu rren t  from  f lowing  back i n to  the  a. c.  or  d . c.  power suppl y.  H igh  
vo l tage  capaci tors  are  used  as  the  coupl i ng  e lement,  s i zed  to  al l ow the  fu l l  waveform  
durati ons  to  be  coupled  to  the  EUT.  The  coupl i ng /decoupl i ng  network for the  a. c.  or  d . c.  
power suppl y shal l  be  des igned  so  that  the  open-ci rcu i t  vo l tage  waveform  and  short-ci rcu i t  
cu rren t  waveform  meet  the  requ i rements  of  Tables  4 ,  5  and  6.  

For I /O  and  communicati on  l i nes,  the  series  impedance  of  the  decoupl i ng  network l im i ts  the  
avai lable  bandwidth  for data transm iss ion .  Coupl ing  e lemen ts  can  be  capaci tors ,  i n  cases  
where  the  l i ne  to lerates  the  capaci t i ve  load ing  effects,  clamping  devices  or arrestors.  When  
coupl ing  to  i n terconnecti on  l i nes,  the  waveforms  may be  d is torted  by the  coupl i ng  
mechan isms  wh ich  are  described  i n  6. 3 . 3 .  

Each  coupl i ng /decoupl i ng  network shal l  sati sfy the  requ i rements  of  6. 3. 2  and  6. 3. 3  and  shal l  
compl y wi th  the  cal i brati on  requ i rements  i n  6 . 4.  Thei r  use  i s  made  accord ing  to  the  fo l l owing  
f lowchart:  
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Figure 4  – Selection  of  coupl ing /decoupl ing  method  

6.3.2  Coupl ing /decoupl ing  networks for a.c. /d .c.  power port  rated  up  to  200  A per l ine  

The peak ampl i tude,  front  t ime  and  durati on  shal l  be  veri f i ed ,  for  vo l tage  under  open -ci rcu i t  
cond i t i ons  and  for curren t  under  short-ci rcu i t  cond i t i ons,  at  the  EUT ou tpu t  port.  The  
waveform  parameters  measured  at  the  EUT port  of  the  CDN  are  dependent  upon  the  
generator source  and  as  such  are  on l y val i d  for the  part icu lar  generator/CDN  combination  
tested .  The  30  % undershoot  speci fi cati on  appl i es  on l y at  the  generator  ou tpu t.  At  the  ou tpu t  
of  the  coupl ing /decoupl i ng  network there  i s  no  l im i tati on  on  undershoot.  The  CDN  shal l  be  
connected  to  a measuri ng  system  wi th  a  su ff ic ient  bandwid th ,  vo l tage  and  curren t  capabi l i ty to  
mon i tor  the  characterist ics  of  the  waveforms.  

The  decoupl i ng  i nductance  shal l  be  se lected  by the  CDN  manufacturer so  that  the  vo l tage  
drop  across  the  CDN  shal l  not  exceed  1 0  % of  the  CDN  i nput  vo l tage  at  the  speci fi ed  curren t  
rati ng ,  bu t  shou ld  not  exceed  1 , 5  mH .   

To  prevent  unwanted  vo l tage  drops  i n  the  CDN ,  the  value  of  the  decoupl i ng  e lement  shal l  be  

reduced  for  CDNs  rated  at  ?  1 6  A.  As  a consequence,  the  peak vo l tage  and  the  durati on  of  
the  open-ci rcu i t  vol tage  waveform  wh ich  i s  measured  wi th  no  l oad  can  vary wi th in  the  
to lerances  g i ven  in  Tables  4,  5  and  6  below.  H i gh  cu rrent  EUTs  represen t  l ower impedances  
and  cause  surges  c lose  to  short-ci rcu i t  cond i t i ons.  Therefore,  for  h igh  cu rrent  CDNs  i t  i s  the  
curren t  waveform  wh ich  i s  predom inant.  Large  to lerances  on  the  vol tage  defi n i t i on  are  
acceptable .  
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Table  4  – Vol tage  waveform  speci fi cation  
at  the  EUT port  of  the CDN  

Surge vol tage parameters  under 
open-ci rcu i t  cond i tions  

a,  b
 

Coupl ing  impedance  

 1 8  ?F  

(l i ne-to-l i ne)  

9  ?F ?  1 0  ?  

( l i ne-to-g round)  

Peak vo l tage  

Current  rat i ng  ?  1 6  A  

1 6  A  ?  cu rren t  rat i ng  ?  32  A  

32  A ?  cu rren t  rat i ng  ?  63  A  

63  A ?  cu rren t  rat i ng  ?  1 25  A  

1 25  A ?  cu rren t  rat i ng  ?  200  A  

 

Set  vo l tage  ?1 0  %/-1 0  % 

Set  vo l tage  ?1 0  %/-1 0  % 

Set  vol tage  ?1 0  %/-1 0  % 

Set  vol tage  ?1 0  %/-1 0  % 

Set  vol tage  ?1 0  %/-1 0  % 

 

Set  vo l tage  ?1 0  %/-1 0  %  

Set  vo l tage  ?1 0  %/-1 0  %  

Set  vo l tage  ?1 0  %/-1 5  %  

Set  vo l tage  ?1 0  %/-  20  %  

Set  vo l tage  ?1 0  %/-  25  %  

Front  t ime  1 , 2  ?s  ?  30  %  1 , 2  ?s  ?  30  %  

Durat i on  

Cu rrent  rat i ng  ?  1 6  A  

1 6  A  ?  cu rren t  rat i ng  ?  32  A  

32  A ?  cu rren t  rat i ng  ?  63  A  

63  A ?  cu rren t  rat i ng  ?  1 25  A  

1 25  A ?  cu rren t  rat i ng  ?  200  A  

 

50  ?s  ?1 0  ?s/- 1 0  ?s  

50  ?s  ?1 0  ?s/- 1 5  ?s  

50  ?s  ?1 0  ?s/-20  ?s  

50  ?s  ?1 0  ?s/-25  ?s  

50  ?s  ?1 0  ?s/-30  ?s  

 

50  ?s  ?1 0  ?s/-25  ?s  

50  ?s  ?1 0  ?s/-30  ?s  

50  ?s  ?1 0  ?s/-35  ?s  

50  ?s  ?1 0  ?s/-40  ?s  

50  ?s  ?1 0  ?s/-45  ?s  

NOTE  The  cu rren t  rat i ng  i n  Table  4  i s  the  CDN  rat i ng .
 

a
  The  measurement  of  the  su rge  vol tage  parameters  shal l  be  performed  wi th  the  a. c. /d . c.  

power port  of  the  CDN  open-ci rcu i t .  

b
  The  val ues  shown  i n  th i s  table  are  for  a  CWG  wi th  i deal  val ues.  I n  case  the  CWG  

generates  parameter val ues  cl ose  to  the  to l erances,  the  add i t i onal  to l erances  of  the  CDN  
may generate  values  ou t  of  to l erances  for the  CWG-CDN  combinati on .  

Table  5  – Current  waveform  speci fication  at  the  EUT port   
of  the CDN  

Surge curren t  parameters  
under  short-ci rcu i t  

cond i tions  
a
 

Coupl ing  impedance  

 1 8  ?F 

(l i ne-to-l i ne)  

9  ?F ?  1 0  ?  

( l i ne-to-g round)  
b
 

Fron t  t ime  T
f
 =  1 , 25  ?  T

r
 =  8  ?s  ?  20  %  T

f
 =  1 , 25  ?  T

r
 =  2 , 5  ?s  ?  30  %  

Durati on  T
d
 =  1 , 1 8  ?  T

w
 =  20  ?s  ?  20  %  T

d
 =  1 , 04  ?  T

w
 =  25  ?s  ?  30  %  

a   
The  measurement  of  the  su rge  cu rren t  parameters  shal l  be  performed  wi th  the  a. c. /d . c.  power 
port  of  the  CDN  open-ci rcu i t .   

b
 The  value  1 , 04  i s  deri ved  f rom  empi ri cal  data.  

AS IEC 61 000.4.5:201 7 21

www.standards.org.au © Standards Australia

Full document details: AS IEC 61000.4.5-2017

http://www.avadocuments.com/doc/as-iec-61000-4-5-2017
http://www.avadocuments.com/doc/as-iec-61000-4-5-2017


Table  6  – Relationship  between  peak open-circu i t  vol tage  
and  peak short-ci rcu i t  current  at  the EUT port  of  the CDN  

Open-ci rcu i t  peak vol tage ?  1 0  %  

at  EUT port  of  the  CDN  

Short-ci rcu i t  peak curren t  ?  1 0  % 

at  EUT port  of  the  CDN  

(1 8  ?F)  

Short-ci rcu i t  peak curren t  ?  1 0  %  

at  EUT port  of  the  CDN  

(9  ?F ?  1 0  ? )  

0, 5  kV 0 , 25  kA 41 , 7  A  

1 , 0  kV 0 , 5  kA 83, 3  A  

2, 0  kV 1 , 0  kA 1 66, 7  A  

4, 0  kV 2 , 0  kA 333, 3  A  

Refer  to  Annex H  for  EUTs  having  a  rated  i npu t  curren t  above  200  A per l i ne .  

The  above  menti oned  characterist ics  are  appl icable  for  s ing le -phase  systems  ( l i ne,  neu tral ,  
protecti ve  earth )  and  th ree-phase  systems  ( th ree-phase  wi res ,  neu tral  and  protecti ve  earth ) .  

 

Figure 5  – Example of  coupl ing  network and  decoupl ing  network 
for  capaci t ive coupl ing  on  a.c. /d .c.  l ines l ine-to-l ine  coupl ing  

IEC   1 146/14 

 

AC/DC 
power port  

IEC   1 145/14 

AS IEC 61 000.4.5:201 7 22

www.standards.org.au © Standards Australia

Full document details: AS IEC 61000.4.5-2017

http://www.avadocuments.com/doc/as-iec-61000-4-5-2017
http://www.avadocuments.com/doc/as-iec-61000-4-5-2017


 

 

 

AC/DC 
power port 

IEC   1147/14 
 

Figure 6  – Example of  coupl ing  network and  decoupl ing  network 
for  capaci t ive coupl ing  on  a.c. /d .c.  l ines:  l i ne-to-ground  coupl ing  

 

AC 
power port 

IEC   1148/14
 

Swi tches  S
1
 and  S

2
 are  used  to  se lect  i nd i vi dual  l i n es  for  test .  

Du ri ng  test i ng ,  the  pos i t i on  of  swi tch  S
2
 i s  d i fferent  from  the  pos i t i on  of  swi tch  S

1
.  

Figure 7  – Example of  coupl ing  network and  decoupl ing  network for capaci t ive  coupl ing  
on  a.c.  l ines  (3  phases):  l i ne  L2-to- l ine  L3  coupl ing  
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