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ELECTRIC VEHICLE  CONDUCTIVE CHARGING  SYSTEM –  

 
Part 21 -1 :  Electric vehicle  on-board  charger EMC requ irements  

for conductive  connection  to  an  AC/DC supply 
 

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  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i 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  standard 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 cations  (PAS)  and  Gu i des  (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  Nati onal  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  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi 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 i s 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  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl 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,  servants  or agents  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 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  poss ib i 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  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts.  

I n ternational  Standard  I EC 61 851 -21 -1  has  been  prepared  by subcommittee  69:  E lectric  road  
veh icles  and  e lectric  industria l  trucks.  

Th is  fi rst ed i tion ,  together wi th  I EC 61 851 -21 -2,  cancels  and  replaces  I EC 61 851 -21 : 2001 .  I t  
consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fo l lowing  s ign i fi can t techn ica l  changes  wi th  respect  to  
I EC 61 851 -21 : 2001 :  

a)  th is  document addresses  now on l y EMC tests  i nstead  of other e lectrical  tests ;  

b)  test setups  are  defined  more  precise l y;  

c)  Annex A "Arti ficia l  networks,  asymmetric arti ficia l  networks  and  i n tegration  of charg ing  
stations  i n to  the  test setup"  was  added .  
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The  text of th is  I n ternational  Standard  i s  based  on  the  fol lowing  documents :  

FDIS  Report  on  voti ng  

69/507/FDIS  69/51 6/RVD  

 

Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  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 i recti ves,  Part 2 .  

A l i st of a l l  parts  of the  I EC  61 851  series,  under the  general  ti tl e :  Electric vehicle conductive 
charging system,  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 ti on ,  or 

•  amended .  

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

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page  of th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  
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ELECTRIC VEHICLE  CONDUCTIVE CHARGING  SYSTEM –  
 

Part 21 -1 :  Electric vehicle  on-board  charger EMC requ irements  
for conductive  connection  to  an  AC/DC supply 

 
 
 

1  Scope 

This  part  of I EC 61 851 ,  together wi th  I EC 61 851 -1 : 201 0,  g i ves  requ irements  for conductive  
connection  of an  e lectric veh icle  (EV)  to  an  AC or DC suppl y.  I t  appl ies  on l y to  on-board  
charg ing  un i ts  e i ther tested  on  the  complete  veh icle  or tested  on  the  charg i ng  system  
component l evel  (ESA – e lectron ic sub  assembly) .  

Th is  document covers  the  electromagnetic  compatib i l i ty (EMC)  requ irements  for e lectrical l y 
propel led  veh icles  i n  any charg ing  mode wh i l e  connected  to  the  mains  suppl y.  

Th is  document i s  not appl icable  to  tro l ley buses,  ra i l  veh icles,  i ndustria l  trucks  and  veh icles  
des igned  primari l y to  be  used  off-road ,  such  as  forestry and  construction  mach ines.  

NOTE  1  Speci fi c  safety requ i rements  that  apply to  equ ipment on  the  veh icl e  d u ri ng  charg ing  are  treated  i n  
separate  documents  as  i nd icated  i n  the  correspond ing  cl auses  of th i s  document.  

NOTE  2  E lectri c  veh icl e  (EV)  i ncl udes  pu re  e l ectri c  veh icles  as  wel l  as  p l ug-i n  hybrid  e l ectri c  veh icl es  wi th  
add i ti onal  combustion  eng i ne.  

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 thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60038: 2009 ,  IEC standard voltages  

I EC  61 000-3-2 : 201 4,  Electromagnetic compatibility (EMC)  – Part 3-2:  Limits – Limits for 

harmonic current emissions (equipment input current ≤  16 A  per phase)  

I EC 61 000-3-3: 201 3,  Electromagnetic compatibility (EMC)  – Part 3-3: Limits – Limitation  of 
voltage changes,  voltage fluctuations and flicker in  public low-voltage supply systems,  for 

equipment with  rated current ≤  16 A  per phase and not subject to conditional connection  

I EC 61 000-3-1 1 : 2000,  Electromagnetic compatibility (EMC)  – Part 3-11  – Limits – Limitation  
of voltage changes,  voltage fluctuations and flicker in  public low-voltage supply systems – 

Equipment with  rated current ≤  75 A  and subject to conditional connection 

I EC 61 000-3-1 2 :201 1 ,  Electromagnetic compatibility (EMC)  – Part 3-12 – Limits for harmonic 
currents produced by equipment connected to public low-voltage systems with input current 

>  1 6 A  and ≤  75 A  per phase  

I EC  61 000-4-4: 201 2 ,  Electromagnetic compatibility (EMC)  – Part 4-4:  Testing and 
measurement techniques – Electrical fast transient/burst immunity test 

I EC 61 000-4-5: 201 4,  Electromagnetic compatibility (EMC)  – Part 4-5:  Testing and 
measurement techniques – Surge immunity test 



 – 8  – I EC 61 851 -21 -1 : 201 7  © I EC  201 7  

I EC 61 000-6-3: 2006,  Electromagnetic compatibility (EMC)  – Part 6-3: Generic standards – 
Emission standard for residential,  commercial and light-industrial environments  
I EC 61 000-6-3: 2006/AMD1 :201 0  

I EC 61 851 -1 : 201 0,  Electric vehicle  conductive charging system – Part 1 :  General 
requirements 

CISPR 1 2 : 2007,  Vehicles,  boats and internal combustion engines – Radio disturbance 
characteristics – Limits and methods of measurement for the  protection of off-board receivers 

CISPR 1 2 :2007/AMD1 : 2009  

CISPR 1 6-1 -2: 201 4,  Specification for radio disturbance and immunity measuring apparatus 
and methods – Part 1 -2: Radio disturbance and immunity measuring apparatus –  Coupling 
devices for conducted disturbance measurements 

CISPR 1 6-2-1 : 201 4,  Specification for radio disturbance and immunity measuring apparatus 
and methods – Part 2-1 : Methods of measurement of disturbances and immunity – Conducted 
disturbance measurements 

CISPR 22: 2008,  Information technology equipment – Radio disturbance characteristics – 
Limits and methods of measurement 

CISPR 25: 201 6,  Vehicles,  boats and internal combustion engines – Radio disturbance 
characteristics – Limits and methods of measurement for the protection of on-board receivers 

I SO/TR 871 3:201 2 ,  Electrically propelled road vehicles – Vocabulary 

I SO  7637-2: 201 1 ,  Road vehicles – Electrical disturbances from conduction and coupling --  
Part 2: Electrical transient conduction along supply lines only 

I SO  1 1 451 -1 :201 5,  Road vehicles – Vehicle test methods for electrical disturbances from 
narrowband radiated electromagnetic energy – Part 1 :  General principles and terminology  

I SO 1 1 451 -2 :201 5,  Road vehicles – Vehicle test methods for electrical disturbances from 
narrowband radiated electromagnetic energy – Part 2:  Off-vehicle radiation sources  

I SO  1 1 452-1 : 201 5,  Road vehicles – Component test methods for electrical disturbances from 
narrowband radiated electromagnetic energy – Part 1 :  General principles and terminology 

I SO 1 1 452-2 :2004,  Road vehicles – Component test methods for electrical disturbances from 
narrowband radiated electromagnetic energy – Part 2:  Absorber-lined shielded enclosure 

I SO 1 1 452-4:201 1 ,  Road vehicles – Component test methods for electrical disturbances from 
narrowband radiated electromagnetic energy – Part 4:  Harness excitation  methods 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g i ven  in  I EC  61 851 -1 : 201 0  and  
ISO/TR 871 3: 201 2,  as  wel l  as  the  fol l owing  appl y.  

I SO and  I EC main ta in  term inolog ica l  databases  for use  i n  standard ization  at  the  fol lowing  
addresses:  

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

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

http://www.iso.org/obp
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3. 1   
REESS  
rechargeable  energy storage  system  that provides  electric energy for e lectric propu ls ion  of 
the  veh icle  

3.2   
on-board  EV charg ing  system  

al l  equ ipment i n  the  charge  power suppl y chain  inside  the  veh icle  

Note  1  to  en try:  I t  i ncl udes  the  p l ug  and  cable  i f physical l y connected  to  the  veh icle  (cable  cannot be  removed  
wi thou t any tool ,  i . e .  case  A as  defi ned  i n  I EC 61 851 -1 : 201 0).  

3.3   
electrical /electron ic  sub-assembly 
ESA 
electrical  and/or e lectron ic device  or set(s)  of devices  i n tended  to  be  part  of a  veh icle ,  
together wi th  any associated  e lectrica l  connections  and  wi ring ,  wh ich  performs  one  or more  
specia l i zed  functions  

3.4   
low vol tage  
LV 

operating  DC  vol tage  below 60  V 

EXAMPLE  Nom inal  vol tages  of 1 2  V,  24  V,  48  V.  

3.5   
LV harness  

l ow vol tage  harness  wi th  operati ng  vol tages  below 60  V 

3.6   
h igh  vol tage  
HV 
operating  vol tages  of 60  V to  1 000  V 

Note  1  to  en try:  HV+  and  HV-  are  abbreviati ons  for the  pos i ti ve  and  negati ve  term inal  l i ne,  respecti vely.  

Note  2  to  en try:  HV defi n i ti on  i s  i n  accordance  to  CI SPR 25,  I SO  1 1 451 -1  and  I SO  1 1 452-1 .  

3.7   
electric veh icle  
EV 
pure  e lectric  veh icles  as  wel l  as  p lug- in  h ybrid  e lectric veh icles  wi th  add i ti onal  combustion  
eng ine  

4 General  test condi tions  

The  veh icle  systems  shal l  operate  correctl y wi th in  +1 0  %  to  –1 5  %  of the  standard  nom inal  
suppl y vol tage.  Th is  takes  in to  account variations  that are  i nduced  by the  i nstal lation  as  

defined  i n  Annex A of I EC  60038: 2009.  The  rated  va lue  of the  frequency i s  50  Hz ±  1  %  or 

60  Hz ±  1  % .  

NOTE  I EC 60038: 2009  speci fi es  the  vo l tage  at  the  del i very poi n t.  Annex A proposes  to  speci fy wider val ues  to  
a l l ow for fu rther vol tage  variati ons  due  to  i nsta l l ati ons.  

Test methods  concern  on l y the  e lectric  veh icle  charg ing  system  wi th  "REESS i n  charg ing  
mode  coupled  to  the  power grid " .  Tests  shal l  be  performed  e i ther on  separate  samples  or on  
the  whole  veh icle  at the  veh icle  manufacturer’s  request as  defined  in  the  test p lan .  

The  veh icle  shal l  be  in  an  un laden  cond i tion  except for necessary test equ ipment.  



 – 1 0  – I EC 61 851 -21 -1 : 201 7  © I EC  201 7  

The  veh icle  shal l  be  immobi l i zed ,  eng ine  OFF,  and  i n  charg ing  mode.  

Al l  other equ ipment wh ich  can  be  swi tched  on  permanentl y by the  d ri ver or passenger shal l  
be  OFF.  

The  tests  shal l  be  carried  ou t  wi th  the  equ ipment under test  (EUT)  or any movable  part  of i t  
p laced  i n  the  most unfavourable  pos i tion  as  defined  in  the  test p l an .  

Un less  otherwise  speci fi ed ,  the  tests  shal l  be  carried  ou t i n  a  d raugh t-free  l ocation  and  at an  

ambien t temperature  of 23  °C  ±  5  °C  accord ing  to  I SO 1 1 451 -1 : 201 5  and  I SO 1 1 452-1 : 201 5.  

5 Test methods  and  requirements  

5.1  General  

5. 1 . 1  Overview 

Al l  tests  shal l  be  carried  ou t  using  the  charg ing  cable  speci fi ed  or provided  by the  e lectric  
veh icle  suppl y equ ipment (EVSE)  manufacturer or the  e lectric veh icle  manufacturer as  
described  in  further deta i l  i n  the  test  pl an ,  for example  cable  lengths.  

I f the  charg ing  cable  i s  provided  by the  veh icle  manufacturer the  extraneous  l ength  shal l  be  z-
folded  i n  0 , 5  m  wid th .  

The arti ficia l  (mains)  networks  (AN /AMN)  for power suppl y and  asymmetric arti ficial  networks  
(AAN)  for charg ing  commun ications  to  be  used  for these  tests  are  described  i n  Annex  A.  

For e lectrical /e lectron ic sub-assembly (ESA)  separated  on -board  charger tests  an  appropriate  
l oad  shal l  be  used  to  s imu late  the  veh icle  HV-systems term inations,  for example  HV battery.  I f 
speci fic l oad  boxes  are  used ,  these  shal l  a lso  be  described  in  the  test p l an .  

5.1 .2  Exceptions  

Veh icles  and /or ESA wh ich  are  in tended  to  be  used  in  "REESS charg ing  mode coupled  to  the  
power gri d "  i n  the  configuration  connected  to  a  DC-charg ing  station  wi th  a  l eng th  of a  DC  
network cable  shorter than  30  m  do  not  have  to  fu l fi l  the  requ i rements  of conducted  em iss ions,  
surge  and  fast transien ts  (bu rst)  nei ther on  veh icle  nor ESA level .  

I n  th is  case,  the  manufacturer shal l  provide  a  statement that  the  veh icle  and/or ESA can  be  
used  i n  "REESS charg ing  mode coupled  to  the  power grid "  on l y wi th  cables  shorter than  30  m .  
Th is  i n formation  shal l  be  made publ icl y avai lable  fol lowing  the  type  approval .  

Veh icles  and /or ESA wh ich  are  i n tended  to  be  used  in  "REESS charg ing  mode coupled  to  the  
power grid "  i n  the  configuration  connected  to  a  l ocal /private  DC-charg ing  station  wi thou t 
add i ti onal  participants  do  not  have  to  fu l fi l  requ i rements  of conducted  em issions,  surge  and  
fast trans ien ts  (burst)  ne i ther on  veh icle  nor ESA level .  

I n  th is  case,  the  manufacturer shal l  provide  a  statement that  the  veh icle  and/or ESA can  be  
used  i n  "REESS  charg ing  mode  coupled  to  the  power grid "  on l y wi th  a  l ocal /private  DC 
charg ing  s tation  wi thou t add i tional  participan ts.  Th is  i n formation  shal l  be  made  publ icl y 
avai lable  fol l owing  the  type  approval .  

5.2  Immunity 

5.2. 1  General  

The  tests  shal l  be  carried  ou t i nd ividual l y as  s i ng le  tests  i n  sequence.  The  tests  may be  
performed  i n  any order.  
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I n  general ,  the  EUT shal l  be  tested  i n  configuration  "REESS  in  charg ing  mode  coupled  to  the  
power grid " .  

I f the  cu rrent  consumption  can  be  ad j usted ,  the  curren t shal l  be  set  to  at  l east 20  %  of i ts  
nom inal  va lue.  

I f the  current consumption  cannot be  ad justed ,  the  REESS  state  of charge  (SOC)  shal l  be  
kept between  20  %  and  80  %  of the  maximum  SOC during  the  whole  time duration  of the  
measurement  

NOTE  Th is  may l ead  to  spl i t  the  measurement i n  d i fferent  t ime  s l ots/sub-bands  wi th  the  need  to  d i scharge  the  
veh icle ’ s  traction  battery before  starti ng  the  next time  s l ot/  sub-band .  

The EUT shal l  be  swi tched  on  and  shal l  operate  as  defined  i n  the  test pl an .  

The  description  of the  test,  re levant generator,  appropriate  methods,  and  the  setup  to  be  used  
are  g i ven  i n  the  basic s tandards,  wh ich  are  referred  to  i n  Table  1 .  

The  con tents  of these  bas ic standards  are  not  repeated  here,  however mod i fications  or 
add i tional  i n formation  needed  for the  practical  appl ication  of the  tests  are  g i ven  i n  th is  
document.  

On l y non-d isturbing  equ ipment shal l  be  used  wh i l e  mon i toring  the  veh icle  or ESA.  The  veh icle  
exterior and  the  passenger compartmen t/ESA shal l  be  mon i tored  to  determ ine  whether the  
requ irements  are  met (e. g .  for veh icle  test  by u sing  (a)  vi deo  camera(s),  a  m icrophone,  etc. ) .  

The  e lectric veh icle  shal l  not  become dangerous  or unsafe  as  a  resu l t  of the  appl ication  of the  
tests  defined  i n  th is  document.  

5.2.2  Function  performance  cri teria  

Subclause  5. 2. 2  defines  the  expected  performance  obj ecti ves  for the  function  of the  veh icle  
subj ected  to  the  test cond i ti ons.  The  performance  cri teria  of the  function  (expected  behaviour 
of the  function  observed  during  test)  are  l i s ted  below.  

NOTE  Th is  e l ement  i s  appl i cable  to  every s i ng le  i nd ivi dual  function  of an  equ i pment under test  and  describes  the  
operati ona l  s tatus  of the  defi ned  function  du ri ng  and  after a  test.  

Performance cri terion  A:  The  veh icle  shal l  not be  set  i n  motion .  The  charg ing  function  shal l  
con tinue  to  operate  as  i n tended  during  and  after the  test.  No  degradation  of performance  or 
l oss  of function  is  a l l owed .  

Performance cri terion  B:  The  veh icle  shal l  not be  set  i n  motion .  The  charg ing  function  shal l  
con tinue  to  operate  as  i n tended  after the  test.  No  degradation  of performance  or l oss  of 
function  i s  a l lowed  after the  test.  Du ring  the  test temporary l oss  of charg ing  function  i s  
a l l owed  provided  the  charg ing  function  i s  restored  au tomatical l y wi thout  user i n teraction .  

Performance cri terion  C:  The  veh icle  shal l  not  be  set i n  motion .  Temporary l oss  of function  is  
a l l owed ,  provided  the  function  can  be  restored  by s imple  operations  of the  con trols  and  
wi thout  the  use  of tools ,  by the  user of the  equ ipment or operator from  remote  posi tion .  

5.2.3  Test severi ty l evel  

Th is  defines  the  speci fication  of test  severi ty l evel  of essentia l  s i gnal  parameters .  The  test 
severi ty l evel  i s  the  stress  l evel  appl i ed  to  the  equ ipment under test for any g i ven  test method .  
The  test severi ty l evels  depend  on  the  requ i red  operational  characteristi cs  of the  function .  
Test severi ty l evels  are  g i ven  in  Table  1 .  
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5.2.4  Immunity of veh icles  to  electrical  fast  transient/burst d isturbances  conducted  
along  AC  and  DC power l ines  

5.2.4.1  General  

EV charg ing  equ ipment d i rectl y powered  by the  AC power l ines  and  DC power l i nes  shal l  
wi thstand  common  mode  conducted  d istu rbances  to  l evels  g i ven  in  Table  1 ,  general l y caused  
by the  swi tch ing  of smal l  i nductive  loads,  re lay con tacts  bouncing ,  or swi tch ing  of h igh -vol tage  
swi tchgear.  

5.2.4.2  Electric veh icle  charg ing  equ ipment test  

Th is  test  i s  i n tended  to  demonstrate  the  immun i ty of the  veh icle  e lectron ic  systems  network 
accord ing  to  I EC 61 000-4-4 : 201 2.  The  e lectric veh icle  charg ing  equ ipment shal l  be  subj ect to  
e lectrical  fast trans ien t/burst d is turbances  conducted  a long  AC  and  DC power l i nes  of the  
veh icle  as  described  i n  5. 2 . 5. 2 .  The  veh icle  shal l  be  mon i tored  during  the  tests.  

The  test setup  is  depicted  i n  F igure  1 .  

The  veh icle  shal l  be  p laced  d i rectl y on  the  ground  plane.  The  cable  shal l  be  z-folded  in  l ess  
than  0 , 5  m  wid th  i f l onger than  1  m ,  p l aced  0 , 1  (  ±  0 , 025)  m  above  the  g round  p lane  and  at 
l east 0 , 1  m  away from  the  car body.  

 

Key 

1  EFT/burst-generator 

2  AC/DC/mains  

3  fi l ter 

Figure 1  – E lectrical  fast transien t/burst  test  veh icle  setup  

5.2.4.3  ESA,  separated  on-board  charger test  

The test procedure  accord ing  to  I EC  61 000-4-4: 201 2  shal l  be  appl ied  to  separated  on -board  
charger tests.  

The  enclosure  of ESA need  not be  bonded  to  g round  plane  d i rectl y.  

5.2.5  Immunity of veh icles  to  surges  conducted  along  AC  and  DC  power l ines  

5.2.5.1  General  

On-board  EV charg ing  equ ipment d i rectl y powered  by the  AC  power mains  shal l  wi thstand  the  
vol tage  surges,  general l y caused  by swi tch ing  phenomena  i n  the  power gri d ,  fau l ts  or 
l i gh tn ing  strokes  ( i nd i rect  strokes)  as  described  i n  Table  1 .  

IEC  

0, 8  (+0, 2  /  –0)  m  

1  

Z1  CC  

CDN  3  

2  
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The  test equ ipment i s  composed  of a  reference  ground  p lane  (a  sh ie lded  room  is  not  
requ i red ),  a  surge  generator and  a  coupl i ng /decoupl ing  network (CDN).  

5.2.5.2  Electric veh icle  charg ing  system  test  

Th is  test i s  i n tended  to  demonstrate  the  immun i ty of the  veh icle  e lectron ic systems  accord ing  
to  I EC 61 000-4-5:201 4.  The  veh icle  shal l  be  subject to  surges  conducted  a long  AC  and  DC 
power l i nes  of the  veh icle.  The  veh icle  shal l  be  mon i tored  during  the  tests.  

NOTE  I f transm i tters  being  part  of au thori zation  and  payment  process  m igh t  not  be  swi tched  off du ri ng  charg i ng ,  
then  transm i tter-speci fi c  standard  app l i es  (e. g .  3G,  4G ,  RFID).  

The veh icle  shal l  be  pos i ti oned  on  the  g round  p lane.  The  e lectrical  surge  shal l  be  appl i ed  on  
the  veh icle  on  the  AC and  DC power l i nes  between  each  l i ne  and  earth  and  between  l i nes  by 
us ing  CDN  as  described  i n  F igures  2  to  5 .  

The  cable  shal l  be  z-folded  in  l ess  than  0 , 5  m  wid th  i f l onger than  1  m ,  p laced  0, 1  (  ±  0 , 025)  m  
above the  ground  p lane  and  at l east 0 , 1  m  away from  the  car body.  

 

Key  

1  su rge-generator 

2  AC/DC/mains  

3  fi l ter 

Figure 2  – Veh icle  in  configuration  "REESS  charging  mode  coupled  to  the  power grid"  – 
coupl ing  between  l ines  for AC  (single  phase)  and  DC  power l ines  

 

Key 

1  su rge-generator 

2  AC/DC/mains  

3  fi l ter 

Figure 3  – Veh icle  in  configuration  "REESS  charging  mode  coupled  to  the  power grid"  – 
coupl ing  between  each  l ine  and  earth  for AC  (sing le  phase)  and  DC  power l ines  
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0, 8  (+0, 2  /  –0)  m  
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L  

C  =  9  µF  
CDN  
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1  
L  
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PE  

R  =  1 0Ω  
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Key 

1  su rge-generator 

2  AC/mains  

3  fi l ter 

Figure 4  – Veh icle  in  configuration  "REESS  charging  mode  coupled  to  the  power grid"  – 
coupl ing  between  l ines  for AC  (three  phases)  power l ines  

 

Key 

1  su rge-generator 

2  AC/mains  

3  fi l ter 

Figure 5  – Veh icle  in  configuration  "REESS  charging  mode  coupled  to  the  power grid"  – 
coupl ing  between  each  l ine  and  earth  for AC  (three  phases)  power l ines  

5.2.5.3  ESA,  separated  on-board  charger test  

The test procedure  accord ing  to  I EC 61 000-4-5: 201 4  shal l  be  appl ied  to  separated  on -board  
charger tests .  The  enclosure  of ESA need  not be  bonded  to  g round  p lane  d i rectl y.  
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5.2.6  Immunity to  e lectromagnetic  rad iated  RF-fields  

5.2.6.1  General  

The EV charg ing  system  shal l  wi thstand  rad iated  e lectromagnetic d is tu rbances  accord ing  to  
ISO  1 1 451 -2 :201 5.  

5.2.6.2  Electric veh icle  charg ing  system  test  

The  reference poin t i s  the  m idd le  of the  veh icle  (from  front view),  0 , 2  m  beh ind  the  front wheel  
axle.  

For charg ing  cables  suppl ied  by the  veh icle  manufacturer,  extraneous  l ength  shal l  be  z-folded  
in  l ess  than  0 , 5  m  wid th .  The  cable  shal l  be  z-folded  in  l ess  than  0 , 5  m  wid th  i f l onger than  
1  m ,  p l aced  0, 1  (  ±  0 , 025)  m  above the  ground  p lane  and  at l east 0 , 1  m  away from  the  car 
body.  

The  EV in  configuration  "REESS charg ing  mode  coupled  to  the  power grid "  sha l l  comply wi th  
the  requ i rements  of the  sem i-anechoic chamber test accord ing  I SO  1 1 451 -2: 201 5  at  the  
manufacturer's  d iscretion .  Measurements  shal l  be  made  i n  the  20  MHz to  2  000  MHz 
frequency range  wi th  frequency s teps  accord ing  to  I SO  1 1 451 -1 : 201 5.  

The  EV in  configuration  "REESS  charg ing  mode  coupled  to  the  power grid "  shal l  be  exposed  
to  e lectromagnetic rad iation  as  defined  i n  1 . 2  to  1 . 3  of Table  1 .  

For veh icles  wi th  the  power charg ing  p lug  l ocated  at  the  s i de  of the  veh icle ,  the  AMN/AN  shal l  
be  p laced  al i gned  wi th  the  veh icle  power charg ing  p l ug  and  the  veh icle  charg ing  cable.  

For veh icles  wi th  p l ug  l ocated  front/rear or the  power charg ing  p l ug  l ocated  at  the  fron t/rear of 
the  veh icle,  the  AMN/AN  shal l  be  p laced  perpend icu lar to  the  veh icle  power charg ing  p l ug  and  
shal l  be  a l igned  wi th  the  veh icle  charg ing  cable.  

F i gu re  6  to  F igure  9  depict  veh icle  configurations  i n  charg ing  mode  wi th  and  wi thout 
communications  appl ied .  
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Key 

1  veh icle  u nder test  

2  i nsu lati ng  support  

3  charg ing  cable  (extraneous  l ength  z-fol ded )  

4  arti fi cia l  (mains)  network(s)  g rounded  

5  AC power mains  socket or AC/DC charg ing  s tati on  (dotted  l i ne:  arbi trary pos i ti on )  

6  reference  poi n t  

Figure  6  – Example  of test  setup for veh icle  wi th  i n let located  on  the  veh icle  s ide  
(AC/DC power charg ing  wi thout communication)  
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Key 

1  veh icle  u nder test  

2  i nsu lati ng  support  

3  charg ing  cable  (extraneous  l ength  z-fol ded )  

4  arti fi cia l  (mains)  network(s)  g rounded  

5  AC power mains  socket or AC/DC charg ing  s tati on  (dotted  l i ne:  arbi trary pos i ti on )  

6  reference  poi n t  

Figure 7  – Example of test  setup for veh icle  wi th  in let  located  at the  front/rear  
of the  veh icle  (AC/DC  power charging  wi thout communication)  
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Key 

1  veh icle  u nder test  

2  i nsu lati ng  support  

3  charg ing  cable  (extraneous  l ength  z-fol ded )  

4  arti fi cia l  (mains)  network(s)  g rounded   

5  AC power mains  socket or AC/DC charg ing  s tati on  (dotted  l i ne:  arbi trary pos i ti on )  

6  impedance  s tab i l i sation  network(s)  g rounded  

7  reference  poi n t  

Figure 8  – Example of test  setup  for veh icle  wi th  in let located  on  veh icle  s ide   
(AC  or DC  power charging  with  communication )  
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Key 

1  veh icle  u nder test  

2  i nsu lati ng  support  

3  charg ing  cable  (extraneous  l ength  z-fol ded )  

4  arti fi cia l  (mains)  network(s)  g rounded   

5  AC power mains  socket or AC/DC charg ing  s tati on  (dotted  l i ne:  arbi trary pos i ti on )  

6  asymmetric  arti fi cial  network(s)  g rounded  

7  reference  poi n t  

Figure 9  – Example of test  setup for veh icle  wi th  in let  located  at the  front/rear  
of the  veh icle  (AC  or DC  power charg ing  with  communication)  
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5.2.6.3  ESA,  separated  on-board  charger test  

ESAs i n  configuration  "REESS charg ing  mode coupled  to  the  power grid "  sha l l  comply wi th  
the  requ i rements  of the  combination  of the  sem i -anechoic chamber test accord ing  
ISO  1 1 452-2 :2004  and  bu lk  current i n j ection  testi ng  accord ing  I SO  1 1 452-4 : 201 1  at the  
manufacturer's  d iscretion .  Measurements  shal l  be  made  i n  the  20  MHz to  2  000  MHz 
frequency range  wi th  frequency steps  accord ing  to  I SO 1 1 452-1 : 201 5.  

The  enclosure  of ESA need  not be  bonded  to  ground  plane  d i rectl y.  

ESAs  i n  configuration  "REESS  charg ing  mode  coupled  to  the  power gri d "  shal l  be  exposed  to  
e lectromagnetic  rad iation  as  defined  in  1 . 9  of Table  1 .  

5.2.7  Immunity to  pu lses  on  supply l ines  

The  immun i ty of the  ESA representati ve  of i ts  type  shal l  be  tested  by the  method(s)  accord ing  
to  I SO  7637-2 : 201 1  on  suppl y l i nes  as  wel l  as  to  other connections  of ESAs  wh ich  may be  
operational l y connected  to  suppl y l i nes.  

The  enclosure  of ESA need  not be  bonded  to  ground  plane  d i rectl y.  

The  test l evels  and  test pu lse  types  are  g iven  i n  1 . 9  of Table  1 .  

5.2.8  Immuni ty test  and  severi ty l evel  overview 

Table  1  summarizes  the  immun i ty test  requ irements.  

 

 



 IE
C
 6
1
8
5
1
-2
1
-1
:2
0
1
7
 ©

 IE
C
 2
0
1
7
 

–
 2
1
 –
 

 

Table  1  – Immuni ty tests  

 Envi ronmental  phenomena  Test severi ty l evel  Un i ts  Basi c  
standards  

Remarks  Performance 
cri terion  f  

1 . 1  Rad i o-frequency e lectromagneti c  
fi e l d .  Ampl i tude  modu l ated  

20  to  800  g  MHz I SO  1 1 451 -
2 : 201 5  

Veh icle  test  

Verti cal  polari zation  of the  E  fi e l d  a  b  d  

B  

30  V/m  (RMS)  

80  %  AM  (1  kHz)  

1 . 2  Rad i o-frequency e lectromagneti c  
fi e l d .  Pu l se  modu l ated  

800  to  2  000  MHz I SO  1 1 451 -
2 : 201 5  

Veh icle  test  

Verti cal  polari zation  of the  E  fi e l d  a  b  

B  

30  V/m  (RMS)  

t
ON

:  577  µs  

T :  4  600  µs  

1 . 3  Fast  trans ien ts  (AC and  DC power 
l i nes)  

±  2  kV (open  ci rcu i t  test  vo l tage)  I EC 61 000-4-
4: 201 2  

Veh icle  or ESA test  

Private  I /O  l i nes  l i ke  pi l ot  l i nes  are  

covered  by the  charg i ng  cable  i n ternal  

capaci ti ve  coupl i ng  c  

B  

5/50   Tr/Th  n s  

5  Repeti ti on  frequency kHz  

1 . 4  Surges  (AC power l i nes)  1 , 2/50  (8/20)  T r/Th  µs  I EC 61 000-4-
5: 201 4  

Veh icle  or ESA test   

Each  su rge  shal l  be  appl i ed  5  t imes  at  

1  m in  (or l ess,  m in imum  1 0  s)  i n terval s  

for each  of the  fol l owing  ang les:   

0° ,  90° ,  1 80°  and  270°  

B g  

l i ne-to-earth  ±  2  kV (open  ci rcu i t  test  vo l tage)  

l i ne-to- l i ne  ±  1  kV (open  ci rcu i t  test  vo l tage)  

1 . 5  Surges  (DC power l i nes)   1 , 2 /50  (8/20)  T r/Th  µs  I EC 61 000-4-
5: 201 4  

Veh icle  or ESA test   

Each  su rge  shal l  be  appl i ed  5  t imes  at  

1  m in  (or l ess,  m in imum  1 0  s)  i n terval s  e  f  

Bg  

l i ne-to-earth  ±  0 , 5  kV (open  ci rcu i t  test  vo l tage)  

l i ne-to- l i ne  ±  0 , 5  kV (open  ci rcu i t  test  vo l tage)  

1 . 6  Bu lk  cu rren t i n j ection  (BCI )   20  to  200  MHz I SO  1 1 452-
4: 201 1  

ESA b  d  B  

Ampl i tude  modu lated  60  mA (RMS)  

80  %  AM  (1  kHz)  

1 . 7  Rad i o-frequency e lectromagneti c  
fi e l d .  Ampl i tude  modu l ated  

200  to  800  MHz I SO  1 1 452-
2 : 2004  

ESA 

Verti cal  polari zation  of the  E  fi e l d  a  b  d  

B  

30  V/m  (RMS)  

80  %  AM  (1  kHz)  
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 Envi ronmental  phenomena  Test severi ty l evel  Un i ts  Basi c  
standards  

Remarks  Performance 
cri terion  f  

1 . 8  Rad i o-frequency e lectromagneti c  
fi e l d .  Pu l se  modu l ated  

800  to  2  000  MHz I SO  1 1 452-
2 : 2004  

ESA 

Verti cal  polari zation  of the  E  fi e l d  a  b  

B  

30  V/m  (RMS)  

t
ON

:  577  µs  

T :  4  600  µs  

1 . 9  Immun i ty to  pu l ses  on  suppl y 
l i nes  

I I I  Pu l se  number 1  and  2b  I SO  7637-2 :  
201 1  

ESA C  

I I I  Pu l se  number 2a  and  4  B  

I I I  Pu l se  number 3a/3b  A 

a  The  fi e l d  strength  shal l  be  30  V/m  RMS  i n  over 90  %  of the  20  MHz to  2  000  MHz frequency range  and  a  m in imum  of 25  V/m  over the  whol e  20  MHz to  2  000  MHz frequency 
range.  

b  The  arti fi cial  mains  network to  be  used  for th i s  test  on  veh icle  i s  defi ned  i n  Annex A.  

c  When  the  coupl i ng /decoupl i ng  network cannot be  used  on  AC  power l i nes,  the  capaci ti ve  coupl i ng  cl amp  defi ned  i n  6 . 3  of I EC 61 000-4-4: 201 2  may be  used .  

d  AM  i s  peak conservati on  accord ing  to  I SO  1 1 451 -1 : 201 5  or I SO  1 1 452-1 : 201 5.  

e  Veh icles  and /or ESA wh ich  are  i n tended  to  be  used  i n  "REESS  charg i ng  mode  coupled  to  the  power gri d "  i n  the  confi gurati on  connected  to  a  DC-charg i ng  station  wi th  a  l ength  
of a  DC network cabl e  shorter than  30  m  need  not  fu l fi l  these  requ i rements.   

f  Veh icles  and /or ESA wh ich  are  i n tended  to  be  used  i n  "REESS  charg ing  mode  coupl ed  to  the  power g ri d "  i n  the  confi gurati on  connected  to  a  l ocal /pri vate  DC-charg ing  station  
wi thout  add i ti onal  parti ci pants  need  not  fu l fi l  these  requ i rements.  

g   I f protecti ve  devices  and/or safety functi ons  are  implemented  i n  the  EUT,  the  performance  cri teri on  cou l d  be  l owered  to  C .  
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5.3  Emissions  

5.3. 1  Test condi tions  

5.3. 1 . 1  General  

I f the  current  consumption  cannot be  ad j usted ,  the  state  of charge  (SOC)  of the  traction  
battery shal l  be  kept between  20  %  and  80  %  of the  maximum  SOC during  the  whole  time 
duration  of the  measurement ( th is  may l ead  to  spl i tti ng  the  measurement i n  d i fferen t  time 
s lots/sub-bands  wi th  the  need  to  d ischarge  the  veh icle ’s  traction  battery before  starti ng  the  
next t ime s lot/sub-band) .  I f the  curren t consumption  can  be  ad justed ,  then  the  current  sha l l  be  
set to  at  l east 80  %  of i ts  nom inal  va lue.  

5.3. 1 .2  Telecommunication  l ines  exceptions  

When  there  is  no  d i rect connection  to  the  publ ic  te lecommunication  network wh ich  i ncludes  
te lecommunication  service  add i tional  to  the  charg ing  communication  service,  methods  of 
testing  for em iss ion  of RF  conducted  d isturbances  on  network and  te lecommunication  access  
from  veh icle  and  ESA (both  accord ing  to  CISPR 22: 2008)  shal l  not be  appl i ed .  

When  network and  te lecommun ication  access  of the  veh icle  uses  power l i ne  transm iss ion  
(PLT)  on  AC and  DC power l i nes,  methods  of testing  for em ission  of RF  conducted  
d isturbances  on  network and  te lecommun ication  access  from  veh icle  shal l  not be  appl i ed .  

NOTE  1  The  p i l ot  l i ne  i s  not  a  te l ecommun ication  l i ne  accord ing  to  CISPR 22: 2008.  

NOTE  2  I n  Europe  (CENELEC members),  s tandard  EN  50561 -1  g i ves  the  l im i ts  for PLT systems  i n ten tional l y  
coupled  to  the  gri d  for commun ication  purposes.  

5.3.2  Emissions  of harmonics  on  AC  power l ines  

5.3.2 . 1  General  

The measurements  of even  and  odd  current harmon ics  shal l  be  performed  up  to  the  fortieth  
harmon ic  (see  Table  2) .  

The  observation  time to  be  used  for the  measurements  shal l  be  as  for quasi -stationary 
equ ipment as  defined  i n  I EC  61 000-3-2: 201 4,  Table  4.  

The  harmon ic l im i ts  for the  AC i npu t current  of e l ectric  veh icle  charg ing  systems  (for rated  
curren t l ess  than  1 6  A per phase)  are  covered  by I EC  61 000-3-2: 201 4  wi th  general  test 
cond i ti ons.  I n  th is  case,  compl iance  i s  checked  accord ing  to  I EC  61 000-3-2 :201 4 ,  Table  2 .  
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Table  2  – Maximum al lowed  harmon ics   

( input  current  ≤  1 6  A per phase)  

Harmonic number Maximum  authorized  harmonic  current  

N  A 

Odd  harmon ics  

3  2 , 3  

5  1 , 1 4  

7  0 , 77  

9  0 , 40  

1 1  0 , 33  

1 3  0 , 21  

1 5  ≤  n  ≤  39  0 , 1 5  ×  1 5/n  

Even  harmon ics  

2  1 , 08  

4  0 , 43  

6  0 , 30  

8  ≤  n  ≤  40  0 , 23  ×  8 /n  

 

The harmon ic l im i ts  for the  AC i npu t current (Ii )  of e lectric  veh icle  charg ing  systems  (for rated  

curren t more  than  1 6  A,  and  less  than  75  A per phase)  are  covered  by I EC 61 000-3-1 2: 201 1  
wi th  general  test  cond i ti ons.  I n  th is  case,  compl iance  i s  checked  accord ing  to  
I EC 61 000-3-1 2 : 201 1  wi th  Rsce  of 33  (see  Table  3).  

Table  3  – Acceptable  harmonics  for Rsce  =  33  (1 6  A <  Ii  ≤  75  A)  

Acceptable  i nd ividual  harmonic current I
n
/I

1
 %  Maximum  current 

harmonic  ratio  %  

I
3
 I

5
 I

7
 I

9
 I

1 1
 I

1 3
 THD  PWHD 

21 , 6  1 0, 7  7 , 2  3 , 8  3 , 1  2  23  23  

 

Relati ve  values  of even  harmon ics  l ower than  or equal  to  1 2  sha l l  be  l ower than  1 6/n  % .  Even  

harmon ics  greater than  1 2  are  taken  i n to  account i n  the  tota l  harmon ic d istortion  (THD)  and  
partia l  weigh ted  harmon ic d is tortion  (PWHD)  the  same way as  odd  harmon ics.  

Equ ipment that can  operate  over a  power range  that i s  covered  by both  I EC  61 000-3-2: 201 4  
and  I EC 61 000-3-1 2: 201 1  shal l  conform  to  each  of these  s tandards  in  the  correspond ing  
curren t range.  

Equ ipment wi th  a  rated  curren t ≤  1 6  A shal l  be  tested  accord ing  to  I EC  61 000-3-2: 201 4.  
Equ ipment wi th  a  rated  curren t of,  for example,  20  A shal l  be  tested  accord ing  to  
IEC 61 000-3-1 2 :201 1  and  I EC  61 000-3-2: 201 4  wi th  a  curren t l im i ted  to  1 6  A.  

5.3.2 .2  Electric veh icle  charg ing  system  test  

The test setup  for s i ng le-phase  veh icle  i n  configuration  "REESS  charg ing  mode coupled  to  the  
power grid "  i s  shown  i n  F igure  1 0.  

For charg ing  cables  suppl ied  by the  veh icle  manufacturer,  extraneous  l ength  shal l  be  z-folded  
i n  l ess  than  0 , 5  m  wid th ,  i f the  cable  l eng th  exceeds  1  m .  The  cable  shal l  be  p laced  
0, 1  (  ±  0 , 025)  mm  above the  ground  p lane  and  at  l east 1 00  mm  away from  the  car body.  
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Key 

1  power suppl y of i n ternal  impedance  Z
G
 and  open  ci rcu i t  vol tage  G  

2  measurement  devi ce  wi th  i npu t  impedance  Z
M
 

Figure  1 0  – Vehicle  i n  configuration  "REESS charging  mode coupled  to   
the  power grid"  – S ing le-phase  charger test setup  

The  test setup  for three-phase charger i n  configuration  "REESS charg ing  mode coupled  to  the  
power grid "  i s  shown  i n  F igure  1 1 .  The  cable  shal l  be  z-folded  i n  l ess  than  0 , 5  m  wid th  i f 
l onger than  1  m ,  p l aced  0 , 1  (  ±  0 , 025)  m  above  the  ground  p lane  and  at  l east 0 , 1  m  away 
from  the  car body.  

 

Key 

1  power suppl y of i n ternal  impedance  Z
G
 and  open  ci rcu i t  vol tage  G  

2  measurement  devi ce  wi th  i npu t  impedance  Z
M
 

Figure  1 1  – Vehicle  i n  configuration  "REESS charging  mode coupled  to   
the  power grid"  – Three-phase charger test  setup  

5.3.2 .3  ESA,  separated  on-board  charger test  

The test procedure  accord ing  to  I EC 61 000-3-2 :201 4  wi th  general  test  cond i ti ons  shal l  be  
appl ied  to  separated  on-board  charger tests  (for rated  curren t l ess  than  1 6  A per phase).  
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The  test  procedure  accord ing  to  I EC 61 000-3-1 2 : 201 1  wi th  general  test  cond i ti ons  shal l  be  
appl ied  to  separated  on-board  charger tests  (for rated  current  more  than  1 6  A and  less  than  
75  A per phase).  

5.3.3  Emission  of vol tage changes,  vol tage fluctuations  and  fl i cker on  AC  power 
l ines  

5.3.3.1  General  

The  l im i ts  for rated  current (for rated  curren t  l ess  than  1 6  A per phase)  and  not  subjected  to  
cond i ti onal  connection  are  those  defined  i n  C lause  5  of I EC 61 000-3-3: 201 3.  

The  l im i ts  for rated  current (for rated  cu rren t more  than  1 6  A and  l ess  than  75  A per phase)  
and  subj ected  to  cond i ti onal  connection  are  those  defined  i n  C lause  5  of 
IEC 61 000-3-1 1 : 2000.  

Equ ipment that can  operate  over a  power range  that i s  covered  by both  I EC  61 000-3-3: 201 3  
and  I EC 61 000-3-1 1 : 2000  shal l  conform  to  each  of these  s tandards  in  the  correspond ing  
curren t range.  

Equ ipment wi th  a  rated  curren t ≤  1 6  A shal l  be  tested  accord ing  to  I EC  61 000-3-3: 201 3.  
Equ ipment wi th  a  rated  curren t of,  for example,  20  A shal l  be  tested  accord ing  to  
IEC 61 000-3-1 1 : 2000  and  I EC  61 000-3-3: 201 3  wi th  a  curren t l im i ted  to  1 6  A.  

The  parameters  to  be  determ ined  in  the  time-domain  are  "short  duration  fl icker value",  " long  
duration  fl i cker va lue"  and  "vol tage  re lative  variation " .  

5.3.3.2  Electric veh icle  charg ing  equ ipment  test  

The test setup  for veh icle  i n  configuration  "REESS  charg ing  mode coupled  to  the  power gri d "  
is  shown  in  F igure  1 2 .  The  cable  shal l  be  z-folded  in  l ess  than  0, 5  m  wid th  i f l onger than  1  m ,  
p laced  0 , 1  (  ±  0 , 025)  m  above  the  ground  plane  and  at  l east 0 , 1  m  away from  the  car body.  

 

Key  

1  power suppl y wi th  open  ci rcu i t  vol tage  G  and  (RP  +  j XP)  impedance  

2  measurement device  

Figure 1 2  – Vehicle  i n  configuration  "REESS charg ing   
mode coupled  to  the  power g rid"  
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5.3.3.3  ESA,  separated  on-board  charger test  

The  test procedure  on  low frequency harmon ics  accord ing  to  I EC  61 000-3-3:201 3  wi th  
general  test cond i tions  shal l  be  appl ied  to  separated  on -board  charger tests  (for rated  curren t  
l ess  than  1 6  A).  

The  test procedure  accord ing  to  I EC 61 000-3-1 1 : 2000  wi th  general  test  cond i ti ons  shal l  be  
appl ied  to  separated  on-board  charger tests  (for rated  current more  than  1 6  A and  less  than  
75  A).  

5.3.4  H igh-frequency conducted  d isturbances  on  AC  or DC  power l ines  

5.3.4. 1  General  

This  test i s  i n tended  to  measure  the  l evel  of rad io  frequency conducted  d isturbances  
generated  by the  veh icle/ESA in  configuration  "REESS charg ing  mode  coupled  to  the  power 
grid "  through  i ts  AC or DC power l i nes  i n  order to  ensure  i t  i s  compatib le  wi th  res identia l ,  
commercia l  and  l i gh t i ndustria l  envi ronments .  

The  arti ficia l  (mains)  networks  for power supply and  asymmetric arti ficia l  networks  (AAN)  for 
charg ing  communications  to  be  used  for th is  test  are  described  i n  Annex A of th is  document.  

The  measurements  shal l  be  performed  wi th  a  spectrum  anal yser or a  scann ing  receiver.  The  
parameters  to  be  used  are  respectivel y defi ned  i n  CISPR 25: 201 6,  4 . 4. 1  (Table  1 )  and  4 . 4 . 2  
(Table  2) .  

Measurements  shal l  be  performed  wi th  average  and  e i ther quasi -peak or peak detectors.  
I f peak detectors  are  used ,  a  correction  factor as  defined  in  
CISPR 1 2 :2007/CISPR 1 2: 2007/AMD1 :2009  shal l  be  appl ied .  

The  l im i ts  on  AC power l i nes  are  those  defined  i n   
I EC 61 000-6-3: 2006/IEC 61 000-6-3: 2006/AMD1 : 201 0  and  g i ven  i n  Table  4.  

Table  4 – Maximum al lowed  rad iofrequency conducted   
d isturbances  on  AC  power l ines  

Frequency  
(MHz)  

L im i ts  and  detector 

0, 1 5  to  0 , 5   66  dB(µV)  to  56  dB(µV)  (quasi -peak)  

56  dB(µV)  to  46  dB(µV)  (average)  

( l i nearl y decreas ing  wi th  l ogari thm  of frequency)  

0 , 5  to  5  56  dB(µV)  (quas i -peak)  

46  dB(µV)  (average)  

5  to  30  60  dB(µV)  (quas i -peak)  

50  dB(µV)  (average)  

 

The l im i ts  on  DC power l i nes  are  those  defined  i n  
I EC 61 000-6-3: 2006/IEC 61 000-6-3: 2006/AMD1 : 201 0  and  g i ven  i n  Table  5.  
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Table  5  – Maximum al lowed  rad iofrequency conducted   
d isturbances  on  DC  power l ines  

Frequency 
(MHz)  

L im i ts  and  detector  
d isturbance  vol tage  

0, 1 5  to  0 , 5   79  dB(µV)  (quasi -peak)  

66  dB(µV)  (average)  

0 , 5  to  30  73  dB(µV)  (quasi -peak)  

60  dB(µV)  (average)  

 

The l im i ts  appl y throughou t the  frequency range  0 , 1 5  MHz to  30  MHz for measurements  
performed  i n  a  sem i  anechoic  chamber or open  area  test s i te .  

5.3.4.2  Electric veh icle  charg ing  equ ipment test  

The test setup  for the  connection  of the  veh icle  i n  configuration  "REESS charg ing  mode  
coupled  to  the  power grid "  i s  shown  in  F igure  1 3.  

Cable  configuration  (communication  l i nes  separate  or part of charg ing  cable)  sha l l  be  defined  
i n  the  test p l an .  The  cable  shal l  be  z-folded  i n  l ess  than  0 , 5  m  wid th  i f l onger than  1  m ,  p l aced  
0, 1  (  ±  0 , 025)  m  above  the  ground  p lane  and  at l east 0 , 1  m  away from  the  car body.  
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Key 

1  veh icle  u nder test   

2  i nsu lati ng  support  

3  charg ing  cable  

4  arti fi cial  (mains)  network grounded  

5  AC power mains  socket or AC/DC charg ing  system  (dotted  l i ne:  arb i trary posi ti on)  

6  measuring  recei ver 

Figure 1 3  – Vehicle  i n  configuration  "REESS charging  mode  
coupled  to  the  power g rid"  

5.3.4.3  ESA,  separated  on-board  charger test  

The  test  procedure  accord ing  to  7. 4. 1  of CI SPR 1 6-2-1 : 201 4  wi th  general  test  cond i ti ons  shal l  
be  appl ied .  
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E lectrical  connection  of the  enclosure  of ESA and  arti ficia l  networks  to  g round  p lane  shou ld  
be  made  i n  l i ne  wi th  veh icle  test,  and  ground ing  configuration  shal l  be  defined  i n  the  test p lan .  

5.3.5  H igh-frequency conducted  d isturbances  on  network and  telecommunication  
access  

5.3.5.1  General  

The test setup  shal l  be  performed  accord ing  to  CI SPR 22: 2008,  C lause  5  for conducted  
em issions.  

The  measurements  shal l  be  performed  wi th  a  spectrum  anal yser or a  scann ing  receiver.  The  
parameters  to  be  used  are  respectivel y defi ned  i n  CISPR 25: 201 6,  4 . 4. 1  (Table  1 )  and  4. 4. 2  
(Table  2) .  

Measurements  shal l  be  performed  wi th  average  and  e i ther quasi -peak or peak detectors.  
I f peak detectors  are  used ,  a  correction  factor as  defined  in  
CISPR 1 2 :2007/CISPR 1 2: 2007/AMD1 :2009  shal l  be  appl ied .  

The  l im i ts  on  network and  telecommun ication  access  are  those  defined  i n   
I EC 61 000-6-3: 2006/IEC 61 000-6-3:  2006/AMD1 :201 0  and  g iven  i n  Table  6 .  

Table  6  – Maximum al lowed  rad iofrequency conducted  d isturbances   
on  network and  telecommunication  access  

Frequency 
(MHz)  

L im i ts  and  detector 

0, 1 5  to  0 , 5   84  to  74  dB(µV)  (quasi -peak)  

74  to  64  dB(µV)  (average)  ( l i nearl y 
decreasing  wi th  l ogari thm  of frequency)  

40  to  30  dB(µA)  (quasi -peak)  

30  to  20  dB(µA)  (average)  ( l i nearl y 
decreas ing  wi th  l ogari thm  of frequency)  

0 , 5  to  30  74  dB(µV)  (quasi -peak)  

64  dB(µV)  (average)  

30  dB(µA)  (quasi -peak)  

20  dB(µA)  (average)  

 

The l im i ts  appl y throughou t the  frequency range  0 , 1 5  MHz to  30  MHz for measurements  
performed  i n  a  sem i  anechoic  chamber or an  open  area  test s i te .  

5.3.5.2  Electric veh icle  charg ing  equ ipment test  

The test setup  for the  connection  of the  veh icle  in  configuration  "REESS charg ing  mode  
coupled  to  the  power grid "  i s  shown  in  F igure  1 4.   

Cable  configuration  (communication  l i nes  separate  or part of charg ing  cable)  shal l  be  defined  
i n  the  test p l an .  The  cable  shal l  be  z-folded  i n  l ess  than  0 , 5  m  wid th  i f l onger than  1  m ,  p l aced  
0, 1  (  ±  0 , 025)  m  above  the  ground  p lane  and  at l east 0 , 1  m  away from  the  car body.  
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Key 

1  veh icle  u nder test  

2  i nsu lati ng  support  

3  charg ing  cable  

4  arti fi cia l  (mains)  network(s)  g rounded   

5  AC power mains  socket or AC/DC charg ing  s tati on  (dotted  l i ne:  arbi trary posi ti on)  

6  asymmetric  arti fi cia l  network(s)  g rounded  

7  measuring  recei ver 

Figure 1 4 – Vehicle  i n  configuration  "REESS charg ing   
mode coupled  to  the  power g rid"  
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5.3.5.3  ESA,  separated  on-board  charger test  

The  test procedure  accord ing  to  CI SPR 22 : 2008,  C lause  5,  wi th  general  test  cond i tions  shal l  
be  appl ied .  

E lectrical  connection  of the  enclosure  of ESA and  arti ficia l  networks  to  g round  p lane  shou ld  
be  made  i n  l i ne  wi th  veh icle  test,  and  ground ing  configuration  shal l  be  defined  i n  the  test p lan .  

5.3.6  H igh-frequency rad iated  d isturbances  

5.3.6.1  Purpose  

Th is  test i s  i n tended  to  measure  the  l evel  of rad io  frequency rad iated  d isturbances  generated  
by the  veh icle  i n  configu ration  "REESS  charg ing  mode  coupled  to  the  power grid "  i n  order to  
ensure  i t  i s  compatib le  wi th  res iden tia l ,  commercia l  and  l i ght  i ndustria l  envi ronments.  

The  test setup  shal l  be  performed  accord ing  to  CI SPR 1 2 : 2007/CISPR 1 2 : 2007/AMD1 :2009.  

5.3.6.2  General  

For veh icles  i n  configuration  "REESS  charg ing  mode  coupled  to  the  power grid "  the  an tenna  
posi tion  i s  towards  the  m idd le  of the  veh icle  (F igure  1 5).  

The  arti ficia l  (mains)  networks  for power suppl y and  asymmetric arti ficia l  networks  (AAN)  for 
charg ing  commun ications  to  be  used  for th is  test  are  described  i n  Annex A.  

5.3.6.3  Electric veh icle  charg ing  equ ipment test  

The measurements  shal l  be  performed  wi th  a  spectrum  anal yser or a  scann ing  receiver.  The  
parameters  to  be  used  are  respectivel y defi ned  i n  CISPR 25: 201 6,  4 . 4 . 1  (Table  1 )  and  4. 4. 2  
(Table  2) .  

Measurements  shal l  be  performed  wi th  ei ther quasi -peak or peak detectors.  I f peak detectors  
are  used  a  correction  factor as  defined  i n  CI SPR 1 2 : 2007/CISPR 1 2 :2007/AMD1 :2009  shal l  
be  appl ied .  

The  l im i ts  accord ing  to  Table  7  appl y throughou t the  frequency range  30  MHz to  1  000  MHz 
for measurements  performed  i n  a  sem i  anechoic chamber or an  ou tdoor test s i te.  

Table  7  – Maximum al lowed  veh icle  h igh-frequency  
rad iated  d isturbances  

Frequency 
(MHz)  

L im i ts  and  detector 

veh icle-to-antenna  spacing  of 1 0 , 0  m  ±  0 , 2  m  

L im i ts  and  detector 

veh icle-to-an tenna  spacing  3 , 0  m  ±  0 , 05  m  

30  to  75  32  dB(µV/m)  (quasi -peak)  42  dB(µV/m)  (quasi -peak)  

75  to  400  
32  dB(µV/m)  to  43  dB (µV/m)  (quasi -peak)  
( l i nearl y i ncreasing  wi th  l ogari thm  of 
frequency)  

42  dB(µV/m)  to  53  dB (µV/m)  (quasi -peak)  
( l i nearl y i ncreasing  wi th  l ogari thm  of 
frequency)  

400  to  1  000  43  dB(µV/m)  (quasi -peak)  53  dB(µV/m)  (quas i -peak)  

 

Enclosed  test faci l i ti es  may be  used  i f correlation  can  be  shown  between  the  resu l ts  obta ined  
i n  the  enclosed  test  faci l i ty and  those  obtained  at  an  ou tdoor s i te.  Enclosed  test faci l i ti es  do  
not  need  to  meet the  d imensional  requ i rements  of the  ou tdoor test  s i te  other than  the  
d istances  from  the  an tenna  to  the  veh icle  and  the  he ight of the  antenna.  
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The  maximum  of the  read ings  re lati ve  to  the  l im i t (horizon tal  and  verti cal  polarization  and  
an tenna  l ocation  on  the  left  and  ri ght-hand  s ides  of the  veh icle)  shal l  be  taken  as  the  
characteristic read ing  at  the  frequency at  wh ich  the  measurements  were  made.  

An  example  of the  test setup  for the  connection  of the  veh icle  in  configuration  "REESS  
charg ing  mode coupled  to  the  power grid "  i s  shown  i n  F igure  1 5.  For further configurations  
wi th  and  wi thou t communications  refer a lso  to  F igu re  6  to  F igure  9 .  

For charg ing  cables  suppl ied  by the  veh icle  manufacturer,  extraneous  l ength  shal l  be  z-folded  
i n  l ess  than  0 , 5  m  wid th  i f l onger than  1  m ,  p laced  0 , 1  (  ±  0 , 025)  m  above the  ground  plane  
and  at l east 0 , 1  m  away from  the  car body.  

For veh icles  wi th  the  power charg ing  p lug  l ocated  at  the  s ide  of the  veh icle ,  the  AMN/AN  shal l  
be  p laced  a l i gned  wi th  the  veh icle  power charg ing  p lug  and  the  veh icle  charg ing  cable .  

For veh icles  wi th  the  power charg ing  p lug  l ocated  at the  fron t/rear of the  veh icle,  the  AMN/AN  
shal l  be  p laced  perpend icu lar to  the  veh icle  power charg ing  p lug  and  shal l  be  a l i gned  wi th  the  
veh icle  charg ing  cable.  
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Key 

1  veh icle  u nder test  

2  i nsu lati ng  support  

3  charg ing  cable  

4  arti fi cial  (mains)  network(s)  g rounded  

5  AC power mains  socket or AC/DC charg i ng  station  (dotted  l i ne:  arb i trary posi ti on)  

6  an tenna:  1 , 8  m  h i gh  for 3 , 0  (±  0 , 05)  m  d i s tance  to  reference  poin t  and  3 , 0  m  h i gh  for 1 0  (±  0 , 05)  m  d i stance  to  
reference  poi n t  

Figure 1 5  – Example  of veh icle  in  configuration  "REESS  
charging  mode coupled  to  the  power grid"  

5.3.6.4  ESA,  separated  on-board  charger test  

5.3.6.4.1  Test arrangement 

For ESAs  i n  configurati on  "REESS  charg ing  mode  coupled  to  the  power grid "  the  test 
arrangement shal l  be  accord ing  to  F igure  1 6.  
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E lectrical  connection  of the  enclosure  of ESA and  arti ficia l  networks  to  g round  p lane  shou ld  
be  made  i n  l i ne  wi th  veh icle  test,  and  ground ing  configuration  shal l  be  defined  i n  the  test p lan .  

The  sh ie ld ing  configuration  shal l  be  accord ing  to  the  veh icle  series  configuration .  General l y 
a l l  sh iel ded  HV parts  shal l  be  properl y connected  wi th  l ow impedance to  ground  (e. g .  arti ficia l  
network (AN),  cables ,  connectors ,  etc. ) .  ESAs and  loads  shal l  be  connected  to  g round .  The  
external  h igh  vol tage  (HV)  power suppl y shal l  be  connected  via  feed -through-fi l teri ng .  

Un less  otherwise  speci fi ed  the  length  of the  low vol tage  (LV)  harness  and  the  HV harness  

shal l  be  
300
07001 +

 mm .  The  l ong  segment of the  HV l i nes  test harness  shal l  be  l ocated  at  

1 00
01 00+  mm  from  the  LV l i nes  test harness  (as  shown  in  F igure  1 6).  Un less  otherwise  

speci fied  i n  the  test p lan ,  the  configuration  wi th  the  l ong  segment of HV l ines  tes t harness  at  a  

d istance  of ( 1 00  ±  1 0)  mm  from  the  edge  and  the  LV l i nes  test harness  l ocated  at 
1 00
01 00+  mm  

from  the  HV l i nes  shal l  a l so  be  tested .   

Al l  of the  harnesses  shal l  be  p laced  on  a  non-conductive,  l ow re lative  perm i ttivi ty materia l  

(εr  ≤  1 , 4),  a t (50  ±  5)  mm  above  the  ground  p lane.  

Sh ie l ded  supply l i nes  for HV+  and  HV-  and  three-phase l i nes  may be  coaxial  cables  or i n  a  
common  sh ie l d  depend ing  on  the  h igh  vol tage  connector used .  The  orig inal  HV harness  from  
the  veh icle  may optional l y be  used .  

Un less  otherwise  speci fied  the  ESA housing  shal l  be  connected  to  the  g round  p lane  e i ther 
d i rectl y or via  defi ned  impedance.  

For on-board  chargers  the  AC/DC power l i nes  shal l  be  placed  the  fu rthest from  the  antenna  
(beh ind  LV and  HV harness).  The  d istance  between  the  AC/DC power l i nes  and  the  closest 

harness  (LV or HV)  shal l  be  
1 00
01 00+  mm .  

As  an  a l ternative  to  an  absorber l ined  sh ie lded  enclosure  (ALSE) ,  an  open  area  test  s i te  
(OATS)  wh ich  compl ies  wi th  the  requ i rements  of CI SPR 1 6-1 -4: 201 0  may be  used .  

5.3.6.4.2  Test requ irements  

Measurements  shal l  be  performed  wi th  ei ther quasi -peak or peak detectors.  I f peak detectors  
are  used  a  correction  factor as  defined  i n  CI SPR 1 2 : 2007/CISPR 1 2 : 2007/AMD1 : 2009  shal l  
be  appl ied .  

The  l im i ts  accord ing  to  Table  8  apply throughou t the  frequency range  30  MHz to  1  000  MHz 
for measurements  performed  i n  a  sem i  anechoic chamber or an  ou tdoor test s i te.  

Table  8  – Maximum al lowed  ESA h igh-frequency  
rad iated  d isturbances  

Frequency  
(MHz)  

L im i ts  and  detector 
ESA-to-antenna  spaci ng  1  m  

30  to  75  
62  dB(µV/m)  to  52  dB (µV/m)  (quas i -peak)  
( l i nearl y decreasing  wi th  l ogari thm  of frequency)  

75  to  400  
52  dB(µV/m)  to  63  dB (µV/m)  (quas i -peak)  
( l i nearl y i ncreasing  wi th  l ogari thm  of frequency)  

400  to  1  000  63  dB(µV/m)  (quas i -peak)  

 

The  phase  centre  of the  an tenna  shal l  be  i n  l i ne  wi th  the  centre  of the  l ong i tud inal  part  of the  
wi ri ng  harnesses.  
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1  ESA 

2  LV test  harness  

3  LV l oad  s imu lator (placement  and  g round  connecti on  accord ing  to  CI SPR 25: 201 6,  6 . 4 . 2 . 5)  

4  power suppl y ( l ocation  opti onal )  

5  LV arti fi cial  network  

6  g round  p l ane  (bonded  to  the  sh ie l ded  enclosu re)  

7  l ow relati ve  perm i tti vi ty support  

8  horn  an tenna  

1 0  h i gh -qual i ty coaxi al  cabl e,  for example  double  sh i e l ded  

1 1  bu l khead  connector 

1 2  measurement i nstrument  

1 3  RF  absorber materi al  

1 4  stimu lation  and  mon i tori ng  system  

1 5  HV harness  

1 6  HV l oad  s imu lator 

1 7  HV arti fi cial  network  

1 8  HV power suppl y 

1 9  HV feed -th rough  

25  AC/DC charger harness  

26  AC/DC l oad  s imu lator 

27  50  mH  AMN  (AC)  or HV arti fi ci a l  network (DC)  

28  AC/DC power suppl y  

29  c. /DC feed -th rough  

Figure 1 6  – Test configuration  for ESAs  involved  in  REESS charging   
mode coupled  to  the  power grid  (example  for horn  antenna)  
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5.3.7  Rad iated  d isturbances  on  supply l ines  

The em ission  of the  ESA representati ve  of i ts  type  shal l  be  tested  by the  method(s)  accord ing  
to  I SO  7637-2 : 201 1  on  suppl y l i nes  as  wel l  as  to  other connections  of ESAs  wh ich  may be  
operational l y connected  to  suppl y l i nes.  

The  maximum  a l l owed  em ission  l evels  are  g i ven  i n  the  Table  9  below.  

Table  9  – Maximum al lowed  ESA rad iated   
d isturbances  on  supply l ines  

Polari ty of pu lse  ampl i tude  Veh icles  wi th  1 2  V Systems   Veh icles  wi th  24 V Systems  

Posi ti ve   +75  V  +1 50  V  

Negati ve   –1 00  V  –450  V  
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Annex A 
(normative)  

 
Arti ficial  networks,  asymmetric arti ficial  networks  and  integration   

of charging  stations  into the  test setup 

A.1  Overview 

Annex A describes  arti ficial  (mains)  networks  (AMN/AN)  for term ination  of AC  and  DC power 
l ines.  I t  i s  necessary to  use  networks  wh ich  provide  speci fic load  impedance and  isolate  the  
component from  the  power suppl y:  

•  arti ficia l  networks  (AN )  are  used  for DC  power suppl ies ;  

•  arti ficia l  mains  networks  (AMN)  are  used  on l y for AC  power mains .  

Th is  annex a lso  provides  asymmetric  arti ficia l  networks  (AAN)  for the  term ination  and  
coupl ing  of charg ing  communication  for symmetric  communication  l i nes  and  asymmetric  
communication  l i nes.  

Furthermore  i t  provides  gu idance  on  how to  deal  wi th  power connections  i n  the  test setup.  

A.2  Charging  station  and  power mains  connection  

The charg ing  station  may be  p laced  e i ther on  the  test  s i te  or ou ts ide  the  test l ocation .  

I n  both  cases  the  power mains  sockets  and  communication  sockets  shal l  fu l fi l  the  fol lowing  
cond i ti ons.  

•  The  sockets  shal l  be  p laced  d i rectl y on  the  ground  p lane.  

•  The  length  of the  harness  between  the  sockets  and  the  correspond ing  arti ficia l  
networks/asymmetric arti ficia l  networks  shal l  be  kept as  short  as  possib le.  

•  The  harness  between  the  sockets  and  the  arti ficia l  networks/asymmetric arti ficia l  networks 
shal l  be  p laced  d i rectl y on  the  ground  p lane.  

I f the  charg ing  station  i s  l ocated  on  the  test s i te  the  cabl i ng  shal l  

•  hang  vertical l y at  the  s ide  of the  charg ing  station  to  ground ,  and  

•  any extraneous  l ength  of the  cable  shal l  be  p laced  d i rectl y on  the  ground  p lane  (z-fo lded ,  
i f necessary).  

I f the  charg ing  station  is  l ocated  on  the  test s i te  i t  sha l l  not be  p laced  i n  d i rect l i ne-of-sigh t 
between  the  measurement an tenna  and  the  veh icle.  

I n  case  of a  charg ing  s tation  l ocated  outs ide  the  test l ocation  the  power mains  sockets  and  
communication  l i ne  sockets  shou ld  be  fi l tered .  

I f the  communication  between  the  veh icle  and  the  charg ing  station  can  be  s imu lated ,  th is  
communication  s imu lation  and  a  d i rect suppl y from  power mains  may replace  the  charg ing  
station .  
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A.3  Arti ficial  networks  (AN)  

A.3. 1  General  

Currentl y d i fferent  types  of power suppl ies  and  power suppl y cabl ing  are  used  for a  
component powered  by l ow vol tage  (LV)  and /or h i gh  vol tage  (HV).  

A.3.2  Low vol tage  (LV)  powered  component 

For a  component powered  by LV,  a  5  µH/50  Ω-AN  as  defined  i n  CI SPR 25:201 6,  Annex E,  
and  shown  i n  F igure  A. 1  shal l  be  used .  

The AN(s)  sha l l  be  mounted  d i rectl y on  the  g round  p lane.  The  case  of the  AN(s)  sha l l  be  
bonded  to  the  ground  plane.  The  DC  resistance  between  the  ground  of the  AN  measurement 

port and  the  ground  p lane  shal l  not exceed  2 , 5  mΩ .  

Measurement ports  of AN(s)  shal l  be  term inated  wi th  a  50  Ω  l oad .  

The  AN  magn i tude  impedance ZPB  ( to lerance  ±  20  %)  i n  the  measurement frequency range  of 

0 , 1  MHz to  1 00  MHz i s  shown  i n  F igure  A. 2 .  I t  i s  measured  between  the  term inals  P  and  B  (of 

F igu re  A. 1 )  wi th  a  50  Ω  l oad  on  the  measurement port wi th  term inals  A and  B  (of F igure  A. 1 )  
short ci rcu i ted .  

 

Key 

1  port  for the  EUT  

2  power suppl y port  

3  measurement  port  

Figure  A. 1  – Example of 5  µH  AN  schematic  
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Figure A.2  – Characteristics  of the  AN  impedance  

A.3.3  H igh  vol tage  (HV)  powered  component 

For a  component powered  by HV,  a  5  μH/50  Ω  HV-AN  as  defined  i n  F igure  A. 3  shal l  be  used .  

The  AN(s)  shal l  be  mounted  d i rectl y on  the  g round  p lane.  The  case  of the  AN(s)  shal l  be  
bonded  to  the  ground  plane.  The  DC res istance  between  the  ground  of the  AN  measurement 

port and  the  ground  p lane  shal l  not exceed  2 , 5  mΩ .  

Measurement ports  of AN(s)  shal l  be  term inated  wi th  a  50  Ω  l oad .  

The  AN  magn i tude  impedance  ZPB  ( to lerance  ±  20  %)  i n  the  measurement frequency range  of 

0 , 1  MHz to  1 00  MHz i s  shown  i n  F igure  A. 4 .  I t  i s  measured  between  the  term inals  P  and  B  (of 

F igure  A. 3)  wi th  a  50  Ω  l oad  on  the  measurement port wi th  term inals  A and  B  (of F igure  A.3)  
short ci rcu i ted .  
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1  port  for the  EUT  C
1
:  0, 1  µF  

2  power suppl y port  C
2
:  0, 1  µF  

3  measurement  port  R
1
:  1  kΩ  

L
1
:  5  µH  R

2
:  1  MΩ  (d i scharg ing  C

2
 to  <  50  V

DC
 wi th i n  60  s)  

Figure  A.3  – Example of 5  µH  HV AN  schematic  

 

Figure A.4  – Characteristics  of the  HV AN  impedance  

I f u nsh ie lded  HV ANs  are  used  i n  a  s i ng le  sh ielded  box,  then  there  shal l  be  an  i nner sh ie ld  
between  the  HV ANs  as  described  in  F igure  A. 5.  
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Figure  A.5  – Example of 5  µH  HV AN  combination   
i n  a  s ing le  sh ielded  box  

An  optional  impedance  match ing  network may be  used  to  s imu late  common  mode/d i fferentia l  
mode  impedance  seen  by the  device  under test (EUT)  p l ugged  i n to  an  HV power suppl y (see  
F igure  A. 6) .  The  parameters  of th is  optional  impedance  match ing  network have  to  be  defined  
i n  the  test p lan .  

 

Figure A.6  – Impedance  matching  network attached   
between  HV ANs  and  EUT 

A.3.4  Components  involved  in  charg ing  mode  connected  to  DC  power supply 

For a  component i nvolved  in  charg ing  mode (e. g .  charger)  connected  to  a  DC power supply,  

5  µH/50  Ω-AN  as  defined  i n  C lause  A.3  shal l  be  used .  
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A.4  Arti ficial  mains  networks  (AMN)  

For a  components  i nvolved  i n  charg ing  mode  (e. g .  charger)  connected  to  an  AC power mains ,  

50  µH/50  Ω-AMN  as  defined  i n  CISPR 1 6-1 -2 :201 4,  4 . 3,  shal l  be  used .  

The  AMN(s)  shal l  be  mounted  d i rectl y on  the  ground  p lane.  The  case  of the  AMN(s)  shal l  be  
bonded  to  the  ground  p lane.  The  DC res istance  between  the  ground  of the  AMN  measurement 

port and  the  ground  p lane  shal l  not exceed  2 , 5  mΩ .  

Measurement ports  of AMN(s)  sha l l  be  term inated  wi th  a  50  Ω  l oad .  

A.5  Asymmetric arti ficial  networks  (AAN)  

A.5. 1  General  

Currentl y d i fferent types  of commun ication  systems  and  communication  cabl i ng  are  used  for 
the  communication  between  charg ing  station  and  veh icle.  Therefore  a  d istinction  between  
some speci fic  cabl ing /operation  types  i s  necessary.  

The  AAN(s)  shal l  be  mounted  d i rectl y on  the  g round  p lane.  The  ground ing  connection  of the  
AAN(s)  sha l l  be  bonded  to  the  ground  p lane  wi th  a  l ow i nductivi ty connection .  

Unused  measurement ports  of AAN(s)  shal l  be  term inated  wi th  the  correspond ing  l oad   

(50  Ω  for the  coaxia l  ou tput of the  I S  i n  F igure  A.7) .  

A.5.2  Symmetric  communication  l i nes  (e.g .  CAN)  

An  asymmetric arti ficia l  network (AAN)  i s  to  be  connected  between  veh icle  and  charg ing  
station ,  respective l y.  Commun ication  s imu lation  i s  defi ned  i n  CI SPR 22 : 2008,  9. 6. 2  and  

Annex D ,  see  example  i n  F igure  A.6 .  The  I S  has  a  common  mode  impedance  of 1 50  Ω .  The  
impedance  Zcat  ad justs  the  symmetry of the  cabl i ng  and  attached  periphery typica l l y 
expressed  as  long i tud inal  conversion  loss  (LCL).  The  va lue  of LCL  shou ld  be  predeterm ined  
by measurements  or be  defined  by the  manufacturer of the  charg ing  s tation /charg ing  cable .  
The  se lected  va lue  for LCL  and  i ts  orig i n  sha l l  be  stated  i n  the  test  report.  
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Key 

C =  4 , 7  µF  

R =  200  Ω  

L1  =  2  ×  38  mH  

L1  =  2  ×  38  mH  

AE  =  Associated  equ i pment 

EUT =  Equ i pment  under test  

Source:  CI SPR 22: 2008,  Annex D  

Figure A.7  – Example  of an  impedance  stabi l ization  network 
for symmetric commun ication  l ines  

A.5.3  PLC on  power l ines  

At present,  there  i s  no  CISPR standard  to  cover the  EMC of powerl i ne  communication  (PLC)  
systems completel y.  The  ci rcu i ts  shown  i n  F igure  A. 8  and  F igure  A. 9  a l low at l east em iss ion  
measurements  for ou t-of-band  em issions  and  immun i ty tests.  For i n -band  em iss ion  
measurements  a  d istu rbance current (common  mode)  measurement (as  defined  i n  
CI SPR 1 6-2-1 : 201 4)  on  the  charg ing  cable  may be  performed.  I n  case  of i n -band  em ission  
measurements ,  the  d is turbance current  shou ld  fu l fi l  the  requ irements  for conducted  
d isturbance curren ts  on  network and  te lecommunication  access.  

The  ci rcu i t  i n  F igure  A. 8  provides  a  common  mode  term ination  by the  AN .  For em ission  
testing  on l y the  em issions  from  the  PLC modem  of the  EUT shou ld  be  measured .  I n  case  the  
aux equ ipment s ignal  levels  cannot be  set by software  ( i n  reference  to  I SO  1 51 1 8-3),  an  
attenuator i s  l ocated  between  powerl ine  and  the  PLC  modem  on  the  AE  s ide  i n  the  ci rcu i t  for 
em ission  tests.  Th is  attenuator cons ists  of two  resistors  in  combination  wi th  the  i npu t/output 
impedance  of the  PLC  modem.  The  value  of the  res istors  depends  on  the  des ign  impedance  
of the  PLC  modems  and  the  al l owed  attenuation  for the  PLC  system .  

IEC  

L1  

C  

AE  

50  Ω  

L2  

AAN  

C  

R  R  

EUT  

Balanced  pa i r  

Zcat  

Rx  
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The  val ue  of the  res i stors  depends  on  the  a l l owed  attenuation  and  the  design  impedance  of the  PLC modem  (here:  

40  dB  attenuation ,  1 00  Ω  PLC design  impedance).  

Figure A.8  – Example of a  ci rcu i t  for emission  tests  of PLC   
on  AC  or DC  powerl ines  

The  attenuator between  the  two PLC modems  wi l l  reduce  the  s ignal -to-noise  ratio  on  the  l i ne,  
wh ich  wou ld  g i ve  unreal i stic  resu l ts  during  immun i ty testi ng .  Therefore,  immun i ty tests  shou ld  
be  performed  wi thou t the  attenuator (see  F igure  A. 9)  

 

Figure A.9  – Example  of a  ci rcu i t  for immuni ty tests   
of PLC  on  AC  or DC  powerl ines  

A.5.4  PLC (technology)  on  control  pi lot  

Some communication  systems make use  of the  con trol  p i l ot l i ne  (versus  PE)  wi th  a  
superimposed  (h igh  frequency)  communication .  Typica l l y the  technology developed  for 
powerl i ne  communication  (PLC)  is  used  for that  purpose.  On  one  hand  the  communication  
l i nes  are  operated  unsymmetrica l l y,  on  the  other hand  two  d i fferent communication  systems 
operate  on  the  same l i ne.  Therefore  a  special  network shal l  be  used .  The  network shown  in  

F igure  A. 1 0  provides  a  common  mode impedance  of 1 50  Ω  ±  20  Ω  ( 1 50  kHz to  30  MHz)  on  

the  control  p i l ot l i ne  (assum ing  a  des ign  impedance  of the  modem  of 1 00  Ω) .  Both  types  of 
communications  (con trol  p i lot,  PLC)  are  separated  by the  network.  Therefore,  typical l y a  
communication  s imu lation  i s  used  i n  combination  wi th  th is  network.  The  attenuator bu i l t  by the  
res istors  and  the  des ign  impedance  of the  PLC  modem  makes  sure  that  the  s i gnal  on  the  
charg ing  cable  is  dom inated  by the  EUT’s  communication  s ignals  rather than  the  AE  PLC  
modem.  

Al ternative l y i n  order to  assure  that the  s i gnal  i s  dom inated  by the  EUT’s  communication  
s i gnal  the  transm iss ion  power of the  AE  PLC modem  needs  to  be  properl y ad justed  to  be  
l ower than  EUT’s  transm i t power.  

IEC  

AN  

Mains  

2  ×  2 , 5  kΩ  

2  ×  4 , 7  nF  

AE  (PLC)  

IEC  

AN  

Mains  

2  ×  4 , 7  nF  

AE  (PLC)  
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The  val ues  of the  th ree  res i stors  depend  on  the  design  impedance  of the  PLC modem  connected  on  AE  s i de.   

The  val ues  g i ven  i n  the  schematic  are  val i d  for a  d es ign  impedance  of 1 00  Ω .  

Figure  A. 1 0  – Example  of a  ci rcu i t  for emission  tests   
of PLC  on  control  pi lot l ine  

The  attenuator between  the  two PLC modems wi l l  reduce  the  s ignal -to-noise  ratio  on  the  l i ne,  
wh ich  wou ld  g ive  unreal i stic  resu l ts  during  immun i ty testi ng .  Therefore,  immun i ty tests  shou l d  
be  performed  wi thou t the  attenuator (see  F igure  A. 1 1 ).  

 

Figure A. 1 1  – Example  of a  ci rcu i t  for immun i ty tests   
of PLC  on  control  pi lot l ine  

 

  

IEC  

EUT  

1 00  µH  

AE  (PLC)  

AE  (Pi l ot)  

2, 7  nF  

39  Ω  

270  Ω  

39  Ω  

2, 7  nF  

IEC  

1 00  µH  

EUT  

2, 7  nF  

AE  (PLC)  

2, 7  nF  

AE  (P i l ot)  
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