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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 

ELECTROMAGNETIC COMPATIBILITY (EMC)  – 

 

Part 4-38:  Testing  and  measurement techniques  –  

Test,  veri fication  and  cal ibration  protocol  for vol tage  

fluctuation  and  fl icker compl iance test systems 

 
FOREWORD 

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

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

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

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

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

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

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

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

9)  Atten tion  i s  d rawn  to  the  poss ibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  responsible  for i den ti fyi ng  any or a l l  such  patent  ri gh ts .  

The main  task of I EC techn ical  committees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  comm ittee  may propose the  publ ication  of a  techn ical  report when  i t  has  col lected  
data  of a  d i fferent kind  from  that wh ich  i s  normal ly publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC 61 000-4-38,  wh ich  is  a  techn ical  report,  has  been  prepared  by subcommittee  77A:  EMC –
Low frequency phenomena,  of I EC techn ical  committee  77:  E lectromagnetic compatibi l i ty.  

I t  forms  Part 4-38  of I EC 61 000.  I t  has  the  status  of a  basic EMC publ ication  i n  accordance  
wi th  I EC Gu ide  1 07.  
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The  text of th is  techn ical  report i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

77A/881 /DTR 77A/898/RVC 

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

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

A l i st of a l l  parts  in  the  I EC 61 000  series,  publ ished  under the  general  ti tle  Electromagnetic 
compatibility (EMC) ,  can  be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  contents  of th is  publ ication  wi l l  remain  unchanged  unti 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  related  to  
the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A bi l ingual  version  of th is  publ ication  may be  issued  at a  later 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 

understanding  of i ts  contents.  Users  should  therefore  print th is  document using  a  

colour printer.  
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INTRODUCTION  

Fl icker measurement systems are  used  to  measure  vol tage  fluctuations  from  equ ipment that i s  
tested  in  accordance wi th  I EC 61 000-3-3  and/or I EC 61 000-3-1 1  standards.  The  I EC adopted  
measurement and  evaluation  techn iques  that are  speci fied  in  I EC  61 000-4-1 5,  bu t l im i ts,  l im i t 
comparisons,  certain  exclusions,  and  test cond i tions  for a  variety of products  are  speci fied  in  
IEC 61 000-3-3  (for 1 6  A/phase  and  below)  and  I EC  61 000-3-1 1  (up  to  75  A/phase).  

Th is  TR speci fies  recommended  methods  and  acceptabi l i ty cri teria  for performance  veri fication  
of test systems designed  to  measure  vol tage  fluctuations  and  fl i cker i n  accordance wi th  
I EC 61 000-3-3  and  I EC 61 000-3-1 1 .  

A typical  I EC 61 000-3-3  and  I EC 61 000-3-1 1  compl iance  test system  includes  not on ly the  
fl i cker meter,  bu t a lso  a  su i table  power source  and  a  test impedance.  The  reference 
impedance,  per I EC TR 60725,  i s  used  for I EC 61 000-3-3  tests,  wh i le  the  Ztest  as  speci fied  in  
I EC 61 000-3-1 1  i s  used  for h igher power products.  Th is  TR therefore  a lso  i ncludes  a  method  to  
veri fy that the  impedance,  accord ing  to  I EC TR 60725 or the  Ztest  speci fication ,  i s  wi th in  
reasonable  tolerances  and  that the  power source  does  not contribute  more  to  the  measured  
fl icker levels  as  i s  perm i tted  in  I EC  61 000-3-3  and  I EC 61 000-31 1 .  

Th is  protocol  i s  nei ther i n tended  as  a  type  test nor as  an  exhaustive  test of a l l  requ ired  fl i cker 
meter capabi l i ties  accord ing  to  I EC 61 000-4-1 5.  The  primary objective  is  to  veri fy,  on  a  period ic 
basis,  that the  fl icker test system ,  consisting  of a  previously type  tested  analyzer,  a  su i table  
power source  and  impedance un i t,  performs  correctly,  and  that the  system  performance  is  not 
adversely affected  by the  system  in tegration  or by deterioration  of one  of the  system  
components.  For example  th is  TR can  be  one  of the  methods  to  ach ieve  accred i tation  of a  test 
l aboratory or faci l i ty.  

NOTE  To  characteri ze  i nd ivi dual  system  components ,  both  d i g i ta l  vol t  meters  1  and  2  (DVM-1  and  DVM-2)  i n  
F i gure  B . 1  are  needed ,  and  care  i s  taken  that  DVM-2  measures  the  exact same vol tage  poin t  that  the  fl i cker meter 
uses  as  i ts  i npu t.  For previously cal i brated  systems  undergoing  a  period ic  veri fi cation ,  the  measurement  of cu rrent  
wi l l  general l y su ffi ce  and  the  use  of DVM-2  i s  not  mandatory.  

The purpose  of the  fl icker test system  is  to  evaluate  vol tage  fluctuations  that may be  caused  by 
the  tested  equ ipment when  th is  equ ipment wi l l  be  connected  to  the  publ ic electrici ty supply.  
The  fl icker test system  may have  automatic l im i t evaluation  software  or fi rmware,  data  storage,  
add i tional  analysis  capabi l i ties,  and  report generation  capabi l i ties  that faci l i tate  the  process  of 
certi fying  the  tested  products  accord ing  to  I EC  61 000-3-3  and/or I EC 61 000-3-1 1 .  

The  primary purpose  of the  test,  veri fication ,  and  cal ibration  protocol  i n  th is  techn ical  report i s  
to  establ ish  methods  that may be  used  to  veri fy that a  g iven  fl i cker test system  measures  and  
evaluates  common  vol tage  fluctuations  in  accordance wi th  the  standards  and  thus  al lows  the  
user to  perform  a  correct pass/fai l  analysis  of the  tested  product.  Add i tional  capabi l i ties,  such  
as  the  data  storage,  reporting ,  or analysis  functions  of the  analyzer or test system  may also  be  
tested  using  some of the  tests  described  in  th is  protocol .  

The  methodology used  in  th is  protocol  consists  of applying  a  known  load  to  the  fl icker test 
system .  Th is  known  load  i s  modu lated  on/off,  s imu lating  an  electrical  product wi th  varying  
power demand ,  wh ich  in  turn  causes  vol tage  fluctuations.  Thus,  not on ly i s  the  fl icker meter 
tested ,  bu t a lso  the  power source  that has  to  accommodate  the  varying  power level  and  the  
reference impedance or the  Ztest  as  speci fied  i n  I EC  61 000-3-3  or I EC 61 000-3-1 1  i s  tested .  

The tests  as  summarized  in  Table  2  and  Clause  1 0  may also  be  used  to  cal ibrate  or ad just the  
fl icker test system ,  i nclud ing  ad justments  to  the  test impedance and /or power source.  Th is  
cal ibration  can  be  done  by means  of comparing  the  generated  vol tage  fluctuations,  veri fied  by 
using  external  reference  equ ipment i f so  requ i red ,  wi th  the  values  reported  by the  system .  Th is  
cal ibration  includes  the  response of the  power source  and  the  impedance that are  part of the  
test system .  
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ELECTROMAGNETIC COMPATIBILITY (EMC)  – 

 

Part 4-38:  Testing  and  measurement techniques  –  

Test,  verification  and  cal ibration  protocol  for voltage  

fluctuation  and  fl icker compl iance test systems 

 

 

 

1  Scope 

This  part of I EC 61 000,  wh ich  is  a  Techn ical  Report,  defines  a  test protocol  for fl i cker test 
systems designed  to  perform  compl iance  tests  i n  accordance wi th  I EC  61 000-3-3  and  
IEC 61 000-3-1 1 .  I t  i s  i n tended  to  provide  test system  manufacturers  and  testing  laboratories  
wi th  systematic methods  to  determ ine  i f the  fl i cker test system  meets  the  I EC design  
speci fications  for a  wide  range  of vol tage  fluctuations  and  fluctuation  frequencies ,  as  speci fied  
in  I EC 61 000-4-1 5: 201 0,  Table  5,  that have  been  observed  in  product testing .  

Th is  protocol  i s  i n tended  to  be  compatible  wi th  related  standards,  in  particu lar wi th  any 
requ i rements  set forth  by l i sting  organ izations  or measurement standards  of the  I EC.  Meeting  
the  cri teria  defined  herein  shou ld  not be  construed  as  a  waiver of any other relevant 
performance or safety requ i rements.  

The  main  purpose  of th is  techn ical  report i s  to  provide  gu idance and  methods  for period ic 
cal ibration  and  veri fication  of systems consisting  of previously type  tested  equ ipment.  For 
complete  fl i cker test systems  that exh ibi t  deviations  of l ess  than  5  %  from  the  speci fications  of 
th is  protocol ,  i t  can  be  assumed  that i nd ividual  components  are  perform ing  properly and  
separate  cal ibration  of i nd ividual  system  components  i s  therefore  not necessary.  

2  Normative references  

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

I EC 60050-1 61 ,  International Electrotechnical Vocabulary – Part 161: Electromagnetic 
compatibility 

I EC TR 60725,  Consideration of reference impedances and public supply network impedances 
for use in  determining the disturbance characteristics of electrical equipment having a  rated 
current ≤  75 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 

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

with rated current ≤75 A  per phase and subject to conditional connection.  

I EC 61 000-4-1 5:201 0,  Electromagnetic compatibility (EMC)  – Part 4-15: Testing and 
measurement techniques – Flickermeter – Functional and design specifications 

I SO/IEC 1 7025,  General requirements for the competence of testing and calibration 
laboratories 
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3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g iven  in  IEC 60050-1 61  as  wel l  as  
the  fol lowing  apply.  

3.1   

l inear resistive load  
load  un i t that i s  predom inantly resistive  in  nature,  wi th  neg l ig ible  i nductance and  capaci tance  

3.2   

load  modulation  
method  to  turn  the  load  on  and  off,  usual ly in  a  50  %  duty cycle  pattern ,  wi th  a  frequency that i s  
control led ,  e i ther manual ly by the  user or au tomatical ly by the  test equ ipment 

4 General  

I n  th is  techn ical  report,  a l l  vol tages  and  currents  are  stated  as  r.m . s  values  un less  otherwise  
described .  

F l icker meters  i n  accordance wi th  I EC 61 000-4-1 5  may be  used  for power qual i ty analysis  and  
surveys  covering  a  very wide  range  of vol tage  fluctuations.  F l icker test systems,  used  to  veri fy 
that a  product compl ies  wi th  I EC 61 000-3-3  and/or I EC 61 000-3-1 1 ,  have  a  more  l im i ted  range  
of appl ications.  The  test class  defin i tion  for fl icker meters  used  in  a  compl iance  test system ,  i s  
Class-  F2  accord ing  to  I EC 61 000-4-1 5,  and  a  reduced  set of tests  i s  appl ied .  

For example,  the  h ighest perm i tted  dmax  accord ing  to  I EC 61 000-3-3  or I EC 61 000-3-1 1  i s  7  %.  
Even  wi th  a  substantial  marg in ,  a l lowing  vol tage  fluctuations  of say 1 0  %,  i . e.  more  than  40  %  
above the  h ighest perm i tted  dmax,  the  instantaneous  fl icker sensation  Pi nst  wi l l  be  l im i ted  to  no  

more  than  1  600.  I n  add i tion ,  a  dmax  l evel  of 1 0  % wou ld  requ ire  a  power source  that i s  capable  
of del ivering  up  to  58  A for at least a  hal f cycle  i f the  test i s  done  accord ing  to  I EC 61 000-3-3,  
and  in  fact,  as  much  as  92  A i f tested  accord ing  to  I EC 61 000-3-1 1 .  

H igher ampl i tude  vol tage  fluctuations  are  therefore  extremely un l ikely during  product testing ,  
and  thus  tests  at these  h igher levels  are  not provided  for in  th is  protocol  as  they wou ld  impose  
unnecessary demands  and  costs  upon  the  system  and  the  test method .  Equal ly,  the  Pst  level  a  

product i s  perm i tted  to  exh ibi t i s  1 , 0 ,  and  thus  tests  exceed ing  a  Pst  of 4 , 0  are  not necessary 

for a  fl i cker compl iance  test system .  S im i larly,  s ince  a  product i s  perm i tted  to  have  a  Pl t  of at 

l east 0 , 65,  i t  i s  not necessary to  have  extreme resolu tion  or accuracy below a  Pst  of 0 , 4,  

a l though  the  testing  au thori ty may include  tests  to  Pst  and  Pl t  l evels  below 0, 4  or h igher than  
4 , 0  using  the  methodology described  in  th is  protocol .  

I n  general ,  the  procedures  and  methodolog ies  speci fied  in  I SO/IEC  1 7025 shou ld  be  fol lowed  
to  veri fy that the  test and  veri fication  s ignals,  measurement protocols,  external  reference 
equ ipment and  evaluation  methods  speci fied  in  th is  techn ical  report are  produced  wi th  
sufficient accuracy to  meet the  stated  goal  of evaluating  the  fl i cker test system .  

The  test protocol  uses  rectangu lar vol tage  fluctuation  patterns  in  accordance wi th  
I EC 61 000-4-1 5:201 0,  Table  5,  possibly augmented  – at the  user’s  d iscretion  – by add i tional  
tests  from  IEC 61 000-4-1 5:201 0,  Table  1  and  Table  2 ,  and  a lso  employs  a  non-l inear current 
pattern  to  evaluate  not on ly the  fl i cker meter,  bu t a lso  the  su i tabi l i ty of the  power source  and  
the  fl icker test impedance.  

5 Objectives  of fl icker and  vol tage fluctuations  test protocols  

The primary objective  of th is  test protocol  i s  to  assure  that a  fl icker test system  meets  the  
requ i rements  set forth  in  th is  techn ical  report and  produces  resu l ts  that lead  to  correct and  
reproducible  pass/fai l  evaluations  when  testing  products  i n  accordance wi th  I EC 61 000-3-3  
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and/or I EC 61 000-3-1 1 .  Thus,  i t  i s  i n tended  that various  test systems  that pass  the  tests  
described  in  th is  protocol  produce s im i lar test resu l ts,  wi th in  speci fied  tolerances,  when  
evaluating  the  same equ ipment (un i t)  under test (EUT or UUT)  under i dentical  or near identical  
environmental  and  test cond i tions.  

F l icker test systems  that are  evaluated  using  th is  protocol  shou ld  be  obtained  wi th  the  
cooperation  of the  system  owner or the  system  manufacturer.  The  testing  au thori ty shou ld  
ensure  that on ly the  tests  of th is  protocol  are  appl ied  and  that they correspond  to  the  power 
and  current range  for wh ich  the  system  is  speci fied .  

6 Manufacturer’s  or owner’s  information  required  

To assist the  user i n  correctly applying  the  tests  in  th is  protocol ,  the  manufacturer or system  
owner shou ld  provide  detai led  accuracy speci fications  on  the  fl i cker test system  in  accordance 
wi th  i ts  in tended  use.  That i s ,  the  user shou ld  have  enough  in formation  so  that,  i n  i ts  i n tended  
envi ronment,  the  fl icker test system  wi l l  be  used  wi th in  i ts  vol tage,  current,  dmax,  dc ,  Pi nst ,  and  

Pst  ranges.  Essential  i n formation  shou ld  be  provided  wi th  the  fl icker test system  package.  The  
fol lowing  l i st i s  provided  as  an  example,  and  may be  expanded  as  requ i red .  

a)  Manufacturer’s  name or trademark.  

b)  Product name and/or model  number,  serial  number,  and  software  or fi rmware  identi fication .  

c)  Mains  vol tage  and  frequency operating  range.  

d )  L im i ts  for nom inal  vol tage  and  current inpu t range(s) .  

e)  L im i t for vol tage  variations  at the  fl icker meter i nput (±x, x  %  dmax  and  dc) .  

f)  Operating  range  of ou tput 5  (Pi nst)  of the  fl i cker meter.  

g )  Pst  operating  range  of the  fl icker meter.  

h )  Compl iance  wi th  appl icable  standards  (e. g .  I EC 61 000-3-3,  I EC TR 60725,  I EC 61 000-3-1 1 ,  
I EC 61 000-4-1 5  and  appl icable  ed i tions).  

i )  Device  speci fications  and  accuracy speci fication .  

j )  I nstal lation  and  usage  instructions.  

k)  Main tenance instructions  as  appropriate.  

7 Performance cri teria  

I EC 61 000-4-1 5  defines  the  fl i cker meter i n  detai l  and  provides  certain  accuracy requ irements  
includ ing  those  shown  in  Table  1  (reproduced  from  I EC 61 000-4-1 5:201 0,  Table  5) .  I t  has  been  
shown,  however,  that d i fferent fl i cker test system  implementations– al l  claim ing  to  meet the  
accuracies  defined  in  I EC  61 000-4-1 5  – can  sti l l  d isagree  s ign i ficantly i n  some actual  
measurements.  I t  has  been  shown  that the  AC test source  and  the  reference impedance can  
substantial ly affect the  measured  parameters.  Problems  wi th  fl i cker analyzer implementations,  
and  in i tial  d i fferences  in  i n terpretation  of requ irements  in  standards  IEC 61 000-3-3  and  
I EC 61 000-3-1 1  have  been  found  as  wel l ,  a l though  IEC 61 000-4-1 5  has  substantial ly reduced  
the  i n terpretation  ambigu i ties.  The  in formative  Annex C  provides  some examples  of typical  
in tegration  problems  that have  been  found  using  the  methods  defined  in  th is  protocol .  

The  ind ividual  steps  of the  test protocol  in  th is  techn ical  report are  i n tended  therefore  to  
provide  a  set of tests  to  ensure  that the  analyzer,  AC power source,  reference  impedance or 
Ztest  and  overal l  system  implementation  are  correct and  produce the  desired  resu l ts.  To  
characterize  ind ividual  system  components,  both  DVM-1  and  DVM-2  in  F igure  A. 1  are  
mandatory,  and  care  shou ld  be  taken  that DVM-2  measures  the  vol tage  at the  exact same 
poin t that the  fl i cker meter uses  as  i ts  i nput.  For complete  fl icker test systems that exh ibi t 
deviations  of less  than  5  %  from  the  speci fications  in  Clause  1 0  of th is  protocol ,  i t  can  be  
assumed  that i nd ividual  components  are  perform ing  properly and  separate  cal ibration  of 
ind ividual  system  components  is  therefore  not necessary.   I f performance requ irements  are  not 
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met during  a  period ic veri fication ,  the  use  of DVM-2  i s  necessary in  order to  i solate  and  i denti fy 
the  cause  of deviations.  

The  performance  cri teria  can  be  separated  in to  two  main  categories,  one  being  the  d i rectly 
measured  parameters  such  as  dc  and  dmax  and  the  other being  the  correct i nd ication  of the  Pst  

value  and  calcu lation  of the  Pl t  value.  The  fi rst category can  be  viewed  as  a  system  level  test,  
as  i t  wi l l  reveal  any errors  in  e i ther the  fl icker meter,  the  test impedance,  the  power source,  or 
the  overal l  system  in tegration .  

For test systems wi th  a  l im i ted  scope of use,  on ly a  subset of the  tests  m ight be  requ ired  so  as  
to  demonstrate  acceptable  performance over some speci fic range  of appl ication .  For example,  
i f a  particu lar manufacturer’s  EMC test faci l i ty on ly needs  to  test to  a  reduced  power level ,  
there  i s  no  need  to  apply current l evels  that are  h igher than  needed  for the  user’s  products .  

I n  some cases,  the  user may ad just the  system  impedance,  ei ther by chang ing  passive  
components  or by ad justing  the  programmable  impedance.  I f requ i red ,  and  provided  the  fl i cker 
meter has  appropriate  ad j ustments,  the  accuracy of d i rectly measured  parameters  – main ly 
vol tage  – may be  optim ized  by ad justing  the  instrument.  

A test system  meeting  the  requ i rements  of th is  TR is  recommended  for testing  in  accordance 
wi th  the  requ irements  of I EC  61 000-3-3  and  I EC 61 000-3-1 1 .  Al ternatively,  th is  TR may be  
used  to  demonstrate  that a  test system  is  not recommended  for testing  in  accordance  wi th  
I EC 61 000-3-3  and  I EC 61 000-3-1 1 .  

Table  1  – Cal ibration  points  from  IEC  61 000-4-1 5: 201 0,  Table  5  

Rectangu lar 

changes  per 

m inute  (CPM)  

Vol tage fl uctuation  %  

1 20  V l amp  50  Hz  

system  

1 20  V l amp 60  Hz  

system  

230  V l amp  50  Hz  

system  

230  V l amp 60  Hz  

system  

1  3 , 1 78  3, 1 81  2 , 71 5  2 , 71 9  

2  2 , 561  2 , 564  2 , 1 91  2 , 1 94  

7  1 , 694  1 , 694  1 , 450  1 , 450  

39  1 , 045  1 , 040  0 , 894  0 , 895  

1 1 0  0 , 844  0 , 844  0 , 722  0 , 723  

1  620  0 , 545  0 , 548  0 , 407  0 , 409  

4  000  3, 426  Test  not  requ i red  2 , 343  Test not  requ i red  

4  800  Test  not  requ i red  4 , 837  Test  not  requ i red  3 , 263  

NOTE  1  620  rectangu lar changes  per m inu te  correspond  to  a  rectangu lar square  wave  modu lation  frequency of 
1 3, 5  Hz.  
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Table  2  – Summary of tests  to  veri fy/cal ibrate  fl icker test systems 

IEC  61 000-3-3  and  

IEC  61 000-3-1 1  

Test no.  Description  of l oad  

settings  and  current 

Requ i red  

resu l t  

Comments  

I n i ti al  system  test  wi th  a  
l i near l oad ,  producing  a  
s i nusoidal  cu rrent  at  
approximately 8  A 
modu lated  on /off 

1  L i near l oad  of 
approximatel y 29  Ω 
resu l ti ng  i n  a  curren t l evel  
of 8  A.  The  reference  
impedance  i s  i n  bypass  
mode,  or the  source  wi th  
programmable  impedance  
i s  set  to  m in imal  
impedance  

<  0, 4  P
st
 Th i s  test  veri fi es  that  the  

AC source  impedance  i s  
l ow enough ,  so  that  the  
source  does  not  contribu te  
more  than   0 , 4  to  the  P

st
 

va l ue,  i n  accordance  wi th  
I EC 61 000-3-3: 201 3,  6 . 3  

Li near/non-l i near cu rrent  
fl ow,  generati ng  curren t 
and  vol tage  harmon ics  
that  perm i t  the  i nductance  
of the  test  impedance  to  
be  determ ined  

2  Approximately 6  A l i near 
l oad  p l us  approximately 
6  A l oad  that  i s  con trol l ed  
at  approximately 90°  and  
270°  to  generate  
harmon ics .  The  reference  
impedance  or source  
programmable  impedance  
i s  i n  fl i cker mode  for th i s  
test  

I nductance  
i s  wi th i n  
to l erance  

The  i nductance  i s  
ca l cu lated  from  the  
impedance  at  odd  
harmon ics ,  wh ich  i n  tu rn  i s  
computed  from  the  vol tage  
and  cu rrent  harmon ics  

I EC 61 000-4-1 5: 201 0,  
Table-5,  modu lation  tests  
of 1  CPM,  2  CPM,  7  CPM  
or 39  CPM  at  the  user’ s  
d i scretion  

3  to  6  Load  wi th  con trol l ed  
modu lati on  frequency 
producing  curren t l evel s  
su ffi cien t  to  generate  
vol tage  fl uctuations  that  
resu l t  i n  P

st
 l evel s  

between  0 , 65  and  1 , 5  

P
st

,  P
l t

,  dc  

and  dmax 
l evel s  
proportional  
to  
modu lation  
l evel s  

For the  l ow frequency 
modu lation  tests ,  the  dc 
parameter i s  veri fi ed  and  
the  res i sti ve  part  of the  
test  impedance  i s  veri fi ed .  
The  dc and  dmax l evel s ,  
veri fi ed  wi th  external  
DVMs,   i f so  requ i red ,  are  
i nd icati ve  of the  res i sti ve  
part  of the  test  impedance  

I EC 61 000-4-1 5: 201 0,  
Table  5 ,  modu lati on  tests  
of 1 1 0  CPM  and  h i gher at  
the  user’ s  d i scretion  

7  to  9  Load  wi th  con trol l ed  
modu lation  frequency 
producing  cu rren t l evel s  
su ffi cien t  to  generate  
vol tage  fl uctuati ons  that  
resu l t  i n  P

st
 l evel s  

between  0 , 65  and  1 , 5  

P
st

,  P
l t

,   and  

dmax 
proportional  
to  
modu lation  
l evel s  

For h i gher modu lation  
rates,  the  dc parameter i s  

“0” .  H i gher or l ower P
st
 

l evel s  may be  generated  i f 
so  requ i red  

NOTE  Al l  tests  i n  th i s  report  are  defi ned  for an  r.m . s  vol tage  of 230  V ±0, 23  V and  a  frequency of 50  Hz,  bu t  can  
be  ad justed  to  other nom inal  vol tages  and  frequencies  as  requ i red .  

 

8 General  test gu idel ines  

8.1  General  

This  techn ical  report i s  in tended  to  be  used  for the  veri fication  and  cal ibration  of fl i cker test 
systems  that are  obtained  wi th  the  cooperation  of the  manufacturer or the  user of the  test 
system  in  order to  ensure  that the  analyzer and  system  are  being  tested  wi th  the  in tended  use  
of the  device.  

To  assist the  user i n  correctly applying  the  analyzer or test system ,  the  testing  au thori ty shou ld  
obtain  detai led  accuracy speci fications  for the  analyzer or test system  in  accordance wi th  i ts  
in tended  use.  That i s ,  the  user or testing  au thori ty shou ld  have  enough  in formation  to  assure  
that the  analyzer or system  is  used  wi th in  i ts  vol tage,  current,  and  power range(s)  and  wi th in  
the  scope of i ts  i n tended  testing  capabi l i ties.  

8.2  Essential  information  

Essential  i n formation  shou ld  be  marked  on  the  device  and  supplementary in formation  provided  
wi th  the  analyzer or test system  package.  The  fol lowing  l i st  i s  provided  as  an  example  of the  
m in imum  in formation  requ i rements.  
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a)  Manufacturer’s  name or trademark.  

b)  Product name and/or model  number,  and  al l  system  components  serial  numbers.  

c)  Mains  frequency operating  range(s) .  

d )  Lim i ts  for vol tage  and  current measurement inputs .  

e)  AC vol tage  source  requ irements.  

f)  AC vol tage  source  output,  accuracy and  stabi l i ty speci fications.  

g )  Compl iance  wi th  appl icable  standards  (e. g .  I EC 61 000-4-1 5,  I EC 61 000-3-3,  I EC 61 000-3-
1 1 ).  

h )  F l icker meter accuracy speci fications  and  measurement range.  

i )  Reference impedance,  and/or Ztest  speci fications.  

j )  Software  and /or fi rmware  version  of the  fl i cker meter and  power source.  

k)  I nstal lation  and  usage  instructions.  

9  Test equipment and  accuracy 

Different types  of test equ ipment are  requ ired  for the  i nd ividual  tests  g iven  in  th is  report.  The  
test equ ipment accuracy shou ld  be  at least a  factor of three  better than  the  accuracy 
speci fications  g iven  in  the  ind ividual  performance tests.  The  responsibi l i ty to  veri fy th is  
accuracy rests  wi th  the  testing  au thori ty,  bu t the  methods,  procedures,  and  general  and  
management requ irements  speci fied  i n  I SO/IEC 1 7025 shou ld  be  fol lowed .  The  recommended  
performance  speci fications  for external  reference equ ipment,  as  g iven  in  Annex A of th is  
report,  provide  a  marg in  of at l east 5: 1  versus  the  requ irements  speci fied  in  I EC 61 000-4-1 5,  
I EC 61 000-3-3,  and  I EC 61 000-3-1 1 .  

I n  principle,  the  test patterns  can  be  veri fied  wi th  read i ly avai lable  h igh  accuracy d ig i tal  
vol tmeters,  current shunts,  and  d ig i tal  osci l loscopes  or wi th  data  acqu is i tion  systems wi th  
sufficient resolu tion ,  accuracy and  memory.  Annex A provides  instructions  for selecting  
appropriate  test equ ipment to  veri fy that the  in tended  test patterns  are  i ndeed  present.  

A su i table  method  for generating  the  desired  test patterns  is  provided  in  Annex B,  bu t the  
testing  au thori ty may use  d i fferent methods  to  generate  the  requ ired  vol tage  fluctuations  
provided  that the  chosen  method  controls  a  l oad  such  that the  requ i red  current  variations  are  
ach ieved  and  the  method  is  accompan ied  by analysis  and/or measurements,  fol lowing  the  
requ i rements  of I SO/IEC 1 7025,  that prove  the  su i tabi l i ty of the  method .  

Furthermore,  the  test patterns  described  in  Clause  1 0  and  in  Annex B  were  defined  wi th  the  
speci fic i n tent to  veri fy complete  fl i cker test systems.  The  test patterns  are  not necessari ly 
in tended  for type  testing ,  bu t they cou ld  be  used  to  test speci fic system  functions.  For the  
purpose  of veri fying  j ust the  fl i cker meter,  i nclud ing  type  testing ,  a l ternative  test equ ipment has  
al ready been  developed ,  supported  by detai led  analysis  and  veri fication ,  and  methods  have  
been  successfu l ly used .  There  are  various  testing  methods  used  by national  laboratories  
worldwide.  Such  al ternative  methods  are  not excluded  by th is  report,  bu t the  reader i s  
cautioned  that various  tests  have  shown  that the  AC power source  and  reference impedance,  
as  wel l  as  system  in tegration ,  can  have  s ign i ficant impact on  the  resu l t for I EC 61 000-3-3  and  
IEC 61 000-3-1 1  testing .  Thus,  testing  j ust the  fl i cker meter,  or i nd ividual  system  components  
such  as  the  reference impedance,  to  be  compl iant wi th  the  appl icable  standards  is  no  
guarantee  that correct pass/fai l  evaluations  accord ing  to  I EC 61 000-3-3  or I EC 61 000-3-1 1  can  
be  performed  when  the  certi fied  fl i cker meter and  impedance are  in tegrated  in to  a  complete  
system  wi th  an  untested  AC power source.  

For the  purpose  of veri fying  a  complete  system ,  i n tended  for compl iance  testing  i n  accordance 
wi th  I EC 61 000-3-3  and/or I EC 61 000-3-1 1 ,  the  protocol  ou tl ined  in  th is  report shou ld  be  
fol lowed .  The  protocol  uses  a  l oad  un i t that can  be  modu lated  to  produce the  speci fied  current 
and  load ing  patterns  for the  AC power source,  as  described  in  Annex B.  I f the  tested  fl i cker 
meter or complete  system  has  provisions  for ad justments,  or has  software  defined  ad justment 
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routines,  a  subset of the  speci fied  modu lation  patterns  may be  used  to  ad just the  analyzer,  
reference  impedance,  or system .  

The  load ing  patterns  are  not i n tended  to  be  an  exhaustive  test,  and  i t  may reasonably be  
expected  that some deviations  wi l l  be  found  when  comparing  systems  wi th  d i fferent types  of 
power sources.  Such  d i fferences  need  to  be  wi th in  the  perm i tted  tolerance levels,  bu t – more  
importantly – shou ld  not affect the  correct pass/fai l  decis ion  of the  system .  The  accuracy 
requ irements  al lowed  accord ing  to  I EC 61 000-3-3  and  I EC 61 000-3-1 1  provide  sufficient 
tolerances  to  al low for m inor deviations  in  reference impedance,  fl icker meter response,  and  
system  in tegration  aspects,  thereby provid ing  sufficient marg in  to  prevent the  deviations  from  
lead ing  to  false  PASS or false  FAIL  evaluations  by systems tested  accord ing  to  th is  protocol .  

The  procedures  used  in  th is  protocol  are  based  on  control l ing  the  current flow through  a  
defined  resistive  load .  I t  i s  necessary therefore,  to  determ ine  the  value  of the  resistive  load  to  
wi th in  0, 5  %  and  to  make sure  that the  resistive  value  does  not change by more  than  0, 5  %  
from  the  establ ished  nom inal  value  under varying  load  cond i tions.  Al ternatively,  the  user may 
employ external  reference  meters  and  current shunts  to  accurately measure  the  current 
patterns,  i n  wh ich  case  the  absolu te  load  values  are  not important,  provided  the  load  i s  
sufficiently stable.  

1 0  Detai led  test procedures  

1 0.1  Procedures  common  to  al l  tests  

Proceed  as  fol lows:  

a)  connect the  fl icker meter,  AC power source,  reference impedance and  modu lation  load  un i t  
as  shown  in  F igure  B. 1 ;  

b)  make sure  al l  i nput power requ i rements  accord ing  to  the  manufacturer’s  speci fications  are  
met;  

c)  record  the  software  and  fi rmware  versions  of a l l  system  bu i ld ing  b locks;  

d )  prepare  the  system  accord ing  to  the  manufacturer’s  i nstructions;  

e)  ad just the  fl icker meter measurement settings  such  as  the  selected  test vol tage  (e. g .  
1 00/1 20  V,  230  V,  50/60  Hz)  and  configuration  for s ing le  or 3-phase  tests  as  requ i red  for 
the  speci fic test system ;  

f)  make sure  the  system  is  configured  for a  1 2-period  Pl t  test,  i f the  system  al lows  user 
defined  observation  periods;  

g )  configure  the  AC power source  and  test impedance  (Zref or Ztest)  for the  speci fic test  
i nclud ing  programming  the  power source  impedance i f appl icable;  

h )  configure  the  modu lation  load  un i t to  produce the  desi red  current modu lation  pattern ;  

i )  perform  the  test and  compare  the  obtained  data  and  pass/fai l  decis ion  against the  expected  
resu l ts  as  speci fied  in  the  Tables  1  and  2 .  I f the  fl i cker meter,  reference impedance,  power 
source,  or test system  is  ad justable  i n  hardware  or software,  a  selection  of the  tests  may 
be  used  to  make  ad justments  needed  to  optim ize  system  performance.  The  selected  tests  
used  for th is  purpose  shal l  be  i ncluded  in  the  report.  The  ad justed  system  shou ld  meet the  
performance requ i rements  of th is  protocol .  

j )  i f the  fl icker meter or system  being  veri fied  is  su i table  for 3-phase  testing ,  the  speci fied  
tests  can  be  performed  for every phase  ind ividual ly.  The  testing  au thori ty may use  a  s ing le  
phase  load  and  test each  phase  consecutively or use  a  3-phase  load  and  test a l l  three  
phases  s imu l taneously.   Care  shou ld  be  taken  to  account for the  neutral  impedance  effects  
wh ich  are  d i fferent for s ing le  vs.  3-phase  loads  as  shown  in  I EC  61 000-3-3:201 3,  F igure  1 .  

NOTE  The  methods  i n  th i s  protocol  can  be  appl i ed  at  d i fferen t nom inal  vol tages.  For example,  the  user can  apply 
a l l  tests  at  nom inal  220  V.  Therefore  the  nom inal  test  vol tage  i n  i tems  b)  i n  of 1 0 . 2 . 2 ,  1 0 . 3 . 2 ,  1 0. 4. 2  and  1 0. 5. 2  can  

be  replaced  by a  d i fferen t vol tage  ±0, 1  % .  
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1 0.2  Test no.  1  – Simple  power source qual i fication  test 

1 0.2. 1  Rationale  

This  test i s  to  veri fy that the  power source  meets  the  requ i rements  of I EC  61 000-3-3,  wh ich  
states  that the  power source  may not contribute  more  than  0, 4  to  the  measured  Pst  va lue.  For 
th is  veri fication ,  an  8  A load  i s  modu lated  on/off at  the  rate  of 7  changes  per m inute  (CPM)  
(0, 0583  Hz)  or at 39  CPM  (0, 325  Hz square  wave modu lation).  The  8  A is  the  m id-poin t of the  
I EC 61 000-3-3  test range,  and  the  39  CPM  is  sufficiently demand ing  on  the  power source  
control  stabi l i ty.  Al ternatively,  the  testing  au thori ty may modu late  the  load  to  be  varying  
between  d i fferent current levels,  such  as  between  2 , 7  A and  1 0, 8  A as  shown  in  F igure  1 .  I n  
e i ther case,  the  power source  shou ld  not contribute  more  than  a  Pst  of 0 , 4.  

Th is  test may also  be  mod i fied  s l ightly and  used  as  a  s imple  overal l  system  test.  By using  the  
test impedance,  i . e.  setting  i t  to  the  nom inal  value  as  opposed  to  the  m in imal  or by-pass  mode  
speci fied  i n  1 0. 2. 2c)  below,  the  generated  dc  l evel  can  be  veri fied  to  be  wi th in  the  perm i tted  
tolerance.  The  dynam ic response  of the  power source  may not be  i deal ,  bu t th is  may not affect 
the  observed  dc  l evel .  Using  the  test impedance wi l l  at least g ive  a  fi rst order veri fication  of the  
resistive  part of the  reference  or test impedance and  wi l l  veri fy general  functional i ty of the  
measurement i nstrument.  

For l arger test systems,  th is  test may also  be  run  at much  h igher currents,  such  as  for 
I EC 61 000-3-1 1  appl ications.  

1 0.2.2  Test procedure 

Proceed  as  fol lows:  

a)  fol low the  common  procedures  speci fied  i n  1 0. 1 ;  

b)  configure  the  AC power source  for the  nom inal  vol tage,  e. g .  230  V ±  0 , 23  V,  50  Hz;  

c)  set the  test impedance (Zref  or Ztest,  or the  source  programmable  impedance)  to  m in imal ;  

d )  use  a  su i table  programmable  load ,  or the  modu lation  load  un i t i l l ustrated  in  Annex B,  to  
create  a  rectangu lar current modu lation  pattern  s im i lar to  the  i l l ustration  in  F igure  1 .  

e)  veri fy that the  measured  Pst  value  is  <  0 , 4.  
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Figure 1  – I l lustration  showing  a  rectangular 8  A  

current modulation  pattern  at  7  CPM  

1 0.3  Test no.  2  – Veri fication  of the  Zref  and/or Ztest  impedance 

1 0.3.1  Rationale  

This  test i s  to  veri fy that the  test impedance (Zref,  Ztest  or the  programmable  impedance of the  
power source)  has  the  desi red  inductance.  

1 0.3.2  Test procedure 

Proceed  as  fol lows:  

a)  fol low the  steps  g iven  in  1 0. 1 ;  

b)  configure  the  AC power source  for the  nom inal  vol tage,  e. g .  230  V ± 0,23  V,  50  Hz;  

c)  use  ei ther a  su i table  programmable  load  or the  modu lation  load  un i t  i l l ustrated  in  Annex B  
to  create  a  waveform  as  shown  in  F igure  2 ,  wi th  l inear load ,  and  a  phase  control led  load  
wh ich  is  capable  of generating  current harmon ics  wh ich  in  turn  produce  vol tage  harmon ics  
due  to  the  reference impedance;  

d )  veri fy that the  Zref,  Ztest,  or programmable  impedance of the  power source  has  the  requ i red  
characteristics.  The  i l l ustration  i n  F igure  2  g ives  an  example.  There  is  no  normative  
impedance requ irement i n  I EC 61 000-3-3  other than  at 50  Hz;  the  correspond ing  value  for 

the  inductive  part of Zref and  Ztest  impedances  i s  796  µH.   For the  purpose  of th is  protocol ,  

a  tolerance in  i nductance of ±1 0  %  is  recommended ;  

e)  a l ternatively,  the  complex values  of Zref  or Ztest  may be  determ ined  ind ividual ly by 
appropriate  methods.  

NOTE  Some power sources  wi th  a  programmable  impedance  m ight  not  have  a  l i near frequency response  up  to  
2  kHz.  Provided  the  response  i s  l i near to  at  l east  1 00  Hz,  the  effect  on  fl i cker measurement  i s  i ns i gn i fi cant.  

IEC  
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Figure 2  – I l lustration  showing  the method  to  determine the inductance of Zref  or Ztest  

The ang le  where  the  current i s  tu rned  on  does  not have  to  be  exactly 90°  bu t shou ld  be  wi th in  

±1 0° .  Linear and  phase  control led  loads,  both  having  a  resistance  of 40  Ω  to  43  Ω,  yield  8, 5  A 
to  9, 1  A total  current.  The  analysis  of vol tage  and  current can  be  performed  wi th  a  harmonic 

analyzer meeting  I EC 61 000-4-7  (±5 %  accuracy),  or an  osci l loscope  wi th  FFT capabi l i ty and  
s im i lar accuracy.  

With  a  +1 0  %  deviation  i n  inductance,  the  total  impedance becomes 0, 485  Ω  i nstead  of the  
ideal  0 , 472  Ω ,  i . e.  a  deviation  in  overal l  impedance of 2 , 8  %.  Th is  2 , 8  %  has  in  fact vi rtual ly no  
effect on  the  current modu lation  that i s  produced  wi th  a  resistive  load .  When  testing  low power 
factor equ ipment,  however,  the  effect of deviations  in  the  i nductance value  can  be  h igher.  

1 0.4 Tests  no.  3  to  6  – Low frequency rectangular modulation  rates  of 1  CPM  to  39  CPM  

1 0.4. 1  Rationale  

These tests  veri fy that the  fl i cker measurement system  evaluates  the  d i rectly measured  
parameters  dc  and  dmax  correctly,  as  wel l  as  the  Pst  for these  low frequency modu lation  rates.  

The  correct evaluation  of dc  and  dmax  i s  i nd icative  of the  Zref  and/or Ztest  impedances  having  

the  correct resistive  values  and  the  correct operation  of the  overal l  system .  I f dc  and  dmax  

deviate,  Pst  most l ikely deviates  accord ing ly.  Other modu lation  rates,  not speci fied  i n  
I EC 61 000-4-1 5:201 0,  Table  5,  may be  used  for testing  as  wel l .  For example,  the  3, 1 66  7  Hz 
modu lation  for a  modu lation  percentage  of 0 , 473  %  i s  i l l ustrated  in  F igure  3.  

Several  of the  low frequency modu lation  rates  such  as  7  CPM  and  39  CPM  can  also  be  used  
for a  s imple  system  check.  The  dc  value  shou ld  be  in  accordance wi th  the  appl ied  current 

modu lation  level .  I f the  dc  value  deviates  by more  than  the  perm i tted  8  %,  further system  
testing  i s  not j usti fied  unti l  the  reason  for the  d iscrepancy has  been  found  and  corrected .  

1 0.4.2  Test procedure 

Proceed  as  fol lows:  

IEC  
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a)  fol low the  common  procedure  steps  in  1 0. 1 ;  

b)  configure  the  AC power source  for 230   V ±  0 , 23  V,  50  Hz;  

c)  configure  the  Zref or Ztest  impedance,  or set the  source  programmable  impedance,  to  the  
requ i red  value;  

d )  use  ei ther a  su i table  programmable  load  or the  modu lation  load  un i t i l l ustrated  in  Annex B  
to  create  a  current modu lation  pattern  wi th  the  current and  tim ing  characteristics  as  g iven  in  
F igure  3.  I f the  current levels  are  h igher or lower than  the  nom inal  values  g iven  in  Table  2 ,  
ad just the  target Pst  va lues  accord ing ly.  I t  i s  strong ly recommended  to  use  a  load  pattern  

that resu l ts  in  a  target Pst  of at  least 0 , 65  and  no  more  than  1 , 5.  Add i tional  tests  for h igher 

Pst  values  may be  made in  add i tion  to  the  test i n  the  range  from  0, 65  to  1 , 5;  

e)  veri fy that the  observed  dc,  dmax,  and  Pst  va lues  for each  of the  four tests  are  wi th in  the  
requ ired  tolerances.  The  perm itted  tolerance accord ing  to  I EC 61 000-3-3  for each  

parameter i s  ±8 %  of the  target value.  

 

Figure 3  – I l lustration  showing  a  rectangular modulation  pattern  at 3, 1 66 7  Hz 

1 0.5  Tests  no.  7  to  9  – H igh  frequency rectangular modulation  rates  of 1 1 0  CPM  and  up  

1 0.5. 1  Rationale  

These tests  veri fy that the  F l icker measurement system  evaluates  the  Pst  measurement 
accuracy for the  modu lation  rates  of 1 1 0  CPM,  1  620  CPM,  or 4  000  CPM  (1 1 0  CPM,  
1  620  CPM  or 4  800  CPM  for 60  Hz systems).  The  correct evaluation  of dc  wi l l  yield  a  read ing  

of “0”  and  dmax  shou ld  be  equal  to  the  selected  modu lation  level .  

1 0 .5.2  Test procedure 

Proceed  as  fol lows:  

a)  fol low the  common  procedure  steps  in  1 0. 1 ;  

b)  configure  the  AC power source  for 230  V ± 0,23  V 50  Hz;  

c)  configure  the  Zref or Ztest  impedance,  or set the  source  programmable  impedance,  to  the  
requ ired  value;  
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d )  use  ei ther a  su i table  programmable  load ,  or the  modu lation  load  un i t i l l ustrated  in  Annex B  
to  create  a  current modu lation  pattern  wi th  the  current and  tim ing  characteristics  as  g iven  in  
F igure  4.  I f the  current l evels  are  h igher or l ower than  the  values  g iven  in  Table  2 ,  ad just 
the  target Pst  values  accord ing ly.  I t  i s  strong ly recommended  to  use  a  l oad  pattern  that 

resu l ts  in  a  target Pst  close  to  1 , 00,  bu t at l east 0 , 65  and  no  more  than  1 , 5.  Add i tional  tests  

for h igher or l ower Pst  values,  such  as  i l l ustrated  in  F igure  4,  may be  made in  add i tion  to  
the  test i n  the  range  from  0, 65  to  1 , 5;  

e)  veri fy that the  observed  dc,  dmax,  and  Pst  va lues  for each  of the  four tests  are  wi th in  the  
requ ired  tolerances.  The  perm i tted  tolerance accord ing  to  I EC 61 000-3-3  for each  

parameter i s  ±8 %  of the  target value.  

 

Figure 4 – I l lustration  showing  a  rectangular modulation  pattern  at  1  052  CPM  

1 0.5.3  Uncertainties  of th is  protocol ,  and  methods  to  veri fy modulation  accuracy 

The  test uncertain ties  when  using  th is  protocol ,  l argely depend  on  the  current measurement 
accuracy.  Most square  wave  generators,  used  to  produce the  modu lation  frequency,  have  

accuracies  that go  far beyond  the  ±0,5  %  speci fied  in  I EC 61 000-4-1 5.  Equal ly,  the  du ty cycle  
accuracy of square  wave generators  i s  much  better than  the  ±2  %  speci fied  for the  modu lation  
pattern  i n  I EC 61 000-4-1 5: 201 0,  Table  5.  

Consequently,  the  accuracy of the  patterns  speci fied  in  th is  protocol  are  main ly determ ined  by 
the  produced  vol tage  fluctuations.  These  fluctuations  are  determ ined  by the  appl ied  current 
l evel ,  i n  con junction  wi th  the  reference  impedance.  For low frequency modu lations,  up  to  at 
l east the  39  CPM  (0, 325  Hz)  poin t,  the  vol tage  can  be  measured  e i ther d i rectly by DVM-2  in  
F igure  B. 1 ,  or by measuring  the  current level ,  us ing  DVM-1 ,  and  calcu lating  the  “ ideal ”  vol tage  
modu lation  that the  measured  current shou ld  produce.  General ly,  the  current measurement i s  
the  easier method ,  as  the  calcu lation  i nvolves  substantial  current changes,  versus  the  relatively 
smal l  vol tage  changes  that resu l t from  these current changes.  For example,  a  current step  
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through  a  resistive  load  from  “0”  A r.m . s.  to  8, 0  A r.m .s.  wou ld  i deal ly cause  a  vol tage  change 
from  nom inal  230, 00  V to  226,80  V or a  1 , 39  %  change.  

So,  for the  lower modu lation  rates,  one  can  observe  both  DVMs and  veri fy that the  measured  
current produces  the  expected  vol tage  change.  I n  fact,  the  resistive  part of the  reference  
impedance  plus  source  and  system  wiring/in tegration ,  can  be  d i rectly computed  from  the  
measured  vol tage  change and  the  observed  current l evel .  

The  values  of the  resistors  in  the  load  un i t are  subject to  temperature  variations,  bu t i f the  load  
un i t i s  operated  for the  duration  requ ired  to  obtain  stable  cond i tions,  the  load  changes  are  
au tomatical ly taken  in to  consideration  wi th  the  DVM-1  and  DVM-2  measurements.  

The  modu lation  frequency and  du ty cycle  can  easi ly be  measured  to  wi th in  the  requ i rements  in  
Annex A wi th  a  modern  d ig i tal  osci l loscope or a  standard  counter.  

G iven  the  requ ired  uncertain ties  for external  measurement equ ipment i n  Annex A,  one  can  
conclude  that the  fol lowing  worst case  uncertain ties  apply:  

a)  Calcu lated  i deal  “DC”  and  expected  Pst  value:  ±0,2  %  based  on  current read ing  of DVM-2.  

b)  Calcu lation  of the  resistive  part of the  total  impedance up  to  DVM-2:  ±0,3  %.  

These  uncertain ties  are  a  very smal l  fraction  of the  perm i tted  tolerances  in  I EC  61 000-4-1 5  and  
I EC 61 000-3-3.  
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Annex A 
(normative)  

 

Requirements  for external  test equipment to  veri fy modulation  accuracy 

The fol lowing  requ i rements  shou ld  be  met:  

a)  d ig i tal  vol tmeter (DVM)  accuracy for frequency range  ≤  50  Hz to  ≥  500  Hz;  

b)  r.m . s  vol tage  for 1 00  V to  250  V ± 0, 1  %  of read ing ;  

c)  r.m . s  vol tage  for 0 , 1  V to  1  V ± 0, 1  %  of read ing  ±0, 1  mV;  

d )  d i rect r.m . s.  current measurement < 1  A ± 0, 1  %  of read ing  ±0,3  mA;  

e)  d i rect r.m . s.  current measurement <  1 0  A ±  0 , 1  %  of read ing  ±1  mA;  

f)  current shunt accuracy ±0, 1  %  from  50  Hz to  2400  Hz;  

g )  recommended  shunt values;  

h )  ≤ 1 00  mΩ for current ≤ 2,5  A;  

i )  1 0  mΩ for current ≤ 8 A;  

j )  5  mΩ for current ≤ 1 6  A;  

k)  1  mΩ for current from  1 6  A to  75  A;  

l )  frequency measurement ±0, 1  %;  

m )  du ty cycle  measurement ±0,5  %.  
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Annex B  
(informative)  

 

Example  test setup for modulation  load  uni t 

 

Key 

A ampere  

V vol t  

Figure B.1  – Typical  test setup  for tests  1  to  9  

A typical  compl iance  test system  setup  i s  shown  in  F igure  B. 1 .  Most compl iance  test systems  
are  su i table  for both  harmon ics  and  fl i cker testing .  For I EC 61 000-3-3,  the  I EC TR 60725 
reference impedance i s  used ,  wh i le  for I EC  61 000-3-1 1 ,  the  Ztest  values  are  speci fied .  The  
reference impedance i s  shown  in  bypass  mode in  F igure  B. 1 .  

Some systems u ti l ize  a  power source  wi th  programmable  impedance wh ich  synthesizes  the  
resistive  and  inductive  part of the  requ ired  Zref  or Ztest.  Most 3-phase  systems  u ti l i ze  an  actual  
impedance box,  as  the  neu tral  impedance i s  requ i red  accord ing  to  I EC 61 000-3-3  or 
I EC 61 000-3-1 1 ,  and  i t  i s  exceed ing ly d i fficu l t to  emulate  the  neutral  impedance wi th  active  
sem iconductor elements.  

The  load  un i t can  be  implemented  wi th  a  series  of l i near loads  and  a  set of phase  control led  
loads.  The  phase  control led  loads  can  be  turned  on/off at user defined  phase  ang les,  such  as  
i l l ustrated  for the  i nductance test.  

DVM-1  measures  the  current in  con junction  wi th  the  shunt,  wh i le  DVM-2  measures  the  appl ied  
vol tage  at the  poin t where  the  fl i cker meter i s  connected .  I f deviations  from  expected  values  
are  found ,  DVM-2  may be  used  to  veri fy the  vol tages  at the  fl i cker meter i npu t and  thus  
determ ine  whether the  deviations  are  caused  by the  power source  and/or reference impedance 
inaccuracies,  or by i naccuracies  i n  the  fl i cker meter.  Measuring  the  vol tage  wi th  th is  DVM-2,  at  
low frequency modu lation  rates,  a lso  perm i ts  the  user to  veri fy the  resistive  part of the  
impedance.  

The  loads  used  in  the  above  example  are  resistive,  wi th  m in imal  parasi tic i nductance  or 
capaci tance,  a l though  th is  i s  not very cri tical  provided  the  phase  sh i ft between  current and  

vol tage  i s  l ess  than  5° .  The  resistors  shou ld  be  stable  to  wi th in  ±0,5  %  under modu lation  
cond i tions.  Letting  the  system  warm  up  for a  few m inutes  wi th  the  selected  modu lation  pattern  
shou ld  assure  sufficient stabi l i ty.  The  vol tage  generated  across  the  shunt and  measured  by 
DVM-1  may a lso  be  used  to  veri fy that the  modu lation  rate  and  du ty cycle  of the  modu lation  are  
i n  accordance wi th  the  expected  patterns.  
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Annex C  
(informative)  

 

Some typical  fl icker test system  integration  issues  to avoid  

Annex C  l i sts  several  of the  more  common  i ssues  found  when  an  i nd ividual  user ei ther 
in tegrates  a  fl i cker test system  wi th  i nstruments  from  various  suppl iers  or makes  s i te  speci fic 
wi ring  arrangements.  Al l  the  examples  were  encountered  and  easi ly identi fied  by applying  the  
load  patterns  described  in  th is  techn ical  report.  

The  fi rst example  (see  F igure  C. 1 )  i ncludes  a  nearly perfect power source,  a  perfect s ing le  
phase  reference  impedance wi th  the  exact Zref values  from  IEC TR 60725,  and  yet produced  
measurement errors  in  the  order of 1 0  %  to  1 2  %.  When  the  in terconnect impedance and  the  
(very low)  ou tpu t impedance of the  source  are  added  to  the  value  of the  reference impedance,  
the  total  impedance i s  1 0  %  to  1 2  %  too  h igh .  

Some power sources  have  “external  sense”  capabi l i ty,  and  i f the  user were  to  connect these  as  
shown,  th is  effectively bypasses  the  reference impedance s im i lar to  us ing  the  bypass  swi tch  as  
is  done  for harmon ics  analysis.  Obviously,  the  fl icker read ings  wou ld  be  very low,  on ly a  very 
smal l  fraction  of the  real  values.  

 

Figure  C.1  – Single  phase arrangement with  excessive or near “zero”  impedance 

There  are  several  in tegrated  harmon ics  and  fl icker measurement systems that have  a  bu i l t- in  
reference impedance.  For s impl ici ty,  the  impedance is  shown  as  a  s ing le  phase  arrangement,  
even  though  some systems  may actual ly have  the  l ine  and  neu tral  values  implemented  
separately.  I n  those  arrangements,  the  power source  output i s  wired  to  the  i npu t term inals  of 
the  harmon ics  and  fl i cker analyzer s im i larly to  what i s  shown  in  F igure  C. 2.  

I t  i s  not uncommon  to  see  these  systems wi thout the  external  sense  l ines  i nstal led .  I n  those  
cases,  the  fl i cker meter “sees”  as  much  as  465  mΩ at i ts  ou tput term inals,  and  thus  wi l l  have  
fl icker read ings  that are  grossly overstated .  Note,  however,  that even  wi th  the  external  sense  

l i nes  i nstal led ,  there  can  sti l l  be  an  ou tput impedance of 1 0  mΩ  to  1 5  mΩ from  the  power 
source,  i . e.  there  i s  sti l l  an  error of 2  %  to  4  %  in  the  vol tage  fluctuations  that the  fl i cker meter 
“sees. ”  
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Figure C.2  – Single  phase arrangement wi th  sense l ines  present 

Another common  m istake  that has  been  observed  is  where  the  user gets  a  power source  and  
matched  impedance  from  one  suppl ier and  a  stand-alone  power analyzer/fl icker meter from  
another suppl ier.  The  user connects  the  fl i cker meter via  good  s ize  wi ring  to  the  ou tput 
connectors  of the  reference  impedance and  connects  the  EUT at the  analyzer i nput.  Th is  
arrangement easi ly adds  1 00  mΩ to  the  impedance “seen”  by the  fl icker meter,  and  thus  
resu l ts  in  read ings  that are  25  %  too  h igh .  

 

Figure C.3  – Single  phase arrangement wi th  connecting  l ines  to  power analyzer 

I t  wi l l  be  obvious  that i f we  replace  the  EUT by a  very wel l  defined  load  that produces  a  
precisely measured  current level ,  the  user can  determ ine  what the  fl icker meter shou ld  read .  

A somewhat more  compl icated  problem  is  presented  in  F igure  C. 4.  Th is  example  actual ly 
concerns  a  system  that had  been  cal ibrated  successfu l ly in  previous  years.  I t  i s  a  bigger 
system  wi th  a  45  kVA 3-phase  power source  and  a  3-phase  impedance,  plus  a  3-phase  
measurement system  in  an  ad jacent 1 9  i nch  rack.  I n  the  i l l ustration  for F igure  C. 4,  on ly a  
s ing le  phase  of the  3-phase  system  is  shown  for s impl ici ty.  

The  system  owner had  several  new bus-bars  i nstal led  to  d istribu te  power to  other locations  in  
the  laboratory.  The  electrical  contractor fol lowed  good  practices  and  instal led  a  heavy du ty 
connection  from  neutral  to  ground  at the  power source,  as  wel l  as  ground ing  the  neutral  i n  the  
measurement cabinet where  the  fl i cker meter i s  l ocated .  The  net effect was  that the  neutral  
part of the  Zref (as  wel l  as  the  Ztest)  impedance was  bypassed  wi th  a  very low impedance l i ne.  
Thus,  a l l  the  s ing le  phase  fl icker read ings  were  about 40  %  too  low,  wh i le  the  3-phase  
arrangement was  fine.  These  types  of configuration  errors  can  on ly be  i denti fied  wi th  a  real  
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load  being  connected  to  the  system ,  j ust l ike  an  EUT presents  a  real  l oad .  Shortly after th is  
case  was  encountered  in  the  USA,  a  s im i lar case  was  found  in  Asia.  

 

Figure C.4 – Neutral  impedance bypassed  external ly 

I n  a l l  cases,  the  appl ication  of a  real  l oad  wi th  defined  dc,  Pst,  and  dmax  characteristics  al lowed  
these  issues  to  be  recogn ized  and  corrected .  I n  particu lar,  the  case  i l l ustrated  in  F igure  C. 4  
cou ld  not have  been  found  otherwise.  When  one  wants  to  measure  the  reference impedance or 
Ztest,  i t  i s  common  practice  to  remove al l  i npu t/ou tput wi ring  and  then  measure  the  impedance.  
Th is  wou ld  obviously “mask”  the  neutral  bypass  connection .  S im i larly,  wi th  the  case  presented  
in  F igure  C.2  and  F igure  C.3  ,  the  ind ividual  system  components  wou ld  l i kely check ou t fine,  
bu t the  completed  system  wou ld  sti l l  have  issues.  Thus,  the  appl ication  of a  real  load  as  
presented  in  th is  techn ical  report perm i ts  the  complete  system  veri fication  and  cal ibration .  
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