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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ELECTROMAGNETIC COMPATIBILITY (EMC)  –  

 
Part 4-37:  Testing  and  measurement techniques  – Cal ibration  and   

veri fication  protocol  for harmonic emission  compl iance test systems  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  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  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu 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  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 b le  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 agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  d amage  or 
other damage  of any natu re  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 
paten t  ri gh ts.  I EC shal l  not  be  hel d  responsib l e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

The main  task of I EC techn ica l  committees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC TR 61 000-4-37,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by subcommittee  77A:  
EMC-Low frequency phenomena,  of I EC techn ica l  committee  77:  E lectromagnetic 
compatib i l i ty.  

Th is  publ ication  conta ins  attached  fi l es  in  the  form  of an  xls  document and  a  user gu ide.  
These  fi l es  are  i n tended  to  be  used  as  a  complement and  do  not form  an  i n tegral  part of the  
standard .  They may be  updated  from  time to  t ime.  
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The  text of th is  techn ical  report i s  based  on  the  fo l l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

77A/907/DTR 77A/91 9/RVC  

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

Th is  publ ication  has  been  d rafted  i n  accordance wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

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

The  committee  has  decided  that the  con ten ts  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  
re lated  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 ti on ,  or 

•  amended .  

A b i l i ngual  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  should  therefore  print  th is  publ ication  using  a  colour printer.  
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INTRODUCTION  

Harmon ic curren t anal ys is  systems are  used  to  measure  em iss ions  from  equ ipment that i s  
tested  i n  accordance wi th  various  standards.  The  I EC ( I n ternational  E lectrotechn ica l  
Commission)  adopted  measurement and  evaluation  techn iques  that  are  speci fi ed  i n  
I EC 61 000-4-7,  bu t l im i ts,  l im i t  comparisons,  certa in  exclus ions,  and  test cond i tions  for a  
variety of products  are  speci fied  i n  I EC  61 000-3-2  (for 1 6  A per phase  and  below)  and  
IEC 61 000–3-1 2  (from  1 6  A to  75  A per phase).  Th is  Techn ical  Report provides  test patterns  
for I EC 61 000-3-2 ,  bu t wi l l  be  expanded  i n  fu tu re  ed i tions  to  a lso  i nclude  speci fic  tests  per 
IEC 61 000-3-1 2  for cu rren ts  above 1 6  A per phase.  The  methodology described  in  th is  
Techn ica l  Report can  a l so  be  expanded  to  provide  fl uctuating  harmon ics,  a long  wi th  i n ter-
harmon ics.  

Th is  Techn ical  Report  i s  nei ther in tended  as  a  type  test nor as  an  exhaustive  test of a l l  
requ i red  anal yzer capabi l i t i es  accord ing  to  I EC  61 000-3-2 ,  I EC 61 000-3-1 2,  and  
IEC 61 000-4-7.  The  primary objecti ve  i s  to  veri fy on  a  period ic bas is  (for example  for renewal  
of accred i tation)  that the  harmon ic  anal ysis  test  system ,  cons isti ng  of a  previous l y type  tested  
anal yzer and  a  su i table  power source,  performs  correctl y,  and  the  performance of the  system  
is  not  adversel y affected  by the  system  in tegration ,  nor has  changed  over a  period  of t ime.  

The  purpose  of the  harmon ic current anal ys is  systems  i s  to  evaluate  harmon ic curren t 
em issions,  the  power factor,  and  other parameters,  i n  accordance wi th  the  requ i rements  of 
the  above mentioned  standards.  I n  add i ti on  to  the  harmon ics  measurement,  the  harmon ic 
anal yzer may have  au tomatic l im i t  evaluation  software  or fi rmware,  data  storage,  add i ti onal  
anal ys is  capabi l i ties ,  and  report generation  capabi l i ti es  that faci l i tate  the  process  of certi fying  
the  tested  products  accord ing  to  I EC 61 000-3-2  and/or I EC  61 000-3-1 2 .  

The  primary purpose  of th is  test,  veri fication  and  cal ibration  procedure  in  th is  Techn ical  
Report,  i s  to  establ ish  methods  that may be  used  to  veri fy that a  g iven  harmon ic anal ys is  
system  measures  and  evaluates  common  harmon ic curren t em ission  patterns  i n  accordance  
wi th  the  requ i rements  of the  standards,  and  thus  a l l ows  the  user to  perform  a  correct pass/fa i l  
anal ys is  of the  tested  product.  Add i tional  capabi l i ti es  of the  analyzer or test system  may also  
be  tested  us ing  some of the  tests  described  in  th is  Techn ica l  Report.  

The tests  as  summarized  i n  C lause  4  may a lso  be  used  to  improve or optim ize  the  accuracy 
of the  harmon ics  measurement system .  Th is  can  be  done  e i ther via  the  r.m . s.  curren t – i f so  
requ i red  by us ing  external  reference equ ipment,  and /or by ad j usting  the  frequency response – 
provided  the  harmon ics  anal ys is  system  has  e i ther hardware  or software  ad justments  to  
perm i t the  parameter accuracies  to  be  optim ized .  
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ELECTROMAGNETIC COMPATIBILITY (EMC)  –  
 

Part 4-37:  Testing  and  measurement techniques  – Cal ibration  and   
veri fication  protocol  for harmonic emission  compl iance test systems  

 
 
 

1  Scope 

This  part of I EC  61 000,  wh ich  is  a  Techn ical  Report,  ou tl i nes  a  typical  test procedure  for 
harmon ic anal ys is  i n  systems  compris ing  

•  tests  apparatus  des igned  to  comply wi th  I EC 61 000-4-7,  and  

•  products  designed  to  comply wi th  I EC  61 000-3-2  and /or I EC 61 000-3-1 2.   

The  test procedure  is  i n tended  to  provide  a  systematic gu idance  su i table  for use  by 
manufacturers,  end  users,  i ndependen t test l aboratories  and  other bod ies,  for the  purpose  of 
determ in ing  the  appl icable  compl iance  status  wi th in  a  wide  range  of harmon ic cu rrent 
em issions.   

The  test procedure  i s  derived  from  cond i tions  observed  i n  actual  product testing  and  
s imu lates  closel y cond i ti ons  that  can  reasonabl y be  expected .  

The  accuracy of harmon ic analyzers  and  complete  tests  systems  having  ad j ustmen ts  or 
procedures,  e i ther hardware  or software-based ,  may be  optim ized  us ing  external  reference  
equ ipment of sufficien t accuracy and  the  methodology i n  th is  Techn ica l  Report.  

Th is  Techn ica l  Report i s  not i n tended  as  a  replacement for type  testi ng  of harmon ic 
anal yzers,  nor does  i t  check al l  of the  parameters  speci fied  i n  I EC  61 000-4-7,  I EC  61 000-3-2,  
and  I EC  61 000-3-1 2.  

2  Normative references  

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

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

current >  16 A  and ≤  75 A  per phase 

I EC 61 000-4-7: 2002,  Electromagnetic compatibility (EMC)  – Part 4-7: Testing and 
measurement techniques – General guide on harmonics and interharmonics measurements 
and instrumentation,  for power supply systems and equipment connected thereto   

I EC  61 000-4-7: 2002/AMD1 :2008  

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

Many products  that are  to  be  tested  per I EC  61 000-3-2  or I EC  61 000-3-1 2  exh ib i t  what i s  
known  as  s teady state  or quasi  stationary powers  and  harmon ic curren t em iss ions.  To  
evaluate  whether such  products  meet the  requ irements  set forth  i n  I EC  61 000-3-2  or 
I EC 61 000-3-1 2 ,  a  variety of s imple  anal yzers  cou ld  be  used .  Thus,  the  anal yzer used  for 
these  s imple  tests  need  not meet a l l  the  tests  described  i n  th is  Techn ical  Report.  For 
anal yzers  that are  to  be  used  i n  general  purpose  testing  l aboratories,  or that are  to  be  used  to  
evaluate  products  exh ib i ti ng  fluctuating  harmon ics,  i t  i s  recommended  to  meet al l  of the  
appl icable  requ irements  set  forth  i n  th is  report.  The  test  procedures  are  therefore  defined  in  
i ncreasing  order of complexi ty,  a l lowing  the  user to  j ust se lect the  most basic tests  for s imple  
harmon ic curren t em issions  anal ysis ,  or perform  a  more  extensive  set  of evaluations.  
Furthermore,  the  requ i rements  of both  I EC  61 000-3-2  and  I EC  61 000-3-1 2  have  been  
cons idered .  

Harmon ic anal ys is  systems general l y i nclude  a  ded icated  AC power source,  a l though  analys is  
may be  performed  us ing  the  mains  vol tage  under certa in  cond i tions.  Even  though  th is  
Techn ica l  Report i s  not i n tended  as  an  exhaustive  test for AC power sources  used  i n  I EC 
compl iance  test systems,  i t  veri fies  the  su i tabi l i ty of such  sources  per the  requ irements  
speci fied  i n  I EC  61 000-3-2  and  I EC  61 000-3-1 2.  The  proposed  tests  are  val i d  for harmon ic  
curren t measurements  at  1 00  V,  1 20  V,  220  V,  and  230  V AC l i ne-neu tral  at 50  Hz and  60  Hz,  
bu t are  primari l y a imed  at 230  V/50  Hz systems.  

Add i tional  tests,  speci fic for I EC  61 000-3-1 2 ,  may be  defined  i n  a  fu ture  ed i tion  of th is  
Techn ica l  Report.  

Furthermore,  th is  Techn ical  Report  does  not have  provis ions  to  test system  accuracies  for a l l  
of the  evaluation  methods  used  i n  the  J apanese ed i tion  of success ive  I EC  61 000-3-2  
vers ions,  a l though  i t  l argel y supports  the  requ i rements  of J IS  C  61 000-3-2 .  Th is  Techn ical  
Report does  not cover harmon ic em iss ion  tests  where  a  series  l i ne  impedance network wou ld  
be  requ ired ,  such  as  speci fi ed  i n  F igure  1 -1  and  F igure  1 -1 A of J I S  C  61 000-3-2: 201 1 .  As  
shown  i n  various  papers  and  actual  tests,  the  use  of a  series  l ine  impedance,  as  speci fi ed  i n  
earl i er ed i tions  of the  Japanese standard  J I S  C  61 000-3-2,  can  produce  complex and  
unpred ictable  resu l ts,  and  thus  no  efforts  are  made  to  develop  a  test procedure  that i ncludes  
such  a  series  impedance.  J IS  C  61 000-3-2  al l ows  harmon ics  tests  wi thout the  use  of a  l i ne  
impedance network,  hence  the  procedure  i n  th is  Techn ical  Report i s  appl i cable  to  th is  type  of 
tests  per J IS  C  61 000-3-2.  

The  procedure  in  th is  Techn ical  Report i s  i n tended  to  be  compatib le  wi th  re lated  standards,  i n  
particu lar any safety requ irements  set forth  by l i sti ng  organ izations  or measurement standards  
of the  I n ternational  E lectrotechn ical  Commission  ( I EC).  Such  safety requ i rements  speci fied  by 
the  I EC or other parties  may be  d i fferent than  cri teria  defined  in  th is  report.  Therefore,  
meeting  the  cri teria  defined  herein  shou ld  not be  construed  as  a  waiver of any other re levan t 
performance or safety requ i rements.  

I n  general ,  the  procedures  and  methodolog ies  speci fied  i n  I SO/IEC  1 7025  shou ld  be  fo l l owed  
to  veri fy that the  test  and  veri fication  s ignals,  measurement procedures,  external  reference  
equ ipment and  evaluation  methods  speci fied  i n  th is  Techn ical  Report,  are  produced  wi th  
sufficien t accuracy to  meet the  s tated  goal  of evaluati ng  the  harmon ics  anal yzer or analys is  
system.  

I f the  resu l ts  of a  test procedure  on  a  g iven  harmon ic test system  deviate  from  the  expected  
resu l ts  g i ven  in  th is  Techn ical  Report,  the  cause  for the  deviation  needs  to  be  identi fi ed ,  and  
the  system  needs  to  be  corrected .  Th is  may requ ire  external  equ ipment and /or cal i bration  of 
i nd ividual  system  components.  
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4 Objectives  of harmonic analysis  test procedures  

The primary obj ecti ve  of the  test procedures  is  to  assu re  that anal yzers  and  compl iance  test  
systems  that meet the  requ irements  set forth  i n  th is  Techn ica l  Report,  produce resu l ts  that 
l ead  to  correct and  reproducible  pass/fai l  evaluations,  when  testi ng  products  i n  accordance  
wi th  I EC  61 000-3-2  and /or I EC  61 000-3-1 2 .  Thus,  i t  i s  i n tended  that various  test systems that 
pass  the  tests  described  in  th is  Techn ical  Report  wi l l  produce identical  test resu l ts,  that i s  
wi th in  speci fied  to lerances,  when  evaluating  the  same equ ipment (un i t)  under test (EUT or 
UUT)  under i den tical  or near identical  environmental  and  test  cond i ti ons.  

To  ach ieve  th is  primary obj ecti ve,  not on l y do  certain  accuracy requ i rements  need  to  be  met,  
bu t the  harmon ic anal ys is  system  also  needs  to  be  su i table  to  make certain  l og ical  decis ions  
and  evaluations.  Examples  of such  l og ical  decis ions  i nclude  the  evaluation  of power l im i ts  
(Class  D  from  75  W  to  600  W  and  Class  C) ,  partia l  odd  harmon ic current (POHC)  calcu lation ,  
partia l  weigh ted  harmon ic curren t (PWHC)  calcu lation ,  determ ination  of the  phase  ang le  of 
H5 ,  whether or not a  preferen tia l  value  for the  phase  of H 5  exists,  and  whether or not current  

flow is  present at certa in  phase  ang les  (sel f-bal l asted  lamps),  etc.  Fu rthermore,  the  system  
has  to  be  ab le  to  perform  add i tional  l im i t  ca lcu lations,  such  as  perm i tti ng  Class  A products  to  
have  i nd ividual  harmon ic  em issions  up  to  200  %  provided  that the  average  em issions  are  l ess  
than  90  %  of the  l im i ts,  as  speci fi ed  in  I EC  61 000-3-2 .  

I n  general  therefore,  th is  Techn ical  Report seeks  to  i ncrease  the  un i form i ty of measurements  
and  evaluation  methods  made by various  implementations  of the  harmon ic anal ys is  systems.  
I n  more  detai l ,  the  procedure  uses  the  fol lowing  methodology to  ach ieve  the  above  obj ectives:  

Define  the  expected  measurement,  i nclud ing  to lerances,  and  pass/fai l  resu l t  for a  g iven  input  
s i gnal :  

1 )  Test how wel l  the  harmon ic  anal yzer/system  performs  the  various  measurements  and  
anal ys is  against  the  speci fications  set  forth  i n  I EC  61 000-4-7.  

2)  Provide  common,  reproducib le  methods  of testing  so  that  tests  can  be  repeated  at  any 
time wi th  any harmon ic anal ys is  system  designed  to  meet I EC 61 000-4-7,  and  des igned  to  
evaluate  products  i n  accordance wi th  I EC 61 000-3-2  and  I EC  61 000-3-1 2.  

3)  Provide  test procedures  for d i stribu tion  to  manufacturers  and  in tegrators  of harmon ic  
anal ys is  systems,  so  that they may evaluate  thei r products  prior to  p lacing  them  on  the  
market.  

5 Performance cri teria  

I EC 61 000-4-7  defines  the  harmon ic anal yzer i n  deta i l ,  and  provides  certain  accuracy 
requ i rements .  I t  has  been  shown,  however,  that d i fferent harmon ic anal ys is  test system  
implementations  – a l l  cl a im ing  to  meet the  accuracies  defined  in  I EC  61 000-4-7  – can  s ti l l  
d isagree  s ign i ficantl y i n  some actual  measurements.  I t  has  been  proven  that the  AC test  
source  and  i n terconnecting  wi res/impedances  can  substantia l l y affect the  measured  
harmon ics,  bu t problems wi th  anal yzer implementations,  and  d i fferences  i n  in terpretation  of 
requ i rements  in  the  standards  I EC  61 000-3-2  and  I EC  61 000-3-1 2,  have  been  found  as  wel l .  

The  i nd ividual  steps  of the  test procedure  in  th is  Techn ical  Report are  i n tended  therefore  to  
provide  a  set  of tests  to  ensure  that the  anal yzer,  AC  power source,  and  overal l  system  
implementation  are  correct and  produce the  des i red  resu l ts.  Whereas  i t  wou ld  be  poss ib le  to  
define  even  more  demand ing  tests,  the  set of 1 2  d i fferent tests  suffice  to  veri fy overal l  system  
su i tabi l i ty for harmon ic anal ys is .  I n  fact,  a  system  may even  fa i l  to  meet  the  requ i rements  of 
tests  no.  1 1  and  1 2 ,  and  sti l l  be  su i table  for most product  tests  accord ing  to  I EC  61 000-3-2.  

The  performance  cri teria  can  be  separated  i n to  3  main  categories.  The  fi rst category is  a imed  
at veri fying  the  harmon ic anal yzer i n  accordance wi th  the  accuracy and  implementation  
requ irements  of I EC 61 000-4-7.  The  second  category i s  a  system  test,  i n tended  for use  wi th  
complete  test systems,  wh ich  therefore  i ncludes  an  evaluation  of the  AC power source  and  
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system  i n tegration .  The  l ast  category is  i n tended  to  veri fy the  evaluation  methods,  i nclud ing  
the  proper determ ination  of l im i ts,  and  decision  log ic for determ in ing  test classes  and  pass/fai l  
assessments  as  speci fi ed  i n  I EC  61 000-3-2  and  I EC  61 000-3-1 2.  

For i n -house  test systems  wi th  a  l im i ted  scope  of use,  on l y a  subset of the  test can  be  used .  
For example,  i f a  particu lar manufactu rer’s  EMC test faci l i ty on l y needs  to  test per C lass  A 
and  Class  D ,  i t  wou ld  not be  necessary to  evaluate  the  system  per Class  B  or C lass  C  of 
IEC 61 000-3-2 .   

Some compl iance  test systems have  power sources  wi th  l im i ted  ou tpu t  curren t capabi l i ty.  
Tests  that exceed  the  power ou tpu t capabi l i ty can  be  skipped ,  provided  th is  i s  noted  in  the  
test report.  The  fol lowing  Table  1  provides  a  summary of the  tests .  The  test to lerances  in  
Table  1  for i nd ividual  harmon ics  are  set at  approximatel y a  1 /3 rd  of the  estimated  
uncertain ties  i n  I EC  61 000-3-2 : 201 4,  6 . 2 . 3 . 2 .  Th is  provides  a  sufficien t test uncertain ty ratio.  

NOTE  Th is  u ncerta in ty  rati o  i s  su ffi ci en t  for the  tests  per th i s  Techn ical  Report.  For cal i bration  purposes  of 
i nd i vi d ual  system  components,  smal l er u ncertain ti es  and /or external  reference  equ i pment  m ight  be  necessary.  

Al though  the  basic  methodology described  i n  th i s  document may provide  sufficien t accuracy 
for the  evaluation  of cu rrent s i gnals  i n  the  time  domain ,  veri fication  and  cal ibration  test  
procedures  for time domain  s i gnals  represent a  tota l l y d i fferent set of requ i rements  than  those  
curren tl y provided  for i n  I EC  61 000-4-7.  At th is  time,  there  are  no  defined  accuracy and  
repeatabi l i ty cri teria  i n  e i ther I EC  61 000-4-7  or I EC 61 000-3-2  to  determ ine  whether or not a  
tested  i nstrument or system  is  wi th in  the  des i red  to lerances.  Therefore,  evaluation  and  
anal ys is  of curren t s i gnals  in  the  time domain  are  deferred  to  a  fu ture  vers ion  of th is  Techn ical  
Report.   
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Table  1  – Summary of tests  to  veri fy/cal ibrate  harmonics  analysis  systems  

IEC  61 000-3-2  
Test class  and  resu l t  

Test 
no.  

 Description  of l oad  settings  
and  current 

Requ ired  
resu l t  

Comments  

I n i ti a l  system  test  wi th  a  
l i near l oad ,  producing  a  
s i nusoidal  curren t  at  
approximatel y 8  A.  

0  L i near l oad  of approximately 

28  Ω  resu l ti ng  i n  a  curren t  of 
8 , 2  A (r.m . s)  

PASS  Th i s  test  veri fi es  that  the  AC source  
vol tage  qua l i ty i s  acceptabl e  when  
a  l i near l oad  i s  appl i ed .  I t  i s  a l so  
used  to  veri fy the  basic  cu rrent  and  
vol tage  measurement  accuracy.  

The  user may perform  th i s  test at  a  
l ower current  for smal l er power 
sources,  or add  a  test  at  h i gher 
cu rren ts  for b i gger systems.   

General  Class  A test  at  
~550  W passing  the  C lass  
A l im i ts.  

1  Phase  con trol l ed  l oad  of ~80  Ω  

wi th  conduction  from  45°  to  1 35°  
resu l ti ng  i n  2 , 4  A to  2 , 6  A r.m . s.  
and  harmon ics  bel ow Class  A 
l im i ts ,  wi th  the  h i ghest  
harmon ics  bei ng  80  %  to  86  %  
of the  l im i ts .  The  user may a l so  
veri fy that  the  power source  
d i storti on  i s  wi th i n  l im i ts .  

PASS  Th i s  i s  a  rel ati vely s imple  general  
and  functional  test  per Cl ass  A.  
Both  Class  I  and  Class  I I  
i nstruments  per I EC 61 000-4-7  
shou ld  yi el d  resu l ts  we l l  wi th i n  the  
to lerance  per Tabl e  1  of 
I EC  61 000-4-7: 2002  and  
I EC 61 000-4-7: 2002/AMD1 : 2008,  
and  wel l  wi th i n  the  to l erances  per  
I EC  61 000-3-2: 201 4,  6 . 2 . 3.  

Class  A test  at  ~700  W  and  
wi th  odd  harmon ics  from  
order H1 1  fai l i n g  the  
Class  A l im i ts   

2  Phase  con trol l ed  l oad  of 60  Ω  to  

64  Ω  wi th  conduction  from  45°  to  

1 35°  resu l ti ng  i n  3 , 2  A to  3 , 5  A 
(r.m . s. )  and  odd  harmon ics  from  
H1 5  exceed i ng  C lass  A l im i ts .  
Odd  harmon ics  1 5,  1 9 ,  23,  27,  
31 ,  35,  39  shou ld  be  from  1 05  %  
to  1 1 5  %  of the  l im i ts ,  wh i l e  

other odd  harmon ics  >  1 5  are  
cl ose  to  or above  the  l im i ts ,  
depend ing  on  the  exact l oad .  
Note  that  th i s  test  can  be  
repeated  for Class  B  l im i ts ,  wi th  
a  “PASS”  resu l t.   

Th i s  test  can  a l so  be  used  to  
veri fy that  the  power source  
vol tage  d i storti on  meets  the  
requ i rements  per I EC 61 000-3-
2 ,  wh i l e  supplyi ng  power for a  
product that  fa i l s  Class  A l im i ts.   

FAI L  Genera l  and  functional  test  us i ng  
Class  A l im i ts .  Power i s  su i tabl e  for 
a l l  harmon ics  test  systems  that  
accommodate  up  to  ~700  W.  

Th i s  test  may a l so  be  used  to  
cal i brate  the  appl i cab le  cu rren t  
range  of the  I EC 61 000-4-7  
i nstrument – such  as  5  A r.m . s. ,  
and  to  veri fy and /or cal i brate  the  
frequency response  of the  
i nstrument,  as  the  harmon ics  up  to  
2  kHz have  s i gn i fi can t  ampl i tudes.   

Class  A test  at  ~3  1 00  W 
fai l i n g  H 1 5,  H 1 7,  H1 9  
having  va lues  between  
1 20  %  to  1 30  %  of l im i ts ,  
and  H21 ,  H35,  H37,  H39  
above  1 00  %  of the  l im i ts  

3a  Phase  con trol l ed  l oad  of ~1 7  Ω  

wi th  conduction  ang le  from  4°  to  

1 66° ,  producing  1 3, 5  A r.m . s .  

FAI L  Th i s  tests  the  dynam ic range  and  
accuracy of the  harmon ics  anal yzer 
wi th  h i gher order harmon ic 

ampl i tudes  <  2  %  of the  overa l l  
cu rrent.  

The  r.m . s .  curren t  may a l so  be  
used  to  cal i brate  the  appl i cabl e  
range(s)  of the  harmon ics  anal yzer.  

Class  B  test  at  ~3  1 00  W 
wi th  setti ngs  i denti cal  to  
above  test  3a  

3b  Same l oad  as  for above  test  3a   PASS  Th i s  test  veri fi es  that  C lass  B  l im i ts  
are  evaluated  properl y.  

The  r.m . s .  curren t  may a l so  be  
used  to  cal i brate  the  appl i cabl e  
range  of the  harmon ics  anal yzer.   

C lass  B  test  at  ~1  000  W 
fai l i n g  the  C l ass  B  l im i ts  

4  Phase  con trol l ed  l oad  of 41  Ω  

wi th  conduction  ang le  from  60°  

to  1 55° ,  producing  4 , 7  A to  5, 0  A 
r.m . s.  

FAI L  Th i s  test  produces  harmon ics  that  
fa i l  harmon ic order H 1 3,  H 1 7,  H21 ,  
H25,  etc. ,  that  are  above  the  l im i ts  
for test  Class  B .   
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IEC  61 000-3-2  
Test class  and  resu l t  

Test 
no.  

 Description  of l oad  settings  
and  current 

Requ ired  
resu l t  

Comments  

Class  C test  at  ~1 60  W  to  
640  W  wi th  harmon ics  that  
j ust  pass  the  l im i ts  

5  Phase  con trol l ed  l oad  of ~80  Ω  

wi th  conduction  from  7°  to  1 48°  
producing  2 , 6  A to  2 , 8  A r.m . s.  
For l ower power systems,  th i s  
test  may be  conducted  wi th  a  
l oad  that  resu l ts  i n  l ower 

curren t,  for example  1 50  Ω  to  

350  Ω .  For example,  320  Ω  
resu l ts  i n  0 , 7  A r.m . s.  and  1 60  
W.  The  l im i t  evaluati on  i s  not  
changed ,  as  Cl ass  C  has  
proportional  l im i ts .   

PASS  Th i s  test  produces  harmon ics  that  
j ust  pass  the  l im i ts  for orders  H7,  
H9,  H 1 1 ,  and  acti ve  power wi th  a  
PF  of 0 , 981 .   

The  test  veri fi es  proper calcu l ation  
and  evaluation  of Class  C  l im i ts .  I t  
may a l so  be  used  to  ad just  and /or 
cal i brate  d i fferen tia l  phase  del ay 
between  vol tage  and  current  
channels  of power anal yzers  
u ti l i zi ng  (externa l )  CTs.  

Class  C test  at  ~520  W  
wi th  harmon ics  that  fa i l  the  
l im i ts  

6  Phase  con trol l ed  l oad  of ~80  Ω  

wi th  conduction  from  54°  to  1 60°  
producing  2 , 5  A to  2 , 7  A r.m . s.  
See  a l so  the  comments  for test  
5  above.  

FAI L  Th i s  test  produces  harmon ics  that  
fa i l  the  l im i ts  for orders  H3,  H 5,  H9,  
H 1 1 ,  H 1 3,  H 1 5,  H1 9,  H21 ,  and  
acti ve  power wi th  a  PF  of 0 , 91 8.  
Th i s  test  may a l so  be  used  to  veri fy 
that  the  power source  meets  the  
vol tage  d i storti on  requ i rements .   

C lass  D  test  at  ~540  W  
wi th  harmon ics  that  pass  
the  l im i ts  

7  Phase  con trol l ed  l oad  of ~80  Ω  

wi th  conduction  from  45°  to  1 35°  
producing  2 , 4  A to  2 , 6  A r.m . s.  

Th i s  test  can  a l so  be  used  to  
veri fy that  the  power source  
vol tage  d i storti on  meets  the  
requ i rements  per I EC 61 000-3-
2 ,  wh i l e  supplyi ng  power for a  
product that  meets  Class  D  
l im i ts .  

PASS  I EC 61 000-3-2  Cl ass  D  evaluation  
wi th  some  odd  harmon ics  from  H1 1  
to  H39  i n  the  order of 90  %  to  95  %  
of the  l im i ts .  

Th i s  test  a l so  a l l ows  the  veri fi cation  
of Class  D  l im i t  cal cu lations  as  the  
l im i ts  are  proportional  to  power,  as  
wel l  as  the  veri fi cati on  of 
parameters  such  as  PF,  CF,  THD 
and  POHC.  

Class  D  test  at  the  m id -
poin t  of the  75  W  to  600  W  
range,  i . e.  ~380  W  wi th  
harmonics  that  fa i l  the  
l im i ts  

8  Phase  con trol l ed  l oad  of ~80  Ω  

wi th  conduction  from  45°  to  1 06°  
producing  2 , 1  A to  2 , 3  A r.m . s.  

Th i s  test  may be  conducted  wi th  
a  l oad  that  resu l ts  i n  l ower 
curren t,  for example  

1 50  Ω  to  350  Ω .  For example,  

320  Ω  wi l l  resu l t  i n  0 , 55  A r.m .s.  
and  ~96  W.  The  l im i t  evaluati on  
i s  not  changed .  

FAI L  I EC 61 000-3-2  Cl ass  D  evaluation  
wi th  odd  order harmon ics  from  H9  
on  up  that  are  up  to  about  200  %  of 
the  l im i ts .  

Th i s  test  a l so  a l l ows  the  veri fi cation  
of Class  D  l im i t  cal cu lations  as  the  
l im i ts  are  proportional  to  power,  as  
wel l  as  the  veri fi cati on  of 
parameters  such  as  PF,  CF,  THD 
and  POHC.  

Class  D  test  at  ~500  W  
wi th  h i gher order odd  
harmonics  that  pass  the  
POHC l im i t  

9  Phase  con trol l ed  l oad  of ~80  Ω  

wi th  conduction  from  20°  to  1 22°  
producing  2 , 4  A to  2 , 6  A r.m . s.  
Th i s  test  may a l so  be  done  wi th  

other l oads,  such  as  320  Ω  
resu l ti ng  i n  0 , 65  A and  1 35  W.  

PASS  I EC 61 000-3-2  Cl ass  D  evaluation  
wi th  odd  order harmon ics  H23  and  
H37  that  fa i l  the  1 00  %  l im i t,  bu t  
the  overal l  test  passes  because  of 
the  POHC a l l owance.  

Class  A test  at  ~650  W  
wi th  h i gher order odd  
harmonics  that  fa i l  the  
POHC l im i t  

1 0  Phase  con trol l ed  l oad  of ~80  Ω  

wi th  conduction  from  55°  to  59°  

and  l i near l oad  of ~80  Ω  
producing  3  A r.m . s.  

FAI L  I EC 61 000-3-2  Cl ass  A eval uation ,  
us i ng  a  l i near l oad  and  
superimposed  control l ed  l oad ,  
caus ing  odd  order harmon ics  from  
H25  to  H39  to  exceed  1 00  %  of the  
l im i ts  bu t  remain  below 1 50  % .  The  
POHC eval uati on  resu l ts  i n  a  fa i l ed  
test  resu l t.  Th i s  test  can  be  used  to  
veri fy the  i nstrument cal i bration  and  
dynam ic range.  

Class  A test  at  ~700  W  and  
1 1  A peak wi th  h i gher 
order odd  harmon ics  from  
H1 3  that  fa i l  the  l im i t  

1 1  Phase  con trol l ed  l oad  of 40  Ω  to  

44  Ω  wi th  conduction  from  66°  to  

72°  and  l i near l oad  of 80  Ω  to  

85  Ω  producing  ~3, 5  A r.m . s.  
and  ~1 1 , 5  A-peak,  and  a  power 
of 735  W.  

FAI L  Th i s  test  i s  main l y to  veri fy the  
dynam ic range  of both  the  power 
source  and  the  anal yzer,  and  to  
test  the  ana lyzer for proper 
rang i ng .  

Th i s  test  can  be  used  to  check the  
bandwi d th  and  cal i bration  of the  
harmon ic anal ys i s  system ,  wi th  
cu rrents  that  i ncl ude  a  substan tia l  
l i near cu rrent,  and  h i gher order 
harmon ics.   
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IEC  61 000-3-2  
Test class  and  resu l t  

Test 
no.  

 Description  of l oad  settings  
and  current 

Requ ired  
resu l t  

Comments  

Overal l  system  test  at  
1  480  W,  wi th  pu l se  l i ke  
peak curren t  of 30  A and  
harmonics  from  H5  to  H39  
that  fa i l  the  l im i t.  

1 2  Phase  con trol l ed  l oad  of ~32  Ω  

wi th  conduction  from  66°  to  72°  

and  l i near l oad  of 40  Ω  to  43  Ω  
producing  6, 4  A (r.m . s. )  and  
~1 7, 5  A (peak),  and  ~1  400  W.  

FAI L  Th i s  test  i s  an  “aggravated  vers ion ”  
of test  no.  1 1  and  i s  used  to  veri fy 
the  d ynam ic range  of both  the  
power source  and  the  anal yzer,  and  
to  test  the  analyzer for proper 
rang i ng .  

Th i s  test  i s  a l so  a  general  system  
stabi l i ty and  anal yzer d ynam ic 
response  test.  

NOTE  Al l  tests  per the  table  above  are  defi ned  for nom inal  230  V ±0, 23  V.  

 

6 General  test gu idel ines  

This  Techn ical  Report i s  i n tended  to  be  used  for the  veri fication  or cal ibration  (see  9 . 2  n ))  of 
harmon ic test systems  that are  obtained  wi th  the  cooperation  of the  manufacturer or the  user 
of the  test system,  i n  order to  ensure  that the  anal yzer or system  is  be ing  tested  wi th  the  
i n tended  use  of the  device.  

To  assist the  user i n  correctl y appl ying  the  anal yzer or test system ,  the  testi ng  au thori ty 
shou ld  obtain  detai l ed  accuracy speci fications  for the  anal yzer or test system,  i n  accordance  
wi th  i ts  i n tended  use.  That i s ,  the  user or testing  au thori ty shou ld  have  enough  in formation  to  
assure  that the  anal yzer or system  is  used  wi th in  i ts  vol tage,  curren t,  and  power range(s),  and  
wi th in  the  scope  of i ts  i n tended  testi ng  capabi l i ti es .  

7 Essential  information   

Essentia l  i n formation  shou ld  be  marked  on  the  device  and  supplementary i n formation  
provided  wi th  the  anal yzer or test system  package.  The  fol lowing  l i st  i s  provid ed  as  an  
example  of the  i n formation  requ i rements:  

a)  manufacturer’s  name or trade  mark;  

b)  product  name(s),  and/or model  number(s),  and  serial  number(s);  

c)  mains  frequency operating  range(s) ;  

d )  l im i ts  for vol tage  and  curren t measurement i npu ts  (absolu te  maxima for nom inal  i npu t 
ranges);  

e)  AC  vol tage  source  requ irements  ( i f the  AC  source  i s  part of the  evaluation) ;  

f)  AC  vol tage  source  ou tpu t  speci fications  ( i f the  AC source  i s  part of the  evaluation) ;  

g )  compl iance  wi th  appl icable  s tandards  (e . g .  I EC  61 000-4-7,  I EC 61 000-3-2,  I EC  61 000-3-
1 2) ;  

h )  anal yzer accuracy speci fi cations  for vol tage,  current,  power,  PF,  harmon ics;  

i )  ana l yzer accuracy for I
5
 phase  ang le  and  i n ter-harmon ics  grouping  i f supported  by the  

i nstrument;  

j )  AC power source  accuracy and  stabi l i ty speci fi cations  ( i f the  AC source  is  part of the  
evaluation) ;  

k)  software  and /or fi rmware  vers ion  of the  anal yzer and /or power source  and  other system  
components ;  

l )  i nsta l l ation  and  usage  i nstructions.  
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8 Test equipment and  accuracy 

Differen t types  of test equ ipment are  requ i red  for the  i nd ividual  tests  g iven  in  th is  report.  The  
test equ ipment accuracy shou ld  be  at l east a  factor of th ree  better than  the  accuracy 
speci fications  g iven  i n  the  i nd ividual  performance tests .  The  responsibi l i ty to  veri fy th is  
accuracy rests  wi th  the  testi ng  au thori ty,  bu t  the  methods,  procedures,  and  general  and  
management requ irements  speci fi ed  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  Clause  A.5  of th is  
document provide  a  marg in  of at l east 3 : 1  versus  estimated  uncertain ties  accord ing  to  
I EC 61 000-3-2 : 201 4,  6 . 2 . 3. 2 .  

NOTE  1  Th i s  uncertai n ty  rati o  i s  su ffi cien t  for the  tests  per th i s  Techn ica l  Report.  For cal i bration  pu rposes  of 
i nd i vi d ual  system  components ,  smal l er u ncertain ti es  and /or external  reference  equ ipmen t m ight  be  necessary.  
See  9. 2  n ) .  

I n  pri ncip le,  a l l  test  patterns  can  be  veri fied  wi th  read i l y avai lab le  h i gh  accuracy d ig i ta l  
vol tmeters,  curren t shun ts  and  d ig i tal  osci l l oscopes,  or data  acqu is i tion  systems  wi th  su fficien t 
resolu tion  and  memory.  Annex A provides  an  i n formative  set of gu ide l ines  for selecting  
appropriate  test  equ ipment to  veri fy that  the  i n tended  test  patterns  are  indeed  present.   

A su i table  method  to  generate  the  desi red  test patterns  i s  provided  as  Annex A to  th is  report,  
bu t the  testing  au thori ty may use  d i fferent  methods  to  generate  the  requ ired  vol tage,  current,  
and  harmon ics  test patterns,  provided  such  methods  are  accompan ied  by anal ysis  and /or 
measurements ,  fo l l owing  the  requ i rements  of I SO/IEC 1 7025,  that prove  the  su i tabi l i ty of such  
a l ternative  testi ng  patterns  and  methods.   

Furthermore,  the  test patterns  described  i n  th is  Techn ica l  Report and  i n  Annex A were  defined  
wi th  the  speci fic i n tent  to  veri fy complete  systems for harmon ic em ission  compl iance  test.  For 
the  purpose  of veri fying  j ust the  harmon ic analyzer,  i nclud ing  type  testing ,  a l ternative  
harmon ic test patterns  and  testing  equ ipment su i tes  have  a l ready been  developed ,  supported  
by detai led  anal ys is  and  veri fication ,  and  have  been  successfu l l y used .  Such  ca l ibrations  are  
avai l ab le  from  national  metrology i nsti tu tes  and  I SO/IEC  1 7025-accred i ted  ca l ibration  
l aboratories  worldwide.   

The  methods  in  th is  report complement the  veri fying  of i nd ividual  system  components,  such  
as  the  harmon ic analyzer,  wi th  the  veri fying  of the  enti re  system .  Laboratory comparisons  
have  shown  that the  AC power source  and  system  in tegration  can  have  s ign i ficant impact on  
the  resu l t  for I EC  61 000-3-2  and  I EC  61 000-3-1 2  testi ng .    

Thus  testing  j ust  the  harmon ic  anal yzer,  or system  components ,  to  be  compl ian t wi th  the  
appl icable  standards,  i s  no  guarantee  that correct pass/fai l  evaluations  accord ing  to  
IEC 61 000-3-2  or I EC  61 000-3-1 2  can  be  performed  when  the  certi fied  anal yzer and  other 
system  componen ts  are  i n tegrated  in to  a  complete  system  wi th  an  un tested  AC power source.  
General l y,  the  tests  i n  th is  Techn ical  Report are  designed  to  reveal  any d iscrepancy in  the  
harmon ics  test  system,  bu t the  tests  are  not i n tended  as  a  complete  type  test of every system  
component.  The  test patterns  are  not necessari l y i n tended  for type  testing ,  bu t cou ld  be  used  
to  test  speci fic  system  functions.  

There  are  a lso  more  demand ing  test patterns  poss ib le,  wh ich  wou ld  potentia l l y cause  
harmon ic  current  analysis  to  deviate  by more  than  the  to lerances  speci fied  in  I EC  61 000-4-7  
and  I EC  61 000-3-2: 201 4,  6 . 2 . 3.  Some examples  i nclude  a  test pattern  wi th  j ust a  bridge  
recti fi er fo l lowed  by a  resistive  load  wi th  a  l arge  para l l el  capaci tor,  having  very h igh  re lative  
curren t em issions.  Such  a  load  was  used  i n  round  robin  tests,  wh ich  u l timatel y resu l ted  i n  a  
more  real istic  repeatabi l i ty speci fication  i n  I EC  61 000-3-2  and  I EC  61 000-3-1 2 .  Th is  type  of 
demand ing  pattern  may resu l t  i n  the  Class  A harmon ics  l im i ts  of I EC  61 000-3-2  to  be  
exceeded  s ign i ficantl y.  There  i s  no  practica l  need  for any compl iance  test system  to  measure  
very h i gh  harmon ics  em issions  wi th  good  accuracy,  as  the  tested  product wou ld  have  

em issions  for example  at  4  t imes  the  appl icable  l im i ts,  and  even  deviations  of ±25  %  from  the  
i deal  va lues  wou ld  be  i rre levant as  the  product wou ld  sti l l  fa i l  the  l im i ts  of I EC 61 000-3-2 .  Test  
no.  1 1  cou ld  conceivabl y be  viewed  as  such  a  demand ing  test,  and  certain l y no.  1 2  i s  very 

Copyright International  Electrotechnical  Commission  



 – 1 6  – I EC TR 61 000-4-37:201 6  © I EC 201 6  

demand ing .  These  tests  therefore  m igh t show some larger deviations  from  the  tested  system ,  
and  they are  main l y i n tended  to  establ ish  the  l im i tations  of the  compl iance  test system,  and  
the  power source  i n  parti cu lar.   

For the  purpose  of veri fying  a  complete  system ,  i n tended  for compl iance  testing  i n  
accordance wi th  I EC  61 000-3-2  and/or I EC 61 000-3-1 2,  i t  i s  necessary to  fol l ow the  
procedures  outl ined  in  th is  report,  and  use  a  harmon ic generation  un i t (HGU)  or equ ivalent 
method  to  produce the  speci fied  current and  l oad ing  patterns  for the  AC power source,  as  
described  i n  Annex A.  I f the  tested  harmon ic analyzer or complete  system  has  provis ions  for 
ad j ustments,  or has  software-defined  ad j ustmen t rou tines,  several  of the  speci fied  curren t and  
load ing  patterns  may be  used  to  optim ize  the  anal yzer or system,  for both  overal l  measuring  
accuracy and  frequency response  up  to  2  kHz.  

NOTE  2  A test  up  to  9  kHz m ight  be  considered  i n  a  fu ture  vers ion  of th i s  techn ical  report,  after the  responsible  
worki ng  g roups  have  ag reed  on  em ission  l im i ts  i n  the  range  to  9  kHz.  

The load ing  patterns  for the  AC power source  are  not i n tended  to  be  an  exhaustive  test,  and  i t  
may reasonabl y be  expected  that some deviations  of harmon ic anal ys is  – especial l y for h igher 
order harmon ics  – wi l l  be  found  when  comparing  systems  wi th  d i fferent types  of power 
sources  and  anal yzers.  Such  d i fferences  need  to  be  wi th in  the  recommended  tolerances  of 
th is  report,  bu t – more  importan tl y – shou ld  not  affect the  correct pass/fai l  decis ion  of the 
system .  The  uncerta in ties  estimated  per I EC  61 000-3-2  were  establ ished  as  a  resu l t of the  
deviations  found  i n  round  robin  tests  i n  various  countries.  I EC  61 000-3-2  speci fies  

(1  %  + 1 0  mA)  for reproducibi l i ty (1  %  of the  average  value  of the  tota l  i npu t current taken  
over the  en ti re  test observation  period)  when  testing  the  same EUT on  d i fferen t test systems.  
I f the  veri fication  method  and  EUT are  closel y speci fied ,  the  user may opt for a  cl oser 
to lerance.  The  tolerances  recommended  for th is  Techn ica l  Report are  approximatel y 1 /3

rd
 of 

the  estimated  uncerta in ties  i n  I EC  61 000-3-2,  thereby provid ing  sufficien t marg in  to  prevent  
the  deviations  from  lead ing  to  false  PASS or false  FAIL  evaluations  by systems  tested  per th is  
Techn ical  Report.  I f the  harmon ic curren t generation  i s  sufficientl y accurate  an  even  h igher 
ratio  or marg in  can  be  obta ined .   

NOTE  3  I EC 61 000-3-2  s tates  that  d i fferences  i n  resu l ts  are  usual l y l ess  than  the  estimated  uncertain ty,  bu t  i n  
some  cases  h i gher val ues  can  occur.  

9  Detai led  test procedures  

9. 1  General  

Clause  9  provides  the  rationale  for each  test,  wi th  detai l s  for implementation  and  execution .   

9 . 2  Procedures  common  to  al l  tests   

The fol l owing  l i st  provides  procedures  common  to  a l l  tests:  

a)  Connect the  harmon ic analyzer,  AC power source,  and  harmon ic generator un i t  as  shown  
i n  F igu re  A. 1 .  

b)  Make  sure  a l l  i nput power requ irements  accord ing  to  the  manufacturer’s  speci fications  are  
met.  

c)  Record  software  and  fi rmware  vers ions  of a l l  s ystem  bu i l d ing  b locks.   

d )  Perform  the  procedures  speci fied  by the  system  manufacturer to  ensure  that the  system  
performance i s  i n  accordance  wi th  the  manufacturer’s  speci fications .  

e)  Ad just the  analyzer measurement setti ngs,  such  as  for the  se lected  test  vol tage  range  
(e. g .  1 00/1 20  V,  230  V,  50/60  Hz)  and  the  configuration  for s ing le  or 3 -phase  tests,  as  
requ i red  for the  speci fic  test system .  Note  that the  curren ts  and  spectra  are  frequency 
i ndependent,  i . e .  tests  may be  performed  at e i ther 50  Hz or 60  Hz.  

f)  Configure  the  AC power source  for the  speci fic  test.  

g )  Configure  the  harmon ics  generator/load  un i t  to  produce  the  des ired  test pattern .  
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h )  Perform  the  test and  compare  the  obtained  data  wi th  the  expected  resu l ts ,  as  speci fied  i n  
the  tables.  I f the  test reveals  errors  beyond  the  tolerances  speci fied  i n  th is  Techn ical  
Report,  and  the  anal yzer or test system  have  hardware  or software  ad justments,  several  
of the  tests  may be  used  to  make  the  ad justments  needed  to  m in im ize  the  errors  and  thus  
improve the  overal l  accuracy and  the  frequency response.   A subsequent test i s  then  
performed  to  document the  improved  resu l ts .   

i )  I f the  anal yzer or system  being  veri fi ed  is  su i table  for 3-phase  testi ng ,  the  tests  below 
shou ld  be  performed  for every phase.  The  testing  au thori ty may use  a  s i ng le  phase  l oad  
and  test each  phase  consecutivel y or use  a  3-phase  l oad  and  test a l l  th ree  phases  
s imu l taneousl y.  

j )  The  harmon ics  s imu lation  software  (spreadsheet,  see  Clause  1 0)  that i s  avai l ab le  for use  
wi th  th is  Techn ica l  Report,  may be  used  to  compute  the  expected  harmon ic spectrum  for 
l oads  that deviate  s l i ghtl y from  the  speci fi ed  va lues  i n  the  tables .  

k)  The  phase  ang les  for curren t conduction  and  curren t cu t-off need  to  be  set wi th  an  

accuracy of ±0, 2°  or better,  i n  order to  have  harmon ic current uncertain ties  l ess  than  

(0, 3  %  + 5 mA).  Loads  can  vary,  and  variations  of ±1  %  can  easi l y be  accommodated ,  and  
harmon ic curren ts  ad j usted  proportional l y.  Annex B  provides  detai l ed  error anal ys is  for 
variations  i n  phase  ang les  and/or l oads,  and  Tables  2  and  3  i l l ustrate  the  d i fference of a  
1  %  l oad  change.  Even  though  th is  i s  a  POHC test at  a lmost 3  times  the  l im i t,  care  is  
needed  to  m in im ize  phase  errors  for th is  test.  

NOTE  For the  dynam ic range  tests  no.  1 1 ,  a  s top  phase  error of +0, 2°  causes  an  error of ~20  mA for several  

of the  l ower order harmon ics,  thereby exceed i ng  the  (0 , 3  %  +5  mA)  above,  wh ich  computes  to  1 5  mA for th i s  
test.   

l )  I n  general ,  the  to lerances  speci fied  for a l l  tests  su ffice  for the  pu rpose  of testing  accord ing  
to  I EC 61 000-3-2 .  There  are  many anal yzers  avai l ab le  wi th  speci fications  that far exceed  
the  requ i red  accuracy for measuring  vol tages,  curren t,  active  power and  power factor 
accord ing  to  I EC 61 000-3-2 .  The  user of th is  Techn ical  Report  shou ld  a lways  cons ider 
what  uncertain ties  the  reference  equ ipment has  before  making  any ad j ustmen ts  to  the  
anal yzer and /or the  power source.  I f measured  parameters  deviate  from  the  des i red  
va lues,  i t  i s  of the  u tmost importance  to  determ ine  the  cause  for these  deviations.  Any 
ad j ustment made to  e i ther the  anal yzer,  power source,  impedance box,  or system  
in tegration  aspects,  can  i nval idate  prior cal i brations.  

m )  I n  the  i l l ustrations  for each  test,  the  harmon ic em issions  that fai l  the  1 00  %  l im i t of the  test  
cl ass  are  coloured  red .  

n )  I f the  reference  equ ipment,  such  as  the  test setup  described  i n  Annex A,  i s  traceabl y 
cal i brated  for al l  of the  quan ti ties  speci fi ed  i n  th is  Techn ica l  Report,  any of the  tests  no.  0  
to  9  can  be  used  for system  cal ibration .  Un less  the  system  being  cal i brated  is  i n tended  for 
a  speci fic test class  per I EC  61 000-3-2,  i t  i s  recommended  that the  user performs  at l east  
one  test  for each  test class,  A,  B ,  C  and  D.  

9.3  Test no.  0  

Test no.  0  cons ists  of appl ying  a  l i near l oad .  The  recommended  load  curren t i s  ~8  A.  Th is  i s  
j ust a  bas ic functional  test to  veri fy vol tages  and  curren ts,  and  to  veri fy that the  power source  
d istortion  i s  wi th in  perm i tted  to lerances.  I f th is  test i s  used  for the  veri fication  of the  bu i l t- i n  
harmon ic  vol tage  measurement of the  anal yzer,  then  an  external  i nstrument of sufficien t  
resolu tion  and  accuracy needs  to  be  used .  

9.4  Test no.  1  – General  Class  A test  at  ~540  W,  to  verify overal l  accuracy and  al low 
veri fication  of the  measuring  ranges  being  used  

9.4. 1  Rationale  

This  test i s  to  veri fy that the  i nstrument can  measure  harmon ic curren t and  r.m . s.  vo l tage  
accord ing  to  I EC 61 000-4-7,  wi th  the  requ i red  accuracy i n  the  range(s)  used  for th is  test.  
Many consumer products  have  powers  around  the  500  W range,  and  fa l l  i n to  C lass  A,  so  th is  
is  an  i n i ti al  test to  veri fy proper operation  at th is  power.   
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9.4.2  Test procedure   

The fol l owing  l i st  deta i l s  the  test procedure:  

a)  Fol low the  common  procedures  speci fied  i n  9 . 2 .  

b)  Configure  the  AC power source  for the  correct frequency and  vol tage  ( i . e .  230  V,  50  Hz).  

c)  Use  a  su i table  programmable  l oad ,  such  as  the  harmon ics  generation /load  un i t i l l ustrated  

i n  Annex A to  create  a  waveform  as  shown  i n  F igure  1 ,  wi th  a  conduction  ang le  from  45°  

to  1 35° .  The  expected  harmon ics  currents  for a  l oad  of 80 ,0  Ω  are  speci fied  i n  Table  2 .  I f 

the  l oad  i s  not exactl y 80, 0  Ω  ad j ust the  expected  spectrum  proportional l y (see  Tables  2  
and  3  as  examples) .  

d )  Veri fy that  the  measured  values  are  wi th in  ±(0, 3  %  I f  + 5  mA),  of the  actual l y generated  
harmon ic currents,  and  that the  vol tage  d istortion  meets  the  requ i rements  of I EC  61 000-3-
2: 201 4,  Clause  A. 2.  

e)  Repeat steps  c)  and  d )  for a  mains  frequency of 60  Hz i f the  system  is  a l so  speci fied  for 
use  at  60  Hz.  

 

Figure  1  – Waveform  and  harmon ics  versus  Class  A l im i ts  for test  1  

Table  2  – Harmon ics  and  data  for test  1  –  
General  Class  A with  harmon ics  that pass  the  l im its  

Linear l oad  res i stance  /  Ω  1 00  000  

Control l ed  l oad  res i stance  /  Ω  80 , 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 541 , 55  

Apparen t power /  VA 598, 55  

Power factor 0 , 905  

Current  crest  factor 1 , 563  

Current  THD  /  %  46, 3  

Parti a l  odd  harmon ic  cu rren t  (POHC)  /  A  0 , 204  

Current  /  A 2 , 602  

Peak curren t  /  A 4 , 069  

Start  phase  /  °  45  

Stop  phase  /  °  1 35  
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Harmonic number Ampl i tude /  A  L im i t  /  A  S tatus  % of l im i t  

1  2 , 3546     

2  0 , 000  0  1 , 080  PASS 0  

3  0 , 91 5  0  2 , 300  PASS 39, 8  

4  0 , 000  0  0 , 430  PASS 0  

5  0 , 305  0  1 , 1 40  PASS 26, 8  

6  0 , 000  0  0 , 300  PASS 0  

7  0 , 305  0  0 , 770  PASS 39, 6  

8  0 , 000  0  0 , 230  PASS 0  

9  0 , 1 83  0  0 , 400  PASS 45, 8  

1 0  0 , 000  0  0 , 1 84  PASS 0  

1 1  0 , 1 83  0  0 , 330  PASS 55, 5  

1 2  0 , 000  0  0 , 1 53  PASS 0  

1 3  0 , 1 30  8  0 , 21 0  PASS 62, 3  

1 4  0 , 000  0  0 , 1 31  PASS 0  

1 5  0 , 1 30  7  0 , 1 50  PASS 87, 2  

1 6  0 , 000  0  0 , 1 1 5  PASS 0  

1 7  0 , 1 01  7  0 , 1 32  PASS 76, 9  

1 8  0 , 000  0  0 , 1 02  PASS 0  

1 9  0 , 1 01  7  0 , 1 1 8  PASS 85, 9  

20  0 , 000  0  0 , 092  PASS 0  

21  0 , 083  3  0 , 1 07  PASS 77, 7  

22  0 , 000  0  0 , 084  PASS 0  

23  0 , 083  2  0 , 098  PASS 85, 1  

24  0 , 000  0  0 , 077  PASS 0  

25  0 , 070  5  0 , 090  PASS 78, 3  

26  0 , 000  0  0 , 071  PASS 0  

27  0 , 070  4  0 , 083  PASS 84, 5  

28  0 , 000  0  0 , 066  PASS 0  

29  0 , 061  1  0 , 078  PASS 78, 8  

30  0 , 000  0  0 , 061  PASS 0  

31  0 , 061  1  0 , 073  PASS 84, 1  

32  0 , 000  0  0 , 058  PASS 0  

33  0 , 053  9  0 , 068  PASS 79, 1  

34  0 , 000  0  0 , 054  PASS 0  

35  0 , 053  9  0 , 064  PASS 83, 9  

36  0 , 000  0  0 , 051  PASS 0  

37  0 , 048  3  0 , 061  PASS 79, 4  

38  0 , 000  0  0 , 048  PASS 0  

39  0 , 048  3  0 , 058  PASS 83, 6  

40  0 , 000  0  0 , 046  PASS 0  

 

The data  i n  Table  2  i s  computed  for exactl y 230, 0  V and  for an  80, 0  Ω  phase  control led  load  
(45°  to  1 35°) .  I f the  load  i s  s l ightl y d i fferen t,  the  expected  spectrum  is  ad justed  accord ing l y 

(see  Table  3  for 80, 8  Ω) .  Except for the  fundamental  and  the  3 rd  harmon ic,  a l l  d i fferences  are  

Copyright International  Electrotechnical  Commission  



 – 20  – I EC TR 61 000-4-37:201 6  © I EC 201 6  

wi th in  a  few mA for the  80, 8  Ω  versus  80, 0  Ω .  Even  for the  3 rd  harmon ic,  the  d i fference  is  the  
expected  1  %,  i . e .  9  mA.  D i fferences  i n  harmon ic percentage  versus  l im i ts  are  a lso  l ess  than  
1  %.  Thus,  the  expected  harmon ics  are  not very sens i ti ve  for l oad  changes.  Annex B  detai l s  
th is  further.  
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Table  3  – Spectrum  of test  1  for 80,8  Ω  

Harmonic number Ampl i tude /  A  L im i t  /  A  S tatus  % of l im i t  

1  2 , 331  3     

2  0 , 000  0  1 , 080  PASS 0  

3  0 , 905  9  2 , 300  PASS 39, 4  

4  0 , 000  0  0 , 430  PASS 0  

5  0 , 302  0  1 , 1 40  PASS 26, 5  

6  0 , 000  0  0 , 300  PASS 0  

7  0 , 302  0  0 , 770  PASS 39, 2  

8  0 , 000  0  0 , 230  PASS 0  

9  0 , 1 81  2  0 , 400  PASS 45, 3  

1 0  0 , 000  0  0 , 1 84  PASS 0  

1 1  0 , 1 81  2  0 , 330  PASS 54, 9  

1 2  0 , 000  0  0 , 1 53  PASS 0  

1 3  0 , 1 29  5  0 , 21 0  PASS 61 , 7  

1 4  0 , 000  0  0 , 1 31  PASS 0  

1 5  0 , 1 29  4  0 , 1 50  PASS 86, 3  

1 6  0 , 000  0  0 , 1 1 5  PASS 0  

1 7  0 , 1 00  7  0 , 1 32  PASS 76, 1  

1 8  0 , 000  0  0 , 1 02  PASS 0  

1 9  0 , 1 00  7  0 , 1 1 8  PASS 85, 0  

20  0 , 000  0  0 , 092  PASS 0  

21  0 , 082  4  0 , 1 07  PASS 76, 9  

22  0 , 000  0  0 , 084  PASS 0  

23  0 , 082  4  0 , 098  PASS 84, 2  

24  0 , 000  0  0 , 077  PASS 0  

25  0 , 069  8  0 , 090  PASS 77, 5  

26  0 , 000  0  0 , 071  PASS 0  

27  0 , 069  7  0 , 083  PASS 83, 7  

28  0 , 000  0  0 , 066  PASS 0  

29  0 , 060  5  0 , 078  PASS 78, 0  

30  0 , 000  0  0 , 061  PASS 0  

31  0 , 060  5  0 , 073  PASS 83, 3  

32  0 , 000  0  0 , 058  PASS 0  

33  0 , 053  4  0 , 068  PASS 78, 3  

34  0 , 000  0  0 , 054  PASS 0  

35  0 , 053  4  0 , 064  PASS 83, 0  

36  0 , 000  0  0 , 051  PASS 0  

37  0 , 047  8  0 , 061  PASS 78, 6  

38  0 , 000  0  0 , 048  PASS 0  

39  0 , 047  8  0 , 058  PASS 82, 8  

40  0 , 000  0  0 , 046  PASS 0  
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9.5  Test no.  2  – C lass  A test at  ~700  W wi th  harmonics  fai l ing  the Class  A l im i ts  

9.5. 1  Rationale  

Th is  test i s  to  veri fy that the  i nstrument properl y determ ines  a  C lass  A fa i l u re  at approximatel y 
700  W,  for odd  harmon ics  1 5  to  39,  and  measures  curren t and  vol tages  wi th  the  requ i red  
accuracy at th is  power.   

9.5.2  Test procedure  

The fol lowing  l i st  detai ls  the  test procedure :  

a)  Fol low the  steps  ou tl ined  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  current read ing  of the  harmon ic  anal yzer and  veri fy that 

they are  wi th in  ±1  %  of thei r ca lcu lated  “ ideal ”  va lues,  and  that the  power source  vol tage  
d istortion  meets  the  requ i rements  of I EC  61 000-3-2: 201 4,  C lause  A. 2.   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t  i l l ustrated  
i n  Annex A to  create  a  waveform/spectrum  as  shown  i n  F igure  2 ,  wi th  a  conduction  ang le  

from  45°  to  1 35° .  The  expected  harmon ics  currents  for a  l oad  of 61  Ω  are  speci fied  i n  

Table  4 .  I f the  l oad  i s  not  exactl y 61  Ω  ad j ust the  expected  spectrum  proportional l y.  

e)  Veri fy that the  measured  values  are  wi th in  ±(0 , 3  %  I f  +5 mA),  of the  actual l y generated  
harmon ic  curren ts.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

Th is  test may be  repeated  wi th  C lass  B  l im i ts ,  and  shou ld  then  resu l t i n  a  “PASS”  because  the  
harmon ics  are  wel l  be low 1 50  %  of C lass  A,  i . e .  wel l  be low Class  B  l im i ts .  The  overal l  vol tage,  
curren t,  and  the  spectrum  of th is  test 2  may a lso  be  used  to  cal ibrate  or ad j ust  the  frequency 
response of the  anal yzer,  i f the  un i t  has  such  ad justments  avai lable.  

 

Figure 2  – Waveform  and  spectrum  for test  2  
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Table  4  – Spectrum  and  data  of test  2  for 61  Ω ,  at  45°  to  1 35°  

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1 00  000  

Control  l oad  res i stance  /  Ω  61 , 0  

System  vol tage  /  V  230, 00  

Peak vol tage  /  V  325, 27  

Power /  W 71 0, 06  

Apparent  power /  VA 784, 84  

Power factor 0 , 905  

Current  crest  factor 1 , 563  

Current  THD /  %  46, 3  

Current  THC /  A 1 , 429  

Parti a l  odd  harmon ic current  (POHC)  /  A  0 , 268  

Current  /  A 3 , 41 2  

Peak curren t  /  A 5 , 335  

Start  phase  /  °  45  

Stop  phase  /  °  1 35  

 

Harmonic number Ampl i tude /  A  

1  3 , 087  2  

2  0 , 000  1  

3  1 , 200  0  

4  0 , 000  0  

5  0 , 400  0  

6  0 , 000  1  

7  0 , 400  0  

8  0 , 000  0  

9  0 , 240  1  

1 0  0 , 000  1  

1 1  0 , 240  0  

1 2  0 , 000  0  

1 3  0 , 1 71  5  

1 4  0 , 000  1  

1 5  0 , 1 71  5  

1 6  0 , 000  0  

1 7  0 , 1 33  4  

1 8  0 , 0001  

1 9  0 , 1 33  4  

20  0 , 000  0  

21  0 , 1 09  2  

22  0 , 000  1  

23  0 , 1 09  2  

24  0 , 000  0  

25  0 , 092  4  
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Harmonic number Ampl i tude  /  A  

26  0 , 000  1  

27  0 , 092  4  

28  0 , 000  0  

29  0 , 080  1  

30  0 , 000  1  

31  0 , 080  1  

32  0 , 000  0  

33  0 , 070  7  

34  0 , 000  1  

35  0 , 070  7  

36  0 , 000  0  

37  0 , 063  3  

38  0 , 000  1  

39  0 , 063  3  

40  0 , 000  0  

 

9.6  Test no.  3a  – C lass  A at  ~3  000  W with  h igher orders  fai l ing  C lass  A l imi ts  

9.6. 1  Rationale   

Th is  test i s  to  veri fy that  the  power anal yzer can  measure  h igher order harmon ics  accuratel y 
i n  the  presence of substantia l  fundamental  currents,  as  wel l  as  measure  power and  the  power 
factor (PF)  wi th  the  requ i red  accuracy.  I f the  anal yzer or power source  speci fications  are  
l im i ted  to  currents  l ess  than  those  requ i red  for th is  test,  th is  test may be  operated  at the  
maximum  obtainable  power for the  AC power source.  The  waveform  and  spectrum  are  shown  
i n  F igure  3 ,  wh ich  shows  the  Class  A l im i ts .  

9 . 6.2  Test procedure   

The fol l owing  l i st  detai l s  the  test procedure:   

a)  Fol low the  common  procedure  s teps  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  current read ing  of the  harmon ic  anal yzer and  veri fy that 

they are  wi th in  ±  1  %  of the ir i deal  va lues,  and  that the  vol tage  d istortion  va lues  meet 
I EC 61 000-3-2 : 201 4,  C lause  A. 2.   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A to  create  a  waveform/spectrum  as  shown  be low,  wi th  a  conduction  ang le  from  

4°  to  1 66° .  The  expected  harmon ics  curren ts  for a  l oad  of 1 7  Ω  a re  speci fied  i n  Table  5 .  I f 

the  l oad  is  not exactl y 1 7  Ω  ad j ust the  expected  spectrum  proportional l y.  

e)  Veri fy that the  measured  values  are  wi th in  ±(0, 3  %  I f  +  5  mA),  of the  actual l y generated  
harmon ic  curren ts.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

g )  Veri fy that the  measured  power value  is  wi th in  ±1  % ,  of the  actual l y generated  powers.  

h )  Perform  the  test and  compare  the  obta ined  data  wi th  the  expected  resu l ts ,  as  speci fied  i n  
the  tab les .  I f the  test reveals  errors  beyond  the  tolerances  speci fied  i n  th is  Techn ica l  
Report,  and  the  anal yzer or test system  have  hardware  or software  ad justments,  several  
of the  tests  may be  used  to  make the  ad justments  needed  to  m in im i ze  the  errors  and  thus  
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improve the  overal l  accuracy and  the  frequency response.   A subsequen t test i s  then  
performed  to  document the  improved  resu l ts .  

 

Figure  3  – Waveform  and  spectrum  for tests  3a and  3b   

Table  5  – Spectrum  and  data  of test  3  for 1 7  Ω ,  at  4°  to  1 66°  

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1 00  000  

Control  l oad  res i stance  /  Ω  1 7 , 0  

System  vol tage  /  V  230, 00  

Peak vol tage  /  V  325, 27  

Power /  W 3  1 02, 28  

Apparent  power /  VA 3  1 07, 03  

Power factor 0 , 998  

Current  crest  factor 1 , 41 6  

Current  THD /  %  5, 0  

Current  THC /  A 0 , 670  

Parti a l  odd  harmon ic current  (POHC)  /  A  0 , 237  

Current  /  A 1 3, 509  

Peak curren t  /  A 1 9, 1 34  

Start  phase  /  °  4  

S top  phase  /  °  1 66  

 

Harmonic number Ampl i tude /  A  

1  1 3, 490  1  

2  0 , 000  0  

3  0 , 230  9  

4  0 , 000  0  

5  0 , 231  5  

6  0 , 000  0  

7  0 , 230  8  

8  0 , 000  0  

9  0 , 227  6  

1 0  0 , 000  0  

1 1  0 , 220  6  

1 2  0 , 000  0  
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Harmonic number Ampl i tude  /  A  

1 3  0 , 209  1  

1 4  0 , 000  0  

1 5  0 , 1 92  8  

1 6  0 , 000  0  

1 7  0 , 1 72  1  

1 8  0 , 000  0  

1 9  0 , 1 47  7  

20  0 , 000  0  

21  0 , 1 21  2  

22  0 , 000  0  

23  0 , 094  6  

24  0 , 000  0  

25  0 , 070  8  

26  0 , 000  0  

27  0 , 054  3  

28  0 , 000  0  

29  0 , 049  8  

30  0 , 000  0  

31  0 , 055  2  

32  0 , 000  0  

33  0 , 063  5  

34  0 , 000  0  

35  0 , 069  9  

36  0 , 000  0  

37  0 , 072  2  

38  0 , 000  0  

39  0 , 070  0  

40  0 , 000  0  

 

9.7  Test no.  3b  – Class  B  at  ~3  000  W wi th  h igher orders  passing  Class  B  l imits  

9.7. 1  Rationale   

Th is  test wi th  a  l oad  s im i lar to  test 3a  i s  to  veri fy that the  anal yzer evaluates  the  resu l ts  
correctl y versus  Class  B  l im i ts.  I f the  anal yzer or power source  speci fications  are  l im i ted  to  
curren ts  l ess  than  those  requ i red  for th is  test,  th is  test may be  operated  at the  maximum  
obtainable  power for the  AC power source.  The  waveform  is  shown  i n  F igu re  3  of the  previous  
test no  3a,  and  the  “zoomed”  spectrum  is  shown  i n  F igure  4 ,  showing  the  Class  B  l im i ts.  

9 . 7.2  Test procedure  

The  fo l l owing  l i st  detai ls  the  test procedure:  

a)  Fol low the  common  procedure  s teps  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic ana l yzer and  veri fy i t  i s  

wi th in  ±1  %  of expected  values,  and  that the  vol tage  d istortion  values  meet  of 
I EC 61 000-3-2 : 201 4,  C lause  A. 2.  
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d )  E i ther use  a  su i table  programmable  load  or the  harmon ics  generation/load  un i t  i l l ustrated  
i n  Annex A to  create  a  waveform/spectrum  as  shown  be low,  wi th  a  conduction  ang le  from  

4°  to  1 66° .  The  expected  harmon ics  curren ts  for a  l oad  of 1 7, 2  Ω  are  speci fied  i n  Table  6 .  

I f the  load  i s  not  exactl y 1 7 , 2  Ω  ad j ust  the  expected  spectrum  proportional l y.  

e)  Veri fy that the  measured  va lues  are  wi th in  ±(0 , 3%  I f  +  5  mA)  of the  actual l y generated  
harmon ic  curren ts  ( i . e .  expected  or i deal  va lues) .  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

g )  Veri fy that the  measured  power value  is  wi th in  ±1  % ,  of the  actual l y generated  powers.  

h )  Perform  the  test and  compare  the  obtained  data  wi th  the  expected  resu l ts ,  as  speci fied  i n  
the  tables  fol lowing  the  waveform  and  spectrum  graph.  I f the  test reveals  errors  beyond  
the  to lerances  speci fied  i n  th is  Techn ical  Report,  and  the  anal yzer or test system  have  
hardware  or software  ad justments ,  several  of the  tests  may be  used  to  make the  
ad j ustments  needed  to  m in im ize  the  errors  and  thus  improve the  overal l  accuracy and  the  
frequency response.   A subsequent test  i s  then  performed  to  document the  improved  
resu l ts.  

 

NOTE  The  waveform  i s  i den ti cal  to  test  3a.  

Figure 4 – Spectrum  for test  3b  passing  Class  B  

Table  6  – Spectrum  and  data  of test  3b  for 1 7  Ω ,  at  4°  to  1 66°  

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1 00  000  

Control l ed  l oad  res i stance  /  Ω  1 7 , 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 3  1 02, 28  

Apparent  power /  VA 3  1 07, 03  

Power factor 0 , 998  

Curren t  crest  factor 1 , 41 6  

Curren t  THD  /  %  5, 0  

THC /  A 0 , 670  

Parti a l  odd  harmon ic current  (POHC)  /  A  0 , 237  

Curren t  /  A 1 3, 509  

Peak current  /  A 1 9, 1 34  

S tart  phase  /  °  4  

S top  phase  /  °  1 66  
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Harmonic number Ampl i tude  /  A  

1  1 3, 490  1  

2  0 , 000  0  

3  0 , 230  9  

4  0 , 000  0  

5  0 , 231  5  

6  0 , 000  0  

7  0 , 230  8  

8  0 , 000  0  

9  0 , 227  6  

1 0  0 , 000  0  

1 1  0 , 220  6  

1 2  0 , 000  0  

1 3  0 , 209  1  

1 4  0 , 000  0  

1 5  0 , 1 92  8  

1 6  0 , 000  0  

1 7  0 , 1 72  1  

1 8  0 , 000  0  

1 9  0 , 1 47  7  

20  0 , 000  0  

21  0 , 1 21  2  

22  0 , 000  0  

23  0 , 094  6  

24  0 , 000  0  

25  0 , 070  8  

26  0 , 000  0  

27  0 , 054  3  

28  0 , 000  0  

29  0 , 049  8  

30  0 , 000  0  

31  0 , 055  2  

32  0 , 000  0  

33  0 , 063  5  

34  0 , 000  0  

35  0 , 069  9  

36  0 , 000  0  

37  0 , 072  2  

38  0 , 000  0  

39  0 , 070  0  

40  0 , 000  0  
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9.8  Test no.  4  – C lass  B  at  ~1  000  W with  harmon ics  that  fai l  C lass  B  l imi ts  

9.8. 1  Rationale  

This  test i s  wi th  a  41  Ω  l oad  and  a  smal ler conduction  ang le ,  to  veri fy harmon ics  that  fa i l  
Class  B  l im i ts.  The  waveform  and  spectrum  are  shown  i n  F igure  5.  

9.8.2  Test procedure  

The  fo l l owing  l i st  detai ls  the  test procedure:   

a)  Fol low the  common  procedure  s teps  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic ana l yzer and  veri fy i t  i s  

wi th in  ±1  %  of the  expected  value,  and  that the  vol tage  d istortion  values  meet I EC 61 000-
3-2 : 201 4,  C lause  A. 2.   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A to  create  a  waveform  and  spectrum  as  shown  i n  F igure  5 ,  wi th  a  conduction  

ang le  from  60°  to  1 55° .  The  expected  harmon ics  currents  for a  load  of 41  Ω  are  speci fi ed  

i n  Table  7 .  I f the  l oad  i s  not exactl y 41  Ω  ad j ust the  expected  spectrum  proportional l y.  

e)  Veri fy that the  measured  values  are  wi th in  ±(0, 3%  I f  +  5  mA)  of the  actual l y generated ,  i . e .  
i deal ,  harmon ic  currents.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

g )  Veri fy that the  measured  power value  i s  wi th in  ±1  %,  of the  actual l y generated  powers.  

h )  I f the  system  has  ad j ustments  avai l able,  e i ther via  hardware  or software,  the  vol tage,  
curren t,  power,  and  – i f appl icable  – PF  values  of th is  test may be  used  to  cal i brate/ad just 
the  anal yzer.  

NOTE  Harmon ics  no.  1 7 ,  2 1 ,  23,  and  25  fai l  by a  good  marg i n ,  wh i l e  other odd  harmon ics  are  cl ose  to  or j ust  over 
the  l im i ts  for th i s  Class  B  test.  

 

Figure 5  – Waveform  and  spectrum  for test  4  
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Table  7  – Spectrum  and  data  for test 4  for 41  Ω ,  at  60°  to  1 55°   

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1 00  000  

Control l ed  l oad  res i stance  /  Ω  41 , 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 1  01 6, 74  

Apparent  power /  VA 1  1 45, 44  

Power factor 0 , 888  

Current  crest  factor 1 , 593  

Current  THD /  %  44, 5  

THC /  A 2 , 020  

Parti a l  odd  harmon ic  cu rren t  (POHC)  /  A  0 , 402  

Current  /  A 4 , 980  

Peak curren t  /  A 7 , 935  

Start  phase  /  °  60  

Stop  phase  /  °  1 55  

 

Harmonic number Ampl i tude /  A  

1  4 , 535  7  

2  0 , 000  0  

3  1 , 655  7  

4  0 , 000  0  

5  0 , 706  2  

6  0 , 000  0  

7  0 , 460  1  

8  0 , 000  0  

9  0 , 456  3  

1 0  0 , 000  0  

1 1  0 , 220  7  

1 2  0 , 000  0  

1 3  0 , 341  3  

1 4  0 , 000  0  

1 5  0 , 1 24  0  

1 6  0 , 000  0  

1 7  0 , 270  7  

1 8  0 , 000  0  

1 9  0 , 083  2  

20  0 , 000  0  

21  0 , 220  2  

22  0 , 000  0  

23  0 , 073  6  

24  0 , 000  0  

25  0 , 1 80  5  
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Harmonic number Ampl i tude  /  A  

26  0 , 000  0  

27  0 , 077  7  

28  0 , 000  0  

29  0 , 1 47  6  

30  0 , 000  0  

31  0 , 084  5  

32  0 , 000  0  

33  0 , 1 1 9  3  

34  0 , 000  0  

35  0 , 090  1  

36  0 , 000  0  

37  0 , 094  7  

38  0 , 000  0  

39  0 , 093  3  

40  0 , 000  0  

 

9.9  Test no.  5  – C lass  C  at  ~640  W wi th  harmon ics  that  just  pass  the  l im its  

9.9. 1  Rationale  

Th is  test veri fi es  that wi th  an  80  Ω  l oad  and  speci fied  conduction  ang les,  the  system  
determ ines  a  'pass  Class  C' .  The  waveform  and  spectrum  are  shown  in  F igure  6.   

NOTE  The  Class  C  l im i ts  are  proportional  to  cu rren t.  Therefore,  for systems  wi th  a  smal l er power source,  or an  

anal yzer wi th  l im i ted  cu rrent  capabi l i ty,  th i s  test  no.  5  can  be  run  at  a  h i gher l oad  res i stance,  such  as  ~1 60  Ω  or 

even  320  Ω ,  wi thout  affecti ng  the  pass/fai l  resu l t  or the  harmon ic cu rren t  percentages  versus  the  l im i ts .  The  
harmon ics  are  proporti onal l y l ower for a  h i gher l oad  res i stance.  

9.9.2  Test procedure  

The fo l l owing  l i st  deta i ls  the  test procedure:  

a)  Fol low the  common  procedure  s teps  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic ana l yzer and  veri fy i t  i s  

wi th in  ±1  %  of the  expected  value,  and  that  the  vol tage  d istortion  values  meet 
I EC 61 000-3-2 : 201 4,  C lause  A. 2.   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A,  to  create  a  waveform/spectrum  as  shown  be low,  wi th  a  conduction  ang le  from  

7°  to  1 48° .  The  expected  harmon ic currents  for a  l oad  of 80  Ω  are  speci fi ed  in  Table  8 .  I f 

the  l oad  i s  not exactl y 80  Ω ,  ad j ust  the  expected  spectrum  (and  l im i ts)  proportional l y.  

e)  Veri fy that the  measured  va lues  are  wi th in  ±(0 , 3  %  I f  +  5  mA),  of the  actual l y generated  
harmon ic curren t curren ts.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

g )  Veri fy that the  measured  power value  and  the  overal l  current are  wi th in  ±1  %  of the  

actual l y generated  “ i deal ”  va lues ,  and  that the  PF  is  wi th in  1  %  ±  0 , 01  of the  actual l y 
generated  value.  
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Figure  6  – Waveform  and  spectrum  for test  5  passing  C lass  C  l im its  

Table  8  – Spectrum  and  data  of test  5  for 80  Ω ,  at  7°  to  1 48°   

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1  000  000  

Control l ed  l oad  res i stance  /  Ω  80, 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 638, 1 3  

Apparent  power /  VA 649, 78  

Power factor 0 , 982  

Current  crest  factor 1 , 440  

Current  THD /  %  1 6, 5  

THC /  A 0 , 459  

Parti a l  odd  harmon ic  cu rren t  (POHC)  /  A  0 , 1 09  

Current  /  A 2 , 825  

Peak curren t  /  A 4 , 069  

Start  phase  /  °  7  

S top  phase  /  °  1 48  

 

Harmonic number Ampl i tude /  A  

1  2 , 785  4  

2  0 , 000  0  

3  0 , 256  9  

4  0 , 000  0  

5  0 , 233  0  

6  0 , 000  0  

7  0 , 1 91  9  

8  0 , 000  0  

9  0 , 1 37  4  

1 0  0 , 000  0  

1 1  0 , 083  0  

1 2  0 , 000  0  

1 3  0 , 056  1  

1 4  0 , 000  0  

IEC  

Copyright International  Electrotechnical  Commission  



I EC TR 61 000-4-37:201 6  © I EC 201 6  – 33  –  

Harmonic number Ampl i tude  /  A  

1 5  0 , 065  0  

1 6  0 , 000  0  

1 7  0 , 071  0  

1 8  0 , 000  0  

1 9  0 , 060  5  

20  0 , 000  0  

21  0 , 041  2  

22  0 , 000  0  

23  0 , 033  3  

24  0 , 000  0  

25  0 , 041  4  

26  0 , 000  0  

27  0 , 044  7  

28  0 , 000  0  

29  0 , 037  1  

30  0 , 000  0  

31  0 , 025  7  

32  0 , 000  0  

33  0 , 025  2  

34  0 , 000  0  

35  0 , 031  8  

36  0 , 000  0  

37  0 , 032  2  

38  0 , 000  0  

39  0 , 025  1  

40  0 , 000  0  

 

9. 1 0  Test no.  6  – C lass  C  at  ~560  W with  harmon ics  that  fai l  the  l imits  

9. 1 0. 1  Rationale  

This  test veri fies  that wi th  an  80  Ω  l oad  and  speci fi ed  conduction  ang les,  the  system  
determ ines  a  “fai l  C lass  C”.  The  waveform  and  spectrum  are  shown  i n  F igure  7.   

NOTE  The  Class  C  l im i ts  are  proportional  to  cu rren t.  Therefore,  for systems  wi th  a  smal l er power source,  or an  

anal yzer wi th  l im i ted  cu rrent  capabi l i ty,  th i s  test  no.  6  can  be  run  at  a  h i gher l oad  res i stance,  such  as  1 60  Ω  or 

even  320  Ω ,  wi thout  affecti ng  the  pass/fai l  resu l t  or the  harmon ic cu rren t  percentages  versus  the  l im i ts .  The  
harmon ics  are  proporti onal l y l ower for a  h i gher l oad  res i stance.  

9. 1 0.2  Test procedure  

The fol l owing  l i st  deta i l s  the  test procedure:   

a)  Fol low the  common  procedure  s teps  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±0,23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ings  of the  harmon ic ana lyzer and  veri fy they 

are  wi th in  ±1  %  of the  expected  values,  such  as  those  speci fied  in  Table  9  and  that the  
vol tage  d istortion  values  meet I EC  61 000-3-2 : 201 4,  C lause  A. 2.  
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d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A,  to  create  a  waveform/spectrum  as  shown  below,  wi th  a  conduction  ang le  from  

54°  to  1 60° .  The  expected  harmon ics  values  for a  l oad  of 80  Ω  are  speci fi ed  i n  Table  8.  I f 

the  l oad  is  not exactl y 80  Ω  ad j ust the  expected  spectrum  (and  l im i ts)  proportional l y.  

e)  Veri fy that  the  measured  values  are  wi th in  ±(0 , 3%  I f  +5  mA),  of the  actual l y generated  
harmon ic curren ts.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

g )  Veri fy that the  measured  power and  cu rrent  values  are  wi th in  ±1  %  of the  actual l y 

generated  values,  and  that  the  PF  i s  wi th in  1  %  ±0, 01  of the  actual l y generated  va lue.  

 

Figure 7  – Waveform  and  spectrum  for test  6  fai l i ng  Class  C  l im i ts  

Table  9  – Spectrum  and  data  of test  6  for 80  Ω ,  at  54°  to  1 60°  

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1 00  000  

Control l ed  l oad  res i stance  /  Ω  80 , 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 557, 86  

Apparent  power /  VA 607, 51  

Power factor 0 , 91 8  

Current  crest  factor 1 , 540  

Current  THD /  %  36, 6  

THC /  A 0 , 905  

Parti a l  odd -order cu rren t  (POHC)  /  A 0 , 1 77  

Current  /  A 2 , 641  

Peak curren t  /  A 4 , 069  

Start  phase  /  °  54  

Stop  phase  /  °  1 60  

 

Harm  no.  Ampl i tude  /  A  

1  2 , 475  0  

2  0 , 000  0  

3  0 , 689  9  

4  0 , 000  0  

5  0 , 427  4  

6  0 , 000  0  
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Harm  no.  Ampl i tude /  A  

7  0, 1 20  0  

8  0 , 000  0  

9  0 , 231  4  

1 0  0 , 000  0  

1 1  0 , 1 28  4  

1 2  0 , 000  0  

1 3  0 , 1 1 2  5  

1 4  0 , 000  0  

1 5  0 , 1 34  3  

1 6  0 , 000  0  

1 7  0 , 050  7  

1 8  0 , 000  0  

1 9  0 , 1 08  8  

20  0 , 000  0  

21  0 , 061  6  

22  0 , 000  0  

23  0 , 068  6  

24  0 , 000  0  

25  0 , 076  9  

26  0 , 000  0  

27  0 , 034  3  

28  0 , 000  0  

29  0 , 072  4  

30  0 , 000  0  

31  0 , 036  5  

32  0 , 000  0  

33  0 , 052  4  

34  0 , 000  0  

35  0 , 051  4  

36  0 , 000  0  

37  0 , 028  5  

38  0 , 000  0  

39  0 , 054  1  

40  0 , 000  0  

 

9. 1 1  Test no.  7  – C lass  D  at  ~540  W with  harmon ics  that  pass  the  l im its   

9. 1 1 . 1  Rationale   

Th is  test  i s  wi th  an  80  Ω  l oad  and  conduction  ang les,  caus ing  harmon ics  that pass  Class  D .  
The  spectrum  is  as  shown  i n  F igure  8.  

9. 1 1 .2  Test procedure  

The fol lowing  l i st  detai l s  the  test procedure:  

a)  Fol low the  common  procedure  steps  i n  9 . 2 .  
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b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic anal yzer and  veri fy i t  i s  

wi th in  ±1  %  of the  expected  values,  such  as  speci fi ed  i n  Table  1 0 ,  and  that the  vol tage  
d istortion  values  meet I EC 61 000-3-2: 201 4 ,  C lause  A.2 .   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A,  to  create  a  waveform/spectrum  as  shown  i n  F igure  8 ,  wi th  a  conduction  ang le  

from  45°  to  1 35° .  The  expected  harmon ics  currents  for a  l oad  of 80  Ω  a re  speci fied  i n  

Table  8 .  I f the  l oad  is  not  exactl y 80  Ω  ad just the  expected  spectrum  proportional l y.  

e)  Veri fy that the  measured  va lues  are  wi th in  ±(0 , 3%  I f  +  5  mA)  of the  actual l y generated  
harmon ic  curren t va lues.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

g )  Veri fy that the  measured  power value  i s  wi th in  ±1  %,  of the  actual l y generated  powers,  

and  that the  PF  i s  wi th in  1  %  ±0, 01  of the  actual l y generated  value.  

NOTE  The  Cl ass  D  l im i ts  are  proportional  to  power.  Th i s  test  presents  a  l oad  at  the  h i gher end  of Class  D  
Therefore,  for systems  wi th  a  smal l er power sou rce,  or an  anal yzer wi th  l im i ted  current  capabi l i ty,  th i s  test  no.  7  

can  be  run  wi th  a  h i gher l oad  res i stance,  such  as  1 60  Ω ,  or 320  Ω  (1 36  W).  Loads  bel ow 75  W are  ou ts i de  of the  
Class  D  power range.  Of cou rse,  the  harmon ics  are  proportional l y l ower for a  h i gher l oad  res i stance.  

 

Figure 8  – Spectrum  of test 7  just passing  C lass  D  

Table  1 0  – Spectrum  and  data  of test  7  for 80  Ω ,  at  45°  to  1 35°  

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1 00  000  

Control l ed  l oad  res i stance  /  Ω  80 , 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 541 , 55  

Apparent  power /  VA 598, 55  

Power factor 0 , 905  

Curren t  crest  factor 1 , 563  

Curren t  THD  /  %  46, 3  

THC /  A 1 , 089  

Parti a l  odd  order current  (POHC)  /  A 0 , 204  

Curren t  /  A 2 , 602  

Peak current  /  A 4 , 069  

Start  phase  /  °  45  

S top  phase  /  °  1 35  
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Harmonic number Ampl i tude  /  A  

1  2 , 354  6  

2  0 , 000  0  

3  0 , 91 5  0  

4  0 , 000  0  

5  0 , 305  0  

6  0 , 000  0  

7  0 , 305  0  

8  0 , 000  0  

9  0 , 1 83  0  

1 0  0 , 000  0  

1 1  0 , 1 83  0  

1 2  0 , 000  0  

1 3  0 , 1 30  8  

1 4  0 , 000  0  

1 5  0 , 1 30  7  

1 6  0 , 000  0  

1 7  0 , 1 01  7  

1 8  0 , 000  0  

1 9  0 , 1 01  7  

20  0 , 000  0  

21  0 , 083  3  

22  0 , 000  0  

23  0 , 083  2  

24  0 , 000  0  

25  0 , 070  5  

26  0 , 000  0  

27  0 , 070  4  

28  0 , 000  0  

29  0 , 061  1  

30  0 , 000  0  

31  0 , 061  1  

32  0 , 000  0  

33  0 , 053  9  

34  0 , 000  0  

35  0 , 053  9  

36  0 , 000  0  

37  0 , 048  3  

38  0 , 000  0  

39  0 , 048  3  

40  0 , 000  0  
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9. 1 2  Test no.  8  – C lass  D  at  ~380  W with  harmon ics  that  fai l  the  l imits  

9. 1 2. 1  Rationale   

Th is  test veri fies  that wi th  an  80  Ω  l oad  and  speci fied  conduction  ang les  the  system  fai ls  the  
Class  D  test.  The  waveform  and  spectrum  are  as  shown  i n  F igure  9 .   

9 . 1 2.2  Test procedure  

The fol lowing  l i st  detai ls  the  test procedure:  

a)  Fol low the  common  procedure  s teps  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic ana l yzer and  veri fy i t  i s  

wi th in  ±  1  % ,  such  as  speci fied  i n  Table  1 1  and  that the  vol tage  d istortion  va lues  meet 
I EC 61 000-3-2 : 201 4,  C lause  A. 2.   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A,  to  create  a  waveform/spectrum  as  shown  below,  wi th  a  conduction  ang le  from  

45°  to  1 06° .  The  expected  harmon ics  curren ts  for a  l oad  of 80  Ω  are  speci fi ed  i n  Table  8.  

I f the  load  is  not  exactl y 80  Ω  ad j ust  the  expected  spectrum  (and  l im i ts)  proportional l y.  

e)  Veri fy that the  measured  values  are  wi th in  ±(0 , 3%  I f  +  5  mA)  of the  actual l y generated  
harmon ic  curren ts.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  

for use  at 60  Hz.  

g )  Veri fy that the  measured  power value  i s  wi th in  ±1  %,  of the  actual l y generated  powers,  

and  that the  PF  is  wi th in  1  %  ±0, 01  of the  actual l y generated  value.  

NOTE  Th is  test  cou ld  be  run  at  a  h i gher or l ower l oad  res i stance,  wi th  proporti onal l y l ower or h i gher harmon ics,  
and  l im i t.  A l oad  above  600  W  or below 75  W  i s  ou ts i de  of the  Class  D  range.  

 

Figure 9  – Waveform  and  spectrum  for test  8  fai l i ng  Class  D  
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Table  1 1  – Spectrum  and  data  of test  8  for 80  Ω ,  at  45°  to  1 06°  

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1 00  000  

Control l ed  l oad  res i stance  /  Ω  80, 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 386, 1 9  

Apparent  power /  VA 505, 36  

Power factor 0 , 764  

Current  crest  factor 1 , 852  

Current  THD /  %  77, 8  

THC /  A 1 , 341  

Parti a l  odd  harmon ic  cu rren t  (POHC)  /  A  0 , 256  

Current  /  A 2 , 1 97  

Peak curren t  /  A 4 , 069  

Start  phase  /  °  45  

Stop  phase  /  °  1 06  

 

Harmonic number Ampl i tude /  A  

1  1 , 724  0  

2  0 , 000  0  

3  1 , 1 54  6  

4  0 , 000  0  

5  0 , 370  3  

6  0 , 000  0  

7  0 , 223  3  

8  0 , 000  0  

9  0 , 344  0  

1 0  0 , 000  0  

1 1  0 , 1 32  3  

1 2  0 , 000  0  

1 3  0 , 1 38  0  

1 4  0 , 000  0  

1 5  0 , 203  3  

1 6  0 , 000  0  

1 7  0 , 072  7  

1 8  0 , 000  0  

1 9  0 , 1 03  6  

20  0 , 000  0  

21  0 , 1 43  3  

22  0 , 000  0  

23  0 , 045  7  

24  0 , 000  0  

25  0 , 084  8  
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Harmonic number Ampl i tude  /  A  

26  0 , 000  0  

27  0 , 1 09  8  

28  0 , 000  0  

29  0 , 030  4  

30  0 , 000  0  

31  0 , 072  9  

32  0 , 000  0  

33  0 , 088  1  

34  0 , 000  0  

35  0 , 020  7  

36  0 , 000  0  

37  0 , 064  5  

38  0 , 000  0  

39  0 , 072  9  

40  0 , 000  0  

 

9. 1 3  Test no.  9  – C lass  D  at  ~540  W with  harmon ics  that  pass  the  POHC l imi t 

9. 1 3. 1  Rationale   

Th is  test wi th  an  80  Ω  l oad  and  speci fi ed  conduction  ang les  resu l ts  i n  several  h i gh  order 
harmon ics  exceed ing  the  1 00  %  Class  D  l im i ts ,  bu t the  test passes  because  of the  POHC 
al l owance.  The  waveform  and  spectrum  are  shown  i n  F igure  1 0 .  The  test shou ld  resu l t i n  a  
“PASS”  cond i tion .   

9 . 1 3.2  Test procedure  

The fol lowing  l i st  detai ls  the  test procedure:   

a)  Fol low the  common  procedure  s teps  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±0,23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic ana l yzer and  veri fy i t  i s  

wi th in  ±1  % ,  such  as  speci fied  in  Table  1 2,  and  that the  vol tage  d istortion  va lues  meet 
I EC 61 000-3-2 : 201 4,  Clause  A. 2.   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A to  create  a  waveform/spectrum  as  shown  i n  F igure  1 0,  wi th  a  conduction  ang le  

from  20°  to  1 22° .  The  expected  harmon ic curren ts  for a  l oad  of 80  Ω  are  speci fi ed  in  

Table  8 .  I f the  l oad  i s  not  exactl y 80  Ω ,  ad j ust  the  expected  spectrum  proportional l y.  

e)  Veri fy that the  measured  va lues  are  wi th in  ±(0 , 3%  I f  +  5  mA),  of the  actual l y generated  
harmon ic  curren ts,  such  as  speci fied  i n  Table-1 2 .  

f)  Veri fy that the  system  produces  a  “PASS”  resu l t  for th is  test.  

g )  Repeat steps  c) ,  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

h )  Veri fy that the  measured  power value  i s  wi th in  ±1  %,  of the  actual l y generated  powers,  

and  that the  PF  i s  wi th in  1  %  ±  0 , 01  of the  actual l y generated  value.  
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Figure 1 0  – Waveform  and  spectrum  for test  9  passing  POHC  

Table  1 2  – Spectrum  and  data  of test  9  for 80  Ω ,  at  20°  to  1 22°   

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  1 00  000  

Control l ed  l oad  res i stance  /  Ω  80 , 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 538, 40  

Apparent  power /  VA 596, 81  

Power factor 0 , 902  

Current  crest  factor 1 , 568  

Current  THD /  %  39, 8  

THC /  A 0 , 957  

Parti a l  odd  harmon ic  cu rren t  (POHC)  /  A  0 , 1 80  

Current  /  A 2 , 595  

Peak curren t  /  A 4 , 069  

Start  phase  /  °  20  

Stop  phase  /  °  1 22  

 

Harmonic number Ampl i tude /  A  

1  2 , 404  6  

2  0 , 000  0  

3  0 , 752  9  

4  0 , 000  0  

5  0 , 41 1  1  

6  0 , 000  0  

7  0 , 1 51  2  

8  0 , 000  0  

9  0 , 247  9  

1 0  0 , 000  0  

1 1  0 , 094  4  

1 2  0 , 000  0  

1 3  0 , 1 53  5  

1 4  0 , 000  0  
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Harmonic number Ampl i tude  /  A  

1 5  0 , 1 06  4  

1 6  0 , 000  0  

1 7  0 , 087  6  

1 8  0 , 000  0  

1 9  0 , 1 07  5  

20  0 , 000  0  

21  0 , 047  2  

22  0 , 000  0  

23  0 , 094  8  

24  0 , 000  0  

25  0 , 042  3  

26  0 , 000  0  

27  0 , 073  3  

28  0 , 000  0  

29  0 , 054  2  

30  0 , 000  0  

31  0 , 048  9  

32  0 , 000  0  

33  0 , 061  1  

34  0 , 000  0  

35  0 , 029  2  

36  0 , 000  0  

37  0 , 058  9  

38  0 , 000  0  

39  0 , 026  2  

40  0 , 000  0  

 

9. 1 4 Test no.  1 0  – C lass  A test at  ~680  W with  h igher order harmon ics  fai l ing  the POHC  
l im it  

9. 1 4. 1  Rationale   

Th is  test i s  to  veri fy that the  i nstrument properl y determ ines  a  Class  A fa i l u re  at 650  W,  for 
h igher order harmon ics  on l y,  d ue  to  the  POHC l im i t being  exceeded ,  and  measures  the  
curren t and  vol tages  wi th  the  requ i red  accuracy at  th is  power.   

9. 1 4.2  Test procedure  

The fol lowing  l i st  detai ls  the  test procedure:  

a)  Fol low the  steps  ou tl ined  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic ana l yzer and  veri fy i t  i s  

wi th in  ±  1  % ,  and  that the  vol tage  d istortion  values  meet I EC 61 000-3-2: 201 4,  Clause  A. 2.   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A,  to  create  a  waveform/spectrum  as  shown  be low,  wi th  a  control l ed  load  

conduction  ang le  from  55°  to  59° .  The  expected  harmon ics  currents  for these  l oads  are  as  
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speci fied  i n  Table  1 3 ,  and  as  i l l ustrated  in  F igure  1 1 .  I f necessary ad j ust the  spectrum  
proportional l y to  con trol l ed  l oad  changes.  

e)  Veri fy that the  measured  values  are  wi th in  ±(0 , 3%  I f  +  5  mA)  of the  actual l y generated  

harmon ic  curren ts,  and  that POHC is  0 , 274  ±  2 , 5  %.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

NOTE  1  POHC equals  0 , 274  A and  fai l s  the  POHC l im i t  for Class  A of 0 , 251  A.  

NOTE 2  A deviation  i n  the  con trol l ed  l oad  of 1  %  can  cause  a  POHC devia tion  of 1 , 1  %  wh i l e  causing  

≤  0 , 1  %  change  i n  power,  cu rren t or I –THD.  Al so  deviations  of 0 , 2°  i n  phase  ang le  setti ngs  for the  59°  
poin t can  affect the  POHC by more  than  2 , 5  % .   

 

Figure 1 1  – Waveform  and  spectrum  for test  1 0  fai l ing  POHC for Class  A 

Table  1 3  – Spectrum  and  data  of test  1 0  for 80  Ω  l i near 

and  80  Ω  control led  load,  at 55°  to  59°  

Calcu l ated  parameters  

Li near l oad  res i stance  /  Ω  80, 0  

Control l ed  l oad  res i stance  /  Ω  80, 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 681 , 1 9  

Apparen t power /  VA 690, 52  

Power factor 0 , 986  

Curren t  crest  factor 2 , 31 4  

Curren t  THD  /  %  1 3, 8  

THC /  A 0 , 408  

Parti a l  odd  harmon ic cu rren t  (POHC)  /  A  0 , 274  

Curren t  /  A 3 , 002  

Peak curren t  /  A 6 , 949  

Start  phase  /  °  55  

Stop  phase  /  °  59  

 

Harmonic number Ampl i tude  /  A  

1  2 , 962  3  

2  0 , 000  0  

3  0 , 1 03  3  
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Harmonic number Ampl i tude  /  A  

4  0 , 000  0  

5  0 , 1 03  0  

6  0 , 000  0  

7  0 , 1 02  6  

8  0 , 000  0  

9  0 , 1 01  9  

1 0  0 , 000  0  

1 1  0 , 1 01  2  

1 2  0 , 000  0  

1 3  0 , 1 00  3  

1 4  0 , 000  0  

1 5  0 , 099  2  

1 6  0 , 000  0  

1 7  0 , 098  0  

1 8  0 , 000  0  

1 9  0 , 096  6  

20  0 , 000  0  

21  0 , 095  1  

22  0 , 000  0  

23  0 , 093  5  

24  0 , 000  0  

25  0 , 091  8  

26  0 , 000  0  

27  0 , 089  9  

28  0 , 000  0  

29  0 , 087  9  

30  0 , 000  0  

31  0 , 085  8  

32  0 , 000  0  

33  0 , 083  6  

34  0 , 000  0  

35  0 , 081  2  

36  0 , 000  0  

37  0 , 078  8  

38  0 , 000  0  

39  0 , 076  3  

40  0 , 000  0  

 

9. 1 5  Test no.  1 1  – C lass  A at  ~740  W to  test analyzer and  source  dynamic  range  

9. 1 5. 1  Rationale  

Th is  test produces  abou t  1 1  A (peak),  at j ust 3, 5  A (r.m . s. ) .  I t  i s  i n tended  to  test the  anal yzer 
dynam ic range  and  the  power source  peak curren t capabi l i ty.  The  test pattern  i s  i l l ustrated  i n  
F igure  1 2 .  Of course,  the  POHC is  very h igh  for th is  test,  at  a lmost  3  times  the  l im i t.  
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9. 1 5.2  The fol lowing  l ist detai ls  the  test  procedure  

The fol l owing  l i st  detai l s  the  test procedure:  

a)  Fol low the  steps  ou tl ined  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic anal yzer and  veri fy i t  i s  

wi th in  ±1  %  and  that the  vol tage  d istortion  va lues  meet I EC  61 000-3-2 : 201 4,  C lause  A. 2.   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A,  to  create  a  waveform/spectrum  as  shown  below,  wi th  a  control led  load  

conduction  ang le  from  66°  to  72° .  The  expected  harmon ic cu rrents  for these  loads  are  
speci fied  i n  Table  1 4.  I f necessary ad just the  spectrum  proportional l y to  con trol led  l oad  
changes.  The  waveform  i s  s im i l ar to  that shown  i n  F igure  1 3 ,  wi th  the  current cons isting  of 
a  l i near l oad ,  wi th  a  narrow peak super- imposed  on  the  l i near waveform ,  for a  peak 
curren t of ~1 1 , 4  A.  As  i l l ustrated  i n  F igure  1 2 ,  i t  i s  l i kel y that the  source  vol tage  waveform  
is  s l i ghtl y d istorted ,  d ue  to  the  sharp  peak curren t.  Provided  the  harmon ic currents  are  
wi th in  the ir speci fied  to lerances,  the  smal l  d isturbance on  the  vol tage  waveform  is  
acceptable.  

e)  Veri fy that the  measured  values  are  wi th in  ±(0, 3  %  I f  +  5  mA),  of the  actual l y generated  

harmon ic  cu rren ts.  I f the  stop  phase  ang le  has  an  error of +  0 , 2°  the  l ower order 
harmon ics  may deviate  up  to  20  mA wi th  respect to  the  i deal  va lues.  Therefore  care  is  
requ ired  to  m in im ize  phase  errors  for th is  test,  i n  order to  reduce  errors  to  l ess  than  

(0, 3  %  +  5  mA).  Al ternativel y,  the  test may be  run  wi th  a  l i near l oad  of ~40  Ω  i nstead  of 

~80  Ω  i n  wh ich  case  the  (0, 3  %  +  5  mA)  at an  r.m .s  curren t of 6  A provides  a  perm i tted  
to lerance of 23  mA.  

f)  Repeat steps  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a lso  speci fied  
for use  at 60  Hz.  

The  screenshot i n  F i gure  1 4  i l l ustrates  a  test s im i lar to  test no.  1 2,  wh ich  is  an  aggravated  
vers ion  of test  no.  1 1 .  Depend ing  on  l i near and  con trol led  l oad  settings,  the  peak curren t can  
be  set to  at  l east 1 7 , 5  A and  up  to  as  much  as  30  A.  I t  tests  the  power anal yzer for d ynam ic 
range,  and  veri fi es  that  the  i nstrument detects  the  narrow peak,  and  ranges  accord ing l y.  I f the  
power source  is  unable  to  hand le  th is  test,  or i f the  power anal yzer has  i nsufficien t d ynam ic 
range,  the  testing  au thori ty may sti l l  i ssue  a  certi ficate  that the  system  i s  su i table  for most 
testing  accord ing  to  I EC 61 000-3-2  and  I EC 61 000-4-7.   

NOTE  Even  though  the  test  l oad  for th i s  test  no.  1 2  i s  not  an  absolu te  worst  case,  i t  represents  a  su ffi cien tl y  
demand ing  anal ys i s  task for compl iance  test  systems.  

 

Figure 1 2  – Waveform  and  spectrum  for test  1 1  
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Table  1 4  – Spectrum  data of test 1 1  for 80  Ω  l inear 

and  41  Ω  control led  load,  at 66°  to  72°  

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  80, 0  

Control l ed  l oad  res i stance  /  Ω  41 , 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 735, 75  

Apparent  power /  VA 794, 93  

Power factor 0 , 926  

Curren t  crest  factor 3 , 296  

Curren t  THD  /  %  37, 7  

THC /  A 1 , 207  

Parti a l  odd  harmon ic current  (POHC)  /  A  0 , 709  

Curren t  /  A 3 , 456  

Peak current  /  A 1 1 , 393  

S tart  phase  /  °  66  

S top  phase  /  °  72  

 

Harmonic number Ampl i tude /  A  

1  3 , 201  4  

2  0 , 000  0  

3  0 , 345  9  

4  0 , 000  0  

5  0 , 343  4  

6  0 , 000  0  

7  0 , 339  7  

8  0 , 000  0  

9  0 , 334  8  

1 0  0 , 000  1  

1 1  0 , 328  7  

1 2  0 , 000  1  

1 3  0 , 321  4  

1 4  0 , 000  1  

1 5  0 , 31 3  1  

1 6  0 , 000  1  

1 7  0 , 303  8  

1 8  0 , 000  1  

1 9  0 , 293  4  

20  0 , 000  1  

21  0 , 282  2  

22  0 , 000  1  

23  0 , 270  1  

24  0 , 000  1  
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Harmonic number Ampl i tude  /  A  

25  0 , 257  3  

26  0 , 000  1  

27  0 , 243  7  

28  0 , 000  1  

29  0 , 229  6  

30  0 , 000  1  

31  0 , 21 5  0  

32  0 , 000  1  

33  0 , 200  0  

34  0 , 000  1  

35  0 , 1 84  6  

36  0 , 000  1  

37  0 , 1 69  0  

38  0 , 000  1  

39  0 , 1 53  2  

40  0 , 000  1  

 

9. 1 6  Test no.  1 2  – C lass  A at  1  400  W wi th  >  30  A peak current 

9. 1 6. 1  Rationale   

This  test produces  a  peak >1 7  A,  at  an  r.m .s.  curren t of j ust 6 , 4  A.  I t  i s  i n tended  to  test the  
anal yzer d ynam ic range  and  the  power source  peak current capabi l i ty.  The  test pattern  is  
i l l ustrated  i n  F igures  1 3  and  1 4 .  Of course,  the  POHC value  i s  even  h igher for th is  test,  and  i s  
over 3  times  the  l im i t va lue.  

9. 1 6.2  Test procedure  

The fol lowing  l i st  detai ls  the  test procedure:  

a)  Fol low the  steps  ou tl ined  i n  9 . 2 .  

b)  Configure  the  AC power source  for 230  V ±  0 , 23  V,  50  Hz.  

c)  Record  the  power,  vol tage,  and  curren t read ing  of the  harmon ic ana l yzer and  veri fy i t  i s  

wi th in  ±1  % .   

d )  E i ther use  a  su i table  programmable  l oad ,  or the  harmon ics  generation /load  un i t i l l ustrated  
i n  Annex A,  to  create  a  waveform/spectrum  as  shown  below,  wi th  a  control led  load  

conduction  ang le  from  66°  to  72° .  The  expected  harmon ic cu rrents  for these  loads  are  
speci fied  i n  Table  1 5.  I f necessary ad just the  spectrum  proportional l y to  con trol led  l oad  
changes.  The  waveform  i s  s im i l ar to  that shown  i n  F igure  1 2 ,  wi th  the  current cons isting  of 
a  l i near l oad ,  wi th  a  narrow peak super- imposed  on  the  l i near waveform ,  for a  peak 
curren t of ~1 7  A.  As  i l l ustrated  i n  F igure  1 4,  i t  i s  l i kel y that the  source  vol tage  waveform  is  
s l igh tl y d istorted ,  due  to  the  sharp  peak current.  Th is  m igh t i ncrease  the  peak current  
s l igh tl y.  Provided  the  harmon ic curren ts  are  wi th in  thei r speci fied  to lerances,  the  smal l  
d isturbance  on  the  vol tage  waveform  is  acceptable.   

e)  Veri fy that  the  measured  values  are  wi th in  ±(0 , 3%  I f  +  5  mA),  of the  actual l y generated  
harmon ic  curren ts.  

f)  Repeat step  c),  d )  and  e)  for a  mains  frequency of 60  Hz i f the  system  is  a l so  speci fi ed  for 
use  at  60  Hz.  

NOTE  Th is  agg ravated  test  i s  optiona l ,  and  i s  main l y i n tended  to  test  the  power sou rce  peak current  capabi l i ty  

and  the  d ynam ic range  of the  anal yzer.  
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The  tested  system  normal l y mon i tors  the  vol tage  d istortion  during  harmon ics  tests,  to  make 
sure  that the  vol tage  d istortion  meets  the  requ i rements  of I EC 61 000-3-2 : 201 4,  C lause  A. 2.  I f 
any of the  vol tage  harmon ics  exceed  the  requ irements  of I EC 61 000-3-2: 201 4,  C lause  A. 2 ,  
the  actual  observed  va lues  shou ld  be  i ncluded  in  the  ca l ibration/veri fication  report.  

 

Figure 1 3  – Calcu lated  i deal  waveform  and  spectrum  for test 1 2  

 

The  s l i gh t  d i s torti on  that  i s  vi s ibl e  i n  the  measurement  screen  i s  common  for the  type  of demand i ng  l oad  
represented  by test  no.  1 2 .  The  s l i gh t  aberration  has  a  frequency wi th  a  period  of on l y  a  smal l  fraction  of a  
m i l l i second ,  and  thus  does  not  affect  the  harmon ic  ana lys i s  up  to  2  kHz.   

Figure 1 4 – Waveform  and  spectrum  for test  1 2 ,   
showing  s l ightly d istorted  source vol tage  

IEC  
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Table  1 5  – Spectrum  data of test 1 2  for 41  Ω  l inear 

and  32  Ω  control led  load,  at 66°  to  72°  

Calcu lated  parameters  

Linear l oad  res i stance  /  Ω  41 , 0  

Control l ed  l oad  res i stance  /  Ω  1 4 , 0  

System  vol tage  /  V  230  

Peak vol tage  /  V  325, 27  

Power /  W 1 508, 44  

Apparent  power /  VA 1 747, 06  

Power factor 0 , 863  

Current  crest  factor 3 , 896  

Current  THD /  %  53, 8  

THC /  A 3 , 534  

Parti a l  odd  order harmon ic current  (POHC)  /A 2 , 077  

Current  /  A 7 , 596  

Peak curren t  /  A 29, 591  

Start  phase  /  °  66  

Stop  phase  /  °  72  

 

Harmonic number Ampl i tude /  A  

1  6 , 568  6  

2  0 , 000  0  

3  1 , 01 3  1  

4  0 , 000  1  

5  1 , 005  8  

6  0 , 000  1  

7  0 , 994  9  

8  0 , 000  1  

9  0 , 980  5  

1 0  0 , 000  1  

1 1  0 , 962  6  

1 2  0 , 000  2  

1 3  0 , 941  4  

1 4  0 , 000  2  

1 5  0 , 91 7  0  

1 6  0 , 000  2  

1 7  0 , 889  6  

1 8  0 , 000  2  

1 9  0 , 859  3  

20  0 , 000  3  

21  0 , 826  4  

22  0 , 000  3  

23  0 , 791  0  

24  0 , 000  3  
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Harmonic number Ampl i tude  /  A  

25  0 , 753  4  

26  0 , 000  3  

27  0 , 71 3  8  

28  0 , 000  3  

29  0 , 672  5  

30  0 , 000  3  

31  0 , 629  6  

32  0 , 000  3  

33  0 , 585  6  

34  0 , 000  3  

35  0 , 540  6  

36  0 , 000  3  

37  0 , 494  9  

38  0 , 000  3  

39  0 , 448  7  

40  0 , 000  3  

 

1 0  Spreadsheet support program to compute harmonics  and  user guide  

A spreadsheet that can  be  used  wi th  several  popu lar office  programs is  avai l ab le  to  the  user 
of th is  Techn ical  Report,  to  compute  the  expected  – or i deal  – harmon ic values  for the  type  of 
harmon ics  generation  un i t  deta i led  i n  Annex A.  Th is  support  program ,  as  an  essentia l  
supplement to  th is  Techn ica l  Report,  i s  provided  i n  accordance wi th  I EC Adm in istrati ve  
Circu lar AC/40/2009.  

A user gu ide  for the  spreadsheet i s  a lso  provided  to  gu ide  the  user i n  en tering  the  appropriate  
values,  and  obtain ing  the  correct calcu lation  resu l ts.   

The  I EC and  the  spreadsheet au thor d iscla im  l i ab i l i ty for an y personal  i n j ury,  property or any 
other damages  of any nature  whatsoever,  whether specia l ,  i nd i rect,  consequen tia l  or 
compensatory,  d i rectl y or i nd i rectl y resu l ti ng  from  th is  software  and  the  document upon  wh ich  
i ts  methods  are  based ,  use  of,  or re l i ance  upon .  
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Annex A 
(informative)  

 
Test setup and  requ irements  for external  equipment 

A.1  Example test setup for cal ibration  and  veri fication  waveforms  

A typical  compl iance  test  system  setup  i s  shown  i n  F igure  A. 1 .  Most compl iance  test systems  
are  su i table  for both  harmon ics  and  fl i cker testi ng ,  hence  the  I EC  TR 60725 reference  
impedance  is  a lso  shown  i n  the  d iagram ,  bu t i s ,  of course,  i n  bypass  mode for harmon ics  
tests.  

 

Figure  A. 1  – Typical  test setup for tests  no.  1  to  1 2  

The l oad  un i t can  be  implemented  wi th  a  series  of l i near l oads,  and  a  set of phase  control led  
l oads.  The  phase  control led  loads  can  be  turned  On /Off at user defined  phase  ang les,  as  
shown  i n  the  figures  for each  test.  

DVM-1  measures  the  curren t i n  con j unction  wi th  the  shun t,  wh i le  DVM-2  measures  the  appl ied  
vol tage.  Both  measure  the  same values  as  seen  by the  harmon ics  anal yzer of the  compl iance  
test system ,  and  thus  a l l ow the  veri fication  (and  possib l y ad justment)  of the  overal l  vol tage  
and  current  measurement accuracy of the  anal yzer.  

The  loads  used  i n  the  above  example  need  to  be  res isti ve,  wi th  m in imal  paras i tic  i nductance  
or capaci tance.  At  2  000  Hz (2  400  Hz)  the  l oad  i nductance shou ld  be  such  that the  tota l  l oad  
impedance is  wi th in  0, 5  %  of the  res istive  l oad  va lue  at  50/60  Hz,  thus  at  500  Hz or 1  000  Hz 
the  deviations  shou ld  be  m in imal .  

A su i table  method  to  veri fy the  load  characteristics  i s  to  apply a  s i nusoidal  vol tage  of 
su fficient ampl i tude  and  measure  the  current  fl ow.  By varying  the  vol tage,  the  curren t through  
the  res isti ve  l oad  can  be  measured  at mu l tiple  power values.  Most power sources  for 
compl iance  test systems also  have  the  capabi l i ty to  generate  a  h igher frequency,  such  as  
500  Hz,  and  thus  the  l oad  response at  500  Hz can  be  compared  to  the  response at  50  Hz or 
60  Hz.  S ince  most good  qual i ty bench  DVMs are  speci fied  to  at l east 1  000  Hz,  the  DVM-1  
and  DVM-2  shown  i n  the  above example  can  be  used  for the  veri fication  of the  resisti ve  load .  

Also,  the  shun t requ i res  very l ow paras i tic  i nductance and  capaci tance,  wh ich  expla ins  the  

speci fication  of ±0, 1  %  from  50  Hz to  2  400  Hz for the  shunt  i n  C lause  A. 5.  
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Copyright International  Electrotechnical  Commission  



 – 52  – I EC TR 61 000-4-37:201 6  © I EC 201 6  

A.2  Sine wave test 

The ca l i bration  method  described  in  th is  Techn ica l  Report  i s  a lso  capable  of producing  j ust  
l i near waveforms,  su i table  for overal l  vol tage  and  curren t ca l i bration  purposes.  Some 
harmon ics  anal ys is  measurement systems are  ca l i brated  wi th  a  s ine  wave,  and  derive  the ir 
accuracy from  an  accurate  cal ibration  of their d i g i ti zi ng  ci rcu i ts .  An  example  of such  a  s imple  
s i nusoida l  waveform ,  set  to  1 , 000  A,  i s  shown  i n  F igure  A. 2 .  The  user may a lso  check the  
power-anal yzer vol tage  i npu t range  by setting  the  compl iance  test system  power source  to  an  
over-vol tage  of 1 0  %  above the  nom inal  test vol tage(s).  

 

Figure  A.2  – S inusoidal  cal ibration  waveform  at 1 ,000  A 

The measurement resu l t,  of course,  i ncludes  both  the  d istortion  of the  power source  and  an y 
non- l i neari ty of the  power anal ys is  i nstrument.  The  resu l ts  of such  test  can  be  he lpfu l  to  
understand  the  l im i tation  of the  measurement system ,  and  the  resu l t  of th is  over-vol tage  may 
be  tabu lated  i n  the  test report,  i nclud ing  the  vol tage  d istortion  for a l l  vol tage  harmon ics  up  to  
at  least H 40 .  

Various  s inusoidal  curren ts  can  be  produced  us ing  the  cal i bration  l oad  shown  schematica l l y i n  
F i gu re  A. 1 .  I t  i s  a lso  possible  to  modu late  the  load  pattern ,  and  th is  type  of modu lation  can  be  
added  in  a  fu tu re  vers ion  of th is  Techn ical  Report.  

A.3  Load  modulation  to  generate  interharmonics  

Modu lation  patterns  as  shown  i n  F igure  A.3 ,  i nclud ing  the  add i tion  of a  DC offset via  a  ha l f 
wave recti fi ed  ci rcu i t,  can  be  used  to  veri fy that the  harmon ics  anal yzer has  no-gap data  
acqu is i ti on .  These  functions,  i nclud ing  mu l ti -cycle-symmetrical  con trol  (MCSC)  s imu lation  can  
be  added  to  th is  Techn ical  Report  at a  l ater time.  

IEC  
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Figure A.3  – A modulated  load  showing  side-bands   
that  can  be used  to  test  in ter-harmon ics  

A.4  Using  a  square wave to  test analysis  functions  

A relati ve l y s imple  test to  veri fy the  anal ys is  function  and  bandwid th  of a  power anal yzer,  i s  to  
appl y a  square  wave  s i gnal  to  the  vol tage  i nput,  wi th  the  anal yzer forced  to  the  measurement 
scale  requ i red  to  record  the  vol tage  to  be  measured .  Provided  the  rise  time  is  fast enough ,  
and  the  waveform  is  symmetrical ,  i . e .  has  a  50  %  du ty cycle,  the  Fourier anal ys is  shou ld  yie l d  

a  defined  response wi th  the  odd  harmon ics  having  an  ampl i tude  equal  to  1 /n  ×  If or Uf  and  a l l  
ang les  equal  to  zero  where  n  i s  the  odd  harmon ic order and  If or Uf  i s  the  fundamental  current  

or vol tage.  

For example,  a  square  wave wi th  an  r.m .s.  vol tage  of 1 , 1 1  V has  a  fundamenta l  of 1 , 000  V,  a  
3rd  h armon ic componen t of 0 , 333  V,  a  5 th  harmon ic of 0 , 200  V,  and  a  7 th  harmon ic of 0 , 1 43  V 
( i . e .  1 /n  t imes  the  fundamental  ampl i tude).  I f a  vol tage  i npu t i s  tested ,  and  a  square  wave 
from  a  power ampl i fier i s  appl ied ,  the  user needs  to  veri fy that the  vol tage  rise  time and  fa l l  

time  of the  square  wave i s  faster than  0, 05  ms  (50  µs)  and  that the  du ty cycle  is  50  %  ±0,3  % .  
I f the  rise/fa l l  t ime  is  s lower,  or the  du ty cycle  deviates,  the  spectrum  deviates  as  wel l .  For 
example,  the  ampl i tude  of the  h igher order harmon ics  – such  as  the  37 th  and  39 th  h armon ics  
– are  attenuated  too  much  i f the  rise/fa l l  t ime  is  too  s low.  F igure  A. 4  i l l ustrates  a  square  wave  
wi th  an  ampl i tude  of 1 , 1 1  V and  the  associated  harmon ic spectrum .  Note  that the  spectrum  is  
proportional  to  the  square  wave vol tage,  i . e .  the  user can  select the  ampl i tude  accord ing  to  
the  tested  range  of the  power anal ysis  i nstrument.  I n  general ,  the  b i gger the  ampl i tude,  the  
better i t  i s .  To  test  the  vol tage  range  of an  i nstrument that  i s  used  for 1 20  V (60  Hz)  systems,  
a  9  V ampl i tude  su ffices.  
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Figure A.4  – 1 , 1 1  V square  wave and  the associated  spectrum  up  to  H 39  

I deal l y,  a  square  wave  wi th  a  l arger ampl i tude  shou ld  be  used  for the  230  V range,  bu t  most 
function  generators ,  capable  of generating  h igh  accuracy square  waves,  are  l im i ted  to  an  
ou tpu t vol tage  of 1 0  V maximum  in to  a  h i gh  impedance,  wh ich  i s  sometimes  also  speci fied  as  

1 0  V i n to  an  open  ci rcu i t,  or 5  V maximum  in to  a  50  Ω  l oad .  Most power anal yzers  wi l l  operate  
i n  e i ther a  400  V or 500  V (peak)  range  for a  230  V r.m .s  (325  V peak)  i npu t vol tage.  Even  
though  9  V does  not real l y test the  l i neari ty of an  i nstrument that operates  i n  a  peak 500  V 
range,  i t  i s  sti l l  a  good  test of the  Fourier anal ysis  system .  For i nstruments  that have  the  
capabi l i ty to  record  and  store  the  spectra  for every 200  ms,  a  30-m in  s tabi l i ty test cou ld  a lso  
be  performed.  For th is  test,  the  ampl i tude  is  kept constant and  the  recorded  data  i s  
subsequentl y analyzed  for maximum,  average,  and  m in imum  values,  and  the  resu l ts  are  
tabu lated  i n  the  test  report.  

F i gu re  A.5  shows  the  i deal  spectrum  data  for a  9  V square  wave,  a long  wi th  the  so-cal led  
compatib i l i ty values,  ca lcu lated  for a  1 20  V system.  The  green  triang les  i n  F igure  A. 5  i nd icate  
the  maximum  d istortion  that a  power source  i s  perm i tted  to  have  ( i n  percen t of the  r.m .s.  
va lue).  

A square  wave on l y has  odd  harmon ic components,  so  the  spectrum  i l l ustration  and  Table  A. 1  
on l y show these  odd  harmon ics.  
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Figure A.5  – Spectrum  data for a  9  V square wave   
compared  against compatibi l i ty values   

Table  A. 1  – Ideal  spectrum  data and  m in imum and  maximum   
measured  values  during  stabi l i ty test  

Order Ideal  
Measured  

Order Ideal  
Measured  

Order Ideal  
Measured  

Min .  Max.  M in .  Max.  M in .  Max.  

1  8 , 1 03  8 , 024  8 , 1 68  1 5  0 , 540  0 , 535  0 , 545  29  0 , 279  0 , 277  0 , 282  

3  2 , 701  2 , 675  2 , 723  1 7  0 , 477  0 , 472  0 , 480  31  0 , 261  0 , 259  0 , 263  

5  1 , 621  1 , 605  1 , 634  1 9  0 , 427  0 , 422  0 , 430  33  0 , 246  0 , 243  0 , 248  

7  1 , 1 58  1 , 1 46  1 , 1 67  21  0 , 386  0 , 382  0 , 389  35  0 , 232  0 , 229  0 , 233  

9  0 , 900  0 , 892  0 , 908  23  0 , 352  0 , 349  0 , 355  37  0 , 21 9  0 , 21 7  0 , 221  

1 1  0 , 737  0 , 729  0 , 743  25  0 , 324  0 , 321  0 , 327  39  0 , 208  0 , 206  0 , 209  

1 3  0 , 623  0 , 61 7  0 , 628  27  0 , 300  0 , 297  0 , 303      

 

A.5  Requirements  for external  test equipment to  veri fy accuracy  

The fo l lowing  l i st provides  deta i led  requ i rements  for external  test  equ ipment,  used  to  veri fy 
accuracy per th is  protocol :  

•  D i g i ta l  vol tmeter (DVM)  accuracy for frequency range  50  Hz to  2  400  Hz 

•  RMS  vol tage  for 1 00  V to  250  V ±  0 , 1  %  of read ing   

•  RMS  vol tage  for 0, 1  V to  1  V ±  0 , 1  %  of read ing  ±0, 1 mV  

•  D i rect r.m . s.  curren t measurement <  1  A ±  0 , 1  %  of read ing  ±0, 3  mA  
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•  D i rect r.m .s.  curren t measurement <  1 0  A ±  0 , 1  %  of read ing  ±1  mA  

•  Current shunt  accuracy ±0, 1  %  from  50  Hz to  2  400  Hz 

•  Recommended  shun t values   

– ≤  1 00  mΩ  for current ≤  2 , 5  A 

– 1 0  mΩ  for curren t ≤  1 6  A 

– 1  mΩ  or 1 0  mΩ  for current from  1 6  A to  75  A 

•  T im ing  characteristics  of the  waveform  need  to  be  veri fied  wi th  an  uncertain ty of ±2  µs.  
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Annex B  
(informative)  

 
Error analysis  of the  methods  specified  in  th is  Technical  Report 

Table  B. 1  shows the  resu l t  of l oad  impedance or phase  errors.  The  comparison  i s  l im i ted  to  
the  odd  harmon ics,  as  the  even  harmon ics  of the  test patterns  are  neg l i g ible,  wh ich  they 
general l y are  a lso  i n  the  ' real  world  EUTs.  I f a  product has  s ign i fican t amounts  of even  
harmon ics,  i t  general l y i nd icates  non-symmetrica l  current fl ow,  wh ich  i n  turn  consti tu tes  
asymmetrical  con trol .  Th is  i s  proh ib i ted  accord ing  to  I EC  61 000-3-2: 201 4,  6 . 1 ,  u n less  certain  

(exceptional )  cond i tions  are  presen t.  Table  B . 1  below shows  the  resu l t of a  ±1  %  impedance  
error,  wh ich  resu l ts  i n  m inor deviations,  as  mentioned  earl ier i n  th is  Techn ical  Report.   

Table  B . 1  – Errors  i n  harmonic current values  due to   
i ncorrect appl ied  vol tage or load  impedance,  or phase  errors  

Harmonic 
order 

Ideal  
value  

M in imum  
acceptable  

value  

Maximum  
acceptable  

value  

+1  %  
impedance  

error 

Resu l ting  
curren t 
error mA 

-1  %  
impedance  

error 

Resu l ting  
curren t 
error mA 

+0,2°  
phase 
error 

S ign  of 
error 
for 

+0,2°  

-0, 2°  
phase 
error 

S ign  of 
error 
for 
-0 ,2°  

3 1 ,044 1 ,036 1 ,052 1 ,033 -1 1 ,0 1 ,054 1 0,0 1 ,041  - 1 , 046 +  

5  0,653 0,646 0,660 0,646 -7,0 0,659 6,0 0,655 +  0, 651  -  

7  0,231  0,225 0,237 0,229 -2,0 0,234 3,0 0,237 +  0, 226 -  

9  0,097 0,092 0, 1 02 0,096 -1 ,0 0,098 1 ,0 0,091  - 0, 1 03 +  

1 1  0,257 0,251  0,263 0,255 -2,0 0,260 3,0 0,254 - 0,260 +  

1 3  0,243 0,237 0,249 0,241  -2,0 0,245 2,0 0,245 +  0, 241  -  

1 5 0, 1 1 3 0, 1 08 0, 1 1 8 0, 1 1 2 -1 ,0 0, 1 1 4 1 ,0 0, 1 1 9 +  0, 1 08 -  

1 7  0,042 0,037 0,047 0,042 0,0 0,043 1 ,0 0,036 - 0,048 +  

1 9  0, 1 43 0, 1 38 0, 1 48 0, 1 42 -1 ,0 0, 1 45 2,0 0, 1 40 - 0, 1 46 +  

21  0, 1 52 0, 1 47 0, 1 57 0, 1 50 -2,0 0, 1 53 1 ,0 0, 1 53 +  0, 1 50 -  

23 0,081  0,076 0,086 0,080 -1 ,0 0,082 1 ,0 0,086 +  0, 075 -  

25 0,021  0,01 6 0,026 0,021  0,0 0,021  0,0 0,01 5 - 0,027 +  

27  0,096 0,091  0, 1 01  0,095 -1 ,0 0,097 1 ,0 0,092 - 0, 1 00 +  

29 0, 1 1 1  0, 1 06 0, 1 1 6 0, 1 1 1  0,0 0, 1 1 2 1 ,0 0, 1 1 2 +  0, 1 1 0 -  

31  0,065 0,060 0,070 0,065 0,0 0,066 1 ,0 0,070 +  0, 060 -  

33 0,009 0,004 0,01 4 0,009 0,0 0,009 0,0 0,003 - 0,01 5 +  

35 0,070 0,065 0,075 0,070 0,0 0,071  1 ,0 0,066 - 0,074 +  

37  0,087 0,082 0,092 0,086 -1 ,0 0,088 1 ,0 0,088 +  0, 081  -  

39 0,056 0,051  0,061  0,055 -1 ,0 0,057 1 ,0 0,060 +  0, 051  -  

 

As the  table  shows,  on ly the  3 rd  h armon ic is  s l i gh tl y ou ts ide  of the  reduced  tolerance  of 

±(0, 3  %  +  5  mA)  for a  1  %  error.  Note,  however,  that i t  i s  sti l l  wel l  wi th in  the  ±20  mA that i s  
perm i tted  accord ing  to  I EC 61 000-3-2 ,  so  the  m in imum  and  maximum  acceptable  values  

reflect the  ± (0 , 3  %  +  5  mA)  veri fication  to lerance mentioned  earl i er i n  th is  report.  The  actual  
perm i tted  to lerances  accord ing  to  I EC 61 000-3-2  therefore  are  substantia l l y more  re laxed .  

Another poss ib le  error source  – using  the  cal i bration  l oad  described  i n  Annex A – wou ld  be  i f 
the  phase  con trol  of the  curren t flow has  serious  i naccuracies.  As  Table  B. 1  i l l ustrates,  phase  

errors  of ±0, 2°  wou ld  a l so  cause  some harmon ics  to  go  j ust ou ts ide  (by 1  mA or 2  mA)  the  

stri ngen t accuracy requ irement of ±(0 , 3  %  +  5  mA)  bu t a l l  va lues  are  sti l l  wel l  wi th in  

±(1  %  +  1 0  mA)  as  speci fied  i n  I EC  61 000-3-2.  Note  a lso,  that an  error i n  current  conduction  
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ang les  resu l ts  in  successive  harmon ic pa irs  having  a l ternating  pos i ti ve  and  negative  errors  

( i nd icated  by the  '+ '  and  ' - '  s i gns),  as  compared  to  the  theoretica l l y i deal  harmon ic values.  
Entering  incorrect impedance errors ,  on  the  other hand ,  wi l l  resu l t  i n  a l l  harmon ics  be ing  
e i ther too  h igh  or too  low,  as  shown  i n  columns  6  and  8.  I n  the  even t the  power source  for the  
compl iance  test system  has  a  non- l inear ou tpu t impedance,  i nsufficien t bandwid th ,  or 
harmon ic  d istortion ,  harmon ics  general l y have  a  more  arbi trary pattern  of deviations.  

G iven  the  foregoing ,  i t  i s  clear that the  methods  used  in  th is  Techn ica l  Report do  not requ i re  
exceptional  accuracies  i n  setti ng  the  l oad  values  or the  curren t conduction  ang les,  to  ach ieve  
accuracies  that are  eas i l y wi th in  the  uncertain ties  perm i tted  i n  I EC  61 000-3-2 .  
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