IEC 61000-4-7

Edition 2.1 2009-10

INTERNATIONAL )
STANDARD Qé :

NORME \
INTERNATIONALE 9

colour
A inside
BASIC EMC PUBLICATION 0

PUBLICATION FONDAMENTALE EN CEM Q

Electromagnetic compatibility (EMC) —
Part 4-7: Testing and measurement technique —%-neral guide on harmonics
and interharmonics measurements and in:& tati

systems and equipment connected theret()

Compatibilité électromagnétique (CEW) L
Partie 4-7: Techniques d'essai e sure — Guide général relatif aux mesures

d'harmoniques et d'interharmm , ainsi qu'a I'appareillage de mesure,
applicable aux réseaux d'aﬁ\

on, for power supply

ion et aux appareils qui y sont raccordés

IEC 610004-7:232%2&)3
aQ


https://www.stdhive.com/standards/iec-61000-4-7-ed-21-b2009-pdf/

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2009 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or
IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEI de votre pays de résidence.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization ti.at p-epares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by tke |IE C. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

" Catalogue of IEC publications: www.iec.ch/searchpub

The IEC on-line Catalogue enables you to search by a variety of criteiia (rc ferer e number, text, technical committee,...).
It also gives information on projects, withdrawn and replaced publictior.»

" |EC Just Published: www.iec.ch/online _news/justpub

Stay up to date on all new IEC publications. Just Published deta’:s twice 2 month all new publications released. Available
on-line and also by email.

" Electropedia: www.electropedia.org

The world's leading online dictionary of electronic and el ctrical terms containing more than 20 000 terms and definitions
in English and French, with equivalent terms in addi*onc! languages. Also known as the International Electrotechnical
Vocabulary online.

® Customer Service Centre: www.iec.ch/webstorc, s rv

If you wish to give us your feedback on *his | ukiucction or need further assistance, please visit the Customer Service
Centre FAQ or contact us:

Email: csc@iec.ch

Tel.: +41 22 919 02 11

Fax: +41 22 919 03 00

A propos de la CEI

La Commission Electroternii. ue 'nternationale (CEIl) est la premiére organisation mondiale qui élabore et publie des
normes internationales pc 'r tot t ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des rublicaiw.nns CEI

Le contenu teckrique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plu réc nte, un corrigendum ou amendement peut avoir été publié.

= Catalogue des nublications de la CEl: www.iec.ch/searchpub/cur_fut-f.htm
Le Cataloy ue en-ligne de la CEIl vous permet d’effectuer des recherches en utilisant différents criteres (numéro de référence,
tevte, ~omii® d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou remplacées.

® Juct Pubihed CEIl: www.iec.ch/online _news/justpub
bastez infor né sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
oub.'entions parues. Disponible en-ligne et aussi par email.

» TSlectropedia: www.electropedia.org

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et
définitions en anglais et en frangais, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé
Vocabulaire Electrotechnique International en ligne.

= Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du
Service clients ou contactez-nous:

Email: csc@iec.ch

Tél.: +41 22 919 02 11

Fax: +41 22 919 03 00



mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch
https://www.stdhive.com/standards/iec-61000-4-7-ed-21-b2009-pdf/

IEC 61000-4-7

Edition 2.1 2009-10

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

BASIC EMC PUBLICATION
PUBLICATION FONDAMENTALE EN CEM

Electromagnetic compatibility (EMC) —

Part 4-7: Testing and measurement techniquec — General guide on harmonics
and interharmonics measurements and instrumentation, for power supply
systems and equipment connected theret»

Compatibilité électromagnétique (CEM) -

Partie 4-7: Techniques d'essai et de n.2sure — Guide général relatif aux mesures
d'harmoniques et d'interharmen’rques, ainsi qu'a I'appareillage de mesure,
applicable aux réseaux d'aliiner.tation et aux appareils qui y sont raccordés

INTERNATIQONAL
ELECTROTEC.!NICAL

COMMIE SION

“OM. 1ISS.ON

ELZCTROTECHNIQUE

INTERNATIONALE PRICE CODE CJ
CODE PRIX

ICS 33.100.10; 33.100.20 ISBN 2-8318-1062-6

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://www.stdhive.com/standards/iec-61000-4-7-ed-21-b2009-pdf/

-2- 61000-4-7 © IEC:2002+A1:2008

CONTENTS

FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 4
INTRODUGCTION ... e ettt e e e e et e e e e e e e et e et e et e eaaeennes 6
LS ToTo] o 1 TP PPP 7
NOrmMative refereNCeS ... e 7
Definitions, symbols and iNAIiCES........cc.iiiiiii e 8

3.1 Definitions related to frequency analysis ...........ccooiiiiiiiiiiiii i 8

3.2 Definitions related to harmonics ... D .9

3.3 Definitions related to distortion factors ... N V]

3.4 Definitions related to interharmonics ............coooiiiiiiiiiiinin 11

3.5 N ONS e s 12
35,1 SYMDOIS i e 12

3.5.2  SUDSCIIPLS e T e 13

4 General concepts and common requirements for all types of instrunientetion ................. 14
4.1 Characteristics of the signal to be measured ................0 L, 14

4.2 Accuracy classes of instrumentation.............cccoiiii e, 14

4.3 Types of MeasUremMeNnt .. ..o s e 14

4.4 General structure of the instrument ... 14
441  Main inStrument .. ... 14

4.4.2 PoOSt-proCesSing PartS .....c.oieieiiiai i e 16

5  Harmonic MeasuremMeENnts .. .. ..o e 16
5.1 Current input CirCUIt. ... o e 16

5.2 Voltage inpuUl CIrCUIL. ... e 17

5.3  ACCUracy reqUIrEmMeENtS ... ..o i e 17

5.4 Measurement set-up and supy !y voltage.. ..o, 19
5.4.1 Measurement set-u, fo. emission assessment..............cocoiiiiiiiinn, 19

5.4.2 Supply voltage ‘or ¢mission assessmMent .........ccccoeeiiiiiiiiiiiiiiiie e 19

5.4, 3 EQUIPIM BN 0y Ottt 21

5.5 Assessment of homincnic emMiSSIONS ... 21
5.5.1 Groupiig and sMOOthing.......couiiiii 21

5.5.2 Crompiance with emission limits ... 23

5.6 Assessmen. Of voltage harmonic SUDGroUPS ........cooviiviiiiiiieii e 23
Other analysi s PriNCIPIES oot e e e 23

BN =1 EST 1 (T = TR Y=Y o Lo T 24

8 GBI Ol e 24
Arnex A (informative) Measurement of interharmonics ..........cooviiiiiiiii i, 25
Ainex B (informative) Measurements above the harmonic frequency range up to 9 kHz............ 27
Annex C (informative) Technical considerations for grouping method.....................ccon. 32

Bl OG AP Y e 41


https://www.stdhive.com/standards/iec-61000-4-7-ed-21-b2009-pdf/

61000-4-7 © IEC:2002+A1:2008 -3-

Figure 1 — General structure of the measuring instrument...............c.oo 15
Figure 2 — Measurement set-up for single-phase emission measurement............c...coccoieeenees 19
Figure 3 — Measurement set-up for three-phase emission measurements ...........c...ccceeeeeenne. 19
Figure 4 — lllustration of harmonic and interharmonic groups

(here shown for @ 50-HzZ SUPPIY) coueeiiei e 21
Figure 5 — Realization of a digital low-pass filter: z-1 designates a window width delay,

o and B are the filter coefficients (see Table 2 for values)........ccoooiiiiiiiiiiin i, 22
Figure 6 — lllustration of a harmonic subgroup and an interharmonic centred subgroup

(here shown for @ 50 HzZ SUPPIY) covniiiiin e e e e e e e 23
Figure B.1 — lllustration of frequency bands for measurement in the range

above the 40" harmonic order for 50 Hz power systemupto O kHz ... 28
Figure B.2 — General measurement SEtUP ......ciiiiiiiiiii e 29
Figure B.3 — Artificial mains network for 16-A current and below.........................0 0 a. 30
Figure B.4 — Artificial mains network impedance viewed by the EUT ................c... 31
Figure C.1 — Large 5th harmonic current fluctuation...................ccoo 00 \, PR 35
Figure C.2 — Large 5th harmonic voltage fluctuation ........................... W Y A 35
Figure C.3 — Fluctuating 3rd harmonic current of a micro-wave applianu2 ..., 36
Figure C.4 — Communication signal of 178 Hz together with 3rd and 5'%“narmonics............... 37
Figure C.5 — Interharmonic at 287 Hz, 5th and 6th harmonic.. . ... 37
Figure C.6 — Modulated 5th harmonic and interharmonic a" 287 tiz..................ooo. 39
Figure C.7 — Component vectors at frequencies of 25 Fz aiva 255Hz ..o 40
Table 1 — Accuracy requirements for current, voltag= ~.nd power measurements................... 18

Table 2 — Smoothing filter coefficients according to the window width....................... 22


https://www.stdhive.com/standards/iec-61000-4-7-ed-21-b2009-pdf/

1)

9)

-4 - 61000-4-7 © IEC:2002+A1:2008

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standar 'ization comprising
all national electrotechnical committees (IEC National Committees). The object ¢ IE" is to promote
international co-operation on all questions concerning standardization in the electrical” >nd eic stronic fields. To
this end and in addition to other activities, IEC publishes International Standardc. Ted'nics. Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereai.>r referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any I.°C. Na ‘onal Committee interested
in the subject dealt with may participate in this preparatory work. Interna.ana, governmental and non-
governmental organizations liaising with the IEC also participate in this nreparawon. IEC collaborates closely
with the International Organization for Standardization (ISO) in accorcance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters ex| ress: as nearly as possible, an international
consensus of opinion on the relevant subjects since eack technic>!. Committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for/interna.onal use and are accepted by IEC National
Committees in that sense. While all reasonable efforts a'@ mide to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible ior the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, I'I< \latior.al Committees undertake to apply IEC Publications
transparently to the maximum extent possi-le in (neir national and regional publications. Any divergence
between any IEC Publication and the corresanui* g national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attesta’ion of conformity. Independent certification bodies provide conformity
assessment services and, in some ¢ eas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independe:.. e rtification bodies.

All users should ensure that te; have the latest edition of this publication.

No liability shall attach tc 'EC v its directors, employees, servants or agents including individual experts and
members of its techni==' co.mittees and IEC National Committees for any personal injury, property damage or
other damage of ar'’ na.ire whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of (he publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attentior is ‘-awn *to the Normative references cited in this publication. Use of the referenced publications is
indispenschle 1 >r the correct application of this publication.

Attention is a.awn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

i~ternatior al Standard IEC 61000-4-7 has been prepared by subcommittee 77A: Low
frexuency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

This consolidated version of IEC 61000-4-7 consists of the second edition (2002) [documents
77A/382/FDIS and 77A/387/RVD], its amendment 1 (2008) [documents 77A/645/FDIS and
77A/651/RVD] and its corrigendum of July 2004.

The technical content is therefore identical to the base edition and its amendment and has
been prepared for user convenience.

It bears the edition number 2.1.
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A vertical line in the margin shows where the base publication has been modified by
amendment 1.

This standard forms part 4-7 of IEC 61000. It has the status of a basic EMC publication in
accordance with IEC Guide 107.

Annexes A, B and C are for information only.

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the maintenance result date indicated on the IEC web site under
"http://webstore.iec.ch"” in the data related to the specific publication. At this date,
the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or

« amended.

IMPORTANT - The “colour inside” logo on the cover page o1 tiis nupnlication indicates
that it contains colours which are considered to be useful for th: currect understanding
of its contents. Users should therefore print this publicatio) using a colour printer.
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INTRODUCTION

IEC 61000 is published in separate parts, according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment

Compatibility levels
Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the responsbility of the product
committees)

Part 4: Testing and measurement techniques

Measurement techniques

Testing techniques
Part 5: Installation and mitigation guidelines

Installation guidelines

Mitigation methods and devices

Part 6: Generic standards
Part 9: Miscellaneous

Each part is further sub-ivideu into several parts, published either as International Standards
or as technical specificaticns or technical reports, some of which have already been published
as sections. Other :ill I e published with the part number followed by a dash and a second
number identifying the subdivision (example: 61000-6-1).

These pubi.cations will be published in chronological order and numbered accordingly.

This mar. is an International Standard for the measurement of harmonic currents and voltages
in Lower supply systems and harmonic currents emitted by equipment. It also specifies the
porformar.ce of a standard measuring instrument.
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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

1 Scope

This part of IEC 61000 is applicable to instrumentation intended for measuring snec'ral
components in the frequency range up to 9 kHz which are superimposed on the fur.dan antal
of the power supply systems at 50 Hz and 60 Hz. For practical considerations, .'s siandard
distinguishes between harmonics, interharmonics and other components abo:'e the narmonic
frequency range, up to 9 kHz.

This standard defines the measurement instrumentation intended for textiny individual items
of equipment in accordance with emission limits given in certein suanaards (for example,
harmonic current limits as given in IEC 61000-3-2) as well as ‘or. the measurement of
harmonic currents and voltages in actual supply systems. Inst'umentation for measurements
above the harmonic frequency range, up to 9 kHz is tentative: !~fined (see Annex B).

NOTE 1 This document deals in detail with instruments based or the ‘iscre te Fourier transform.

NOTE 2 The description of the functions and structure of thc me-suring instruments in this standard is very
explicit and meant to be taken literally. This is due to the nc-essity of having reference instruments with
reproducible results irrespective of the characteristics of the i 1put signals.

NOTE 3 The instrument is defined to accommodate measuren.::.ts of harmonics up to the 50th order.
2 Normative references

The following referenced docum=ents ~ire indispensable for the application of this document.
For dated references, only the ediuon ciied applies. For undated references, the latest edition
of the referenced document (inclt ding any amendments) applies.

IEC 60038, IEC standard v >.aces

IEC 60050-161, Inte¢rnctional Electrotechnical Vocabulary — Chapter 161: Electromagnetic
compatibility

IEC 61000-2-.. Eicctromagnetic compatibility (EMC) — Part 2-2: Environment — Compatibility
levels for lcv-traquency conducted disturbances and signalling in public low-voltage power
supply cystems

‘EC 31000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic
cu.rent emissions (equipment input current <16 A per phase)

IEC 61000-3-12, 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
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