IEC 61000-4-12:2017-07 RLV(en)

IEC 61000-4-12

Edition 3.0 2017-07
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside

BASIC EMC PUBLICATION

Electromagnetic compatibility (EMC) —
Part 4-12: Testing and measurement techniques — Ring wave immunity test



https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 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

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares 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 the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 20 000 terms and definitions in
English and French, with equivalent terms in 16 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

IEC 61000-4-12

Edition 3.0 2017-07
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside

BASIC EMC PUBLICATION

Electromagnetic compatibility (EMC) —
Part 4-12: Testing and measurement techniques — Ring wave immunity test

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 33.100.20 ISBN 978-2-8322-4625-2

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

-2- IEC 61000-4-12:2017 RLV © IEC 2017

CONTENTS

FOREWORD ...ttt ettt et et et ettt et et e et e et e et e et e e et e e e enns 6
LN I 2 1 1 L N 1 S 8
S COPE-aRE- OB OO, ... e 9
NOrMative refErENCES .. e 9
Terms, definitions and abbreviated terms ... ..o 9
3.1 Terms and definitioNS. . ..o 9
3.2 Abbreviated termM S ... 11
L= a1 Y PP 12
4.1 Description of the phenomenon..... ... 12
4.2 Relevant parameters .. ..o e 14
4.21 Repetition rate .. ..o 14
4.2.2 PRhase angle ... 14
L= 15380 (2= PP 14
Test-eguipment INStrumentation ... ... 15
6.1 Fest RiNg WaVe geNerator . ... 15
6.1.1 Ring wave generator CIrCUIT ... ..o 15
6.1.2 IMPEedanCe ValUES ... .. oo e 15
6.1.3 Performance characteristics of the-test ring wave generator .......................... 16
6.1.4 Calibration of the ring wave generator ... 17
6.2 Coupling/decoupling networks-specifications . ...c.coeiiiiiiiiie e 18

6.2.1 GBNETAl e 19
6.2.2 Coupling/decoupling networks for AC/DC power port rated up to 63 A
[T g 1T (=Y PPN 20
6.2.3 Coupling/decoupling networks for interconnection lines ...............cccoceeeinnnn. 23
6.3 Calibration of coupling/decoupling NEtWOrKS...........cooeuiiiiiiiiiii e 26
6.3.1 (=Y 1Y = | PP 26
6.3.2 Calibration of CDNs for AC/DC power port rated up to 63 A per line .............. 26
6.3.3 Calibration of CDNs for interconnection lines...........cccooiiiiiiiiiiiiiiien 27

7.1 T eSSt EQUIPM Nt . e 31
7.2 Verification of the test instrumentation ..., 35
7.3 Test setup for ring waves applied to EUT power portsS..........coeviiiiiiiiiiiiiiiieeenn. 35
7.4 Test setup for ring waves applied to unshielded unsymmetrical

INTErcoONNECION lINES ... e e 36
7.5 Test setup for ring waves applied to unshielded symmetrical interconnection

1 U= PPN 36

7.6 Test setup for ring waves applied to shielded lines ..., 36


https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

IEC 61000-4-12:2017 RLV © IEC 2017 -3-

7.7 Protective earth CONNECtioN..... ... 37

G T =1 o o Y o3 = o [ U1 /= NN 38
8.1 GBI Al e 38
8.2 Laboratory reference conditionS ..........oouiiiiiiiiii 38
8.2.1 Climatic CoONIitioNS ..o 38
8.2.2 Electromagnetic conNditions ..o 38

8.3 EXecution of the teSt ... 38

9 Evaluation of test reSUILS ..o 41
O =] B =T o Yo 1 P 41

Annex A (informative) Information on electromagnetic environments, installation

Classes and teSt IEVEIS .. e e 50
Annex B (informative) Selection of generators and testlevels ... 52
B.1 LT =T = T PPN 52
B.2 The classification of environments ... ... 52
B.3 The definition of POrt fyPeS. ... 52
B.4 Selection of the test [eVels .. .o 53
Annex C (informative) EXplanatory NOTES ..ot 55
CA1 Different source impedanCe ... ... 55
C.2 Application of the 1SS ..o 55
c.2.1 Equipment level immunity ... ... 55
C.2.2 System level iIMMUNITY ... e 55
Annex D (informative) Measurement uncertainty (MU) considerations............c..ccooeeiiiniinnne. 56
D.1 LT 1= - ¥ PN 56
D.2 Legend for ring wave parameters . ......ooou i 56
D.3 Uncertainty contributors to the ring wave measurement uncertainty ...................... 57
D.4 Uncertainty of the generator output voltage and current measurement.................. 57
D.41 LY o T=T = | PP 57
D.4.2 Rise time of the riNg WaVve ... 57
D.4.3 Peak of the NG WaVe ... 59
D.4.4 Further MU contributions to time measurements .............coooiiiiiiiiiiiii e, 60
D.4.5 Rise time of the step response and bandwidth of the frequency

response of the measuring System.........ooooiiiiiiii 60

D.4.6 Impulse peak and width distortion due to the limited bandwidth of the
MEASUING SYSTOM ...t 61
D.5 Application of uncertainties in the ring waveform compliance criterion .................. 62

(27 o] 1Yo | £=T o1 0V TP 63



https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

-4 - IEC 61000-4-12:2017 RLV © IEC 2017

Figure 3 — Selection of coupling/decoupling method............ccoooiiiiiii 20
Figure 4 — Example of coupling network and decoupling network for capacitive

coupling on AC/DC lines: line-to-line COUPIING .....c..iiuiiiiiiii e 21
Figure 5 — Example of coupling network and decoupling network for capacitive

coupling on AC/DC lines: line-to-ground COUPIING........iiuiiiiiii e 22
Figure 6 — Example of coupling network and decoupling network for capacitive

coupling on AC lines (three phases): line L3-to-line L2 coupling.........ccocoviiiiiiiiiiiiiiiiieen, 22
Figure 7 — Example of coupling network and decoupling network for capacitive

coupling on AC lines (three phases): line L3-to-ground coupling .........ccooviviiiiiiiiiiieieean 23
Figure 8 — Example of coupling network and decoupling network for unshielded

unsymmetrical interconnection lines: line-to-line and line-to-ground coupling................c....... 24
Figure 9 — Example of coupling and decoupling network for unshielded symmetrical
interconnection lines: lines-to-ground COUPIING......ciuiiiiiiiii e 25
Figure 10 — Example of coupling and decoupling network for unshielded symmetrical
interconnection lines: lines-to-ground coupling via capacitors ............ccooeiiiiiiiiiiiii e 26
Figure 11 — Example of test setup for ring waves applied to shielded lines ........................... 37
Table 1 — Test |eVelSHor G W a e . .o it 14
Table 2 — Relationship between peak open-circuit voltage and peak short-circuit

o =Y 0 PN 17
Table 3 — Ring wave specification at the EUT power port of the CDN ..., 21
Table 4 — Summary of calibration process for CDNs for unsymmetrical interconnection
=TRSO 28
Table 5 — Ring wave waveform specifications at the EUT port of the CDN for

unsymmetrical interconNnNection lINES...... ..o 29
Table 6 — Summary of calibration process for CDNs for symmetrical interconnection

T 30
Table 7 — Ring wave waveform specifications at the EUT port of the CDN for

symmetrical interconNNeCion lINES ... 30
Table B.1 — Power ports: Selection of the test levels (depending on the installation

Lo F= T1= ) PP 53
Table B.2 — Circuits/lines: Selection of the test levels (depending on the installation

o] = 13 PPN 54
Table D.1 — Example of uncertainty budget for ring wave rise time (71) ................................ 58

Table D.2 — Example of uncertainty budget for the peak of the short-circuit current of
thE FING WAVE (FPK 1) o eeereeeimiiiiii oo 59


https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

IEC 61000-4-12:2017 RLV © IEC 2017 -5-

Table D.3 — « factor (Formula (D.3)) of different unidirectional impulse responses

corresponding to the same bandwidth of the system B


https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

1)

-6 - IEC 61000-4-12:2017 RLV © IEC 2017

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-12: Testing and measurement techniques —
Ring wave immunity test

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn 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.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard |IEC 61000-4-12 has been prepared by subcommittee 77B: High
frequency phenomena, of IEC technical Committee 77: Electromagnetic compatibility.

It forms Part 4-12 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107.

This third edition cancels and replaces the second edition published in 2006. This edition
constitutes a technical revision. This edition includes the following significant technical
changes with respect to the previous edition:

a) addition of a mathematical modelling of ring wave waveform;

b) new Annex B on selection of generators and test levels;

c) new Annex C on explanatory notes;

d) new Annex D on measurement uncertainty;

e) addition of high speed CDN;

f) addition of a calibration procedure for CDN.

The text of this International Standard is based on the following documents:

CbhV Report on voting
77B/764/CDV 77BI774/RVC

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61000 series, published under the general title Electromagnetic
compatibility (EMC), can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability 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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.



http://webstore.iec.ch/
https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

-8- IEC 61000-4-12:2017 RLV © IEC 2017

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 responsibility 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 subdivided into several parts, published either as international standards
or as technical specifications or technical reports, some of which have already been published
as sections. Others will be published with the part number followed by a dash and a second
number identifying the subdivision (example: IEC 61000-6-1).

This part is an International Standard which gives immunity requirements and test procedures
related to ring waves. It should be noted that edition 1 of IEC 61000-4-12, published in 1995,
covered immunity tests against two phenomena, ring waves and damped oscillatory waves.
This situation was changed in edition 2, published in 2006, where IEC 61000-4-12 covered
the ring wave phenomena only and the damped oscillatory wave phenomenon was moved into
a new standard IEC 61000-4-18.


https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

IEC 61000-4-12:2017 RLV © IEC 2017 -9-

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-12: Testing and measurement techniques —
Ring wave immunity test

1 Scope-and-object

This part of IEC 61000 relates to the immunity requirements and test methods for electrical

and electronic equipment, under operational conditions, to-nen-repetitive-damped-oscillatory

transients—{ ring waves} occurring in low-voltage power, control and signal lines supplied by
public and non-public networks.

The object of this document is to establsh—the—%memty—#eqe#emeets—aed a common

reference for evaluatmg in

mtended—fe{—pewer—stahen%aﬂd—subs%atm»S—a%appheable the |mmun|ty of electrlcal and

electronic equipment when subjected to ring waves. The test method documented in this part
of IEC 61000 describes a consistent method to assess the immunity of an equipment or
system against a defined phenomenon.

NOTE As described in IEC Guide 107, this is a basic EMC publication for use by product committees of the IEC.
As also stated in Guide 107, the IEC product committees are responsible for determining whether this immunity
test standard-sheuld-be is applied or not, and if applied, they are responsible for determining the appropriate test
levels and performance criteria. TC 77 and its sub-committees are prepared to co-operate with product committees
in the evaluation of the value of particular immunity test and test levels for their products.

This document defines:

— test voltage and current waveforms;
— arange of test levels;

— test equipment;

— test setups;

— test procedures.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60050 (all parts), International Electrotechnical Vocabulary (IEV) (available at
www.electropedia.org)

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-464 (all
parts) as well as the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1.1

calibration

set of operations which establishes, by reference to standards, the relationship which exists
under specified conditions, between an indication and a result of a measurement

Note 1 to entry: This term is based on the "uncertainty" approach.

Note 2 to entry: The relationship between the indications and the results of measurement can be expressed, in
principle, by a calibration diagram.

[SOURCE: IEC 60050-311:2001, 311-01-09]

3.1.2
coupling
interaction between circuits, transferring energy from one circuit to another

3.1.3

coupling network

CN

electrical circuit for the purpose of transferring energy from one circuit to another

3.1.4

coupling/decoupling network

CDN

combination of a coupling network and a decoupling network

3.1.5

decoupling network

DN

electrical circuit for the purpose of preventing test voltages applied to the equipment under
test (EUT) from affecting other devices, equipment, or systems which are not under test

3.1.6

immunity (to a disturbance)

ability of a device, equipment, or system to perform without degradation in the presence of an
electromagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-01-20]
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3.1.7

port

particular interface of-the-EUT an equipment, which couples this equipment with the external
electromagnetic environment (IEC 60050-161:1990, 161-01-01) and through which the
equipment is influenced by the environment

[SOURCE: IEC 60050-161:1990, 161-01-27]

3.1.8
ring wave
damped oscillation, whose damping time constant is of the order of one period

[SOURCE: IEC 60050-161:1990, 161-02-30]

3.1.9

rise time

Tr

interval of time between the instants at which the instantaneous value of an impulse first
reaches 10 % value and then the 90 % value

[SOURCE: IEC 60050-161:1990, 161-02-05, modified — the content of the note has been
included in the definition and “pulse” has been changed to “impulse”]

3.1.10

transient (adj and noun)

pertaining to or designating a phenomenon or a quantity which varies between two
consecutive steady states during a time interval short compared with the time-scale of interest

[SOURCE: IEC 60050-161:1990, 161-02-01]

3.1.11

verification

set of operations which is used to check the test equipment system (e.g. the test generator
and-the its interconnecting cables)-and to demonstrate that the test system is functioning

within-the specifications given-in Clause 6

Note 1 to entry: The methods used for verification may be different from those used for calibration.

Note 2 to entry: For the purposes of this basic EMC standard this definition is different from the definition given in
IEC 60050-311:2001, 311-01-13.

3.2 Abbreviated terms

AE Auxiliary equipment

CD Coupling device

CDN Coupling/decoupling network
CLD Clamping device

CN Coupling network

DN Decoupling network

EMC Electromagnetic compatibility
EUT Equipment under test

GDT Gas discharge tube

MU Measurement uncertainty
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PDF Probability density function
PE Protective earth

RGP Reference ground plane
RWG Ring wave generator

SPD Surge protective device

4 General

4.1 Description of the phenomenon

The ring wave (described in Figure 1) is—a—typical an oscillatory transient, induced in low-
voltage cables due to the switching of electrical networks and reactive loads, faults and
insulation breakdown of power supply circuits or lightning. It is, in fact, the most diffused
phenomenon occurring in power supply (high voltage, medium voltage, low voltage) networks,
as well as in control and signal lines.

The ring wave is representative of a wide range of electromagnetic environments of
residential, as well as industrial installations. It is suitable for checking the immunity of
equipment in respect of the above-mentioned phenomena, which give rise to impulses
characterized by sharp front-waves that, in the absence of filtering actions, are in the order of
10 ns to a fraction of us. The duration of these impulses may range from 10 us to 100 ps.

The rise time and duration of the-parameters impulse are-subject-to-medification,—depending

dependent on the propagation characteristics of the media and the path.

The propagation of the wave in the lines (power and signal) is always subject to reflections,
due to the mismatching impedance (the lines are terminated—en—their—own with loads or
connected to protection devices, input line filters, etc.). These reflections produce oscillations,
whose frequency is related to the propagation speed. The presence of parasitic parameters
(e.g. stray capacitance of components like motors, transformer windings, etc.) are—other

conditioning additional influencing factors.

The rise time can be increased by the low-pass characteristics of the line. This effect is more
relevant for fast rise times (in the order of 10 ns), and less relevant for slow rise times (in the
order of 1 us).

Another cause of the ring wave is lightning, which itself is characterized by a unidirectional
waveform (standard 1,2/50 us impulse). Circuits subjected to the indirect effects of lightning
(inductive coupling among lines) are influenced by the derivative of the primary impulse and
the coupling mechanisms involved, which—gives—rise—to can cause oscillations. The
characteristics of the resulting ring wave depend on the reactive parameters of the ground
circuits, metal structures involved in the lightning current flow, and the propagation in the low-
voltage transmission lines.

The phenomenon, which is created by the above mentioned effects at the equipment ports, is
an oscillatory transient or a ring wave. Oscillatory transients are covered in IEC 61000-4-18. A
ring wave with a defined 0,5 us rise time and 100 kHz oscillation frequency has been
determined to be typical and is widely used for testing products.


https://standards.iteh.ai/catalog/standards/iec/1e13db4c-a0b1-4246-bf6c-3f1933860af2/iec-61000-4-12-2017

