IEC 60947-5-4:2002-10+AMD1:2019-05 CSV(en-fr)

IEC IEC 60947-5-4

o
®

Edition 2.1 2019-05

INTE RNATIO NAL CONSOLIDATED VERSION
STANDARD

NORME

INTERNATIONALE -

Low-voltage switchgear and controlgear —
Part 5-4: Control circuit devices and switching elements — Method of assessing
the performance of low-energy contacts — Special tests

Appareillage a basse tension —

Partie 5-4: Appareils et éléments de commutation pour circuits de commande —
Méthode d'évaluation des performances des contacts a basse énergie — Essais
spéciaux



https://standards.iteh.ai/catalog/standards/iec/73590ec0-e4fc-426f-9692-d03da47be8c9/iec-60947-5-4-2002

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2019 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 I''lEC ou du Comité national de I''EC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez

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

www.iec.ch

les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
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 corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
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
once a month by email.

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: sales@iec.ch.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 000 terminological entries 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

67 000 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.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Recherche de publications IEC -
webstore.iec.ch/advsearchform

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au
monde, avec plus de 22 000 articles terminologiques en
anglais et en francais, ainsi que les termes équivalents dans
16 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

67 000 entrées terminologiques électrotechniques, en anglais
et en frangais, extraites des articles Termes et Définitions des
publications IEC parues depuis 2002. Plus certaines entrées
antérieures extraites des publications des CE 37, 77, 86 et
CISPR de I'lEC.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://standards.iteh.ai/catalog/standards/iec/73590ec0-e4fc-426f-9692-d03da47be8c9/iec-60947-5-4-2002

IEC 60947-5-4

Edition 2.1 2019-05

INTERNATIONAL

STANDARD

NORME

INTERNATIONALE o

Low-voltage switchgear and controlgear —
Part 5-4: Control circuit devices and switching elements — Method of assessing
the performance of low-energy contacts — Special tests

Appareillage a basse tension —

Partie 5-4: Appareils et éléments de commutation pour circuits de commande —
Méthode d'évaluation des performances des contacts a basse énergie — Essais
spéciaux

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 29.130.20 ISBN 978-2-8322-6998-5

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

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


https://standards.iteh.ai/catalog/standards/iec/73590ec0-e4fc-426f-9692-d03da47be8c9/iec-60947-5-4-2002

iTeh Standards
(https://standards.iteh.ai)
Document Preview

IEC 60947-5-4:2002
https:/standards.iteh.ai/catalog/standards/iec/73590ec0-e4fc-4261-9692-d03dad 7be8c9/iec-60947-5-4-2002



https://standards.iteh.ai/catalog/standards/iec/73590ec0-e4fc-426f-9692-d03da47be8c9/iec-60947-5-4-2002

IEC 60947-5-4:2002-10+AMD1:2019-05 CSV(en-fr)

IEC IEC 60947-5-4

o
®

Edition 2.1 2019-05

REDLINE VERSION
VERSION REDLINE

Low-voltage switchgear and controlgear —
Part 5-4: Control circuit devices and switching elements — Method of assessing
the performance of low-energy contacts — Special tests

Appareillage a basse tension —

Partie 5-4: Appareils et éléments de commutation pour circuits de commande —
Méthode d'évaluation des performances des contacts a basse énergie — Essais
spéciaux



https://standards.iteh.ai/catalog/standards/iec/73590ec0-e4fc-426f-9692-d03da47be8c9/iec-60947-5-4-2002

-2 - IEC 60947-5-4:2002+AMD1:2019 CSV

© IEC 2019
CONTENTS

O T L @ 1 I PN 3
LN 7 10 L@ 1 ] PN 5
T SCOPE AN OB ECT ... e e 6
2 NOIMALIVE FEIEIENCES ...uiiiii et e e 6
3 Definitions and list of SYymMbOIS USed.......cooiiiiiiiii 7
3l D it ONS Lo e 7

3.2  List Of SYMbDOIS USEA ... ceeiiei e 9

4 General PriNCIPIES ..o e 10
5 General test Method ... ..o 10
General CharaCterisStiCS ... o e i 11

6.1 Measurement Methods ... 11

6.2 Sequences Of OPEratioNS .......ouiiiiiiii e 13

6.3 Electrical characteristics ... ..o 15

6.4 Characteristics of operation ... .. ..o 16

7 Characterization of defeCts ... 17
7.1 Basic Method ... 17

7.2  Monitoring the load (fIgure 3) ... 17

8  Ambient CONAItIONS ... .o e 17
8.1 Normal CONAItiONS ... e e 17

8.2  PreCONditiONINg . e 18

8.3 Particular CONAitioNS ... ...coi 18

9 Methods Of rePOrING ..oeniie e 18
S T O o= 11 LU /=T o7 o 1 (=T o o 18

9.2 Reporting the failure rate.......cooouiiiii 18

10 Information to be provided in the test report ... 20
Annex A (normative) Information to be supplied by the manufacturer............................o... 22
L] o 10T =Y o1 2 172 PP 25
Figure 1 — Functional diagram of the testing equipment ..., 11
Figure 2 — Typical test circuit for the basic method ..., 12
Figure 3 — Test circuit for monitoring a load ..o, 13
Figure 4 — Sequential diagram with load-switching contacts............ccoooiiiiiiii, 14
Figure 5 — Sequential diagram without load-switching contacts...........c...ccoooiiiiiiiiin s 15

Table 1 — Coefficient K for a time-terminated test.........................., 21


https://standards.iteh.ai/catalog/standards/iec/73590ec0-e4fc-426f-9692-d03da47be8c9/iec-60947-5-4-2002

IEC 60947-5-4:2002+AMD1:2019 CSV -3-
© IEC 2019

1)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 5-4: Control circuit devices and switching elements —
Method of assessing the performance of low-energy contacts —
Special tests

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 consolidated version of the official IEC Standard and its amendment has been

‘prepared for user convenience.

IEC 60947-5-4 edition 2.1 contains the second edition (2002-10) [documents 17B/1228/
FDIS and 17B/1254/RVD] and its amendment 1 (2019-05) [documents 121A/284/FDIS and
121A/301/RVD].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 60947-5-4 has been prepared by subcommittee 17B: Low-voltage
switchgear and controlgear, of IEC technical committee 17: Switchgear and controlgear.

This second edition has the status of an International Standard.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

Some slight modifications, mainly of an editorial nature, have been introduced since the first
edition.

The committee has decided that the contents of the base publication and its amendment 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.
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INTRODUCTION

General usage of control switches may not be suitable for use at very low voltages and
therefore it is recommended to seek the advice of the manufacturer concerning any
application with a low value of operational voltage, for example, below 100 V a.c. or d.c. (see
IEC 60947-5-1:2016, note-2 of-4.3-4+-1 4.3.2.2).

However, the development of electronic systems and programmable controllers in industrial
processes increases the use of switching elements in low-voltage circuit control.

It is thus necessary to define how predictional behaviour of contacts in this area should be
established (with an acceptable confidence level), by using precise conventional testing
methods, down to specified values (such as 24 V, 1 mA; 5V, 10 mA).

The objective of this document is to ensure the availability of contacts used in this area,
including normally-open contacts.

This document shall be used as a complement of IEC 60947-5-1 for low-energy contacts
applications.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 5-4: Control circuit devices and switching elements —
Method of assessing the performance of low-energy contacts —
Special tests

1 Scope and object

This part of IEC 60947 applies to separable contacts used in the utilization area considered,
such as switching elements for control circuits.

This standard takes into consideration two typical rated voltage areas:
a) above (and including) 10 V (typically 24 V) where contacts are used for switching loads
with possible electrical erosion, such as programmable controller inputs;

b) below 10 V (typically 5 V) with negligible electrical erosion, such as electronic circuits.

This standard does not apply to contacts used in:

— functional safety area. In case of contacts used in functional safety area, Annex N of
IEC 60947-5-1:2016 applies;

— the very low energy area of measurement, for example, sensor or thermocouple systems.

The object of this standard is to propose a method of assessing the performances of low

energy contacts giving

— useful definitions;

— general principles of test methods which are to monitor and record the behaviour of
contacts at each operation;

— functional bases for the definition of a general testing equipment;
— preferred test values;

— particular conditions for testing contacts intended for specific applications (such as
switching of PC inputs);

— information to be given in the test report;

— interpretation and presentation of the rest results.

2 Normative references

The following referenced documents are indispensable for the application 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 60068-1:49882013, Environmental testing — Part 1: General and guidance
Amendment-1-{1992)

IEC 60068-2 (all parts), Environmental testing — Part 2: Tests

IEC 60605-6:49972007, Equipment reliability testing — Part 6: Tests for the validity and
estimation of the constant failure rate-er and constant failure intensity-assumptions
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IEC 60947-1:49992007, Low-voltage switchgear and controlgear — Part 1: General rules-*

Amendment 1 (20002010)
Amendment 2 (20042014)

IEC 60947-5-1:49972016, Low-voltage switchgear and controlgear — Part 5-1: Control circuit
devices and switching elements — Electromechanical control circuit devices-2

3 Definitions and list of symbols used

3.1 Definitions

For the purpose of this part of IEC 60947, the following definitions apply.

In this standard the term “time interval” is expressed as the “number of operating cycles”, as
appropriate in definitions.

3.11

reliability

probability that an item can perform a required function, under given conditions, for a given
time interval (¢4, t,)

NOTE 1 It is generally assumed that the item is in a state to perform this required function at the beginning of
the time interval.

NOTE 2 The term “reliability” is also used to denote the reliability performance quantified by this probability (see
IEV 191-02-086).

[IEV 191-12-01]

3.1.2

contact reliability

probability that a contact can perform a required function, under given conditions, for a given
number of operating cycles

3.1.3
failure
termination of the ability of an item to perform a required function

NOTE 1 After a failure the item has a fault.
NOTE 2 “Failure” is an event, as distinguished from “fault”, which is a state.

NOTE 3 This concept as defined does not apply to items consisting of software only.

[IEV 191-04-01]

3.1.4

defect

non-fulfilment of an intended requirement or an expectation for an entity, including one
concerned with safety

NOTE The requirement or expectation should be reasonable under the existing circumstances.
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3.1.5

observed failure rate A,

for a stated period in the life of an item, ratio of the total number of failures in a sample to
cumulated observed number of cycles on that sample. The observed failure rate is to be
associated with particular and stated numbers of operating cycles (or summation of operating
cycles) in the life of the item and with stated conditions

3.1.6

assessed failure rate A,

failure rate of an item determined by a limiting value or values of the confidence interval
associated with a stated confidence level, based on the same data as the observed failure
rate of nominally identical items

NOTE 1 The source of the data should be stated.

NOTE 2 Results can be accumulated (combined) only when all conditions are similar.

NOTE 3 The assumed underlaying distribution of failures against time should be stated.

NOTE 4 It should be stated whether a one-side or a two-side interval is being used.

NOTE 5 Where only one limiting value is given, this is usually the upper limit.

3.1.7

constant failure rate period

that period, if any, in the life of a non-repaired item during which the failure rate is approx-
imately constant

[IEV 191-10-09]

NOTE In reliability engineering, it is often assumed that the failure rate 4 is constant, that is that the times to
failure are distributed exponentially.

3.1.8

controlling unit

equipment generating commands to run a specified test sequence controlling synchronization
and the flow of orders (such as starts, measurements, stops)

3.1.9
steady state (of the contacts after closing)
state of the contact after mechanical stabilization (after operation bounces)

3.1.10
load
device which is to be controlled by the contact under test

3.1.11
duty ratio
ratio, for a given time interval, of the on-load duration to the total time

[IEV 151-04-13]

3.1.12
contact voltage drop U
voltage between the contact members in the steady state

3.1.13

defect contact voltage drop U,4

value of the voltage drop for which a defect is registered if it is exceeded for a time more
than ty

3.1.14
defect time g4
minimum time during which a contact voltage drop greater than U, is considered as a defect
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3.1.15
ON voltage Ugy
minimum voltage necessary for activating the load from the OFF to the ON state

3.1.16

ON time tgoy

corresponding minimum duration of the application of voltage Ugy for activating the load from
the OFF to the ON state

3.1.17
OFF voltage Ugpg
maximum voltage necessary for deactivating the load from the ON to the OFF state

3.1.18

OFF time tOFF

corresponding minimum time to change from the ON to the OFF state when the voltage drops
to Uggg or below

3.2 List of symbols used

AX auxiliary contact (see figure 2)

B coefficient used for statistical analysis (see table 1)
c confidence level

C contact under test (see figure 2)

/ test current

c statistical assessed constant mean number of operating cycles to failure (lower limit) at
confidence level ¢ (m, = 1/4,)

M measurement of voltage drop or monitoring the load (see figure 4)

n number of tested items at the commencement of the test (see 9.2.2)
N number of operating cycles (see 9.2.2)

N, number of operating cycles for item i (see 9.2.2)

N* cumulative number of operating cycles (see 9.2.2)

r number of failures (see 9.2.2)

ty, time to reach steady-state conditions (see figure 4)

ty defect time (see 3.1.14)

te final time without surveillance before breaking current (see figure 4)
ts time interval between the opening of AX and C (see figure 5)

t; initial time without surveillance after initiation of current (see figure 4)
tm time of measurement of contact voltage drop U, or monitoring the load (see figure 4)

torr  OFF time (see 3.1.18)

oy ON time (see 3.1.16)

t time of current flowing (see figure 4)

s time of steady state of the test contact (see 3.1.9 and figure 4)
supply voltage of the test circuit

Uy contact voltage drop (see 3.1.12)

Uy  defect contact voltage drop (see 3.1.13)

U, voltage across the load (see figure 3)

Uore OFF voltage (see 3.1.17)
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Uon  ON voltage (see 3.1.15)
T period of the test cycle (see figure 4)
A true constant failure rate
Ae assessed failure rate (upper limit) at confidence level ¢

Aob observed failure rate (calculated from test) (see 3.1.5)

4 General principles

A method of assessing the performances of low-energy contacts by special tests is proposed.
As the failures of such contacts are of a random nature, the method is based on a continuous
monitoring of the contacts under test.

For the basic method (see 6.1.1), the voltage drop between the terminals of the closed
contact (steady state — see 3.1.9) is measured for each operation and compared to a
specified threshold.

In the alternative method, the behaviour of the load is monitored at each operating cycle.

The measurement is performed under constant voltage U (see figures 2 and 3). The contact(s)
under test is (are) mounted and connected as in normal service and under ambient conditions
as defined in clause 8. The measurement of the voltage drop is made directly on the
connecting terminals of the contact(s) or on the connecting terminals of the load (see 6.1.2).

In the basic and alternative methods recommended here (see 6.1.1 and 6.1.2), the contacts
under test switch (make and break) the load.

For tests without switching the load, the analysis may be performed on the same equipment.
The testing equipment for this purpose should, therefore, be designed accordingly.

It may be possible to test the contact(s) in particular environments (dry heat, dust, damp heat,
H,S, etc.). Such environments shall be agreed between the user and the manufacturer, and
shall be chosen from those defined in the IEC 60068-2 series (see clause 8).

In the basic method, tests are made with direct current. Precautions concerning measurement
of low voltage shall be taken (for example, the use of shielded cables).

When the test is performed on a load, care must be taken to avoid voltage drops other than
contact voltage drop (use of stabilized power supply).

Any external influence liable to affect the results (such as vibrations) shall be avoided.

5 General test method

The equipment used for the test (see figure 1) controls

— the operation of contacts under test;
— the electrical supply for contact circuits;

— the measurement of contact voltage drop for the basic method or the monitoring of the
state of the load for the alternative method;

— the detection and recording of defects and failures for each of the contacts under test.
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