IEC 60947-4-1:2009

Full docu

IEC IEC 60947-4-1

(J
®

INTERNATIONAL
STANDARD

NORME

INTERNATIONALE §®
(O

A\ (§7\
N
N &nj
lectro anical contactors and

oteurs — Contacteurs et démarreurs

Edition 3.0 2009-09

Low-voltage switchgear and coN
Part 4-1: Contactors and motor-sta
motor-starters

Appareillage a basse te
Partie 4-1: Contac

électromécan'@}e


http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

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 (\
N\

About the IEC

The International Electrotechnical Commission (IEC) is the leading globa
International Standards for all electrical, electronic and related tech

About IEC publications
The technical content of IEC publications is kept under consfg g Vi . Please make sure that you have the
latest edition, a corrigenda or an amendment mi
" Catalogue of IEC publications: www.iec.ch/searshpub
The IEC on-line Catalogue enables you to search by \a variety ® i c€ number, text, technical committee,...).
It also gives information on projects, withdrawn angTeplaced rub 3
" |EC Just Published: www.iec.ch/online _news/justpub,

Stay up to date on all new IEC publications. Just blisgx%tails wice

on-line and also by email.

epares and publishes

" Electropedia: www.electropedia.

in English and French, with equi i iti | languages. Also known as the International Electrotechnical

Vocabulary online.

® Customer Service w w.iec.ch/web sts

If you wish to give us yo k onMhis p blicgtion or need further assistance, please visit the Customer Service
Centre FAQ or contact

Email: csc@iec.ch

Tel.: +41 22 919 02 11

Fax: +41 22 919 3

A prop

La Commissi ue Anternationale (CEI) est la premiére organisation mondiale qui élabore et publie des

A propos des pubti
Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

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

® Just Published CEI: www.iec.ch/online _news/justpub
Restez informé sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
publications parues. Disponible en-ligne et aussi par email.

" Electropedia: 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

Documents

Document Sharing Hub

Full document details: IEC 60947-4-12009


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
http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

IEC 60947-4-1

Edition 3.0 2009-09

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Low-voltage switchgear and cot
Part 4-1: Contactors and motor-
motor-starters

Appareillage a basse
Partie 4-1: Contac * oteurs — Contacteurs et démarreurs

électromécar@e

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

COMMISSION

ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE XF
CODE PRIX

ICS 29.120.99; 29.130.20 ISBN 978-2-88910-338-6

Documents

Document Sharing Hub

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

Full document details: IEC 60947-4-12009


http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

-2- 60947-4-1 © IEC:2009

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 6
T SCOPE ANA OO e 8
I S Yo o o 1P 8
1.1.1 AC and DC contactors ... 8
1.1.2  AC MOtOr-Starters ... 8
1.2 EXCIUSIONS .. e 10
R T © o Y o1 S P 10
NOIMALtIVE FEIEIENCES ...t s rt et e e e e e e e 11
Terms, definitions, symbols and abbreviations.................................. e e 12
3.1 General ., ) DN NUUUIUN N 12
3.2 Alphabetical index of terms .......ccoooiiiiiiiiiii e S0 N N NG e e 12
3.3 Terms and definitions concerning contactors............ /. G N o N e NG e s Neevenennennns 13
3.4 Terms and definitions concerning starters ........... e N\eerr oo™\ N N 15

3.5 Terms and definitions concerning characteristic Guantiti®s .\>......N oeveieieniennennn.

3.6 Symbols and abbreviations...........coooii NG NG N e
Classification........ccooiiiiiiii e NG G ettt

5 Characteristics of contactors and stz
5.1  Summary of characteristics™

5.2 Type of equipment.................. 0o DD
5.2.1 Kind of equipment....[......
5.2.2

523
5.2.4 Inter

525 ¢
5.3 Rated

5.4

5.4.1
5.4.2 Assignment of utilization categories based on the results of tests.............. 27
5.5 CoNtrol CirCUITS - e 29
5.6 AUXIIIAIY CIrCUITS Lo e e e eans 30
5.7 Characteristics of relays and releases (overload relays) ..........cccovvviiiiiiiiininennss 30
5.7.1  Summary of characteristics...........ooooviiiiii 30
5.7.2 Types of relay Or rel@ase ......cc.vuuiiniii e 30
5.7.3 Characteristic values ....... ..o 30
5.7.4 Designation and current settings of overload relays............cccoceeiiiiiinnnn, 32
5.7.5 Time-current characteristics of overload relays..............ccooiiiiiiiiiiinn, 32
5.7.6 Influence of ambient air temperature ... 33
5.8 Co-ordination with short-circuit protective devices ..........cc.cooiiiiiiiiiiiii i 33
ST TV oY I PSRN 33
Documents

Document Sharing Hub

Full document details: IEC 60947-4-12009


http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

60947-4-1 © IEC:2009 -3-

5.10 Types and characteristics of automatic change-over devices and automatic

acceleration control deVICES ... e 33

T O B I8/ o 1= S PP 33

5.10.2 CharacteriStiCs ..ocuiii i 33
5.11 Types and characteristics of auto-transformers for two-step auto-transformer

S A S e 34
5.12 Types and characteristics of starting resistors for rheostatic rotor starters............. 34

B  Product information ... 34

6.1  Nature of information...... .o

B6.1.1  Identification. ...

6.1.2 Characteristics, basic rated values and utilization
6.2  Marking .oooviieiii e A NG
6.3 Instructions for installation, operation and maintenance ... AN ...\ NG Nereneenns
Normal service, mounting and transport conditions...........cocoo o N0 N NG e NG NG e eens
Constructional and performance requirements..........c.cooco e Ko e N e N\t e e e Deeeneennannns

8.1 Constructional requirements
8.1.1  GeNEral ..ciiviiiiiii e e e N N e e e e e e e e
8.1.
8.1.
8.1.
8.1.
8.1.
8.1.
8.1.
8.1.
8.1.
8.1.
8.1.

8.2.7 Additional requirements for combination starters and combination

switching devices suitable for isolation ..............ccococii 52
8.3 Electromagnetic compatibility (EMC) ..o 52
8.3.1  GBNEIAI et 52
8.3.2  IMIMIUNILY Lot 52
8.3.3  EMISSION ettt e 53
1S T == (PP 53
9.1 KNS Of 1St . et e 53
0.1 1 GBNEIAl e 53
0.1, 2 TP IS Sttt e 54
9.1.3  ROULINE 1888 ..o 54
9.1.4  SampPliNg teSES .o u it 54
9.1.5  SPECIaAl tESES . .iuiiieeeie e Documents

Document Sharing Hub

Full document details: IEC 60947-4-12009


http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

—4 - 60947-4-1 © IEC:2009

9.2 Compliance with constructional requirements ... 55
9.3 Compliance with performance requirements .............coooiiiiiiei i 55
0.3.1 TSt SEOUEBNCES . ittt e 55
9.3.2 General test conNditioNS ... ..o 56
9.3.3 Performance under no load, normal load and overload conditions ............. 56
9.3.4 Performance under short-circuit conditions ... 64
9.3.5 Overload current withstand capability of contactors .....................ooonil 69
9.3.6 Routine tests and sampling tests ..o
0.4 EMC eSS o e
941 GENEIAI et
9.4.2  IMMUNILY .o e N e
9.4.3  EMISSION tuiiviiiiiiiii e L e NG
Annex A (normative) Marking and identification of terminals of conta
associated overload relays......cooovviiiiiiii )
Annex B (normative) Special tests ........cooviiiiiiiiii S
ANNEX C VOid ...

Annex | (informative)

o = T E- S N PP
F N g L= G Y o] Lo N R N s N O N N PRSP
Annex K (norma
used in functionabhséfe
Bibliography........ A\

Figure 3 — Typical iants of protected starters, combination starters, protected
switching devices and combination switching devices ...........cocoiiiiiiiic 75

Figure 4 — Example of three-phase diagram of a rheostatic rotor starter with three
starting steps and one direction of rotation (in the case when all the mechanical
switching devices are CONtACIONS) ... ... i 76

Figure 5 — Typical methods and diagrams of starting alternating-current induction
motors by means of auto-tranSfOrMeErs .........cooiiiiii i 77

Figure 6 — Examples of speed/time curves corresponding to cases a), b), c), d), e) and
f) of 5.3.5.5 (the dotted parts of the curves correspond to the periods when no current

flows through the MOtOr) ... e 78

Figure 7 — Multiple of current setting limits for ambient air temperature compensated

time-delay overload relays (See 8.2.1.5.1) .o 79

Figure 8 — Thermal Memory teSt ... e eae e 80

Figure B.1 — Examples of time-current withstand characteristic....................o.coooiin. 92
Documents

Document Sharing Hub

Full document details: IEC 60947-4-12009


http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

60947-4-1 © IEC:2009 -5-

Figure F.1 — Mirror CONtACT.... ... e 99
Figure H.1 — Test circuit for the verification of the operating characteristic of a

ground/earth fault Felay.......oo.iiiii e 110
Figure K.1 — Plot of Weibull median rank regression ...........c..ooiiiiiiiii e 121
Table 1 — Utilization Cat@gories .. ... 29
Table 2 — Trip classes of overload relays .......cc.vvuiiiiii e 32
Table 3 — Limits of operation of time-delay overload relays when energized on all poles....... 42

Table 4 — Limits of operation of three-pole time-delay overload relays when energized
ON TWO POIES ONIY ittt et e AT T e e e e e e nenes

Table 5 — Temperature rise limits for insulated coils in air and in oil
Table 6 — Intermittent duty test cycle data..........cooooiiiiiiii i NN e e NG N e e

Table 7 — Making and breaking capacities — Making and breaking
to utilization category ..o K NG N NG ) e

Table 8 — Relationship between current broken /¢ and off-tjr
rated making and breaking capacities .........cooiiiiiiiin e N NN NG e e e

Table 9 — Operational current determination for utilizati
when derived from AC-3 ratings ...........oocovveveeeenn b oo 000

Table 10 — Conventional operational p
according to utilization category........<{.....\..:

Table 15 — Cond
Table 16 — Radia S

of on-load operating cycles — Conditions for
the several utilization categories...............ccooiiinn. 88

Table K.2 — Typical failure ratios for normally open contactors..............c..cooiviiiiiiiicieneenns 119
Table K.3 — Example of 15 sorted ascending times to failure of contactors ......................... 120

Documents

Document Sharing Hub

Full document details: IEC 60947-4-12009


http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

-6 - 60947-4-1 © IEC:2009

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 4-1: Contactors and motor-starters —
Electromechanical contactors and motor-starters

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s ization comprising
all national electrotechnical committees (IEC National Committees). The obj is to promote
international co-operation on all questions concerning standardization in the elect{i electronic fields. To
this end and in addition to other activities, IEC publishes International Standarg Wi ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a nittee interested
in the subject dealt with may participate in this preparatory work. i 3
governmental organizations liaising with the IEC also participate in fkj . |E aborates closely
with the International Organization for Standardization (ISO) in &dccorda Wi
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

7) No liability shall attdc s dires mployees, servants or agents including individual experts and
members of its technd S E ational Committees for any personal injury, property damage or
other damage of Any w whether direct or indirect, or for costs (including legal fees) and
expenses arising\out\of\the publi t|on use of, or reliance upon, this IEC Publication or any other IEC

9) AttentionN M o ssibility that some of the elements of this IEC Publication may be the subject of
~JEC'shaN not\e held responsible for identifying any or all such patent rights.

International Standavd IEC 60947-4-1 has been prepared by subcommittee 17B: Low-voltage
switchgear and controlgear, of IEC technical committee 17: Switchgear and controlgear.

This third edition replaces the second edition published in 2000 and its Amendments 1 (2002)
and 2 (2005). It is a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition (2000) and its Amendments 1 (2002) and 2 (2005):

e deletion of the test at -5 °C and +20 °C for thermal overload relays that are not
compensated for ambient air temperature;
e addition of conditions of the tests according to Annex Q of IEC 60947-1;

e EMC tests: clarification of acceptance criteria and alignment with IEC 60947-1 for fast
transient severity level;

e Annex B, test for Icd: modification of the duration of the dielectric test voltagelfj m 5s to

60 s; ocuments
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e Annex B, electrical durability: improvement of the statistical aspects;

e Annex H: clarification and introduction of new extended functions within electronic
overload relays;

e Annex K, procedure to determine data for electromechanical contactors used in functional
safety applications: creation of this new annex.

The text of this standard is based on the following documents:

FDIS Report on voting
17B/1674/FDIS 17B/1677/RVD
Full information on the voting for the approval of this 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 Dy

A list of all parts of the IEC 60947 series can be found, undé & bow-voltage
switchgear and controlgear, on the IEC website.

the maintenance result date indicated or the\|E ¢ ite der "http://webstore.iec.ch" in
the data related to the specific publication. At this de e publication will be

e reconfirmed;
e withdrawn;
e replaced by a revisgd e

e amended.

N\

IMPORTANT he “col i
that it contains c rs whic
of its CM. Users shoul

w

ide” logo on the cover page of this publication indicates
re considered to be useful for the correct understanding
therefore print this publication using a colour printer.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 4-1: Contactors and motor-starters —
Electromechanical contactors and motor-starters

1 Scope and object

1.1 Scope

— starters associated with separate
short-circuit and integrated overload

protective devices. Su
rated as units.

For circuit-breakers apd\f ing i sed as short-circuit protective devices in

combination starts , the requirements of IEC 60947-2 and
IEC 60947-3 re @

, for protecting these circuits against operating overloads which

NOTE For contactors combined with suitable relays and which are intended to provide short-circuit protection, the
relevant conditions specified for circuit-breakers (IEC 60947-2) additionally apply.

This standard applies also to the actuators of contactor relays and to the contacts dedicated
exclusively to the coil circuit of a contactor.

Contactors or starters with an electronically controlled electromagnet are also covered by this
standard.

1.1.2 AC motor-starters

AC motor-starters intended to start and accelerate motors to normal speed, to ensure
continuous operation of motors, to switch off the supply from the motor and to provide means
for the protection of motors and associated circuits against operating overloads.

Documents
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For overload relays for starters, including those based on electronic technology with or without
extended functions according to Annex H, the requirements of this standard apply.

1.1.2.1 Direct-on-line (full voltage) a.c. starters

Direct-on-line starters intended to start and accelerate a motor to normal speed, to provide
means for the protection of the motor and its associated circuits against operating overloads,
and to switch off the supply from the motor.

This standard applies also to reversing starters.

1.1.2.2 Reduced voltage a.c. starters

increasing the voltage applied to the terminals, to provide means§
motor and its associated circuits against operating overloads

1.1.2.21 Star-delta starters

continuous operation in the delta conn
and its associated circuits/against-epe
motor.

The star-delta startersidea
and, therefore, ' p
i e line and the torque of the motor are about one-third of the

corresponding values o ion. érefore, star-delta starters are used when the inrush current due to

ef starters, intended to start and accelerate an a.c. induction motor
from rest with reduced torque to normal speed and to provide means for the protection of the
motor and its associated circuits against operating overloads, and to switch off the supply
from the motor.

This standard applies to auto-transformers which are part of the starter or which constitute a
unit specially designed to be associated with the starter.

Auto-transformer starters with more than two steps are not covered by this standard.

The auto-transformer starters dealt with in this standard are not intended for inching duty or
reversing motors rapidly and, therefore, utilization category AC-4 does not apply.

NOTE In the starting position, the current in the line and the torque of the motor related to the motor starting with
rated voltage are reduced approximately as the square of the ratio (starting voltage):(rated voltage). Therefore,
auto-transformer starters are used when the inrush current due to the starting is to be limited or when the driven
machine requires a limited torque for starting. Figure 2 indicates typical curves of starting current, of starting
torque of the motor and of torque of the driven machine.
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1.1.2.3 Rheostatic rotor starters

Starters intended to start an a.c. induction motor having a wound rotor by cutting out resistors
previously inserted in the rotor circuit, to provide means for the protection of the motor against
operating overloads and to switch off the supply from the motor.

In the case of asynchronous slip-ring motors (wound-rotors), the highest voltage between
open slip-rings is not greater than twice the rated insulation voltage of the switching devices
inserted in the rotor circuit (see 5.3.1.1.2).

NOTE This requirement is based on the fact that the electric stresses are less severe in the rotor than in the
stator and are of short duration.

reversal of
connections is made with the motor stopped (see 5.3.5.5). Operationg” ncluding™Noching and
plugging necessitate additional requirements and are subject ent\between
manufacturer and user.

This standard applies to resistors which are part of the st
designed to be associated with the starter.

wte ahit specially

1.2 Exclusions
This standard does not apply to:

— d.c. starters;
— star-delta starters, rheostatic rotor

— liquid starter@t
— semiconductoh g

main circuit;

1.3 Object
The object of this standard is to state:

a) the characteristics of contactors and starters and associated equipment;
b) the conditions applicable to contactors and starters with reference to:
1) their operation and behaviour,
2) their dielectric properties,
3) the degrees of protection provided by their enclosures, where applicable,
4) their construction;

c) the tests intended for confirming that these conditions have been met, and the methods to
be adopted for these tests;

d) the information to be given with the equipment or in the manufacturer's literature.
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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 60034-1:2004, Rotating electrical machines — Part 1: Rating and performance
IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC 60300-3-5:2001, Dependability management — Part 3-5: Applicatio
test conditions and statistical test principles

gwide — Reliability

IEC 60410:1973, Sampling plans and procedures for inspection by &ttribb

IEC 61000-4-2:2008, Electromagnetig Part 4-2: Testing and

Amendment 1 (2007)

IEC 61000-4-4:20Q
techniques — Electrig

bility (EMC) — Part 4-4: Testing and measurement
immunity test

IEC 61000-4-5:20 ynagretic compatibility (EMC) - Part 4-5: Testing and
measureme ique ge immunity test

IEC 61040-2-6: S pctromagnetic compatibility (EMC) - Part 4-6:Testing and
measure 2ghmiglre Immunity to conducted disturbances, induced by radio-frequency
fields

IEC 61439-1:20009,
rules

ow-voltage switchgear and controlgear assemblies — Part 1: General

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic
safety-related systems

IEC 61511 (all parts), Functional safety — Safety instrumented systems for the process
industry sector

IEC 61513:2001, Nuclear power plants —Instrumentation and control for systems important to
safety — General requirements for systems

IEC 61649:2008, Weibull analysis

IEC 61810-1:2008, Electromechanical elementary relays — Part 1: General requirements
(available in English only) Documents
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IEC 62061:2005, Safety of machinery — Functional safety of safety-related electrical,
electronic and programmable electronic control systems

CISPR 11:2003, Industrial, scientific and medical (ISM) radio-frequency equipment -—
Electromagnetic disturbance characteristics — Limits and methods of measurement
Amendment 1 (2004)

Amendment 2 (2006)

ISO 13849-1:2006, Safety of machinery — Safety-related parts of control systems — Part 1:
General principles for design

3 Terms, definitions, symbols and abbreviations

3.1 General

For the purposes of this document, the terms and definitions o b 60947-1, as

3.2 Alphabetical index of terms

Reference

auto-transformer starter.............c...... oo 3.4.5.2

closed transition (with an auto-transformer startenorstarsdelta starter) ...................... 3.4.23
combination starter ... ... ac e e NG N e e ettt 3.4.8
combination sWitChiNg dediCe N ./ NN s o it qere o et ee e e e e

1610 I 0T o1 =1 -1 10 o S S N B
contactor (mechanical

direct-on-line starter

electronic overloadvetay with under power detection ...

electronically energized coil of electromagnet...........coooiiii 3.3.8

electro-pneumatic CONTACTON ... ... 3.3.4

electro-pneumatic Starter ... ... 3.4.13
I

([aTed o Tl o Yo T (oo Yo |1 4T ) PR 3.4.24

INRIDIT CUITENT (fi0) vvvvrvriiiiiiiiiiiii e H.2.7

T a1 1 LT = 3.4.30
J

jam sensitive (electronic overload) relay ........ccooiiiiiiiiiiii 3.4.29
L

latChed CONTACTOr .. cue e 3.3.5
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M
MANUAL SEAI . . e 3.4.9
MHITOE CONTACT .ot ettt et et e e ae e F.2.1
MoOtor-operated Starter . ... 3.4.11
N
BT (=T o I3 = o (= P 3.4.16
(0]
[ 20T 0 1= -1 40 o N 3.5.3
open transition (with an auto-transformer starter or star-delta starter)......................... 3.4.22
P

phase loss sensitive thermal overload relay or release
01 [0 o o 1o o [ PP WP WA
pneumatic Contactor ... AONG N e
pneumatic starter..... ..o e RO e N e
position of rest (of a contactor)
protected starter ... N N N G e D e
protected switching deviCe ... NG NN Y e,

reduced voltage starter
reversing starter ............ccoco NG NG
rheostatic rotor starter
rheostatic starter.........c.ooooviiiiiiii o G
reostatic stator starter.........................

Single-step starter...... o o e o O e sttt ettt e
stall sensitive (elegtronic 0¥exrOad) PIAYK ... ...t iiiii i 3.4.28
star-delta starte .......................................................................................... 4.5,

(=] = T (= S N N N N

UNder-current relay OF FEIEaASE ... .i i e 3.4.18

under-voltage relay OF FEIEASE ....v.iu i e e 3.4.19
\Y,

vacuum contactor (OF Starter) ..o 3.3.6

3.3 Terms and definitions concerning contactors

3.31

(mechanical) contactor

mechanical switching device having only one position of rest, operated otherwise than by
hand, capable of making, carrying and breaking currents under normal circuit conditions
including operating overload conditions

NOTE 1 Contactors may be designated according to the method by which the force for closing the bain contacts

is provided. Ocuments
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[IEV 441-14-33]

NOTE 2 The term "operated otherwise than by hand" means that the device is intended to be controlled and kept
in working position from one or more external supplies.

NOTE 3 In French, a contactor the main contacts of which are closed in the position of rest is usually called a
"rupteur". The word "rupteur" has no equivalent in the English language.

NOTE 4 A contactor is usually intended to operate frequently.

3.3.2

electromagnetic contactor
contactor in which the force for closing the normally open main contacts or opening the
normally closed main contacts is provided by an electromagnet

NOTE The electromagnet may be electronically controlled.

3.3.3

pneumatic contactor
contactor in which the force for closing the normally open
normally closed main contacts is provided by a device using
of electrical means

3.34

electro-pneumatic contactor

contactor in which the force for cloging A Iy op@ contacts or opening the
normally closed main contacts is provided by a e using compressed air under the control

of electrically operated valves

3.3.5
latched contactor

its utilization and its\des
switching device//ti

vacuum contacto starter)
contactor (or starter) in which the main contacts open and close within a highly evacuated
envelope

3.3.7

position of rest (of a contactor)

position which the moving elements of the contactor take up when its electromagnet or its
compressed-air device is not energized

[IEV 441-16-24]

3.3.8
electronically energized coil of electromagnet
electromagnet in which the coil is energized by a circuit with active electronic elements
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3.4 Terms and definitions concerning starters

3.4.1

starter

combination of all the switching means necessary to start and stop a motor in combination
with suitable overload protection

[IEV 441-14-38, modified]

3.4.2
direct-on-line starter
starter which connects the line voltage across the motor terminals in one step

[IEV 441-14-40]

3.4.3

reversing starter
starter intended to cause the motor to reverse the direction of
primary connections while the motor may be running

he motor

3.4.4

two-direction starter
starter intended to cause the motor to reverse th
primary connections only when the motgo

WAy reversing the motor

3.4.5
reduced voltage starter

starter which connects the line voltage|acrgss thenxmo
gradually increasing the vgltage applied tormla

3.4.5.1
star-delta starter

starter for a thre ase
are connected in

[IEV 441-14-44]

grminals in more than one step or by

@ that in the starting position the stator windings
position they are connected in delta

Qtor which uses for starting one or more reduced voltages derived

[IEV 441-14-45]

NOTE An auto-transformer is defined as follows in 3.1.2 of IEC 60076-1: “A transformer in which at least two
windings have a common part."

3.4.6

rheostatic starter

starter utilizing one or several resistors for obtaining, during starting, stated motor torque
characteristics and for limiting the current

[IEV 441-14-42]

NOTE A rheostatic starter generally consists of three basic parts which may be supplied either as a composite
unit or as separate units to be connected at the place of utilization:

— the mechanical switching devices for supplying the stator (generally associated with an overload protective
device);

— the resistor(s) inserted in the stator or rotor circuit;

— the mechanical switching devices for cutting out the resistor(s) successively. Documents

Document Sharing Hub

Full document details: IEC 60947-4-12009


http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

-16 - 60947-4-1 © IEC:2009

3.4.6.1

rheostatic stator starter

rheostatic starter for a squirrel cage motor which, during the starting period, cuts out
successively one or several resistors previously provided in the stator circuit

3.4.6.2

rheostatic rotor starter

rheostatic starter for an asynchronous wound-rotor motor which, during the starting period,
cuts out successively one or several resistors previously provided in the rotor circuit

[IEV 441-14-43]

3.4.7

protected starter
equipment consisting of a starter, a manually-operated switching dg
protective device, rated as a unit by the manufacturer

NOTE 1 The protected starter may or may not be enclosed.

NOTE 2 In the context of this standard, the term “manufacturer® mea
ultimate responsibility as follows:

— to verify compliance with the appropriate standard;

— to provide the product information according to Clause 6

3.4.8
combination starter (see Figure 3)
equipment consisting of a prqtect

NOTE Also called "combin

3.4.9
manual starter
starter in which the

energy

starter in which orce for closing the main contacts is provided by an electromagnet

3.4.11
motor-operated starter
starter in which the force for closing the main contacts is provided by an electric motor

3.4.12

pneumatic starter

starter in which the force for closing the main contacts is provided by using compressed air,
without the use of electrical means

3.4.13

electro-pneumatic starter

starter in which the force for closing the main contacts is provided by using compressed air
under the control of electrically operated valves
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3.4.14

single-step starter

starter in which there is no intermediate accelerating position between the OFF and ON
positions

NOTE This starter is a direct-on-line starter.

3.4.15

two-step starter

starter in which there is only one intermediate accelerating position between the OFF and ON
positions

EXAMPLE A star-delta starter is a two-step starter.

3.4.16

n-step starter (see Figure 4)
starter in which there are (n-1) intermediate accelerating positions\b
positions

nd ON

[IEV 441-14-41]

EXAMPLE A three-step rheostatic starter has two sections of reg

3.4.17
phase loss sensitive thermal overlog

3.4.19 @
under-voltage re

measuring relay o
reduced below a

NOTE The starting™ime of a starter is shorter than the total starting time of the motor which also takes into
account the last period of/acceleration following the switching operation to the ON position.

3.4.21
starting time (of an auto-transformer starter)
period of time during which the auto-transformer carries current

NOTE The starting time of a starter is shorter than the total starting time of the motor which also takes into
account the last period of acceleration following the switching operation to the ON position.

3.4.22

open transition (with an auto-transformer starter or star-delta starter)

circuit arrangement such that the supply to the motor is interrupted and reconnected when
changing over from one step to another

NOTE The transition stage is not considered as an additional step.
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3.4.23

closed transition (with an auto-transformer starter or star-delta starter)

circuit arrangement such that the supply to the motor is not interrupted (even momentarily)
when changing over from one step to another

NOTE The transition stage is not considered as an additional step.

3.4.24

inching (jogging)

energizing a motor or solenoid repeatedly for short periods to obtain small movements of the
driven mechanism

3.4.25

plugging
stopping or reversing a motor rapidly by reversing the motor prima
motor is running

€% while the

3.4.26

protected switching device
equipment (for non motor loads) consisting of a contaé
overload protection, a manually operated switching
device, rated as a unit by the manufacturer

guctor controller,
<circuit protective

NOTE 1 The protected switching device may opypay not kg

NOTE 2 In the context of this standard, the terr
ultimate responsibility as follows:

person, company or organization with

— to verify compliance with the appropriate s

3.4.27
combination s
equipment consisti

NOTE 1 Explanation of stall: rotor locked during start.

NOTE 2 With appropriate adjustment of the current and starting time settings, such relay can be used to detect
overtime starts.

3.4.29

jam sensitive (electronic overload) relay

electronic overload relay which operates in the case of overload and also when the current
has increased above a predetermined value for a specific period of time during operation, in
accordance with specified requirements

NOTE Explanation of jam: high overload occurring after the completion of starting which causes the current to
reach the locked rotor current value of the motor being controlled.

3.4.30

inhibit time

time-delay period during which the tripping function of the relay is inhibited (may be
adjustable) Documents
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3.5 Terms and definitions concerning characteristic quantities

3.5.1

transient recovery voltage

TRV

recovery voltage during the time in which it has a significant transient character

NOTE In a vacuum contactor or starter, the highest transient recovery voltage may occur on an other pole than
the first pole to clear.

[IEC 60947-1, 2.5.34, modified]

3.5.2

CO operation
breaking of the circuit by the SCPD resulting from closing the circuit by\t
test

ipment under

3.5.3

O operation
breaking of the circuit by the SCPD resulting from closing
test which is in the closed position

NOTE The SCPD is normally in the closed position prior closi
the circuit (see 9.3.4.2.2, item b).

3.6 Symbols and abbreviations
AQL Acceptable quality level
EMC Electromagnetic compatibility

SCPD Short-circuit projective device

IC

Ie

lor entN5.322.7)

les £ (5.3.2.6)

Iic

ln al current (5.3.2.1)
lihe ed thermal current (5.3.2.2)
Ithr

lths ator thermal current (5.3.2.3)
IIJ

To Tripping time (Table 2)

U, Rated control circuit voltage (5.5)

U, Rated operational voltage (5.3.1.1)

Ugr Rated rotor operational voltage (5.3.1.1.2)
Ugg Rated stator operational voltage (5.3.1.1.1)

U Rated insulation voltage (5.3.1.2)

Uimp Rated impulse withstand voltage (5.3.1.3)

U, Rated rotor insulation voltage (5.3.1.2.2)

Usg Rated stator insulation voltage (5.3.1.2.1)

U, Power frequency or d.c. recovery voltage (Table 7)
Ug Rated control supply voltage (5.5)
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4 Classification

Subclause 5.2 gives all the data which may be used as criteria for classification.

5 Characteristics of contactors and starters

5.1 Summary of characteristics

The characteristics of a contactor or starter shall be stated in the following terms, where such
terms are applicable:

— type of equipment (5.2);

— rated and limiting values for main circuits (5.3);
— utilization category (5.4);

— control circuits (5.5);

— auxiliary circuits (5.6);
— types and characteristics of relays and releases (5.7);
— co-ordination with short-circuit protective devices

— types and characteristics of automatic change-
control devices (5.10);

— types and characteristics of aufo
(5.11);

— types and characteristics of starting’resistors\fo gstatic rotor starters (5.12).
5.2 Type of equipmen
The following shall be $
5.2.1 Kind o i

— contactor;

5.2.3 Kind of current (a.c. or d.c.)

5.24 Interrupting medium (air, oil, gas, vacuum, etc.)
5.2.5 Operating conditions of the equipment
5.2.5.1 Method of operation

For example: manual, electromagnetic, motor-operated, pneumatic, electro-pneumatic.

5.2.5.2 Method of control
For example:

— automatic (by pilot switch or sequence control);
— non-automatic (such as by hand operation or by push-buttons); Documents
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— semi-automatic (i.e. partly automatic, partly non-automatic).
5.2.5.3 Method of change-over for particular types of starters

The change-over for star-delta starters, rheostatic rotor starters or auto-transformer starters
may be automatic, non-automatic or semi-automatic (see Figures 4 and 5).

5.2.5.4 Method of connecting for particular types of starters

For example: open transition starter, closed transition starter (see Figure 5).

5.3 Rated and limiting values for main circuits

The rated values established for a contactor or starter shall be stated sordance with

ted.

5.3.1 Rated voltages

A contactor or starter is defined by the following rated

5.3.11 Rated operational voltage (Ue)

Subclause 4.3.1.1 of IEC 60947-1 applies.

5.3.1.1.1 Rated stator operationat'voltage

For rheostatic rotor starter grati voltage is a value of voltage which,
when combined with a ra ional gurfent, determines the application of the

and breaking capaciti

maximum rated @ﬂ

the starting characteristics. In no case shall the
e corresponding rated insulation voltage.

al voltage (U,,)

For rheostatis tart value of rated rotor operational voltage is that of the voltage
which, i a rated rotor operational current, determines the application of the
rotor circutit i Ny ing™i echanical switching devices and to which are referred the making
and breaking sap e type of duty and the starting characteristics.

This voltage is taken as equal to the voltage measured between slip-rings, with the motor
stopped and the rotor open-circuited, when the stator is supplied at its rated voltage.

The rated rotor operational voltage is only applied for a short duration during the starting
period. For this reason, it is permissible that the rated rotor operational voltage exceed the
rated rotor insulation voltage by 100 %.

The maximum voltage between the different live parts (e.g. switching devices, resistors,
connecting parts, etc.) of the rotor circuit of the starter will vary and account may be taken of
this fact in choosing the equipment and its disposition.

5.3.1.2 Rated insulation voltage (U;)

Subclause 4.3.1.2 of IEC 60947-1 applies.
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5.3.1.2.1 Rated stator insulation voltage (U;)

For rheostatic rotor starters, the rated stator insulation voltage is the value of voltage which is
designated for the devices inserted in the stator supply, as well as the unit they are part of,
and to which dielectric tests and creepage distances are referred.

Unless otherwise stated, the rated stator insulation voltage is the value of the maximum rated
stator operational voltage of the starter.

5.3.1.2.2 Rated rotor insulation voltage (U;,)

For rheostatic rotor starters, the rated rotor insulation voltage is the value of voltage which is
designated to the devices inserted in the rotor circuit, as well as the hey are part of
(connecting links, resistors, enclosure), and to which dielectric tests ang age distances
are referred.

5.3.1.3 Rated impulse withstand voltage (Uimp)

Subclause 4.3.1.3 of IEC 60947-1 applies.

5.3.1.4 Rated starting voltage of an auto-transfo

The rated starting voltage of an auto-transforme
the transformer.

Preferred values of rated starting volta
voltage.

5.3.2 Currents or po

A contactor or a starterN

NOTE In the case a these cixrents relate to the delta connection and, in the case of a two-
step auto-transforme hgostatic ro , ON position.

5.3.21 Conve

Subclause 4.3

5.3.2.2 > hti nclosed thermal current (/)

Subclause 4. of \EC60947-1 applies.

5.3.2.3 Conventional stator thermal current (/y,¢)

The conventional stator thermal current of a starter may be either free air current /¢ or
enclosed current /g, in line with 5.3.2.1 and 5.3.2.2.

For a rheostatic rotor starter, the stator thermal current is the maximum current it can carry on
eight-hour duty (see 5.3.4.1) without the temperature rise of its several parts exceeding the
limits specified in 8.2.2 when tested in accordance with 9.3.3.3.

5.3.24 Conventional rotor thermal current (/)

The conventional rotor thermal current of a starter may be either free air current /Iy, or
enclosed current ly,g,, in line with 5.3.2.1 and 5.3.2.2.

For rheostatic rotor starters, the rotor thermal current is the maximum current that those parts
of the starter through which the rotor current flows in the ON position, precisely %&lﬁments
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out resistors, can carry on eight-hour duty (see 5.3.4.1) without their temperature rise
exceeding the limits specified in 8.2.2 when tested in accordance with 9.3.3.3.

NOTE 1 For those elements (switching devices, connecting links, resistors) through which a current of practically
no value flows in the ON position, it should be verified that, for the rated duties (see 5.3.4) stated by the
manufacturer, the value of integral

t

j i 2 dt

0

does not lead to temperature rises higher than those appearing in 8.2.2.

NOTE 2 When resistors are built-in into the starter, the temperature rise should be taken jr

5.3.2.5 Rated operational currents (/;) or rated operational po

power output,
equipment is intended. The manufact
between the current and the power.

NOTE Annex G gives values concerning the re
powers.

5.3.2.6 Rate

maximum rated\poweroutput, at the rated stator operational voltage considered, of the motor
for which the statoretements of the starter are intended. The manufacturer shall be prepared
to state the relationship assumed between the motor power and the stator current.

5.3.2.7 Rated rotor operational current (/,,)

For rheostatic rotor starters, a rated rotor operational current is stated by the manufacturer
and takes into account the rated rotor operational voltage (see 5.3.1.1.2), the conventional
free air or enclosed rotor thermal current, the rated frequency (see 5.3.3), the rated duty
(see 5.3.4), the starting characteristics (see 5.3.5.5) and the type of protective enclosure.

It is taken as equal to the current flowing in the connections to the rotor when the latter is
short-circuited and the motor is running at full load and the stator is supplied at its rated
voltage and rated frequency.

When the rotor part of a rheostatic rotor starter is rated separately, the indication of a rated
rotor operational current may be supplemented by the maximum rated power output, for
motors having the rated rotor operational voltage considered, of the motor for whiD@etu)ments
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of the starter (switching devices, connecting links, relays, resistors) is intended. This power
varies in particular with the breakaway torque foreseen and consequently takes into account
the starting characteristics (see 5.3.5.5).

5.3.2.8 Rated uninterrupted current (/)

Subclause 4.3.2.4 of IEC 60947-1 applies.

5.3.3 Rated frequency
Subclause 4.3.3 of IEC 60947-1 applies.

5.34 Rated duties

Subclause 4.3.4 of IEC 60947-1 applies.

5.3.41 Eight-hour duty (continuous duty)

Subclause 4.3.4.1 of IEC 60947-1 applies with the following“addition

For a star-delta starter, a two-step auto-transformer/starteror~a rheostatic rotor-starter, the
continuous duty is the duty in which the starter is in(the positiomang the main contacts of

5.3.4.2 Uninterrupted duty

uninterrupted duty.is th
of the switching >
without interruption i

(weeks, months or ¢

position and the main’contacts of the switching devices which constitute it remain closed for
periods bearing a definite relation to the no-load periods, both periods being too short to allow
the starter to reach thermal equilibrium.

Preferred classes of intermittent duty are:

— for contactors: 1, 3, 12, 30, 120, 300 and 1 200 (operating cycles per hour);

— for starters: 1, 3, 12 and 30 (operating cycles per hour).

It is recalled that an operating cycle is a complete working cycle comprising one closing
operation and one opening operation.

For starters, an operating cycle comprises starting, running to full speed and switching off the
supply from the motor.

NOTE In the case of starters for intermittent duty, the difference between the thermal time-constant of the
overload relay and that of the motor may render a thermal relay unsuited for overload prqtection. It is
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recommended that, for installations intended for intermittent duty, the question of overload protection be subject to
agreement between manufacturer and user.

5.3.44 Temporary duty

Subclause 4.3.4.4 of IEC 60947-1 applies.

5.3.4.5 Periodic duty

Subclause 4.3.4.5 of IEC 60947-1 applies.

5.3.5 Normal load and overload characteristics

Subclause 4.3.5 of IEC 60947-1 applies with the following additions.

5.3.5.1 Ability to withstand motor switching overload curren

Requirements to meet these conditions are given for contactors/i

5.3.5.2 Rated making capacity

: ; in"8.2.4.1. The rated
making and breaking capacities are only valid when(the/Co o’starter is operated in

5.3.5.3 Rated breaking capacity

5.4) are given in 8.2.4.1. The rated
ontactor or the starter is operated in

Requirements for the various utilizatiq
making and breaking capacities are only v w
accordance with the requirémentsof8.21.

5.3.5.4 Conventio

This performan@

5.3.5.5 Starting, a s ardacteristics of starters (see Figure 6)

a) one djr the motor being switched off during running in normal service
condition i ategories AC-2 and AC-3);

b) two directigons o gtion, but the running in the second direction is realized after the
vitched off and the motor has completely stopped (utilization categories
AC-2 and AC-3);

c) one direction of rotation, or two directions of rotation as in item b), but with the possibility
of infrequent inching (jogging). For this service condition, direct-on-line starters are
usually employed (utilization category AC-3);

d) one direction of rotation with frequent inching (jogging). Usually direct-on-line starters
(utilization category AC-4) are used for this duty;

e) one or two directions of rotation, but with the possibility of infrequent plugging for stopping
the motor, plugging being associated, if so provided, with rotor resistor braking (reversing
starter with braking). Usually a rheostatic rotor starter is used for this duty condition
(utilization category AC-2);

f) two directions of rotation, but with the possibility of reversing the supply connections to the
motor while it is running in the first direction (plugging), in order to obtain its rotation in the
other direction, with switching off the motor running in normal service conditions. Usually a
direct-on-line reversing starter is used for this duty condition (utilization category AC-4).
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Unless otherwise stated, starters are designed on the basis of the starting characteristics of
the motors compatible with the making capacities of Table 7. These making capacities cover
both the transient and steady-state starting currents of the great majority of standard motors.
However, the starting currents for some large motors may attain peak values corresponding to
power factors considerably lower than those specified for the test circuit in Table 7. In these
cases, the operational current of the contactor or starter should be decreased to a value lower
than its rated value such that the making capacity of the contactor or starter is not exceeded.

5.3.56.5.1 Starting characteristics of rheostatic rotor starters

A distinction shall be drawn between the currents and voltages in the stator and rotor circuits
of slip-ring motors. However, the changes of the current values in stator and rotor circuits,
caused by the various steps of the starting process, are nearly proportiomal under normal
operating conditions.

The following definitions deal mainly with the characteristics of the

U, is the rated rotor operational voltage;
lo; is the rated rotor operational current;

Z,. is the characteristic impedance of the rotor of an a. ' i potor;
where

11 is the current in the rotor circuit imriediately shorting out a resistor section;
I is the current in the rotox_circuit immedi hofting out a resistor section;
Im = 112 (I1+ I);

Te is the rated motor g
ts is the startin e,

k is the severity Of

requirements\which S ot only in a different number of starting steps and different
values ¢ the values of /4 and I, being different for individual resistor
sections: o affempt has been made to lay down standard parameters, but the

— for most applications, between two and six starting steps are adequate depending upon
load torque, inertia and the severity of start required,;

— the resistor sections should be designed to have adequate thermal ratings bearing in mind
the starting time of the drive, which will be dependent upon load torque and load inertia.

5.3.5.5.2 Standard conditions for making and breaking corresponding to
the starting characteristics for rheostatic rotor starters

These conditions are given in Table 7 and apply to starting with high torque. (For the
designation of the mechanical switching devices, see Figure 4.)

NOTE Conditions for starting with full torque and half torque are under consideration.

The conditions for making and breaking as given in Table 7 for AC-2 utilization category are
considered as standard.
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The starter circuit shall be designed to open all rotor resistor switching devices before or
approximately simultaneously with the opening of the stator switching device. Otherwise, the
stator switching device shall comply with AC-3 requirements.

5.3.5.5.3 Starting characteristics for two-step auto-transformer starters

Unless otherwise stated, the auto-transformer starters and specifically the auto-transformers
are designed on the condition that the starting time for all classes of duty (see 5.3.4) shall not
exceed 15s. The number of starting cycles per hour assumes equal periods between starts
except that, in the event of two operating cycles being made in rapid succession, the starter
and the auto-transformer shall be allowed to cool to ambient air temperature before a further
start is made.

When a starting time in excess of 15 s is required, this shall be the of agreement
between manufacturer and user.

5.3.6 Rated conditional short-circuit current

Subclause 4.3.6.4 of IEC 60947-1 applies.

5.4 Utilization category
5.4.1 General

an agreement.

Each utilization category\
factors or time- S
specified in this s

the values of the currents, voltages, power-
able 7 and Table 10, and by the test conditions

] and breaking capacities as these values depend directly
own in Table 7.

All direct-on-line starters belong to one or more of the following utilization categories: AC-3,
AC-4, AC-7b, AC-8a and AC-8b.

All star-delta and two-step auto-transformer starters belong to utilization category AC-3.
Rheostatic rotor starters belong to utilization category AC-2.

5.4.2 Assignment of utilization categories based on the results of tests

a) A contactor or starter which has been tested for one utilization category or at any
combination of parameters (such as highest operational voltage and current, etc.) can be
assigned other utilization categories without testing, provided that the test currents,
voltages, power-factors or time-constants, number of operating cycles, on and off times
given in Table 7 and Table 10, and the test circuit for the assigned utilization categories
are not more severe than those at which the contactor or starter has been tested and the
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temperature rise has been verified at a current not less than the highest assigned rated
operational current in continuous duty.

For example, when tested for utilization category AC-4, a contactor may be assigned
utilization category AC-3 provided [/, for AC-3 is not higher than 1,2 /, for AC-4 at the same
rated operational voltage.

b) DC-3 and DC-5 contactors are assumed to be capable of opening and closing loads other
than those on which they have been tested provided that:

— the voltage and current do not exceed the specified values of Ug and /;
— the energy J stored in the actual load is equal to or less than the energy J, stored in
the load with which they were tested.

The values of the energy stored in the test circuit are as follows:

Utilization category Stored energ/y\Sk\ ) (\
DC-3 0,005 25 x Uy x Iy \)
DC-5 0,031 & x ?&I\ \
N\

The values of the constants 0,005 25 and 0,031 5 are derived. fro

Jo=1/2 LI

2,5x 10-3 s (DC-3) and:
15 x 103 s (DC-5)

and where U = 1,05 U,, | 5

(See Table 7 of this stahdar

9,
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Table 1 — Utilization categories

Kind of | Utilization Additional . o
- category Typical applications
current categories desi .
esignation
AC-1 General use Non-inductive or slightly inductive loads, resistance furnaces
AC-2 Slip-ring motors: starting, switching off
AC-3 Squirrel-cage motors: starting, switching off motors during
runninga
AC-4 Squirrel-cage motors: starting, plugging, inching
AC-5a Ballast Switching of electric discharge lamp controls
AC-5b Incandescent Switching of incandescent lamps
AC AC-6a Switching of transformers
AC-6b Switching of capacitor banks
AC-7ac
AC-7be
AC-8a
AC-8b
DC-1 IighWin ive loads, resistance furnaces
DC-3 , pldgging, inching
DC
DC-5 rting, plugging, inching
ing of d.c. motors
DC-6 itchi f incandescent lamps
a AC-3 category ma alNinchi (jogging) or plugging for limited time periods such as
machine set-up; g riods, the number of such operations should not exceed five per
minute or more thapAemi
b A hermetic refrige combination consisting of a compressor and a motor, both of
which are enclosed e fousing/ with no external shaft or shaft seals, the motor operating in the
refrigerant.
¢ For AC-7a dnd A

5.5

Subclause 4.5 of IEC 60947-1 applies; moreover for an electronically controlled
electromagnet, 4.5.1 of IEC 60947-1 applies with the following addition.

The electronic part may form an integral part or a separate part provided it is an intrinsic
function of the device. In both cases, the device shall be tested with this electronic part
mounted as in normal use.

The characteristics of electronic control circuits are as follows:

— type of current;

— power consumption;

— rated frequency (or d.c.);

— rated control circuit voltage, U, (nature: a.c./d.c.);

— rated control supply voltage, Ug (nature: a.c./d.c.);
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— nature of external control circuit devices (contacts, sensors, optocouplers, electronic

active components, etc).

Annex E gives examples and illustrations of different circuit configurations.

NOTE A distinction is made between the control circuit voltage Ug, which is the controlling input signal, and the
control supply voltage Ug, which is the voltage applied to energize the power supply terminals of the control circuit
equipment and may be different from Ug due to the presence of built-in transformers, rectifiers, resistors, electronic
circuitry, etc.

5.6 Auxiliary circuits

Subclause 4.6 of IEC 60947-1 applies.

a

nd intended

Digital inputs and/or digital outputs contained in contactors and motor;s
to be compatible with PLCs shall fulfil the requirements of Annex S o

5.7 Characteristics of relays and releases (overload relays

NOTE In the remainder of this standard, the words "overload relay" willk D equaly to an overload
relay or an overload release, as appropriate.

5.7.1 Summary of characteristics

The characteristics of relays and releases shal
applicable:

following terms, whenever

— types of relay or release (see 5.7.2),
— characteristic values (see 5.7.3);
— designation and curren

5.7.2 Types @
a) Release with s

b) Under-voltag
c) Overload ti

3) dependent on'previous load and also sensitive to phase loss.
d) Instantaneous over-current relay or release (e.g. jam sensitive).

e) Other relays or releases (e.g. control relay associated with devices for the thermal
protection of the motor).

f) Stall relay or release.

5.7.3 Characteristic values

a) Release with shunt coil, under-voltage (under-current), over-voltage (instantaneous over
current), current or voltage imbalance and phase reversal opening relay or release:

— rated voltage (current);
— rated frequency;
— operating voltage (current);
— operating time (when applicable);
— inhibit time (when applicable).
b) Overload relay: Documents
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— designation and current settings (see 5.7.4);

— rated frequency, when necessary (for example in the case of a current transformer
operated overload relay);

— time-current characteristics (or range of characteristics), when necessary;

— trip class according to classification in Table 2, or the value of the maximum tripping
time, in seconds, under the conditions specified in 8.2.1.5.1, Table 3, column D, when
this time exceeds 40 s;

— nature of the relay: thermal, magnetic, electronic or electronic without thermal memory
(electronic relay not fulfilling the thermal memory test verification according 8.2.1.5.1.2

shall be marked Th );

— nature of the reset: manual and/or automatic; in case of cbinati
automatic-reset, the set position shall be indicated;

manual or

— tripping time of overload relays class 10A if longer than 2
8.2.1.5.1.1, item c).

c) Release with residual current sensing relay:

& orbelow (see

— rated current;

— operating current;
— operating time or time-current characteristi
— inhibit time (when applicable);

— type designation (see Annex H).

O
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Table 2 — Trip classes of overload relays

Trip class Tripping time T, under the conditions | Tripping time T, under the conditions
specified in 8.2.1.5.1, specified in 8.2.1.5.1,
Table 3, column D @ Table 3, column D for tighter

tolerances (tolerance band E) 2

S S
2 - Tp<2
3 _ 2<T,<3
3<T,<5

5 0,5<T,<5 <'p

10 A 2<Ty<10 _

10 4<Tp510

20 6<TpS20
9<TpS30

30

40

NOTE 1 Depending on the nature of the relay, the tripping condifions are

inserted in the stator circuit. As

NOTE 2 In the case of a rheostatic rotor starter the overload rela
R istors (generally more easily

a result, it cannot efficiently protect the rotor

damageable than the rotor itself or the switchihg devicgs in c3 ) ; protection of the rotor circuit
should be the subject of a specific agreement b d user (see, inter alia, 8.2.1.1.3)

NOTE 3 In the case of a two-step auto-transf arting auto-transformer is normally designed
for use during the starting period only: as a result, i antly protected by the overload relay in the

NOTE 4 The lower I|m|t| are selected

manufacturing tolerances.

allow for differing heater characteristics and

The curre

However, if the ¢ t setting is influenced by the conditions of use or other factors which
cannot readily be marked on the relay, then the relay or any interchangeable parts thereof
(e.g. heaters, operating coils or current transformers) shall carry a number or an identifying
mark which makes it possible to obtain the relevant information from the manufacturer or his
catalogue or, preferably, from data furnished with the starter.

In the case of current transformer operated overload relays, the marking may refer either to
the primary current of the current transformer through which they are supplied or to the
current setting of the overload relays. In either case, the ratio of the current transformer shall
be stated.

5.7.5 Time-current characteristics of overload relays

Typical time-current characteristics shall be given in the form of curves supplied by the
manufacturer. These curves shall indicate how the tripping time, starting from the cold state
(see 5.7.6), varies with the current up to a value of at least eight times the full-load current of
the motor with which it is intended that the relay be used. The manufacturer shall I
Y DYEGfilents
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to indicate, by suitable means, the general tolerances applicable to these curves and the
conductor cross-sections used for establishing these curves (see 9.3.3.2.2, item ¢)).

NOTE It is recommended that the current be plotted as abscissa and the time as ordinates, using logarithmic
scales. It is recommended that the current be plotted as multiples of the setting current and the time in seconds on
the standard graph sheet detailed in 5.6.1 and Figure 1 of IEC 60269-1 and in Figure 104, Figure 504 and
Figure 505 of IEC 60269-2.

5.7.6 Influence of ambient air temperature

The time-current characteristics (see 5.7.5) refer to a stated value of ambient air temperature,
and are based on no previous loading of the overload relay (i.e from an initial cold state). This
value of the ambient air temperature shall be clearly given on the time curves; the preferred
values are +20 °C or +40 °C.

air temperature on the characteristics of overload relays.

5.8 Co-ordination with short-circuit protective device

5.10 Types and characteristics of auto

e

5.10.1 Types

a) Time-delay device g\ ti tactor relays (see IEC 60947-5-1) applicable to
control-circuic Yecii all*or-nothing relays (see IEC 61810-1).
b) Undercurrent devics .

c)

a) The characteristies of time-delay devices are:
— the rated time-delay or its range, if adjustable;

— for time-delay devices fitted with a coil, the rated voltage, when it differs from the
starter line voltage.

b) The characteristics of the undercurrent devices are:

— the rated current (thermal current and/or rated short-time withstand current, according
to the indications given by the manufacturer);

— the current setting or its range, if adjustable.

c¢) The characteristics of the other devices shall be determined by agreement between
manufacturer and user.

Documents

Document Sharing Hub

Full document details: IEC 60947-4-12009


http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009

- 34 - 60947-4-1 © IEC:2009

5.11 Types and characteristics of auto-transformers for two-step
auto-transformer starters

Account being taken of the starting characteristics (see 5.3.5.5.3), starting auto-transformers
shall be characterized by:

— the rated voltage of the auto-transformer;

— the number of taps available for adjusting the starting torque and current;

— the starting voltage, i.e. the voltage at the tapping terminals, as a percentage of the rated
voltage of the auto-transformer;

— the current they can carry for a specified duration;
— the rated duty (see 5.3.4);

air-cooling;
— the method of cooling { oil-cooling.

The auto-transformer can be:

— either built-in into the starter, in which case the resulti erat e has to be taken

— or provided separately, in which case the na i i of the connecting links
have to be specified by agreement between| the of the transformer and the

be characterized by:

— the rated rotor insulfs
— their resistance valuy

— the mean th
specified duratiog

— the rated dut

| G\ K e value of steady current they can carry for a

free air;
forced air;
oil-immersion.

They can be:

— either built-in into the starter, in which case the resulting temperature rise has to be limited
in order not to cause any damage to the other parts of the starter;

— or provided separately, in which case the nature and dimensions of the connecting links
have to be specified by agreement between the manufacturer of the resistors and the
manufacturer of the starter.

6 Product information

6.1  Nature of information
The following information shall be given by the manufacturer.

6.1.1 Identification

a) manufacturer's name or trade mark;
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b) type designation or serial number;
c) number of this standard, if the manufacturer claims compliance.

6.1.2 Characteristics, basic rated values and utilization
Characteristics:

d) rated operational voltages (see 5.3.1.1);

e) utilization category and rated operational currents (or rated powers), at the rated
operational voltages of the equipment (see 5.3.2.5 and 5.4);

f) either the value of the rated frequency 50/60 Hz or the symbol ===, or other rated
frequencies e.g. 16 2/3 Hz, 400 Hz;

g) rated duty with the indication of the class of intermittent duty, if a
off time as specified in footnote d) of Table 10, if necessary.

4), and the

Associated values:

h) rated making and breaking capacities. These ced, where

applicable, by the indication of the utilization category
Safety and installation:

i) rated insulation voltage (see 5.3.1.2);
j) rated impulse withstand voltage (
k) IP code, in case of an enclosed equip
I) pollution degree (see Clause 7);
m) — for contactor or sta

co-ordination (se®
associated SCRD;
— for combination ation\switching device, protected starter or protected
switchinic andi ort-circuit current (see 5.3.6) and type of co-

e ‘

ordination(s

ircuit current (see 5.3.6) and type of
nt rating and characteristics of the

n) void.

Control circuitss

fowation\concerning control circuits shall be placed either on the coil or on

o) rated controlsircujt voltage (U;), nature of current and rated frequency;

NOTE 1 Other information such as the power consumption could be given e.g. in the product literature.

p) if necessary, nature of current, rated frequency and rated control supply voltage (Us).
Air supply systems for starters or contactors operated by compressed air:

q) rated supply pressure of the compressed air and limits of variation of this pressure, if they
are different from those specified in 8.2.1.2.

Auxiliary circuits:
r) ratings of auxiliary circuits (see 5.6).
Overload relays and releases:

s1) characteristics according to 5.7.2, 5.7.5 and 5.7.6;
s2) characteristics according to 5.7.3 and 5.7.4.
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Additional information for certain types of contactor and starter:

Rheostatic rotor starters:

t) circuit diagram;
u) severity of start (see 5.3.5.5.1);
v) starting time (see 5.3.5.5.1).

Auto-transformer starters:

w) rated starting voltage(s), i.e. voltage(s) at the tapping terminals.

NOTE 2 This value may be expressed as a percentage of the rated operational voltage o

Vacuum contactors and starters:

EMC:

y) environment A or B: see 7.3.1 of IEC 60947-1;

Data under iten@'
current characte (o1

published literature

6.3 Instructions for installation, operation and maintenance

Subclause 5.3 of IEC 60947-1 applies with the following addition.

Information shall be provided by the manufacturer to advise the user on the measures to be
taken with regard to the equipment in the event of a short-circuit and the measures to be
taken with regard to the equipment, if any, concerning EMC.

In the case of protected starters, the manufacturer shall also provide the necessary mounting
and wiring instructions.

The manufacturer of a starter incorporating an automatic reset overload relay capable of
being connected to enable automatic restarting, shall provide, with the starter, that
information necessary to alert the user to the possibility of automatic restarting.
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7 Normal service, mounting and transport conditions
Clause 6 of IEC 60947-1 applies with the following addition.

Unless otherwise stated by the manufacturer, a contactor or a starter is for use in pollution
degree 3 environmental conditions, as defined in 6.1.3.2 of IEC 60947-1. However, other
pollution degrees may be considered to apply, depending upon the micro-environment.

8 Constructional and performance requirements

8.1 Constructional requirements
8.1.1 General

Subclause 7.1.1 of IEC 60947-1 applies.

8.1.2 Materials

8.1.21 General materials requirements

Subclause 7.1.2.1 of IEC 60947-1 applies

8.1.2.2 Glow wire testing

When tests on the equipment or on secti n the equipment are used, parts of
msulatlng materials necesga i iny parts in position shall conform to the

8.1.2.3 Test based on
Subclause 7.1.2@

Subclause 7.1.4qf IEC 60947-1 applies.

8.1.5 Actuator

Subclause 7.1.5 of IEC 60947-1 applies with the following addition.

Means for padlocking the operating handle of the manually operated switching device of a
combination starter may be provided.

8.1.5.1 Insulation

Subclause 7.1.5.1 of IEC 60947-1 applies.

8.1.5.2 Direction of movement

Subclause 7.1.5.2 of IEC 60947-1 applies.
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8.1.5.3 Mounting
Actuators mounted on removable panels or opening doors shall be so designed that, when the panels

are replaced or the doors closed, the actuator will engage correctly with the associated
mechanism.

8.1.6 Indication of the contact position
8.1.6.1 Indicating means

Subclause 7.1.6.1 of IEC 60947-1 applies to manually operated starters.

8.1.6.2 Indication by the actuator

Subclause 7.1.6.2 of IEC 60947-1 applies.

8.1.7 Additional requirements for equipment suitable for isolz2

Subclause 7.1.7 of IEC 60947-1 applies.

8.1.8 Terminals

8.1.10 Provis@
Subclause 7.1.10 of
8.1.11
8.1.11.1

Starting resistors mgdnted within an enclosure shall be so located or guarded that issuing
heat is not detrimental to other apparatus and materials within the enclosure.

For the specific case of combination starters, the cover or door shall be interlocked so that it
cannot be opened without the manually operated switching device being in the open position.

However, provision may be made to open the door or cover with the manually operated
switching device in the ON position by the use of a tool.

8.1.11.2 Insulation

Subclause 7.1.11.2 of IEC 60947-1 applies.

8.1.12 Degrees of protection of enclosed equipment

Subclause 7.1.12 of IEC 60947-1 applies.
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8.1.13 Conduit pull-out, torque and bending with metallic conduits

Subclause 7.1.13 of IEC 60947-1 applies.

8.2 Performance requirements
8.2.1 Operating conditions
8.2.1.1 General

Subclause 7.2.1.1 of IEC 60947-1 applies with the following additions.

8.2.1.1.1 General conditions A

Starters shall be so constructed that they:

a) are trip free;

b) can be caused to open their contacts by the means provided
during the starting sequence;

ing_and.at any time

8.2.1.1.2 General conditions B

current at the reference ambient te
equilibrium at both minimum and maxim

8.2.1.1.3 General conditi

For rheostatic starter
arrangements may be

if requested by thewuse
8.21.1.4 Gen:’r
transformers would\represent an exceptional hazard, it is recommended that a suitable device
be fitted to switch© S automatically before a dangerous temperature is reached.

8.2.1.1.5 s 3 ditions E

The moving confacts of multipole equipment intended to make and break together shall be so
coupled that all poles make and break substantially together, whether operated manually or
automatically.

8.2.1.2 Limits of operation of contactors and power-operated starters
8.21.21 Electromagnetic contactors and starters

Electromagnetic contactors, whether used separately or in starters, shall close satisfactorily at
any value between 85 % and 110 % of their rated control supply voltage Ug. Where a range is
declared, 85 % shall apply to the lower value and 110 % to the higher.

The limits between which contactors shall drop out and open fully are 75 % to 20 % for a.c.
and 75 % to 10 % for d.c. of their rated control supply voltage Us. Where a range is declared,
20 % or 10 %, as the case may be, shall apply to the higher value and 75 % to the lower.
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Limits for closing are applicable after the coils have reached a stable temperature
corresponding to indefinite application of 100 % Ug in an ambient temperature equivalent to
the ambient temperature declared by the manufacturer but not less than +40 °C.

Limits for drop-out are applicable with the coil circuit resistance at -5 °C. This can be verified
by calculation using values obtained at normal ambient air temperature.

The limits apply to d.c. and a.c. at declared frequency.

8.2.1.2.2 Contactors and starters with electronically controlled electromagnet

Subclause 8.2.1.2.1 applies with the following modification.

Replace the second paragraph as follows:

The limits between which contactors with an electronically contro
out and open fully are

supply voltage U, the contactor sha
test of 8.2.1.2.4.

Where a range is declared
of the range and 75 % to ¢

8.2.1.2.3 Electro-

Electro-pneuma
pressure between
the rated pressure’

impedance. The supply voltage shall then be adjusted to 110 % Us,.

It shall be verified that the contactor drops out when the switch is operated to the open
position.

The value of the capacitor shall be
C (nF) = 30 + 200 000 / (f x Ug)

e.g. for a coil rated 12...24 V — 50 Hz, the capacitor value is 196 nF (calculation made with Ug
max., see Note 1).

NOTE 1 The test voltage is the highest value of the declared rated supply voltage range Ug.

NOTE 2 The value of the capacitor simulates a typical control wiring of 100 m long cable and of 1,5 mm?2 (0,3
nF/m that is 30 nF for 100 m) connected to a static output having a 1,3 mA leakage current (200 000 in the formula
=10 E+9 *1,3 E-3/2*n).

NOTE 3 The drop out time should be specified for particular uses, e.g. emergency breaking Documents
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8.21.3 Limits of operation of under-voltage relays and releases

Subclause 7.2.1.3 of IEC 60947-1 applies with the following addition: tests are specified in
9.3.3.2.2 of this standard.

8.2.1.4 Limits of operation of shunt-coil operated releases (shunt trip)

Subclause 7.2.1.4 of IEC 60947-1 applies with the following addition: tests are specified in
9.3.3.2.2 of this standard.

8.21.5 Limits of operation of current sensing relays and releases

8.2.1.51 Limits of operation of time-delay overload relays when a es are
energized

8.2.1.5.1.1 General tripping requirements of overload relay

NOTE 1 The thermal protection of motors in the presence of harmonigS\jn
consideration.

relay terminals have reached the
test duration can be the time need

b) when the current is subsequently ragise
in less than 2 h;

longer than

NOTE 2 Subclause 9:
and rated voltages not

appropriateNrip class and tolerance band, starting from the cold state.

In the case of overload relays having a current setting range, the limits of operation shall
apply when the relay is carrying the current associated with the maximum setting and also
when the relay is carrying the current associated with the minimum setting.

For non-compensated overload relays, the current multiple/ambient temperature characteristic
shall not be greater than 1,2 %/K.

NOTE 3 1,2 %/K is the derating characteristic of PVC-insulated conductors.

An overload relay is regarded as compensated if it complies with the relevant requirements of
Table 3 at +20 °C and is within the limits shown in Table 3 at other temperatures.
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Table 3 — Limits of operation of time-delay overload relays when energized on all poles

Multiples of current setting

Type of overload relay Ambient air temperature values
A B Cc D
Ther_mal type not compensa_teq for 1.0 1,20 15 7.2 +40 °C
ambient air temperature variations
Thermal type compensated for d d - - less than - 5 °C®
ambient air temperature variations
1,05 1,3 1,5 - -5°C
1,05 1,20 1,5 7.2 +20 °C
1,0 1,2b 1,5 - /[ ¥Q°C
d d — — o€
/ﬁ(&re}@nm C
Electronic type 1,05 1,2 1,5 7.2 /0\°X\+2(3\°C\\<nd\4\0 °C

@ This test shall only be done at 20 °C.

by specified by the manufacturer, the tripping current could be different fro butshal not exceed
125 %. In this case the test current value shall be equal to this trippi In\this caSe, the tripping
current value shall be marked on the device.

¢ Test at 20°C to be done only for A and B multiples of current gétting:
d Multiples of current setting should be declared by the manufactyfe

e See 9.3.3.2.2 for tests outside the -5 °C +40 °C range.(\ /\
h U

N

icé does not contain thermal memory,
irements (see Figure 8):

8.2.1.5.1.2 Thermal memory test/verification

Unless the manufacturer

— interrupt th
of £10 % (whe i i d at the D current according to Table 3);

— apply a curre
— the relay sh

With reference~o Table 4:

The overload relay or starter shall be tested in its enclosure if normally fitted. With the relay
energized on three poles, at A times the current setting, tripping shall not occur in less than
2 h, starting from the cold state, at the value of the ambient air temperature stated in Table 4.

Moreover, when the value of the current flowing in two poles (in phase loss sensitive relays,
those carrying the higher current) is increased to B times the current setting, and the third
pole de-energized, tripping shall occur in less than 2 h.

The values shall apply to all combinations of poles.

In the case of overload relays having an adjustable current setting, the characteristics shall
apply both when the relay is carrying the current associated with the maximum setting and
when the relay is carrying the current associated with the minimum setting.
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Table 4 — Limits of operation of three-pole time-delay overload
relays when energized on two poles only

Multiples of current setting Reference ambient air
Type of overload relay t t
A B emperature
Thermal, compensated for ambient 3 poles 2 poles
air temperature variations or 1,0 1,32
electronic +20 °C
Not phase loss sensitive 1 pole
0
Thermal, not compensated for 3 poles 2 poles
ambient air temperature variations 1,0 1,25 0°C
Not phase loss sensitive 1 pole
0 N\
Thermal, compensated for ambient 2 poles 2 poles
air temperature variations or 1,0 1,15
electronic +20
Phase loss sensitive 1 pole 1 pole
0.8 NI

8.2.1.5.3 Limits of operation of instantaneous rload relays

protection.

8.2.1.54

8.2.1.5.4.2
This subclause applies to:

it of operation of automatic change over by under-current relays

— star-delta starters from star to delta, and
— auto-transformer starters from the starting to the ON position.

The lowest drop-out current of an under-current relay shall be not greater than 1,5 times the
actual current setting of the overload relay which is active in the starting or star connection.
The under-current relay shall be able to carry any value of current, from its lowest current
setting to the stalled current in the starting position or the star connection, for the tripping
times determined by the overload relay at its highest current setting.

8.2.1.5.5 Limits of operation of stall relays

A stall relay, when associated with a switching device, shall operate to open the switching
device within 80 % to 120 % of the set time (stall inhibit time) or within the accuracy specified
by the manufacturer, when:
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a) current sensing relays: the current is 20 % higher than the set stall current value;

EXAMPLE Set current of the stall relay: 100 A; set time: 6 s; accuracy: £10 %, the relay shall trip within 5,4 s
and 6,6 s when the current is equal to or greater than 100 A x 1,2 = 120 A.

b) rotation sensing relays: an input signal indicating no motor rotation exists.
8.2.1.5.6 Limits of operation of jam relays and releases

A jam relay or release, when associated with a switching device, shall operate to open the
switching device within 80 % to 120 % of the set time (jam inhibit time) or within the accuracy
specified by the manufacturer, when the current is above 1,2 times the set current value of
the jam relay, during running after completion of the starting.

8.2.2 Temperature rise
8.2.2.1 General

The requirements of 7.2.2 of IEC 60947-1 apply to contactors
condition.

NOTE 1 Contact resistance due to oxidation may impact the temperat
the case of conducting the test at a voltage below 100 V, such device
any nonabrasive method or by carrying out 10 operating cycles
utilization category at any voltage.

et, coil temperature measuring by

In the case of an electronically controll
i i case, other methods are permitted,

variation of resistance m ei chica

for insulated coils in air and in oil

Temperature rise limit
(measured by resistance variation)

K
Coils in air Coils in oil
85 60
E 100 60
B 110 60
F 135 -
H 160 -

Because, in an auto-transformer starter, the auto-transformer is energized only intermittently,
a maximum temperature rise of 15 K greater than the figures in Table 5 is permissible for
the windings of the transformer when the starter is operated according to the requirements
of 5.3.4 and 5.3.5.5.3.

NOTE 2 The temperature rise limits given in Table 5 of this standard and in 7.2.2.2 of IEC 60947-1 are applicable
only if the ambient air temperature remains within the limits -5 °C, +40 °C.

8.2.2.2 Terminals

Subclause 7.2.2.1 of IEC 60947-1 applies.

8.2.2.3 Accessible parts

Subclause 7.2.2.2 of IEC 60947-1 applies. Documents
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8.2.24 Ambient air temperature

Subclause 7.2.2.3 of IEC 60947-1 applies.

8.2.2.5 Main circuit

The main circuit of a contactor or a starter which carries current in the ON position, including
the over-current releases which may be associated with it, shall be capable of carrying,
without the temperature rises exceeding the limits specified in 7.2.2.1 of IEC 60947-1 when
tested in accordance with 9.3.3.3.4:

— for a contactor or starter intended for continuous duty: its conventional thermal current
(see 5.3.2.1 and/or 5.3.2.2);

— for a contactor or starter intended for uninterrupted duty, intermit
duty: its relevant rated operational current (see 5.3.2.5).

Qr temporary

q

8.2.2.6 Control circuits

Subclause 7.2.2.5 of IEC 60947-1 applies.

8.2.2.7 Windings of coils and electromagnets

8.2.2.71 Uninterrupted and eight-hour duty

windings of the coils, including thos perated) valves of electro- pneumatlc
contactors or starters, shall withstand, ad/and at the rated frequency, if
applicable, their maximum rated controt'supply g ithout the temperature rise exceeding

8.2.2.7.2 Intg

With no current flowj Y in>circuit, the windings of the coils shall withstand, at
the rated frequeng heir maximum rated control supply voltage applied as
detailed in Tabl 8 eir intermittent duty class, without the temperature rise

exceeding thestimits - Q Table 5 of this standard and in 7.2.2.2 of IEC 60947-1.

ology, e.g. for some kind of electronically controlled electromagnet, the control
applied on the coil winding when connected as in normal service.

Table 6 — Intermittent duty test cycle data

Intermittent duty class One close-open operating Interval of time during which
cycle every the supply to the control coil is
Contactors Starters maintained
1 1 3600s
3 3 1200s
12 12 300 s )
“ON” time should correspond to
30 30 120 s the on-load factor specified by
the manufacturer
120 30s
300 12s
1200 3s
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8.2.2.7.3 Specially rated (temporary or periodic duty) windings

Specially rated windings shall be tested under operating conditions corresponding to the most
severe duty for which they are intended and their ratings shall be stated by the manufacturer.

NOTE Specially rated windings may include coils of starters which are energized during the starting period only,
trip coils of latched contactors and certain magnetic valve coils for interlocking pneumatic contactors or starters.

8.2.2.8 Auxiliary circuits

Subclause 7.2.2.7 of IEC 60947-1 applies.

8.2.2.9 Other parts

Subclause 7.2.2.8 of IEC 60947-1 applies, replacing words “plastics apd@ g materials”
with “insulating parts”.

8.2.3 Dielectric properties

Subclause 7.2.3 of IEC 60947-1 applies.

8.24 Normal load and overload performance require

Requirements concerning normal load and ove teristics according to 5.3.5 are
given in 8.2.4.1, 8.2.4.2 and 8.2.4.4. 6

8.24.1 Making and breaking capacities
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Table 7 — Making and breaking capacities —
Making and breaking conditions according to utilization category

Make and break conditions
Utilization category On-timeP Off-time Number of
1.1, U/u, Cos ¢ operating
S S cycles
AC-1 1,5 1,05 0,8 0,05 f 50
AC-2 4,0h 1,05 0,65h 0,05 f 50
AC-3i 8,0 1,05 a 0,05 f 50
AC-4i 10,0 1,05 a 0,05 f 50
AC-5a 3,0 1,05 0.45 0,05 f 50
AC-5b 1,5¢ 1,05 ¢ 0,05 6\ 50
AC-6a i RN
AC-6b e \>
AC-8ak 6,0 1,05 a 0,05 f 50
AC-8bk 6,0 1,05 o o,é\ 50
e LSONRN D
L/R ms
DC-1 1,5 1,05 1,0 0%\\> f 504
DC-3 4,0 1,05 2,5 e 0,0 f 50d
DC-5 4,0 1,05 15, 05 f 50d
DC-6 1,5¢ 6}5\ /\(6\2 @)()5 60 50d
Mﬁke <><>@@e/nsi
Utilization category On-timeP Off-time Number of
i, U, Cos ¢ operating
Q S S cycles
AC-3 10\ \ \59\\) 0,05 10 50
AC-4 N \{ 1,0 \}\/ 0,05 10 50
/ = current made. t\@ssed in d.c. or a.c. r.m.s. symmetrical values but it is
understo f eak\walde during the making operation may assume a higher value
than the sympfe
le =
lg =
U =
U, =
U, =
Cos ¢ =
LIR =
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Table 7 (continued)

a Cos ¢ = 0,45 for I, <100 A; 0,35 for /I, > 100 A.

b The t_ime may be less than 0,05 s, provided that contacts are allowed to become properly seated before re-
opening.

c Tests to be carried out with an incandescent light load.

d 25 operating cycles with one polarity and 25 operating cycles with reverse polarity.

e Capacitive ratings may be derived by capacitor switching tests or assigned on the basis of established

practice and experience. As a guide, reference may be made to the formula given in Table 9. This formula
takes no account of thermal effects due to harmonic currents, and values derived _must consequently be
considered taking temperature rise into account.

f See Table 8.
9 For U/U,, a tolerance of £20 % is accepted.

h The values shown are for stator contactors. For rotor contactors, the test shallhbe eurrent of four

i The make conditions for utilization categories AC-3 and AC-4_s 2 e ified e verification may be
made during the make and break test, but only with the mafiufacturer's~a . this case, the making

current multiples shall be as shown for //l; and the breaking /ls. 25 operating cycles
shall be made at a control supply voltage equal to 110 supply voltage Ug and 25
operating cycles at 85 % of Ug. The off-times are to be dete

i The manufacturer shall verify the AC-6a <atin or may derive the rating from the
values for AC-3 according to Table 9.

k A lower ratio of locked rotor to full load cur ed ikspecified by the manufacturer.

Table 8 — Relationship _between c
INﬁ\ted ing
chm@\x Off-time

I. and off-time for the verification
aking capacities

10
20
30
40
60
80
100
140
180
240

800 </, < 1000
1000</,< 1300
1300</,< 1600

1600 < I

The off-time values may be reduced if agreed by the manufacturer.
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