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PREFACE

This is the harmonized CSA Group and UL standard for Low-voltage switchgear and controlgear — Part 4-
1: Contactors and motor-starters — Electromechanical contactors and motor-starters. It is the third edition
of CSA C22.2 No. 60947-4-1, and the fourth edition of UL 60947-4-1. This edition of CSA C22.2 No.
60947-4-1 supersedes the previous edition published in 2014 as CAN/CSA-C22.2 No. 60947-4-1.

This harmonized standard is based on IEC publication 60947-4-1, Edition 3.1, Low-voltage switchgear and
controlgear — Part 4-1: Contactors and motor-starters — Electromechanical contactors and motor-starters,

issued July 2012. IEC 6

0947-4-1 is copyrighted by the IEC.

This harmonized stand
efforts and support of
Council on the Harmor
are gratefully acknowle

This Standard is consi
Standard.

of the CSA Technical

ard was prepared by CSA Group and Underwriters Laboratories Inc. (UL). The
he Technical Harmonization Committee for Industrial Control Equipment, ofcthe
ization of Electrotechnical Standards of the Nations of the Americas (CANENA),
iged.

Hered suitable for use for conformity assessment within the stated)scope of the

ommittee on Industrial Products and the CSA Strategic_Steering Committee on

This Standard was revi¥wed by the CSA Integrated Committee on Industrial Control;xdunder the jurisdiction

Requirements for Elec
This standard has beg
National Standards of

Application of Standa

Where reference is md
considered a minimum

Note: Although the intended
responsibility of the users of |

CSA C22.2 No. 60947-
Requirements of this St

UL Standard 60947-4-1

rical Safety, and has been formally approved by the CSA Technical Committee.
h developed in compliance with Standards Councilhof Canada requirements for
anada. It has been published as a National Standard of Canada by CSA Group.

rd

de to a specific number of samples;to be tested, the specified number is to be
uantity.

primary application of this standard'is stated in its scope, it is important to note that it remains the
he standard to judge its suitability.for-their particular purpose.

4-1 is to be used in ‘conjunction with the third edition of CSA C22.2 No. 60947-1.
bndard, where stated, amend the requirements of CSA C22.2 No. 60947-1.

is to be used in conjunction with the sixth edition of UL 60947-1. Requirements of

this Standard, where stated, amend-the requirements of UL 60947-1.

Level of Harmonizatio

[

This standard adopts th

e |EC text with national differences.

This standard is published as an equivalent standard for CSA Group and UL.

An equivalent standard is a standard that is substantially the same in technical content, except as follows:
Technical national differences are allowed for codes and governmental regulations as well as those
recognized as being in accordance with NAFTA Article 905, for example, because of fundamental climatic,
geographical, technological, or infrastructural factors, scientific justification, or the level of protection that
the country considers appropriate. Presentation is word for word except for editorial changes.

All national differences from the IEC text are included in the CSA Group and UL versions of the standard.
While the technical content is the same in each organization’s version, the format and presentation may
differ.
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Reasons for Differences From IEC

National differences from the IEC are being added in order to address safety and regulatory situations
present in the US and Canada.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision isftobeproposed—as—soomas possibtetoeachof the—standards—devetoprment——

organizations to more agcurately reflect the intent.
IEC Copyright

For CSA Group, the text, figures, and tables of International Electrotechnical Commission, Publication
60947-4-1, Low-voltagge switchgear and controlgear — Part 4-1: Contactors and motor-starters —
Electromechanical contpctors and motor-starters, copyright 2012, are used in this Standard with the
consent of the Internatipnal Electrotechnical Commission. The IEC Foreword and Introduction are not a
part of the requirements|of this Standard but are included for information purposes only)

These materials are sybject to copyright claims of IEC and UL. No part.ef this publication may be
reproduced in any form,|including an electronic retrieval system, without the-prior written permission of UL.
All requests pertaining to the Low-voltage switchgear and controlgear <\Part 4-1: Contactors and motor-
starters — Electromechahical contactors and motor-starters, UL 60947-4~1 Standard should be submitted
to UL.
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NATIONAL DIFFERENCES

National Differences from the text of International Electrotechnical Commission (IEC) Publication 60947-4-
1, Low-voltage switchgear and controlgear — Part 4-1: Contactors and motor-starters — Electromechanical
contactors and motor-starters, copyright 2012, are indicated by notations (differences) and are presented
in bold text. The national difference type is included in the body.

There are five types of National Differences as noted below. The difference type is noted on the first line of
the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - These are National Differences based on the national regulatory requirements.

D1 - These are Natiorjal Differences which are based on basic safety principles and requirements;
elimination of which wolild compromise safety for consumers and users of products.

D2 — These are Nationgl Differences from IEC requirements based on existing safety practices. These
requirements reflect national safety practices, where empirical substantiation (for the IE€ or national
requirement) is not available or the text has not been included in the IEC standard.

DC - These are Nationpl Differences based on the component standards and will. not be deleted until a
particular component standard is harmonized with the IEC component standard.

DE - These are National Differences based on editorial comments or corrections.

Each national differencg contains a description of what the national difference entails. Typically one of the
following words is used to explain how the text of the national difference is to be applied to the base IEC
text:

Addition / Add|- An addition entails adding a complete new numbered clause, subclause, table,
figure, or annex|Addition is not meant to include adding select words to the base IEC text.

Modification / Modify - A modification is an-altering of the existing base IEC text such as the
addition, replacement or deletion of certain words or the replacement of an entire clause,
subclause, table, figure, or annex of the base IEC text.

Deletion / Delete - A deletion entails:complete deletion of an entire numbered clause, subclause,
table, figure, or annex without any-replacement text.
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FOREWORD
INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR - Part 4-1: Contactors and motor-starters —
Electromechanical contactors and motor-starters

1) 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 Publicatiop(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested in
the subject dealt with may garticipate 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. fox
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

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

3) IEC Publications have the|form of recommendations for international use and are accepted by IEC National.Committees in that
sense. While all reasonable gfforts 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.

4) In order to promote internptional uniformity, IEC National Committees undertake to apply IEC Publications transparently to the

maximum extent possible i
corresponding national or reg

5) IEC itself does not provide|
and, in some areas, access
certification bodies.

6) All users should ensure thg

7) No liability shall attach to
technical committees and IB
whatsoever, whether direct g
reliance upon, this IEC Publid

8) Attention is drawn to the N
correct application of this pub

9) Attention is drawn to the p
not be held responsible for id¢

This consolidated ve

their national and regional publications. Any divergence between any IEC Publication and the
onal publication shall be clearly indicated in the latter.

any attestation of conformity. Independent certification badies provide conformity assessment services
to IEC marks of conformity. IEC is not responsible>for any services carried out by independent

t they have the latest edition of this publication!

IEC or its directors, employees, servants or agents including individual experts and members of its
C National Committees for any personal injury, property damage or other damage of any nature
r indirect, or for costs (including\legal fees) and expenses arising out of the publication, use of, or
ption or any other IEC Publications.

brmative references cited in this publication. Use of the referenced publications is indispensable for the
ication.

ssibility that.some of the elements of this IEC Publication may be the subject of patent rights. IEC shall
ntifying any*orall such patent rights.

rsion"of IEC 60947-4-1 consists of the third edition (2009) [documents

17B/1674/FDIS and 1

[B/1677/RVD] and its amendment 1 (2012) [documents 17B/1769/FDIS and

17B/1780/RVD]. It bears the edition number 3.1.

The technical content is therefore identical to the base edition and its amendment and has been
prepared for user convenience. A vertical line in the margin shows where the base publication has
been modified by amendment 1. Additions and deletions are displayed in red, with deletions being
struck through.

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

This edition includes the following significant technical changes with respect to the previous edition (2000)
and its Amendments 1 (2002) and 2 (2005):
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« deletion of the test at —

air temperature;

5 °C and +20 °C for thermal overload relays that are not compensated for ambient

+ addition of conditions of the tests according to Annex Q of IEC 60947-1;

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

level;

» Annex B, test for Icd: modification of the duration of the dielectric test voltage from 5 s t0 60 s;

* Annex B, electrical dur
* Annex H: clarification g

* Annex K, procedure
applications: creation of

This publication has bee

A list of all parts of the If
controlgear, on the IEC

BbITIty. Tmprovement of the statistical aspects;
nd introduction of new extended functions within electronic overload relays;

to determine data for electromechanical contactors used in functional»safety
this new annex

n drafted in accordance with the ISO/IEC Directives, Part 2.

FC 60947 series can be found, under the general title Low4voltage switchgear and
vebsite.

This standard shall be fead in conjunction with IEC 60947-1, Low voltage’switchgear and controlgear —

Part 1: General rules. TH
called for.

The committee has dec
unchanged until the sta
related to the specific pu

* reconfirmed,
» withdrawn,
* replaced by a revised ¢

* amended.

e provisions of the general rules are applicable to:this standard, where specifically

ided that the contents of the base publication and its amendments will remain
ility date indicated on the IEC web. site under "http://webstore.iec.ch” in the data
blication. At this date, the publication will be

dition, or

IMPORTANT - The “c

contains colours whichareconsideredtobeusefult-forthecorrectunderstandingof itscontents—

Users should therefore print this publication using a colour printer.

blourinside” logo on the cover page of this publication indicates that it

DV.1 DE Modification to replace the second paragraph following Item (9) of the IEC

Foreword with

the following:

This Final version does not show where the technical content is modified by amendment 1.
A separate redline version with all changes highlighted is not available in this publication.
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DV.2 DE Modification of the IEC Foreword by adding the following:

The numbering system in the standard uses a space instead of a comma to indicate
thousands and uses a comma instead of a period to indicate a decimal point. For example,
1 000 means 1,000 and 1,01 means 1.01.

DV.3 D2 Modification of the IEC Foreword by adding the following:

This standard shall be read in conjunction with Canadian and United States equivalent
standards to series per
reference to IEC 60947-1 shall be to the applicable clause — either the national difference
“DV” clause dr IEC clause, or a reference to the applicable standard listed in the Annex:
The provisions of the general rules are applicable to this standard, where specifically
called for.
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INTRODUCTION
(to amendment 1)

This amendment includes the following significant technical changes with respect to the previous edition 3
(2009):

« introduction of the motor management starter;

« definitions and measurement method of the power consumption of the control circuit during holding and
pick-up operations;

* measurement method|of the pole impedance;

* requirements for screyless terminals;

* performance requirements for latched contactors;

« alignments to Amendment 1 of IEC 60947-1:2007;

 harmonisation with IEC 60947-2 of the operation tests of under-voltage relays and ‘shunt releases;
» short-circuit tests harmponisation with North America;

» test requirements for tilisation AC-6b capacitor load;

* polarity for DC contacfors;

« dielectric test method |n presence of built-in varistor;

« addition of an extended function for electronic overload.relay: control functions.
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LOW-VOLTAGE
Contactors and
motor-starters

1 Scope and object
1.1 Scope

This part of IEC 60947

intended to be connect
d.c.

Starters and/or contact
currents. Therefore, s\
necessarily of the conta
In this context, this stan

— contactors associated

— starters associated W
integrated overload pro

— contactors or starte
devices. Such combina

For circuit-breakers an

SWITCHGEAR AND CONTROLGEAR - Part 4-1:
motor-starters — Electromechanical contactors and

bpplies to the types of equipment listed in 1.1.1 and 1.1.2 whose main contacts aré
bd to circuits the rated voltage of which does not exceed 1 000 V a.c. or 1 500V

brs dealt with in this standard are not normally designed to interrupt.short-circuit
itable short-circuit protection (see 9.3.4) forms part of the installation but not
ctor or the starter.

dard gives requirements for:
with overload and/or short-circuit protective devices;

ith separate short-circuit protective devices and/or with separate short-circuit and
ective devices;

s combined, under specified conditions, with their own short-circuit protective
ions, e.g. combination starters or protécted starters are rated as units.

H fuse-combination units used as short-circuit protective devices in combination

starters and in protected starters, the requirements of,|[EC 60947-2 and IEC 60947-3 respectively apply.

Equipment covered by f{

his standard is as follows.

1.1DV.1 D2 Modification of 1(1 by adding the following:

This equipme
Electrical Cod

11.1 AC and DC con

AC and DC contactors

nt is intended for installation in accordance with CSA C22.1, Canadian
b (CE Code, Part ), and the US National Electrical Code (NEC), NFPA 70.

tactors

intended for closing and opening electric circuits and, if combined with suitable

relays (see 1.1.2), for protecting these circuits against operating overloads which may occur therein.

NOTE For contactors combin

ed 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 a

Iso 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.
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1.1.1DV.1 D2 Modification of 1.1.1 by adding the following:

This standard also applies to manual controllers and combination motor controllers. See

Annex DVC for

specific requirements.

1.1.2 AC motor-starters

AC motor-starters (including motor management starter) 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

For overload relays for
functions according to A|

1.1.2.1 Direct-on-line
Direct-on-line starters in
protection of the motor 2
from the motor.

This standard applies al

Of motors and associated CIrcuits against operating overloads.

starters, including those based on electronic technology with or without extended
hnex H, the requirements of this standard apply.

(full voltage) a.c. starters

tended to start and accelerate a motor to normal speed, to provide -means for the
nd its associated circuits against operating overloads, and to-switch off the supply

50 to reversing starters.

1.1.2.2 Reduced voltage a.c. starters

Reduced voltage a.c. st
line voltage across the
applied to the terminals,

brters intended to start and accelerate a motor to normal speed by connecting the
motor terminals in more than one step or by gradually increasing the voltage
to provide means for the protection-ofthe motor and its associated circuits against

operating overloads, andl to switch off the supply from the motor.

Automatic change-over
to the others. Such ay
specified time all-or-noth
5.10).

Hevices may be used to control the successive switching operations from one step
tomatic change-over devices are, for example, time-delay contactor relays or
ing relays, under-current devices and automatic acceleration control devices (see

1.1.2.2.1 Star-deltas

rters

Star-delta starters intended to(start a three-phase motor in the star connection, to ensure continuous
operation in the delta donnegtion, 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.

The star-delta starters dealt with in this standard are not intended for reversing motors rapidly and,
therefore, utilization category AC-4 does not apply.

NOTE In the star connection, the starting current in the line and the torque of the motor are about one-third of the corresponding
values for delta connection. Therefore, star-delta 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 1 indicates typical curves of starting current, of starting torque
of the motor and of torque of the driven machine.

1.1.2.2.2 Two-step auto-transformer starters

Two-step auto-transformer 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.
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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 stafting current, of starting torque of the motor and of torque of the driven machine.

1.1.2.3 Rheostatic rotor starters

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

This standard applies glso to starters for two directions of rotation when reversal ofconnections is made
with the motor stopped (see 5.3.5.5). Operations including inching and plugging hecessitate additional
requirements and are syibject to agreement between manufacturer and user.

This standard applies to resistors which are part of the starter or constituté/a*Unit specially designed to be
associated with the starter.

1.2 Exclusions
This standard does not gpply to:
—d.c. starters;

— star-delta starters, rheostatic rotor starters,(two-step auto-transformer starters intended for special
applications and designied for continuous operation in the starting position;

— unbalanced rheostati¢ rotor starters, i-e,-where the resistances do not have the same value in all phases;
— equipment designed not only fotstarting, but also for adjustment of speed;

— liquid starters and thope of the "liquid-vapour" type;

— semiconductor contactors and starters making use of semiconductor contactors in the main circuit;

— rheostatic stator starters;

— contactors or starters designed for special applications;

— auxiliary contacts of contactors and contacts of contactor relays. These are dealt with in IEC 60947-5-1.
1.3 Object

The object of this standard is to state:
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a) the characteristics of ¢

ontactors 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 construct

c) the tests intended for|
for these tests;

ion;

confirming that these conditions have been met, and the methods to be adopted

d) the information to be given with the equipment or in the manufacturer's literature.

2 Normative referenc

The following reference
references, only the ed
document (including any

IEC 60034-1:2004, Rots
IEC 60085:2007, Electri

IEC 60300-3-5:2001, D{
and statistical test princi

IEC 60410:1973, Samp
IEC 60947-1:2007, Low:
IEC 60947-2:2006, Low:

IEC 60947-3:2008, Low
disconnectors and fuse-

IEC 60947-5-1:2003, L

es

d documents are indispensable for the application of this . deciment. For dated
tion cited applies. For undated references, the latest edition of the referenced
amendments) applies.

ting electrical machines — Part 1: Rating and performance
cal insulation — Thermal evaluation and designation

pendability management — Part 3-5: Application guide — Reliability test conditions
bles

ing plans and procedures fornspection by attributes
voltage switchgear and cohtrolgear — Part 1: General rules
voltage switchgeanand controlgear — Part 2: Circuit-breakers

-voltage switchgear and controlgear — Part 3: Switches, disconnectors, switch-
combination units

bw-Voftage switchgear and controlgear — Part 5-1: Control circuit devices and

switching elements — Electromechanical control circuit devices

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) — Part 4-2:

Testing and measurement

techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) — Part 4-3:

Testing and measurement

techniques — Radiated, radio-frequency, electromagnetic field immunity test

Amendment 1 (2007)

IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) — Part 4-4:

Testing and measurement

techniques — Electrical fast transient/burst immunity test


https://ulnorm.com/api/?name=UL 60947-4-1 2022.pdf

MAY 31, 2022

CSA C22.2 No. 60947-4-1:22 ¢ UL 60947-4-1 21

IEC 61000-4-5:2005,

Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement

techniques — Surge immunity test

IEC 61000-4-6:2008,

Electromagnetic compatibility (EMC) — Part 4-6:Testing and measurement

techniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61051-2:1991, Varistors for use in electronic equipment — Part 2: Sectional specification for surge

suppression varistors

IEC 61439-1:2009, Low-voltage switchgear and controlgear assemblies — Part 1: General rules

IEC 61508 (all parts),
systems

IEC 61511 (all parts), Fi

IEC 61513:2001, Nucld
General requirements fi

IEC 61649:2008, Weib(

IEC 61810-1:2008, Elg
English only)

IEC 62061:2005, Safe
programmable electron

CISPR 11:2003, Indus|
disturbance characteris
Amendment 1 (2004)
Amendment 2 (2006)

ISO 13849-1:2006, S4
principles for design

2DV D2 Modifi

For a list of n

Functional safety of electrical/electronic/programmable electronic safety-related

inctional safety — Safety instrumented systems for the process industry sector

bar power plants —Instrumentation and control for systems important to safety —
Dr systems

Il analysis

ctromechanical elementary relays — Part 1: General‘requirements (available in

[y of machinery — Functional safety of safety-related electrical, electronic and
¢ control systems

trial, scientific and medical (ISM) radio-frequency equipment — Electromagnetic
fics — Limits and methods of measurement

fety of machinery — Safety-related parts of control systems — Part 1: General

fation of Clause 2 by adding the following:

brmative jstandards, see Table DVA.1 and Table DVA.2. See Table DVB.1 for

component standards.

3 Terms, definitions,

3.1 General

For the purposes of this

symbols and abbreviations

document, the terms and definitions of Clause 2 of IEC 60947-1, as well as the

following terms, definitions, symbol and abbreviations apply.
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3.1DV D2 Add the following definition to 3.1:

3.1DVA1
Group installat

ion

A motor branch circuit for two or more motors, or one or more motors with other loads and

protected by a circuit breaker or a single set of fuses.

3.2 Alphabetical inde

x of terms

Reference
A
auto-transformer startef 3.48.2
C
closed transition (with an auto-transformer starter 3.4.23
or star-delta starter)
combination starter 34.8
combination switching gevice 3.4.27
CO operation 3.5.2
contactor (mechanical) 3.3.1
D
direct-on-line starter 3.4.2
E
electromagnetic contaqgtor 3.3.2
electromagnetic starten 3.4.10
electronically energized coil of electromagnet 3.3.8
electro-pneumatic contpctor 3.34
electro-pneumatic starter 3.4.13
H
holding power 3.3.9
I
inching (jogging) 3.4.24
inhibit time 3.4.30
J
jam sensitive (electronic overload) relay 3.4.29
L
latched contactor 3.35
M
manual starter 349
mirror contact F.21
motor management starter 3.4.31
motor-operated starter 3.4.11
N
n-step starter 3.4.16
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(0]

O operation 3.5.3

open transition (with an auto-transformer starter or 3.4.22

star-delta starter)
P

phase loss sensitive thermal overload relay or 3.4.17

release

pick-up power 3.3.10

plugging 3425

pneumatic contactor 3.3.3

pneumatic starter 3.4112

position of rest (of a cgntactor) 3.3.7

protected starter 3.4.7

protected switching degjvice 3.4.26
R

reduced voltage starter 3.4.5

reversing starter 3.4.3

rheostatic rotor starter 3.4.6.2

rheostatic starter 3.4.6

reostatic stator starter 3.4.6.1
S

single-step starter 3.4.14

stall sensitive (electronic overload) relay 3.4.28

star-delta starter 3.4.51

starter 3441

starting time (of a rhegstatic starter) 3.4.20

starting time (of an autp-transformer starter) 34.21
T

transient recovery voltage (abbreviation: TRV) 3.5.1

two-direction starter 3.4.4

two-step starter 3.4.15
U

under-current relay or release 3.4.18

under-voltage relay or release 3.4.19
\Y

vacuum contactor (or starter) 3.3.6


https://ulnorm.com/api/?name=UL 60947-4-1 2022.pdf

24

CSA C22.2 No. 60947-4-1:22 ¢ UL 60947-4-1 MAY 31, 2022

3.3 Terms and definit

3.3.1
(mechanical) contacto

ions concerning contactors

r

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 main contacts is provided.

[IEV 441-14-33]

NOTE 2 The term "operated o
from one or more external sup

NOTE 3 In French, a contact
"rupteur" has no equivalent in

NOTE 4 A contactor is usually|

3.3.2

electromagnetic conta
contactor in which the f
main contacts is provide]

NOTE The electromagnet may

3.3.3

pneumatic contactor
contactor in which the f
main contacts is provide

3.34
electro-pneumatic con
contactor in which the fi
main contacts is provid
valves

3.35

latched contactor
contactor, the moving el
to the position of rest wh

NOTE 1 The latching, and the

therwise than by hand" means that the device is intended to be controlled and kept in working position
blies.

r the main contacts of which are closed in the position of rest is usually called a "rupteur". The word
he English language.

intended to operate frequently.

ctor
brce for closing the normally open main contacts or opening the normally closed
d by an electromagnet

be electronically controlled.

brce for closing the normally open main contacts or opening the normally closed
d by a device using compressedair, without the use of electrical means

tactor
prce for closing the normally open main contacts or opening the normally closed
ed by a device using compressed air under the control of electrically operated

ements of which are prevented by means of a latching arrangement from returning
en the operating means are de-energized

release of the latching, may be mechanical, electromagnetic, pneumatic, etc.

NOTE 2 Because of the latching, the latched contactor actually acquires a second position of rest and, according to the definition of a
contactor, it is not, strictly speaking, a contactor. However, since the latched contactor in both its utilization and its design is more
closely related to contactors in general than to any other classification of switching device, it is considered proper to require that it
complies with the specifications for contactors wherever they are appropriate.

[IEV 441-14-34]

3.3.6

vacuum contactor (or starter)
contactor (or starter) in which the main contacts open and close within a highly evacuated envelope
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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]
3.38

electronically controlled electromagnet
electromagnet in which the coil is controlled by a circuit with active electronic elements

3.3.9
holding power (of a cqntactor)
power needed to maintain the operation of the electromagnet

3.3.10
pick-up power (of a cgntactor)
power needed to operate the contactor from the de-energized state to the energized state

3.4 Terms and definitions concerning starters

3.41

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

[IEV 441-14-38, modifigd]

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 moterito reverse the direction of rotation by reversing the motor primary
connections while the motor may.be running

344
two-direction starter

starter intended to cause the motor to reverse the direction of rotation by reversing the motor primary
connections only when the motor is not running

3.4.5

reduced voltage starter

starter which connects the line voltage across the motor terminals in more than one step or by gradually
increasing the voltage applied to the terminals

3.4.5.1

star-delta starter

starter for a three-phase induction motor such that in the starting position the stator windings are
connected in star and in the final running position they are connected in delta
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[IEV 441-14-44]

3.45.2

auto-transformer starter

starter for an induction motor which uses for starting one or more reduced voltages derived from an auto-
transformer

[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 geferally 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 deyices for supplying the stator (generally associated with an overload.protective device);
— the resistor(s) inserted in thg stator or rotor circuit;

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

3.4.6.1
rheostatic stator startgr
rheostatic starter for a squirrel cage motor which, during the starting period, cuts out successively one or
several resistors previoysly provided in the stator circuit

3.4.6.2

rheostatic rotor starter
rheostatic starter for ap 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 device and a short-circuit 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® means any person, company or organization with ultimate
responsibility as follows:

- to verify compliance with the appropriate standard;
- to provide the product information according to Clause 6.

NOTE 3 The manually operated switching device and the short-circuit protective device may be just one device and may also
incorporate the starter overload protection.
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3.4.8
combination starter (see Figure 3)
equipment consisting of a protected starter incorporating an isolating function

NOTE Also called "combination motor controller”.

3.4.9
manual starter
starter in which the force for closing the main contacts is provided exclusively by manual energy

[IEV 441-14-39]

3.4.10
electromagnetic starter
starter in which the forcg for closing the main contacts is provided by an electromagnet

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

3.4.12

pneumatic starter
starter in which the for¢e 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

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-pn-line starter.

3.4.15
two-step starter
starter in which there is fonly one intermediate accelerating position between the OFF and ON positions

EXAMPLE A star-delta startef is ajtwo-step starter.

3.4.16
n-step starter (see Figure 4)
starter in which there are (n-1) intermediate accelerating positions between the OFF and ON positions

[IEV 441-14-41]

EXAMPLE A three-step rheostatic starter has two sections of resistors used for starting.

3.4.17

phase loss sensitive thermal overload relay or release

multipole thermal overload relay or release which operates in the case of overload and also in case of loss
of phase in accordance with specified requirements
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3.4.18
under-current relay or

release

measuring relay or release which operates automatically when the current through it is reduced below a

predetermined value

3.4.19
under-voltage relay or

release

measuring relay or release which operates automatically when the voltage applied to it is reduced below a

predetermined value

3.4.20

starting time (of a rhe
period of time during wh

NOTE The starting time of a s|
acceleration following the swit

3.4.21

cjstatic starter)

ch the starting resistors or parts of them carry current

arter is shorter than the total starting time of the motor which also takes into account the last period of
Ching operation to the ON position.

starting time (of an aufo-transformer starter)

period of time during wh

NOTE The starting time of a s|
acceleration following the swit

3.4.22

open transition (with a
circuit arrangement suc
from one step to anothe

NOTE The transition stage is 1

3.4.23
closed transition (with

ch the auto-transformer carries current

[arter is shorter than the total starting time of the motor which also takes.into account the last period of

Ching operation to the ON position.

h auto-transformer starter or star-delta starter)

n that the supply to the motor is interrupted.@nd reconnected when changing over

ot considered as an additional step.

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 an

NOTE The transition stage is 1f

3.4.24

inching (jogging)
energizing a motor or
mechanism

other

ot considered as an additional step.

5olenoid repeatedly for short periods to obtain small movements of the driven

3.4.25
plugging

stopping or reversing a motor rapidly by reversing the motor primary connections while the motor is

running

3.4.26

protected switching device
equipment (for non motor loads) consisting of a contactor or a semiconductor controller, overload
protection, a manually operated switching device and a short-circuit protective device, rated as a unit by

the manufacturer

NOTE 1 The protected switching device may or may not be enclosed.
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NOTE 2 In the context of this standard, the term “manufacturer’ means any person, company or organization with ultimate

responsibility as follows:

— to verify compliance with the appropriate standard;

— to provide the product information according to Clause 6.

NOTE 3 The manually operated switching device and the short-circuit protective device may be just one device and may incorporate

the overload protection as we

3.4.27
combination switchin
equipment consisting of

3.4.28
stall sensitive (electr

gdevice

a protected switching device incorporating an isolating function

ic overload) relay

n
electronic overload reﬂay which operates when the current has not decreased below a predetermined

value for a specific peri
rotation of the motor aft

NOTE 1 Explanation of stall:

NOTE 2 With appropriate adj

3.4.29

pd of time during start-up or when the relay receives the input indicating‘there is no
br a predetermined time in accordance with specified requirements

otor locked during start.

stment of the current and starting time settings, such relay can be used to detect overtime starts.

jam sensitive (electronic overload) relay

electronic overload rela|
above a predetermined
requirements

NOTE Explanation of jam: hig
current value of the motor bei

3.4.30
inhibit time

y which operates in the case of overload and also when the current has increased
value for a specific period of time during‘operation, in accordance with specified

h overload occurring after the completion of starting which causes the current to reach the locked rotor
hg controlled.

time-delay period during which the tripping<unction of the relay is inhibited (may be adjustable)

3.4.31

motor management starter

starter including extend

NOTE Interoperable device p|

ed functions with communication ability

ofiles.for motor management starter are defined by IEC 61915-2.

3.5 Terms and definitions concerning characteristic quantities

3.5.1

transient recovery voltage

TRV
recovery voltage during

NOTE In a vacuum contactor

the time in which it has a significant transient character

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]
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3.5.2
CO operation
breaking of the circuit by the SCPD resulting from closing the circuit by the equipment under test

3.5.3

O operation

breaking of the circuit by the SCPD resulting from closing the circuit on the equipment under test which is
in the closed position

NOTE The SCPD is normally in the closed position prior closing the circuit; in some cases the SCPD has to close the circuit
9.3.4.2.2, item b).

3.6 Symbols and abbyeviations
AQL Agceptable quality level
EMC Electromagnetic compatibility
SCPD Short-circuit protective device
Ie Clrrent made and broken (Table 7)
Ig Rpted operational current (5.3.2.5)
. Rpted rotor operational current (5.3.2.7)
les Rpted stator operational current (5.3.2.6)
Iy Maximum conditional short-circuit test current
I Cpnventional free air thermal current (5.3.2:1)
Iihe Cpnventional enclosed thermal current (5:8.2.2)
. Cpnventional rotor thermal current (5.3:2.4)
Iins Cpnventional stator thermal current(5.3.2.3)
1, Rpted uninterrupted current(5.3.2.8)
P, Npminal holding power of a-d.c. controlled contactor
P, Pick-up power of a d.e:*controlled contactor with separate pick-up and hold-on
w|ndings
"r Minimum short:circuit test current
Sh Hplding pewer of an a.c. controlled contactor
Sp Pick-up-power of an a.c. controlled contactor
To Tiipping time (Table 2)
U, Rated control circuit voltage (5.5)
Uy Voltage drop of a contactor pole
U, Rated operational voltage (5.3.1.1)
U, Rated rotor operational voltage (5.3.1.1.2)
Ues 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)
Us Rated stator insulation voltage (5.3.1.2.1)
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4 Classification

Subclause 5.2 gives all
5 Characteristics of
5.1

Summary of chai

The characteristics of 3
applicable:

— type of equipment (5.2);

— rated and limiting valu
— utilization category (5.
— control circuits (5.5);

— auxiliary circuits (5.6)
— types and characteris
— co-ordination with shg

— types and characteris
(5.10);

— types and characteris
— types and characteris

5.2 Type of equipme

Power frequency or d.c. recovery voltage (Table 7)
Rated control supply voltage (5.5)
Pole impedance of a contactor (5.3.7)

the data which may be used as criteria for classification.

contactors and starters

acteristics

contactor or starter shall be stated in the following terms, where such terms are

~

es for main circuits (5.3);

4);

ics of relays and releases (5.7);
rt-circuit protective devices (5.8);

tics of automatic change=qver devices and automatic acceleration control devices

ics of auto-transformers for two-step auto-transformer starters (5.11);
ics of starting resistors for rheostatic rotor starters (5.12).

nt

The following shall be s
5.21

— contactor;

ated (see€ also Clause b).

Kind of equipment

— direct-on-line a.c. starter;

— star-delta starter;

— two-step auto-transformer starter;
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— rheostatic rotor starter

’

— combination or protected starter.

5.2.2 Number of poles

5.2.3 Kind of current

5.24

(a.c.ord.c.)

Interrupting medium (air, oil, gas, vacuum, etc.)

5.2.5 Operating condjtions of the equipment

5.2.5.1
For example: manual, el
5.2.5.2 Method of cor
For example:

— automatic (by pilot swi
— non-automatic (such al

— semi-automatic (i.e. pg

Method of op¢ration

ectromagnetic, motor-operated, pneumatic, electro-pneumatic.

trol

ch or sequence control);
s by hand operation or by push-buttons);

rtly automatic, partly non-automatic).

5.2.5.3 Method of chgnge-over for particular types of starters

The change-over for s
automatic, non-automat

5.2.5.4 Method of cor

For example: open trang

ar-delta starters, rheostatic rotop starters or auto-transformer starters may be
c or semi-automatic (see Figure 4 and Figure 5).

necting for particular types of starters

ition starter, closéd transition starter (see Figure 5).

5.3 Rated and limiting values forrmain circuits

The rated values establi
5.8 and 5.9, butit may n

shedsfor a contactor or starter shall be stated in accordance with 5.3.1 to 5.4, and
bt bewnecessary to specify all the values listed.

NOTE The rated values established for a rheostatic rotor starter are stated in accordance with 5.3.1.2, 5.3.2.3, 5.3.2.4, 5.3.2.6,

5.3.2.7 and 5.3.5.5 but it is not

5.3.1 Rated voltages

necessary to specify all the values listed.

A contactor or starter is defined by the following rated voltages.

5.3.1.1

Rated operational voltage (U,)

Subclause 4.3.1.1 of IEC 60947-1 applies.
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5.3.1.1.1 Rated stator operational voltage (U,)

For rheostatic rotor starters, a rated stator operational voltage is a value of voltage which, when combined
with a rated stator operational current, determines the application of the stator circuit including its
mechanical switching devices and to which are referred the making and breaking capacities, the type of
duty and the starting characteristics. In no case shall the maximum rated operational voltage exceed the
corresponding rated insulation voltage.

NOTE The rated stator operational voltage is expressed as the voltage between phases.

5.3.1.1.2 Rated rotor,

For rheostatic rotor sta
combined with a rated
mechanical switching d
duty and the starting ch

This voltage is taken as
rotor open-circuited, wh

The rated insulation vo
highest voltage betwee

NOTE Electrical stresses are

b

operational-veltage{Us)
r’7

ers, the value of rated rotor operational voltage is that of the voltage which, when
tor operational current, determines the application of the rotor circuit includinglits
evices and to which are referred the making and breaking capacities, the type of
bracteristics.

equal to the voltage measured between slip-rings, with the motor. stopped and the
en the stator is supplied at its rated voltage.

tage of the switching devices inserted in the rotor circuit shall be at least 50 % the
h open slip-rings.

ower and shorter in the rotor than in the stator.

The rated rotor operatignal voltage is only applied for a short duration during the starting period. For this

reason, it is permissible
100 %.

The maximum voltage
etc.) of the rotor circui
equipment and its dispd

5.3.1.2 Rated insulat
Subclause 4.3.1.2 of IE
5.3.1.2.1 Rated stato

For rheostatic rotor sta

that the rated rotor operational voltage exceed the rated rotor insulation voltage by

between the different live parts (e:g. switching devices, resistors, connecting parts,
of the starter will vary and @account may be taken of this fact in choosing the
sition.

on voltage (U))

C 60947-1 applies.

r insulation-voltage (U,)

ters, the rated stator insulation voltage is the value of voltage which is designated

for the devices inserted

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;,)

in'the stator supply, as well as the unit they are part of, and to which dielectric tests

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 unit they are part of (connecting links, resistors,
enclosure), and to which dielectric tests and creepage distances are referred.
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5.3.1.3 Rated impulse withstand voltage (Uj)

Subclause 4.3.1.3 of IEC 60947-1 applies.

5.3.1.4 Rated starting voltage of an auto-transformer starter

The rated starting voltage of an auto-transformer starter is the reduced voltage derived from the

transformer.

Preferred values of rated starting voltage are 50 %, 65 % or 80 % of the rated operational voltage.

5.3.2 Currents or povlrers

A contactor or a starter i

NOTE In the case of a star-de|
or rheostatic rotor starter, to th

5.3.2.1 Conventional

Subclause 4.3.2.1 of IE(

5 defined by the following currents.

ta starter, these currents relate to the delta connection and, in the case of a two-step autostransformer
e ON position.

free air thermal current (/,)

[ 60947-1 applies.

5.3.2.2 Conventional enclosed thermal current (/)

Subclause 4.3.2.2 of IE(

[ 60947-1 applies.

5.3.2.3 Conventional stator thermal current (/)

The conventional stator
lihes, in line with 5.3.2.1 4

thermal current of a starter may_be*either free air current Iy, or enclosed current
nd 5.3.2.2.

For a rheostatic rotor st
duty (see 5.3.4.1) witho|
when tested in accordan

5.3.2.4 Conventional

brter, the stator thermal Cufrent is the maximum current it can carry on eight-hour
Lt the temperature rise of its several parts exceeding the limits specified in 8.2.2
ce with 9.3.3.3.

rotor thermal current ()

The conventional rotor

hermallcurrent of a starter may be either free air current /. or enclosed current

liner, 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 after cutting 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 wit

NOTE 1 For those elements (

h9.3.3.3.

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

jiz d
0

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