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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:


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

20

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

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
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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
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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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NOTE 2 When resistors are built-in into the starter, the temperature rise should be taken into account.
5.3.2.5 Rated operational currents (/,) or rated operational powers

A rated operational current of a contactor or a starter is stated by the manufacturer and takes into account
the rated operational voltage (see 5.3.1.1), the conventional free air or enclosed thermal current, the rated
current of the overload relay, the rated frequency (see 5.3.3), the rated duty (see 5.3.4), the utilization
category (see 5.4) and the type of protective enclosure, if any.

In the case of equipment for direct swﬂchrng of |nd|V|duaI motors, the mdrcatron of a rated operational
current may be replacgd BOW

rated operational voltage considered, of the motor for WhICh the equrpment is mtended The manufacturer
shall be prepared to stafe the relationship assumed between the current and the power.

NOTE Annex G gives values foncerning the relationship between rated operational currents and rated operational powers.
For starters, the rated operational current (/,) is the current in the ON position of the starter.

5.3.2.6 Rated stator pperational current (/) or rated stator operational power

For rheostatic rotor starters, a rated stator operational current is stated by the manufacturer and takes into
account the rated currept of the overload relay installed in this starter, the rated stator operational voltage
(see 5.3.1.1.1), the conyentional free air or enclosed 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 typé&.of protective enclosure.

The indication of a rat¢d stator operational current may be replaced by the indication of the maximum
rated power output, at the rated stator operational voltage considered, of the motor for which the stator
elements of the startgr 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 stafters, a rated rotor operational current is stated by the manufacturer and takes into
account the rated rotoy operational voltage\(see 5.3.1.1.2), the conventional free air or enclosed rotor
thermal current, the rated frequency (see5.3.3), 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 curreniclowing in the connections to the rotor when the latter is short-circuited
and the motor is running at fulhlead and the stator is supplied at its rated voltage and rated frequency.

When the rotor part qf ‘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 which that part 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.
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5.3.4 Rated duties

Subclause 4.3.4 of IEC 60947-1 applies.

5.3.4.1

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 starter or a rheostatic rotor-starter, the continuous duty
is the duty in which the starter is in the ON position and the main contacts of the switching devices which

constitute it, which are
long enough for the sta

5.3.4.2 Uninterrupted
Subclause 4.3.4.2 of IE(

For a star-delta starter,

Tlosea in this position, remain closed while each of them carries a steady current
er to reach thermal equilibrium, but not for more than 8 h without interruption.

duty
[ 60947-1 applies with the following addition.

A two-step auto-transformer starter or a rheostatic rotor starter, the“uninterrupted

duty is the duty in which the starter is in the ON position and the main contacts of the_switching devices

which constitute it, whic
carries a steady current

5.3.4.3
Subclause 4.3.4.3 of IE(

For a reduced voltage s
the main contacts of the
relation to the no-load
equilibrium.

Preferred classes of inte
— for contactors: 1, 3, 12
1,3,12

— for starters:

It is recalled that an ope
opening operation.

n are closed in this position, remain closed without interruption’while each of them
for periods of more than 8 h (weeks, months or even years))

Intermittent periodic duty or intermittent duty

[ 60947-1 applies with the following addition.

arter, the intermittent duty is the duty in.which the starter is in the ON position and
switching devices which constitute jtiemain closed for periods bearing a definite
periods, both periods being too-short to allow the starter to reach thermal

rmittent duty are:
, 30, 120, 300 and1:200 (operating cycles per hour);
and 30 (opefating cycles per hour).

rating cycle is a complete working cycle comprising one closing operation and one

For starters, an operatin
the motor.

g cycle comprises starting, running to full speed and switching off the supply from

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 protection. It is recommended that, for installations intended for
intermittent duty, the question of overload protection be subject to agreement between manufacturer and user.

5.3.4.4 Temporary duty

Subclause 4.3.4.4 of IEC 60947-1 applies.
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5.3.4.5 Periodic duty

Subclause 4.3.4.5 of IEC 60947-1 applies.

5.3.5 Normalload an

Subclause 4.3.5 of IEC

d overload characteristics

60947-1 applies with the following additions.

5.3.5.1 Ability to withstand motor switching overload currents

Requirements to meet {
5.3.5.2 Rated making
Requirements for the v

breaking capacities are
requirements of 8.2.1.1

hese conditions are given for contactors in 8.2.4.4.
capacity

arious utilization categories (see 5.4) are given in 8.2.4.1. The rated makihg and
only valid when the contactor or the starter is operated in accordance with the
and 8.2.1.2.

5.3.5.3 Rated breaking capacity

Requirements for the Vv
breaking capacities ars
requirements of 8.2.1.1

arious utilization categories (see 5.4) are given in 8.24.1 The rated making and
only valid when the contactor or the starter is operated in accordance with the
and 8.2.1.2.

5.3.5.4 Conventional
This performance is sp{
5.3.5.5 Starting and §
Typical service conditio

a) one direction of rota
(utilization categories A

b) two directions of rotz
switched off and the mo

operational performance

cified as a series of making and breaking operations in 8.2.4.2.
stopping characteristics of starters (see Figure 6)

ns for starters are:

ion with the motor being switched off during running in normal service conditions
C-2 and AC-3);

tion, but the.xunhning in the second direction is realized after the starter has been
tor has completely stopped (utilization categories AC-2 and AC-3);

c) one direction of rota
inching (jogging). For

T

on)or two directions of rotation as in item b), but with the possibility of infrequent
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.

5.3.5.5.1 Starting characteristics of rheostatic rotor starters

A distinction shall be draw : 2 aRey ator-a g
motors. However, the changes of the current values in stator and rotor circuits, caused by the various
steps of the starting progess, are nearly proportional under normal operating conditions.

The following definitions|deal mainly with the characteristics of the rotor circuit:
U, is the rated rotor opgrational voltage;

Iy, is the rated rotor operptional current;

Z, is the characteristic impedance of the rotor of an a.c. slip-ring induction motor;

where

S
ERRER*

1, is the current in the rofor circuit immediately before shorting-out a resistor section;
I, is the current in the rofor circuit immediately after shorting out a resistor section;

In =112 (I3 + Iy);
T, is the rated motor opgrational torque;
t; is the starting time;

k is the severity of start  /,, / for-

It is recognized that me
which may result not only in a different number of starting steps and different values of /; and /,, but also in
the values of /; and /, being different for individual resistor sections. Therefore, no attempt has been made
to lay down standard parameters, but the following factors should be taken into consideration:

— 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.
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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.)

The conditions for making and breaking as given in Table 7 for AC-2 utilization category are considered as
standard.

The starter circuit shall be designed to open all rotor resistor switching devices before or approximately

simultaneously with thefopenimgof thestatorswitchingdevice - Otherwise; thestator switchingdevice stratt—

comply with AC-3 requifements.
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 afe designed
on the condition that th¢ starting time for all classes of duty (see 5.3.4) shall not exceed 15 s)The number
of starting cycles per hqur assumes equal periods between starts except that, in the event.efitwo operating
cycles being made in rapid succession, the starter and the auto-transformer shall be altowed to cool to
ambient air temperaturg before a further start is made.

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

5.3.6 Rated conditiopal short-circuit current
Subclause 4.3.6.4 of IE[C 60947-1 applies.
5.3.7 Pole impedancg of a contactor (2)

The pole impedance may be stated by the manufacturer and is determined by measuring the voltage drop
resulting of the current flowing through the pole.

5.4 Utilization categqry
5.41 General

Subclause 4.4 of IEC 6(0947-1 applies with the following additions.

For contactors and stafters, the utilization categories as given in Table 1 are considered standard. Any
other type of utilizationshall be based on agreement between manufacturer and User, but information
given in the manufacturer's catalogue or tender may constitute such an agreement.

Each utilization category is characterized by the values of the currents, voltages, power-factors or time-
constants and other data of Table 7 and Table 10, and by the test conditions specified in this standard.

For contactors or starters defined by their utilization category, it is therefore unnecessary to specify
separately the rated making and breaking capacities as these values depend directly on the utilization
category as shown in Table 7.

The voltage for all utilization categories is the rated operational voltage of a contactor or a starter other
than a rheostatic rotor starter, and the rated stator operational voltage for a rheostatic rotor starter.
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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.
5.4.1DV D2 Modification of 5.4.1 by adding the following:

The equipment rating and required load designation shall be in accordance with Table
5.4.1DV, and are characterized by the values of the currents, voltages, power-factors or
time-constant
conditions sp

Table 5.4.1DV
Ratings of a device controlling an external load
Equivalent ' Required load Additional load '
Load type utilization category Equipment rating marking designations
General purposeg; AC-1 Amperes None or General AC-1
Non-inductive gqr use
slightly inducti\1e
General purposeg; DC-1 Amperes None or,General DC-1
Non-inductive qr use
slightly inductive
AC Resistance (rjot - Amperes Resistive or Res None
air heating)
DC Resistance (rjot - Amperes Resistive or Res None
air heating)
AC Electric Heating - Amperes None None
Control 2
Resistance air - Amperes Resistance or None
heating, AC Resistance air
heating
Resistance ain - Amperes Resistance or None
heating, DC Resistance air
heating
Incandescent lamp, AC-5b Amperes or watts Tungsten AC-5b
AC
Incandescent lamp, DC-6 Amperes or watts Tungsten DC-6
DC
Ballast (electri AC-5a Amperes Ballast AC-5a
discharge lamp)
Motor controller AC-8a FLA and LRA "Hermetic AC-8a
(Hermetic Refrigeration
Compressor Compressor" or
Rating) "herm. refrig.
comp.”
Motor controller AC-8b LRA None AC-8b
(Hermetic
Compressor,
Recycle Rating)
Motor controller - FLA and LRA None None
(Hermetic
Compressor, Part-

Table 5.4.1DV Continued on Next Page
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Table 5.4.1DV Continued

Equivalent ' Required load Additional load '
Load type utilization category Equipment rating marking designations
Winding Endurance
Rating)
Motor (non- - FLA and LRA None None
standard rating)
Motor controller - Horsepower None None
(standard rating)
Motor controller AC-4 Horsepower AC-4 None
(Starting, plugging,
inching)
Manual moto - Horsepower or FLA | "Suitable as Motor None
controller suitable and LRA Disconnect”
for motor
disconnectin
means
Motor controller{for - Horsepower or FLA Elevator duty None
elevator contrgl and LRA
Motor and tag - Horsepower or FLA "Suitable for Tap None
conductor and LRA Conductor
protection Protection in Group
Installations™
Capacitive AC-6b kVar and FLA None None
switching
(1) When the marked ratings are the utilization category code designations'in the table, the information
concerning the Ipad characteristics for each code designation shall be published in a catalog, be contained on
a marking sheet packed with the product, or be otherwise readily-available to the user.
(2) Electric Heatihg Control rating applies in Canada only.

5.4.2 Assignment of jutilization categories based.on the results of tests

a) A contactor or starfer which has been tested for one utilization category or at any combination of
parameters (such as highest operational_veltage and current, etc.) can be assigned other utilization
categories without tesfing, provided thatthe 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 cat¢gories are wgt more severe than those at which the contactor or starter has been
tested and the temperature risethas been verified at a current not less than the highest assigned rated
operational current in cntinuous-duty.

For example, when tesjed-for utilization category AC-4, a contactor may be assigned utilization category

AC-3 provided I, 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 U, 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:
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Utilization category Stored energy J.
DC-3 0,005 25 x U, x I,
DC-5 0,031 5 x Ug x Iy

The values of the constants 0,005 25 and 0,031 5 are derived from:

J.=1/2 L

where the time-constant has been replaced by:

2,5x 1073 s (DC-3) and:
15 x 103 s (DC-5)
and where U= 1,05 U,, [ =4 I, and L is the inductance of the test circuit.

(See Table 7 of this stangdard.)

Table 1
Utilization categories
Kind of Utilizatiop categories Additional category Typical applications
current designation
AC-1 General use Non-indtctive or slightly inductive loads, resistance
furnaces
AC-2 Slip-ring motors: starting, switching off
AC-3 Squirrel-cage motors: starting, switching off motors
during running?®
AC-4 Squirrel-cage motors: starting, plugging, inching
AL-5a Ballast Switching of electric discharge lamp controls
AL-5b Incandescent Switching of incandescent lamps
AC AL-6a Switching of transformers
AL-6b Switching of capacitor banks
AC-7a° Slightly inductive loads in household appliances and
similar applications
AC-7b° Motor-loads for household applications
AL-8a Hermetic refrigerant compressor motor® control with
manuakresetting-efeverloadreleases
AC-8b Hermetic refrigerant compressor motor® control with
automatic resetting of overload releases
DC-1 Non-inductive or slightly inductive loads, resistance
furnaces
DC-3 Shunt-motors: starting, plugging, inching
DC Dynamic breaking of d.c. motors
DC-5 Series-motors: starting, plugging, inching
Dynamic breaking of d.c. motors
DC-6 Incandescent Switching of incandescent lamps

Table 1 Continued on Next Page
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Table 1 Continued
Kind of Utilization categories Additional category Typical applications
current designation

@ AC-3 category may be used for occasional inching (jogging) or plugging for limited time periods such as machine set-up; during
such limited time periods, the number of such operations should not exceed five per minute or more than ten in a 10-min period.

® A hermetic refrigerant compressor motor is a combination consisting of a compressor and a motor, both of which are enclosed in
the same housing, with no external shaft or shaft seals, the motor operating in the refrigerant.

¢For AC-7a and AC-7b, see

IEC 61095.

5.5 Control circuits

Subclause 4.5 of IEC 6(0947-1:2007 applies.

5.6 Auxiliary circuits

Subclause 4.6 of IEC 6(0947-1 applies.

Digital inputs and/or ¢

igital outputs contained in contactors and motor-starters, .and intended to be

compatible with PLCs shall fulfil the requirements of Annex S of IEC 60947-1.

5.7 Characteristics d

f relays and releases (overload relays)

NOTE In the remainder of thig standard, the words "overload relay" will be taken to apply-€qually to an overload relay or an overload

release, as appropriate.

5.7.1 Summary of chiaracteristics

The characteristics of r¢

lays and releases shall be stated in\the following terms, whenever applicable:

—types of relay or releape (see 5.7.2);

— characteristic values (see 5.7.3);

— designation and current settings of overload relays (see 5.7.4);

— time-current characte

— influence of ambient g

5.7.2 Types of relay orretease

istics of overload relays (see 5.7.5);

ir temperature (see 5.7.6).

a) Release with shunt coil (shunt trip).

b) Under-voltage and under-current opening relay or release.

c) Overload time-delay relay the time-lag of which is:

1) substantially independent of previous load;

2) dependent on

3) dependent on

previous load;

previous load and also sensitive to phase loss.
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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 imbaldnce and phase reversal opening relay or release:

b) Overload relay:

- rated voltage (¢

- rated frequency;

- operating volta
- operating time

- inhibit time (wh

- designation an

- rated frequeng
overload relay);

- time-current ch

- trip class accq
seconds, under {
S;

- nature of the rg
relay not fulfillin

M);

urrent);
he (current);
when applicable);

en applicable).

 current settings (see 5.7.4);

y, when necessary (for example in the caseé of a current transformer operated

aracteristics (or range of characteristics), when necessary;

rding to classification in Table 2, or the value of the maximum tripping time, in
he conditions specified in 8.2,1.5.1, Table 3, column D, when this time exceeds 40

lay: thermal, magnetic, electronic or electronic without thermal memory (electronic
j the thermal memory test verification according 8.2.1.5.1.2 shall be marked

- nature of the r
the set position s

— tripping time o
item c).

c) Release with residual

- rated current;

set: manual and/or automatic; in case of combination manual or automatic-reset,
all be-indicated;

current sensing relay:

— operating current;

— operating time or time-current characteristic according to Table T.1 of IEC 60947-1:2007,

Amendment 1;

- inhibit time (wh

en applicable);
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- type designation (see Annex T of IEC 60947-1: 2007, Amendment 1).

5.7.3DV D2 Modification of 5.7.3 by replacing the fifth dashed item of Item (b) with the
following:

— Installation instructions for overload relays without thermal memory shall indicate that
thermal memory is not provided. Marking of the symbol M is optional.

Tabte 2
Trip classes of overload relays
Tripping time T, under the conditions Tripping time T, under the conditions
specified in 8.2.1.5.1, Table 3, column specified in 8.2.1.5.1, Table 3,.column
Trip class D? D for tighter tolerances (tolerance
band E) ?
s s
2 - T, <2
3 - 27,3
5 05<T,<5 3<T,<5
10A 2<T,<10 -
10 4<T,<10 5<T,<10
20 6<T,<20 10<T7,<20
30 9<T,<30 20<T,<30
40 - 30<T,<40

& The manufacturer shall ad§l the letter E to trip classes to indicate compliance-with the band E.

NOTE 1 Depending on the rfature of the relay, the tripping conditions aregiven in 8.2.1.5.

NOTE 2 In the case of a rhepstatic rotor starter, the overload relay is Commonly inserted in the stator circuit. As a result, it cannot
efficiently protect the rotor circuit and more particularly the resistors (generally more easily damageable than the rotor itself or the
switching devices in case of|a faulty start); protection of the rotar circuit should be the subject of a specific agreement between
manufacturer and user (see| inter alia, 8.2.1.1.3).

NOTE 3 In the case of a two-step auto-transformer starter, the starting auto-transformer is normally designed for use during the
starting period only: as a redult, it cannot be efficiently.protected by the overload relay in the event of faulty starting. Protection of
the auto-transformer should|be the subject of specific agreement between manufacturer and user (see 8.2.1.1.4).

NOTE 4 The lower limiting vplues of T, are sgleeted to allow for differing heater characteristics and manufacturing tolerances.

Table 2DV D2 Modification of Table 2 by replacing NOTE 4 with the following:

NOTE 4 Testing at|the lower limiting values is optional.

5.7.4 Designation and current settings of overload relays

Overload relays are designated by their current setting (or the upper and lower limits of the current setting
range, if adjustable) and their trip class.

The current setting (or current setting range) shall be marked on the relays.

However, if the current 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
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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 indi
current up to a value of
the relay be used. Th
tolerances applicable to
(see 9.3.3.2.2, item c)).

NOTE It is recommended th
recommended that the curren
detailed in 5.6.1 and Figure 1

5.7.6 Influence of am

The time-current charag
based on no previous lo
air temperature shall be

The overload relays shg
and the manufacturer s

t least eight times the full-load current of the motor with which it is intended that
manufacturer shall be prepared to indicate, by suitable means, the general
these curves and the conductor cross-sections used for establishing these curves

at the current be plotted as abscissa and the time as ordinates, using logarithmictscales. It is
t be plotted as multiples of the setting current and the time in seconds on the standard graph sheet
f IEC 60269-1 and in Figure 104, Figure 504 and Figure 505 of IEC 60269-2.

bient air temperature

teristics (see 5.7.5) refer to a stated value of ambient air temperature, and are
hding of the overload relay (i.e from an initial cold staté). This value of the ambient
clearly given on the time curves; the preferred values are +20 °C or +40 °C.

Il be able to operate within the ambient airtemperature range of -5 °C to +40 °C,
nall be prepared to state the effect of variation in ambient air temperature on the

characteristics of overload relays.

5.8 Co-ordination wit
The co-ordination of con
short-circuit protective d

circuit currents. Require

5.9 Void

h short-circuit protective devices

tactors and starters is characterized by the type, ratings and characteristics of the
evices (SCPD) that proyvide protection of the contactor and starter against short-
ments are given in.8:2.:5.1 and 8.2.5.2 of this standard, and in 4.8 of IEC 60947-1.

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

control devices

5.10.1 Types

a) Time-delay devices, e.g. time-delay contactor relays (see IEC 60947-5-1) applicable to control-circuit
devices or specified-time all-or-nothing relays (see IEC 61810-1).

b) Undercurrent devices

(undercurrent relays).

c) Other devices for automatic acceleration control;

— devices dependent on voltage;

— devices dependent on power;
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— devices depen

dent on speed.

5.10.2 Characteristics

a) The characteristics of time-delay devices are:

— the rated time-

— for time-delay
voltage.

delay or its range, if adjustable;

devices fitted with a coil, the rated voltage, when it differs from the starter line

b) The characteristics 0

f the undercurrent devices are:

— the rated curient (thermal current and/or rated short-time withstand current, according to the

indications giver

by the manufacturer);

— the current seffing or its range, if adjustable.

c) The characteristics @
user.

f the other devices shall be determined by agreement between manufacturer and

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

Account being taken g
characterized by:

— the rated voltage of th
— the number of taps av|

— the starting voltage, i
auto-transformer;

—the current they can c
— the rated duty (see 5.1

— the method of cooling

f the starting characteristics (see 5.3.5.5.3), starting auto-transformers shall be

e auto-transformer;
qilable for adjusting the starting torque and current;

e. the voltage at the tapping-terminals, as a percentage of the rated voltage of the

arry for a specified duration;

B.4);

* air-cooling;

* oil-cooling.

The auto-transformer can be:

— either built-in into the
determining the ratings

starter, in which case the resulting temperature rise has to be taken into account in
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 transformer and the manufacturer of the starter.
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5.12 Types and chara

cteristics of starting resistors for rheostatic rotor starters

Account being taken of the starting characteristics (see 5.3.5.5.1), the starting resistors shall be

characterized by:

— the rated rotor insulation voltage (U;);

— their resistance value;

— the mean thermal current, defined by the value of steady current they can carry for a specified duration;

— the rated duty (see 5.3
— the method of cooling

« free air;
« forced air;

* oil-immersion.
They can be:

— either built-in into the
cause any damage to th

— or provided separatel
specified by agreement

6 Product informatio
6.1
The following informatio
6.1.1

Identification

a) manufacturer's name

Nature of informajt

.4);

tarter, in which case the resulting temperature rise has to be limited in order not to
b other parts of the starter;

y, in which case the nature and dimensions of the connecting links have to be
between the manufacturer of the resistors and the manufacturer of the starter.

ion

n shall be given by the'manufacturer.

or tradeé mark;

b) type designation or sg

rial)number;

c) number of this standard, if the manufacturer claims compliance.

6.1.2 Characteristics,

Characteristics:

basic rated values and utilization

d) rated operational voltages (see 5.3.1.1);

aa) polarity of terminals,

if applicable;
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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 i

ndication of the class of intermittent duty, if any (see 5.3.4), and the off time as

specified in footnote d) of Table 10, if necessary.

Associated values:

h) rated making and b
indication of the utilizati

NOTE 1 Other information su
Safety and installation:

i) rated insulation voltag

eaking capacities. These indications may be replaced, where applicable, by thé
bn category (see Table 7).

Ch as the pole impedance could be given e.g. in the product literature.

e (see 5.3.1.2);

j) rated impulse withstand voltage (see 5.3.1.3);

k) IP code, in case of ar
) pollution degree (see

m) — for contactor or s
(see 8.2.5.1) and type,

— for combinatid
device: rated co

n) void.
Control circuits:
The following informatig

0) rated control circuit v

enclosed equipment (see 8.1.11);
Clause 7); m)

tarter: rated conditional short-circuit cufrent (see 5.3.6) and type of co-ordination
current rating and characteristics of the’associated SCPD;

n starter, combination switchirig-device, protected starter or protected switching
nditional short-circuit current(see 5.3.6) and type of co-ordination (see 8.2.5.1);

n concerning control circuits shall be placed either on the coil or on the equipment:

bltage\(U,), nature of current and rated frequency;

NOTE 2 Other information such as the holding or pick-up power 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).
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Overload relays and releases:

s1) characteristics accor

s2) characteristics accor

dingto 5.7.2,5.7.5 and 5.7.6;

dingto 5.7.3 and 5.7 4.

Additional information for certain types of contactor and starter:

Rheostatic rotor starters:

t) circuit diagram;

u) severity of start (see §

3.5.5.1);

v) starting time (see 5.3.6.5.1).

Auto-transformer starters:

w) rated starting voltage|

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

NOTE 3 This value may be expressed as a percentage of the rated operational voltage of the starter.

Vacuum contactors and
X) maximum permissible
EMC:

y) environment Aor B: s

z) special requirements,

NOTE 4 Unshielded or untwisf

6.1.2DV D2 Mo

Starters:

altitude of the site of installation, if less than-2 000 m.

pe 7.3.1 of IEC 60947-1;

if applicable, for example shielded or twisted conductors.

ed conductors are considéred as normal installation conditions.

ification of 6.1.2 as follows:

6.1.2DV.1 Delete Items.c); m), q) and x):

These Items dg

not apply.

6.1.2DV.2 For it

em e), see Table 5.4.1DV for required marking.

6.1.2DV.3 Items h), i), r), y) and z) are optional.

6.1.2DV.4 Item j) is optional except when evaluating creepage and clearance distances per
subclause 7.1.4 of CSA C22.2 No. 60947-1/UL 60947-1.

6.1.2DV.5 Item k) is optional and may be in addition to the required enclosure type ratings

according to 7.

1.12DV of CSA C22.2 No. 60947-1/UL 60947-1.

6.1.2DV.6 Item 1) is only required if the pollution degree is other than pollution degree 3.
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6.2 Marking

Subclause 5.2 of IEC 60947-1 applies to contactors, starters and overload relays with the following
additions.

Data under items d) to x) in 6.1.2 shall be included on the nameplate or on the equipment or in the
manufacturer's published literature.

Data under items c) in 6.1.1, aa), k) and s2) in 6.1.2 shall be marked on the equipment; timecurrent
characteristics (or range of characteristics) may be provided in the manufacturer’s published literature.

In the case of electron|cally controlled electromagnets, information other than that given in 0) and p) of
6.1.2 may also be necegsary; see also 5.5 and Annex U of IEC 60947-1:2007, Amendment 1.

NOTE In the USA and Canadp, on multiple equipment, the additional category designation given in Table 1 is marked on the product.
6.2DV D2 Add|Subclauses 6.2DV.1 to 6.2DV.4 and Table 6.2DV.1 to Clause 6.2 as follows:
6.2DV.1 Markings

Locations of required markings shall be as shown in Table 6.2DV.1.

Table 6.2DV.1
Markings
(6.2DV.1)
Location®
Clause referenge Required marking® Enclosed Open
Motor controllers
6.1.1a)and b Manufacturer name or trademark, model number or A A
equivalent
6.1.2d)-g), Electrical ratings and ‘associated information A A
6.1.2DV h),
6.1.2DV.2
6.1.2DV i) and}) Rated insulation and impulse voltage D D
6.1.2 k) IP rating D D
6.1.21) Pollution degree (if other than pollution degree 3) C C
6.1.2 o) and p| Control circuit electrical ratings A A
6.1.2DVr) Auxitiary-circuitetectricatratings € €
6.1.2DV k) Environmental Type rating A
6.2DV.2.1 Motor controller standard fault and high fault short- A C
circuit current rating / protective device / Group
installation
6.2DV.2.4 Motor controller for use with specific overload relay B
6.2DV.2.5 Motor controllers for use on the load side of manual A B
motor controllers suitable for tap conductor
protection in group installations (United States only)
Cautionary markings for motor controllers®

Table 6.2DV.1 Continued on Next Page


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

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

Table 6.2DV.1 Continued

Location®
Clause reference Required marking® Enclosed Open
6.2DV.2.2 Marking for motor controllers having high available A B
fault current rating
6.2DV.2.3 Control with limited terminal size for a direct current A B
motor rating
Overload relays
6.1.2s1) Time-current characteristics and influence of D D
ambient
6.1.2s2) Electrical ratings, type, class, reset, current A A
6.1.2 s2), 5.7.3DV Thermal memory C C
6.2DV.3.1 Automatic restart of motor A C
6.2DV.3.2 Current transformer for use with electronic overload C C
relays
Cautionary markings for overload relays®
6.2DV.3.3, 6.2DV.3.4 | Marking for overload relay with replaceable type A B
thermal elements having calibrated current sensing
element
Table 8.2.2DV, Fuse replacement, Class G or K A A
Footnote b
Reduced voltage autotransformer controllers
6.2DV.4 | Marking for heavy or medium duty controllers | A | A
Rheostatic rotor starters
6.1.2t)-v) | Circuit diagram, severity of start, starting time | C | Cc

Auto-transformer starters
A.2w) | Rated starting voltage(s) | A | A
2 This is a brief symmary of marking requirements. For complete details, see the specific Marking Reference.

b For marking locptions identified below, "A" is considered the highest order of location, and "D" is considered
the lowest order ¢f location. At the option of the manufacturer, a higher order of location category may be used.

A. Enclosed Devices: Marking shall be on the product and visible when the enclosure
cover is removed or the door is open.
Open Devices: Marking shall be on the product.

B. Marking provided on an adhesive-backed label shipped separately with the product.
C. Marking.is shipped with the product.

D. Information available from the manufacturer.

¢ Cautionary markings — Cautionary markings shall be located on a part that is not capable of being removed
without impairing the.operation or appearance of the equipment. A cautionary marking intended to instruct the
operator shall be[legiblé and visible to the operator during normal operation of the equipment. A marking that
provides servicing-instraetions-sheall-betegible-and-visible-when-sueh-servicing-is-being-performed

6.2DV.2 Motor controller markings

6.2DV.2.1 A motor control device, an overload relay, or equipment incorporating an
overload relay shall be marked to indicate the maximum level of short-circuit testing, Type
2 co-ordination if applicable, and the intended short-circuit protective devices used in the
installation:

a) For devices subjected to standard fault short-circuit test only, the short-circuit
current and voltage rating shall be marked, "Suitable For Use On A Circuit Capable
Of Delivering Not More Than rms Symmetrical Amperes,

Volts Maximum™.
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b) For devices subjected to group installation short-circuit tests, the devices shall
be marked, "Suitable for motor group installation” in addition to the marking in Iltem

(a).

c) For devices subjected to high fault short-circuit tests, the marking in Item (a) or
(b) shall also include the following:

1) When Protected by Class Fuses" or

2) "When Protected By A Circuit Breaker Having An Interrupting Rating Not

Less Than rms Symmetrical Amperes, Volts
aximmumT';

d) When the short-circuit tests are conducted with fuses only, the marking in Item (a)
or (b) shall include "Use Fuses Only".

e) When short-circuit tests are conducted with a protective device with an ampere
rating l¢ss than the maximum capable of being used for the short-circuit test, the
marking shall additionally include the type of protective device used andthe
maximym size of the protective device.

f) When standard fault short-circuit tests are conducted with a fuse size of 600 A and
other than class RKS5, the marking shall include “When Protected by
Class Fuses”.

g) When tested in accordance with Type 2 co-ordination.requirements, the marking
may be|followed by “Type 2 co-ordination” or equiyalent. This marking may be on
the progluct or the manufacturer’s instructions.

6.2DV.2.2 Motpr controllers intended for use on circuits having high available fault
currents shall be marked with the word "WARNING" and the following or equivalent:

The opeéning of the branch-circuit protective device may be an indication that a fault
current|has been interrupted. To.reduce the risk of fire or electric shock, current-
carrying parts and other components of the controller shall be examined and
replacef if damaged.

In Canada, thelequivalent Freneh wording is as follows:

AVERTISSEMENT,=L'ouverture du dispositif de protection de la dérivation peut
signifief qu'uncourant de défaut a été interrompu. Pour réduire le risque d'incendie
ou de choc électrique, les piéces porteuses de courant et autres composants du
contréleur.devraient étre examinées et remplacées s'ils sont endommageés.

This marking may be combined with 6.2DV.3.3.

6.2DV.2.3 A controller with direct-current motor ratings that does not comply with the
requirements in 7.1.8.2DV.2 of CSA C22.2 No. 60947-1/UL 60947-1 shall be marked with the
word "WARNING" and the following or equivalent:

Do not connect to a circuit supplied by a single-phase, half-wave rectifier.
or

Do not connect to a circuit supplied by a single-phase rectifier of the half-wave or
full wave type.
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In Canada, the

equivalent French wording is as follows :

AVERTISSEMENT - Ne pas raccorder a un circuit alimenté par un redresseur a
simple alternance monophasé.

or

AVERTISSEMENT - Ne pas raccorder a un circuit alimenté par un redresseur
monophasé de type a simple alternance ou de type a deux alternances.

6.2DV.2.4 A motor controller evaluated for use only with a specific overload relay per

8.2.5.1QV.Z shall be marked wi € manufacturer’s name and part number of the
overload relay(s) to be used.

Clause

6.2DV.2.5In th
installations o
protectioning
shall be marke

]

United States, when a motor controller has been evaluated for group
the load side of a manual motor controller suitable for tap conductor
roup installations in accordance with 9.3.4.2DV.1.6, the motor controller
i as follows:

(A) suitgble for group installation on the load side of (B)

or the equival
motor controll

6.2DV.3 Overlg
6.2DV.3.1 Indu
wiring diagram

to the circuit w|

6.2DV.3.2 If th

overload relay}

transformer, o
the input of the

6.2DV.3.3 Excse
element, or i

n
permanently $

WARNIN

nt, where (A) and (B) are the manufacturer name and-model number of the
r and manual motor controller respectively.

ad relay markings

strial control equipment employing an automatic reset overload relay and a
indicating 2-wire control shall be marked to indicate that a motor connected
Il start automatically when the relay-is in the automatic reset position.

overload relay is not provided with the intended current transformer, the
hall be marked with the madel or catalog number of the current

turns ratio, frequency and-maximum signal (current) that can be applied to
overload relay.

pt as permitted in)6.2DV.3.4, an overload relay that has a replaceable current
strial control.equipment incorporating such an overload relay, shall be
rked with«the following or equivalent wording:

G: THE OVERLOAD RELAY MUST BE REPLACED IF BURNOUT OF THE

CURRENT ELEMENT OCCURS.

In Canada, the e

quivalent French marking is

AVERTISSEMENT: LE RELAIS DE SURCHARGE DOIT ETRE REMPLACE EN CAS DE
GRILLAGE DE LELEMENT TRAVERSE PAR LE COURANT.

6.2DV.3.4 If the calibrated elements of the overload relay described in 6.2DV.3.3 are
contained within the replaceable thermal unit, then only the thermal unit needs to be

replaced upon

heater burnout. The marking of 6.2DV.3.3 may be modified to indicate that

only the replacement of the thermal element is required.

6.2DV.4 Marking for reduced voltage autotransformer controllers
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A reduced voltage autotransformer controller complying with the performance
requirements in Table 9.3.3.6DV.6.2.1.1 shall be marked "Heavy Duty" or "Medium Duty" as
applicable for the intended use.

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 equipmeT In the event of a shori-Circuit and the measures 10 be taken with regard 10 the
equipment, if any, concg¢rning EMC.

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

The manufacturer of a gtarter 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.

7 Normal service, mpunting 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 r¢quirements

8.1.1 General
Subclause 7.1.1 of IEC60947-1 applies.

8.1.2 Materials

8.1.2.1 General matzTiaIs requirements

Subclause 7.1.2.1 of IEC 60947-1 applies
8.1.2.2 Glow wire testing
Subclause 7.1.2.2 of IEC 60947-1 applies with the following addition.

When tests on the equipment or on sections taken from the equipment are used, parts of insulating
materials necessary to retain current-carrying parts in position shall conform to the glow-wire tests of
8.2.1.1.1 of IEC 60947-1 at a test temperature of 850 °C.
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8.1.2.3 Test based on flammability category
Subclause 7.1.2.3 of IEC 60947-1 applies.

8.1.3 Current-carrying parts and their connections
Subclause 7.1.3 of IEC 60947-1 applies.

8.1.4 Clearances and creepage distances

Subclause 7.1.4 of IEC $0947-1 applies.
8.1.4DV D2 Modification of 8.1.4 by adding the following:

Creepage and clearance distances at field wiring terminals shall be evaluated in
accordance with Annex DVD. Where the design of the field wiring terminals is such that it
precludes the |possibility of reduced spacing due to stray strands or improper wiring
installation, supclause 7.1.4 of CSA C22.2 No. 60947-1/UL 60947-1 may be used. Creepage
and clearance| distances at other than field wiring terminals shall\be evaluated in
accordance with Annex DVD or subclause 7.1.4 of CSA C22.2 No. 60947-1/UL 60947-1.

8.1.5 Actuator

Subclause 7.1.5 of IEC $0947-1 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 IEQ 60947-1 applies.
8.1.5.2 Direction of movement

Subclause 7.1.5.2 of IEC 60947-1 appliés.

8.1.5.2DV D2 Modification of 8.1.5.2 by replacing it with the following:

Where a circuit breaker or switch is mounted such that movement of the operating handle,

either vertically or rotationally, between the ON and OFF positions results in one position
being above the other position, the upper position shall be the ON position. The
requirement does not apply to a circuit breaker or switch that is operated horizontally or
that is operated rotationally and the ON and OFF positions are at the same level, nor to a
switching device having two ON positions, such as a transfer switch or a double throw
switch.

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.
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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.
8.1.6.1DV D2 Modification of 8.1.6.1 by adding the following:

The requirements regarding colours of push buttons, illuminated push buttons, and
indicator lights are informative.

8.1.6.2 Indication by|the actuator

Subclause 7.1.6.2 of IE[C 60947-1 applies.

8.1.7 Additional reqyirements for equipment suitable for isolation
Subclause 7.1.7 of IEC 60947-1 applies.

8.1.8 Terminals
Subclause 7.1.8 of IEC60947-1 applies with, however, the following additional requirements.
8.1.8.1 Terminal identification and marking

Subclause 7.1.8.4 of IELC 60947-1 applies with additional requirements as given in Annex A.
8.1.9 Additional reqyirements for equipment provided with a neutral pole

Subclause 7.1.9 of IEC60947-1 applies.

8.1.10 Provisions fof protective earthing

Subclause 7.1.10 of IEQ 60947-1 applies.

8.1.11 Enclosures for equipment

8.1.11.1 Design

Subclause 7.1.11.1 of IEC 60947-1 applies with the following additions.

Starting resistors mounted 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.
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8.1.11.1DV D2 Modification of 8.1.11.1 by adding the following:

8.1.11.1DV.1 The door interlock defeat mechanism shall be self-restoring when the door is

closed.

8.1.11.1DV.2 The door interlock mechanism shall be arranged such that the door is required
to be closed before the disconnecting means can be switched to the closed (ON) position.
The door is not required to comply with the requirement when the interlocking means is
intentionally defeated.

8.1.11.2 Insulation

Subclause 7.1.11.2 of IE
8.1.12 Degrees of prg
Subclause 7.1.12 of IEG
8.1.13 Conduit pull-o

Subclause 7.1.13 of IEC

C 60947-1 applies.

tection of enclosed equipment

60947-1 applies.

it, torque and bending with metallic conduits

60947-1 applies.

8.2 Performance requirements

8.2.1 Operating condjtions

8.2.1.1 General

Subclause 7.2.1.1 of IE(

L 60947-1 applies with the follewing additions.

8.2.1.1.1 General conditions A

Starters shall be so cong

a) are trip free;

tructed that they:

b) can be caused to opgn their:contacts by the means provided when running and at any time during the

starting sequence;

c) will not function in other than the correct starting sequence.

8.2.1.1.2 General con

ditions B

Starters employing contactors shall not trip due to the shocks caused by operation of the contactors when
tested according to 9.3.3.1, after the starter has carried its rated full load current at the reference ambient
temperature (i.e. +20 °C) and has reached thermal equilibrium at both minimum and maximum settings of
the overload relay, if adjustable.
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8.2.1.1.3 General conditions C

For rheostatic starters,
may be made to protect

the overload relay shall be connected in the stator circuit. Special arrangements
the rotor contactors and resistors against overheating, if requested by the user.

8.2.1.1.4 General conditions D

When starters are used in conditions in which the overheating of the starting resistors or transformers
would represent an exceptional hazard, it is recommended that a suitable device be fitted to switch off the
starter automatically before a dangerous temperature is reached.

8.2.1.1.5 General corlditions E

The moving contacts of]
all poles make and bres

8.2.1.2 Limits of ope
Subclause 7.2.1.2 of IE

For latched contactors,

multipole equipment intended to make and break together shall be so coupled that
k substantially together, whether operated manually or automatically.

ration of contactors and power-operated starters
C 60947-1:2007 applies with following additions:

the device shall drop out and open fully when a de-latching voltage between 85 %

and 110 % of the rated @le-latching voltage is applied.

8.2.1.3 Limits of ope

Subclause 7.2.1.3 of |IE
standard.

ration of under-voltage relays and releases

C 60947-1 applies with the following addition: tests are specified in 9.3.3.2.2 of this

8.2.1.3DV D2 Modification of 8.2.1.3 by adding. the following:

Software and firmware critical to the limits of operation of undervoltage relays and releases

is considered

8.2.1.4 Limits of ope

Subclause 7.2.1.4 of IE
standard.

fo be addressed by this testing.

ration of shunt-coil operated releases (shunt trip)

C 60947-4<applies with the following addition: tests are specified in 9.3.3.2.2 of this

8.2.1.5 Limits of ope
8.2.1.5.1

8.2.1.5.1.1

ration of current sensing relays and releases

Limits of operation of time-delay overload relays when all poles are energized

General tripping requirements of overload relays

NOTE 1 The thermal protection of motors in the presence of harmonics in the supply voltage is under consideration.

The relays shall comply with the requirements of Table 3 when tested as follows:

a) with the overload relay or starter in its enclosure, if normally fitted, and at A times the current setting,
tripping shall not occur in less than 2 h starting from the cold state, at the value of reference ambient air
temperature stated in Table 3. However, when the overload relay terminals have reached thermal
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equilibrium at the test current in less than 2 h, the test duration can be the time needed to reach such
thermal equilibrium;

b) when the current is subsequently raised to B times the current setting, tripping shall occur in less than 2
h;

c) for class 2, 3, 5 and 10A overload relays energized at C times the current setting, tripping shall occur in
less than 2 min starting from thermal equilibrium, at the current setting, in accordance with 9.3.3 of IEC
60034-1; for class 10 A overload relays, for ambient air temperature —5 °C or below, the manufacturer may

declare a longer tripping

time but not longer than 2 times the values required for 20 °C;

NOTE 2 Subclause 9.3.3 of IH
not exceeding 1 kV shall be ¢4

d) for class 10, 20, 30 a
inlessthan4, 8,12 or 1

e) at D times the current
class and tolerance ban

In the case of overload
relay is carrying the cur
current associated with t

For non-compensated o
greater than 1,2 %/K.

NOTE 3 1,2 %/K is the deratin

An overload relay is reg
+20 °C and is within the

8.2.1.5.1.1DVA1

C 60034-1 states: “Polyphase motors having rated outputs not exceeding 315 kW and rated voltages
pable of withstanding a current equal to 1,5 times the rated current for not less than 2 min”.

nd 40 overload relays energized at C times the current setting, tripping shall occur
b min respectively, starting from thermal equilibrium, at the current setting;

setting, tripping shall occur within the limits given in Table 2 for the@appropriate trip
j, starting from the cold state.

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

verload relays, the current multiple/ambient temperature characteristic shall not be

b characteristic of PVC-insulated conductors.

arded as compensated if it complies with the relevant requirements of Table 3 at
imits shown in Table 3 at other temperatures.

D2 Modification of 8.2.1.5.1.1 by adding the following to Item b):

For non-compensated overload-relays, the manufacturer may declare a trip level higher

than that in Tal

ple 3, Column(B; for ambient temperatures from 20 °C to 40 °C. In this case,

the test value gt 20 °C shall'be that declared by the manufacturer;

8.2.1.5.1.1DV.2

D2-Modification of 8.2.1.5.1.1 by adding the following to Item d):

Overload relays may alternatively be energized at 200 % of the rated tripping current,

starting from a

8.2.1.5.1.1DV.3

cold state. Tripping shall occur in 8 minutes or less;

D2 Modification of 8.2.1.5.1.1 by replacing Item e) with the following:

e) at D times the current setting, tripping shall occur within the maximum time limits given
in Table 2 for the appropriate trip class, starting from the cold state. The minimum values
given in Table 2 are informative only.
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8.2.1.5.1.1DV.4 D2 Modification of 8.2.1.5.1.1 by replacing the second paragraph following
Item e) with the following:

The current multiple/ambient temperature characteristic is informative.

Table 3

Limits of operation of time-delay overload relays when energized on all poles

Type of overload relay

Mlllﬁ:’\lne of current enﬂ'ing

Ambientairtemperature—

A B Cc D values
Thermal type not compensated for b o
ambient air temperature varfations 10 1.2 15 7.2 +40°C
Thermal type compensated for ¢ ¢ - - less than -5 °C ¢
ambient air temperature varfations 105 13 15 _ -5°¢
1,05 1,2 1,5 7.2 +20,°C
1,0 1,2° 1,5 - +40 °C
c c - - more than +40 °C ¢
Electronic type® 1,05 1,2 1,5 7,2 0°C, +20 °C and +40 °C

@ This test shall only be dond

® If specified by the manufad

¢ Multiples of current setting

at 20 °C for A, B and D multiples of current setting.

should be declared by the manufacturer.
4 See 9.3.3.2.2 for tests outdide the -5 °C +40 °C range.

turer, the tripping current could be different from 120 % but shall not exceed 125 %. In this case the
test current value shall be equal to this tripping current value. In this case, the tripping current’'value shall be marked on the device.

8.2.1.5.1.2 Thermal memory test verification

Unless the manufactufer has specified that the deviée does not contain thermal memory, electronic

overload relays shall ful
—apply a current equal

— interrupt the current fi
the time measured at th

— apply a current equal

— the relay shall trip with

b0 7,2 *(15;

fil the following requirements\(see Figure 8):

in"90"% of the time T,

o I, until the device has reached the thermal equilibrium;

br a duration of 2\x T, (see Table 2) with a relative tolerance of £10 % (where T, is
e D current accoerding to Table 3);

8.2.1.5.2 Limits of operation of three-pole time-delay overload relays energized on two poles

With reference to 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.
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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.

8.2.1.5.2DV D2 Modification of 8.2.1.5.2 by adding the following:

Overload relays may alternatively be energized at 200 percent of the rated tripping current,
starting from a cold state. Tripping shall occur in 8 minutes or less.

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 A
A B emperature
Thermal, compensated for afnbient air 3 poles 2 poles
temperature variations or eleftronic 10 132
+20 °C
Not phase loss sensitive 1 pole
0
Thermal, not compensated f¢r ambient air 3 poles 2 poles
temperature variations 10 1,25
+40 °C
Not phase loss sensitive 1 pole
0
Thermal, compensated for afnbient air 2 poles 2 poles
temperature variations or eleftronic 10 115
+20 °C
Phase loss sensitive 1 pole 1 pole
0,9 0

8.2.1.5.3 Limits of opgration of instantaneous magnetic overload relays

For all values of the curfent setting, instantaneous magnetic overload relays shall trip with an accuracy of
110 % of the value of the published eurrent value corresponding to the current setting.

NOTE Magnetic instantaneou$ overload relays covered by this standard are not intended for short-circuit protection.

8.2.1.5.4 Limits of operation of under-current relays and releases for automatic changeover

8.2.1.5.4.1 Limits of operation of under-current relays

An under-current relay or release, when associated with a switching device, shall operate to open the
switching device within 80 % to 120 % of the set time, when the current during operation is below 0,9 times
the under current setting in all poles. When the operating time is below 1 s, a different tolerance may be
given by the manufacturer but the upper limit shall not exceed 1,2 s.

NOTE The tolerance depends on the sensing technology.

8.2.1.5.4.2 Limits of operation of automatic change over by under-current relays
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This subclause applies

to:

— 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.

8.2.1.5.4.2DV [

D2 Modification of 8.2.1.5.4.2 by addition of the following:

This subclauseg is informative.

8.2.1.5.5 Limits of o

A stall relay, when ass
80 % to 120 % of the
when:

a) current sensing relayj

EXAMPLE Set currg
the current is equal {

b) rotation sensing relay
8.2.1.5.6 Limits of o
A jam relay or release
device within 80 % to

manufacturer, when the
after completion of the 4

8.2.2 Temperature rige

eration of stall relays
bciated with a switching device, shall operate to open theiswitching device within

set time (stall inhibit time) or within the accuracy specified by the manufacturer,

s: the current is 20 % higher than the set stall cutrent value;

Int 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
p or greater than 100 A x 1,2 =120 A.

s: an input signal indicating no motor rotation exists.
eration of jam relays and releases

when associated with a switching device, shall operate to open the switching
120 % of the set time (jam inhibit time) or within the accuracy specified by the
current is above_1,2 times the set current value of the jam relay, during running
tarting.

8.2.2DV D2 M

dification of 8.2.2 by replacing it and all subclauses with the following text

N L

and Table 8.2.

In addition to

&IV,

complying with the requirements of the temperature test in 7.2.2DV of CSA

C22.2 No. 60947-1/UL 60947-1, the temperature rises shall not exceed those given in Table

8.2.2DV.
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Table 8.2.2DV
Maximum temperature rises?
(8.2.2DV and DVC.5.1.1.3)

Materials and components K
Knife-switch blades and contact jaws 30
Fuse clip tested with a dummy fuse representing a branch circuit fuse 30
Fuse clip when tested with a fuse intended to provide branch circuit 85
protection®
Insulatign systems:
Class 106 insulation system 85¢
Class 10B(A) insulation systems on single-layer series coil with exposed 90
surfaces either uninsulated or enameled, thermocouple method
Class 12P(E) insulation system® 95°¢
Class 13p(B) insulation systems® 105¢
Class 155(F) insulation systems® 115°¢
Class 18p(H) insulation systems® 135°
Class 20p(N) insulation systems® 155°¢
Class 22p(R) insulation systems® 175°

8.2.21

The requirements of 7.2

NOTE 1 Contact resistance

in which:

2 For equipment llated for an ambient temperature other than 40 °C, the allowable'temperature rises in this table
shall be adjusted

in accordance with the following formula:
Tr=T;+40°C-Ty

Tgr = Allowable temperature rise;

TM=Am

T; = Maximum temperature rise allowed by Table 8.2.2DV; and
XLient temperature marked on the equipment.

K, there shall be §

¢ Values shown a
temperature rise.

b When the fuse Used to determine compliance with the'fuse clip temperature rise requirement is a Class G or
marking near the fuse holder specifying the class of the replacement fuse.

9 The insulation slystem shall meet the requirements of UL 1446.

e for the change of resistance"method. For thermocouple method subtract 20 from the

General

2 of IEC 60947-1 apply to contactors and starters in a clean, new condition.

conducting the test at a voltage below 100 V, such devices may have the contacts cleaned either by any nonabrasive method or by
carrying out 10 operating cycles under the conditions of Table 10 for any applicable utilization category at any voltage.

The temperature rises of the several parts of the contactor or starter measured during a test carried out
under the conditions specified in 9.3.3.3 shall not exceed the limiting values stated in Table 5 of this
standard and in 7.2.2.1 and 7.2.2.2 of IEC 60947-1.

In the case of an electronically controlled electromagnet, coil temperature measuring by variation of
resistance may be impracticable; in such a case, other methods are permitted, e.g. thermocouples or
other suitable methods.
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Table 5

Temperature rise limits for insulated coils in air and in oil

Class of insulating material

Temperature rise limit

(measured by resistance variation)

(according to IEC 60085) K
Coils in air Coils in oil
A 85 60
E 100 60
B 110 60
F 135 =
H 160 -

Because, in an auto-trg
temperature rise of 15

transformer when the sfarter is operated according to the requirements of 5.3.4 and 5.3.5.5.3.

NOTE 2 The temperature risg
air temperature remains withi

8.2.2.2 Terminals

Subclause 7.2.2.1 of IE

8.2.2.3 Accessible parts

Subclause 7.2.2.2 of IE

8.2.2.4 Ambient air t¢gmperature

Subclause 7.2.2.3 of IE
8.2.2.5 Main circuit

The main circuit of a ¢
current releases which
rises exceeding the limi

— for a contactor or st
and/or 5.3.2.2);

C 60947-1 applies.

C 60947-1 applies.

C 60947-1 applies.

nsformer starter, the auto-transformer is energized only intermittently, a maximum
K greater than the figures in Table 5 is permissible for the windings, ©of the

limits given in Table 5 of this standard and in 7.2.2.2 of IEC 60947-1 are applicable only if the ambient
h the limits -5 °C, +40 °C.

bntactor or a starter which carries current in the ON position, including the over-
may be assqciated with it, shall be capable of carrying, without the temperature
s specifiedin'7.2.2.1 of IEC 60947-1 when tested in accordance with 9.3.3.3.4:

arter intended for continuous duty: its conventional thermal current (see 5.3.2.1

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

8.2.2.6 Control circuits

Subclause 7.2.2.5 of IEC 60947-1 applies.
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8.2.2.7 Windings of coils and electromagnets
8.2.2.7.1 Uninterrupted and eight-hour duty windings

With the maximum value of current according to 8.2.2.5 flowing through the main circuit, the windings of
the coils, including those of electrically operated valves of electro-pneumatic contactors or starters, shall
withstand, under continuous load and at the rated frequency, if applicable, their maximum rated control
supply voltage without the temperature rise exceeding the limits specified in Table 5 of this standard and in
7.2.2.6 of IEC 60947-1.

NOTE Depending on the tech -6 i A etronicaly-een
not be directly applied on the qoil winding when connected as in normal service.

8.2.2.7.2 Intermittent duty windings

With no current flowing| through the main circuit, the windings of the coils shall withstand, at|the rated
frequency, if applicablg, their maximum rated control supply voltage applied as detailed|jin' Table 6
according to their interrpittent duty class, without the temperature rise exceeding the limits’specified in
Table 5 of this standard and in 7.2.2.2 of IEC 60947-1.

NOTE Depending on the techipology, e.g. for some kind of electronically controlled electromagnet, the cantrol supply voltage may not
be directly applied on the coil yinding 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 the supply
Contactors Starters cycle every to the control coil is maintained
1 1 3600s
3 3 1200s
12 12 300's o
30 30 1205 fector spestiod by he menufacturer
120 30s
300 12s
1200 3s

8.2.2.7.3 Specially rated (temporary or periodic duty) windings

Specially rated windingq 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 and insulating materials” with
“‘insulating parts”.
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8.2.3 Dielectric properties

Subclause 7.2.3 of IEC 60947-1:2007 applies with the following additions:

General requirements for device including voltage limiting components inserted between circuits not
connected to the ground/earth to be tested according to the dielectric test are described as follows.

These voltage limiting components called varistors used in order to protect electronic parts from surges
within the device shall comply with IEC 61051-2. In this clause, the intent is not to reduce the clearances.
For the type test of the device the voltage limiting components may be disconnected.

IEC 61051-2 applies as
a) Preferred climatic caf
* maximum lowe
* minimum uppe

The device manufactu
temperature if any.

b) The minimum rated
varistor is connected.

c) When connected to t
NOTE 1 With the verification

NOTE 2 The possibility giv
appropriate in the routine teg
main purpose of this test is to

8.2.3DV D2 Mg

Subclause 7.3
addition:

Voltage limitin
No. 60947-1/U

follows:
egories of the varistor:

r temperature: -10 °C

I temperature: +85 °C

rer has to verify that the varistor is suitable for use in, the extended ambient

voltage of the varistor shall be 1,2 times the maximum peak voltage where the

e mains, varistors shall withstand the surge4ést according to 9.4.2.5.
f the varistors above it is assumed that a fuse protecting the varistor is not necessary.

en in 8.3.3.4.1 item 1) of IEC 60947-1:2007 of disconnecting circuits between poles may be not
t, because the products are completed and it is not appropriate to reopen and manipulate them. The
identify the proper operation of thevaltage limiting component.

dification to 8.2.3 by replacing it with the following:

.3 of CSA C22,2° No. 60947-1/UL 60947-1 shall apply with the following

iIg components shall comply with the requirements of 7.1.1DV.7 of CSA C22.2

L 60947-1.

8.2.4 Normal load an

d overload performance requirements

Requirements concerning normal load and overload characteristics according to 5.3.5 are given in 8.2.4.1,

8.24.2and 8.2.4.4.

8.2.41 Makingandb

Contactors or starters

reaking capacities

shall be capable of making and breaking currents without failure under the

conditions stated in Table 7 for the required utilization categories and the number of operations indicated,

as specified in 9.3.3.5.
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The off-time and on-time values given in Table 7 and Table 8 shall not be exceeded.

Making and breaking capacities — Making-lz-aant:ilebZeaking conditions according to utilization
category
Make and break conditions
Utilization On-time® Off-time Number of
category 11, uJu, Cos ¢ s s operating
cycles
AC-1 1,5 1,05 0,8 0,05 f 50
AC-2 4,0 1,05 0,65" 0,05 f 50
AC-3' 8,0 1,05 a 0,05 f 50
AC-4! 10,d 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 60 50
AC-6a
AC-6b 1,5 1,05 | m 50
AC-8a* 6,0 1,05 a 0,05 f 50
AC-8b* 6,0 1,05 a 0,05 f 50
Utilization 11 uJu, LR On-time® Off-time Number of
category ms s s 0':;3::229
DC-1 1,5 1,05 1,0 0,05 f 50¢
DC-3 4,0 1,05 2,5 0,05 f 50 ¢
DC-5 4,0 1,05 15,0 0,05 f 50 ¢
DV-6 1,5 1,05 c 0,05 60 509
Make conditions |
Utilization On-time ° Off-time Number of
category u, uu, Cos ¢ s s operating
cycles
AC-3 10 1,059 a 0,05 10 50
AC-4 12 1,059 a 0,05 10 50

I = current made. The makin
actual peak value during the

I, = current made and broker
I, = rated operational current|

U = applied voltage

, expressediin d.c. or a.c. .m.s. symmetrical values

current is expressed'in d.c. or a.c. r.m.s. symmetrical values but it is understood that, for a.c., the
making operation,may assume a higher value than the symmetrical peak value.

U, = power frequency or d.c. recovery voltage
U, = rated operational voltage
Cos ¢ = power factor of test circuit

L/R = time-constant of test circuit

@Cos ¢ =0,45for I, <100 A; 0,35 for I, > 100 A.
® The time may be less than 0,05 s, provided that contacts are allowed to become properly seated before reopening.
¢ Tests to be carried out with an incandescent light load.

4 If polarity not marked on the device, 25 operating cycles with one polarity and 25 operating cycles with reverse polarity.

¢ The load shall consist of commercially available capacitor combinations to obtain a steady-state reactive current le calculated
according to 9.3.3.3.4. Alternatively capacitive ratings may be derived by capacitor switching tests or assigned on the basis of

Table 7 Continued on Next Page
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Table 7 Continued

fSee Table 8.

established practice and experience. As a guide, reference may be made to the formula given in Table 9 which does not take into
account the thermal effects due to harmonic currents. The available current capacity at the test terminals shall not be less than the
prospective current "r". It can be determined by analytical evaluation.

9 For U/ U,, a tolerance of +20 % is accepted.

" The values shown are for stator contactors. For rotor contactors, the test shall be made with a current of four times the rated rotor
operational current and a power factor of 0,95.

" The make conditions for utilization categories AC-3 and AC-4 shall also be verified. The verification may be made during the
make and break test, but only with the manufacturer's agreement. In this case, the making current multiples shall be as shown for

1/l and the breaking currer
the rated control supply volt

I The manufacturer shall ver
according to Table 9.

K A lower ratio of I, / I, (lockg
' The on time shall be long e

™ Off-time according to Tabl
time.

L £ PR Y n : TRTHD ! o raran. } L e 44O 0 r
L dS STTUWITTUT 1o 7T 20 UPCTAUTTy LyUITS STIdIT UT TTaUT dt a LCUTTITUT SUPPTy vUILaytS TUUdrtu 11U /0 UT

hge Us and 25 operating cycles at 85 % of Us. The off-times are to be determined from Table 8.

fy the AC-6a rating by testing with a transformer or may derive the rating from the values for AC-3

d rotor to full load current) may be used if specified by the manufacturer.
hough in order to reach the stabilized current.

b 8. The value of a discharge resistor shall be determined to reach less than 50 V at the.end of off-

Table 8

Relationship between current broken /. and off-time for the verification of,rated making and

breaking capacities

Curr¢nt broken /. Off-time
A s

. <100 10
100 < /. <200 20
200 </.,=<300 30
300 </, <400 40
400 < /. <600 60
600 < /., <800 80
800|< /; <1000 100
1000 </,<1300 140
1300 </,<1600 180
1600 </, 240

The off-time values may

be reduced if agreed by the manufacturer.



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

70 CSA C22.2 No. 60947-4-1:22 ¢ UL 60947-4-1 MAY 31, 2022
Table 9
Operational current determination for utilization categories AC-6a and AC-6b when derived from
AC-3 ratings

Rated operational current Determination from making current

for utilization category AC-3
0,45 I (AC-3)

le (AC-6a) for switching of transformers having inrush
current peaks of not more than 30 times peak of rated

current

l¢ (AC-6b) for switching of s|
circuits having a prospective]
the location of the capacitor

2
i
(x=T)
Ingle capacitor banks in with
short-circuit current iy at I (AC-3
L ank X =133x ¥
and for

if > 205 5 (AC-3)

The expression for the operatio
peak:

where
Ug s the rated operati
X s the short-circuit
X s the reactance of

This formula is valid on conditig
and that there is no initial charg

hal current /g (AC-6b) emanates from the formula for the highest inrush current

Xc
Ugx V2 < 1+\/x__|_
V3 XL - Xe

lpmax =

nal voltage;
mpedance of the circuit;
he capacitor bank.

n that capacitance on the supply side of the contactor or starter cambe neglected
le on the capacitor.

s4451a
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8.2.4.1DV D2 Modification of 8.2.4.1 by adding the following:

8.2.4.1DV.1 Overload test — Equipment with horsepower, resistance only, electric heating
control, resistance air heating or elevator control ratings shall close and open a test circuit
having the current and power factor as described in Table 8.2.4.1DV.1.1 and tested
according to 9.3.3.5.5DV. Equipment having a rating with an equivalent utilization category
(see Table 5.4.1DV) and/or an AC-4 utilization category shall be tested in accordance with
the respective conditions in Table 7 and according to 9.3.3.5.5DV.

8.2.4.1DV1.1 Overload test Eqmpment with horsepower ratlngs may be tested in

8.2.4.1DV.1.2 Dverload test — Equipment with AC4 utilization category ratings (see Table
5.4.1DV) shall pe tested in accordance with 8.2.4.1. The test current values for the
associated hofsepower ratings shall be based on Table G.1.

8.2.4.1DV.1.3 Tlesting for incandescent lighting ratings (AC-5b and DC-6) may be conducted
using synthetic loads instead of lamp loads. The synthetic loads shall hayvé an inrush
current of at Idast ten times the steady state current, and the peak value of the inrush
current shall be reached within 1/240" of a second.

8.2.4.1DV.1.4 Tlesting for AC resistance air heating and DC resistance air heating shall be in
accordance with Table 8.2.4.1DV.1.1.

Table 8.2.4.1DV.1.1
Overload test circuit®¢

(5.4.1DV, 8.2.4.1DV.1, 93.8.5.5DV.3, 9.3.3.5.5DV.4)

Intended |[device application Current, amperes Power factor
Across-the-Line fa.c. Motor Starting, 6 times device full-load current 0,40 - 0,50
single phase (H{ or kW)

Across-the-line 3.c. Motor Starting,-2- and | Locked rotor current © 0,40 - 0,50
3-phase (Hp or kW)

Across-the-Lined.c. Motor Statting (Hp or | 10 times device full-load current d.c.’
kW)

DC Resistance only 1,5 times device rated value d.c.
AC Resistance only 1,5 times device rated value 1,0

AC Electric Heating Control 1,5 times device rated value 1,0

AC Resistance Air Heating 1,5 times device rated value 1,0

DC Resistance Air Heating 1,5 times device rated value d.c.

Elevator Control, a.c. © - -

Elevator Control, d.c. ¢ - -
2 The test cycles shall be as described in 9.3.3.5.5DV.8.

b Load shall be a non-inductive resistive load. See G.1DV for full load currents of DC motors.

° No overload conditioning shall be required for an elevator control.

9 The equipment shall open and close the test circuit 50 times. A reversing controller shall be subjected to ten
additional cycles of operation with both coils energized simultaneously after the 50 cycles of operation.

¢ In Canada, locked rotor current is equal to six times the applicable full load current per Annex G, Table G.1 for
2- and 3-phase motors or G.1DV for single-phase motors. In the USA, locked rotor current shall be selected per
Annex G, G.1DV for 2- and 3-phase motors based on the rated horsepower.
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8.2.4.2 Conventional operational performance
Subclause 7.2.4.2 of IEC 60947-1 applies with the following addition.
Contactors or starters shall be capable of making and breaking currents without failure under the

conventional conditions stated in Table 10 for the required utilization categories and the number of
operating cycles indicated as specified in 9.3.3.6.

Conventional operational performance — Mal;l}?\bglezalgg breaking conditions according to utilization
category
Utilization Make and break test conditions
category 11, UlU, Cos¢ On-:me Off-:me op::::innt:;e;;’éles
AC-1 1,0 1,05 0,80 0,05° c 6,000
AC-2 2,0 1,05 0,65 0,05° c 6000’
AC-3 2,0 1,05 a 0,05° c 6000
AC-4 6,0 1,05 a 0,05° c 6000
AC-5a 2,0 1,05 0,45 0,05° c 6000
AC-5b 1,0°¢ 1,05 e 0,05° 60 6000
AC-6a g g g g g g
AC-6b 1k 1,05 | m 6 000
AC-8a 1,0 1,05 0,80 0,05° c 30000
AC-8b i 6,0 1,05 a 1 9 5900
10 90¢ 100
Utilization .11 U 10U, L/R On-time Off-time Number of
category ms s s operating cycles
DC-1 1,0 1,05 1,0 0,05° c 6000
DC-3 2,5 1,05 2,0 0,05° c 6000 "
DC-5 2,5 1,05 7,5 0,05° c 6000°
DC-6 1,0°¢ 1,05 e 0,05° 60 6000 "
I, = current made or broken. Except for AC-5b, AC-6 or DC-6 categories, the making current is expressed in d.c. or a.c. rm.s.
symmetrical values but it is uhderstood thatfor'a’c. the actual peak value during the making operation may assume a higher value
than the symmetrical peak vglue.
I, = rated operational current
U, = power frequency or d.c. fecQvepy voltage
U, = rated operational voltag

Cos ¢ = power factor of test circuit

L /R = time-constant of test circuit
@Cos ¢ =0,45for I, <100 A; 0,35 for I, > 100 A.
® The time may be less than 0,05 s, provided that contacts are allowed to become properly seated before reopening.

® These off-times shall be not greater than the values specified in Table 8.

9 The manufacturer may choose any value for the Off-time up to 200 s.

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

fIf polarity not marked on the device, 3 000 operating cycles with one polarity and 3 000 operating cycles with reverse polarity.

Table 10 Continued on Next Page
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Table 10 Continued

9 The manufacturer shall verify the AC-6a rating by testing with a transformer or may derive the rating from the values for AC-3

according to Table 9.

h Tests for category AC-8b shall be accompanied by tests for category AC-8a. The tests may be made on different samples.
" For manually operated switching devices, the number of operating cycles shall be 1 000 on-load, followed by 5 000 off-load.
I A lower ratio of I, / I, (locked rotor to full load current) may be used if specified by the manufacturer.

K The load shall consist of commercially available capacitor combinations to obtain a steady-state reactive current le calculated
according to 9.3.3.3.4. Alternatively 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 which does not take into
account the thermal effects due to harmonic currents. The available current capacity at the test terminals shall not be less than the
prospective current "r". It ca

' The on time shall be long ehough in order to reach the stabilized current.

™ Off-time according to Tabl¢ 8. The value of a discharge resistor shall be determined to reach less than 50 V at the end of off-

time.

TOC UcCIcITimmeu vy diidiyutal evdiudtior.

8.2.4.2DV D2 Modification of 8.2.4.2 by adding the following:

8.2.4.2DVA1 Engurance test performance - Equipment with horsepower, resistance only,

electric heatin

control, resistance air heating or elevator control ratings.shall close and

open a test cirguit having the current and power factor as described in'Table 8.2.4.2DV.1.1
and tested acdording to Clause 9.3.3.6DV.1. Equipment having a rating with an equivalent
utilization catggory (see Table 5.4.1DV) and/or an AC-4 utilization‘category shall be tested
in accordance|with the conditions in Table 8 and according t09:3:3.5.

8.2.4.2DV.1.1 Bndurance test performance — Equipment with"horsepower ratings may be
tested in accordance with the requirements for AC3 utilization category per 8.2.4.2 in lieu of

testing per Cl

ratings shall b

use 8.2.4.2DV.1. The test current values.for the associated horsepower
based on Table G.1.

8.2.4.2DV.1.2 Bndurance test performance -.Equipment with AC4 utilization category
ratings (see Tgble 5.4.1DV) shall be tested.in accordance with 8.2.4.2. The test current

values for the

8.2.4.2DV1.3 T

associated horsepower.ratings shall be based on Table G.1.

sting for incandescent lighting ratings (AC-5b and DC-6) may be conducted

using synthetic loads instead 6fJamp loads. The synthetic loads shall have an inrush
current of at Idast ten times thé steady state current and the peak value of the inrush

current shall

e reached within 1/240%" of a second.

Table 8.2.4.2DV.1.1

2
Endurance test (5.4.1DV, 8.2.4.2DV.1, 9.3.3.6DV.2, Table 9.3.3.6DV.1)

Intended device Test current, Number of Test cycle, Seconds
application amperes Power factor cycles On Off

Across-the-Line a.c. Twice Full-Load 0,40 - 0,50 10007 b b
Motor Starting (Hp or Current
kW)
Across-the-Line d.c. Twice Full-Load d.c.® 1000? b b
Motor Starting (Hp or Current
kW)
DC Resistance Rated Current d.c.° 6 000 1
AC Resistance Rated Current 1,0 6 000 1 9

Table 8.2.4.2DV.1.1 Continued on Next Page


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

74 CSA C22.2 No. 60947-4-1:22 ¢ UL 60947-4-1 MAY 31, 2022
Table 8.2.4.2DV.1.1 Continued
Intended device Test current, Number of Test cycle, Seconds
application amperes Power factor cycles On Off
AC Electric Heating Rated Current 1,0 250 000 1 9
Control
DC Resistance Air Rated Current d.c.® 100 000 1 9
Heating
AC Resistance Air Rated Current 1,0 100 000 1 9
Heating
Elevator Control,are: Fwrice-Fuitoad 8740—0;56 506-666 4 9
motor Current
Elevator Control,|d.c. Twice Full-Load d.c.© 500 000 1 9
motor Current
2 These devices ghall be subjected to at least 6 000 mechanical cycles at any convenient rate.
b Other than as néted in note a, the test cycle shall be as indicated in Table 9.3.3.6DV.1.
¢ Load is a non-inductive resistive load.
8.2.4.2DV.2 Parnt winding endurance test — A controller for a 3-phase hermeticrefrigerant
motor-compressor equipped with a part winding motor of the type in which one-half of the
winding is enefgized through a controller and, subsequently or simultaneously through a
second controller, the remaining half is energized so that both halves carry the same
running current, shall be tested for the application as shown in.Table 8.2.4.2DV.2.1 or Table
8.2.4.2DV.2.2. If the circuit does not contain a feature to delay the energization of the
second controller, Table 8.2.4.2DV.2.1 shall be used for both controllers. If the circuit is
provided with 3 feature to delay the energization of the second controller, Table
8.2.4.2DV.2.2 shall be used for the first controller and.Table 8.2.4.2DV.2.1 shall be used for
the second (dejayed) controller. The controller shall.comply with these requirements in
addition to the requirements for the device.
Table'8:2.4.2DV.2.1
Endurance test for simultaneously energized controllers
Power factor Number of Operation rate, seconds
Make Break test
amperes amperes Make Break operations On Off
FLA? LRA? 0,75-0,80 0,4-0,5 30000 1 9
2 Rating of the wihding controfled.
Table 8.2.4.2DV.2.2
Endurance test for second controller delayed applications
Power factor Number of Operation rate, seconds
Make Break test
amperes amperes Make Break operations On Off
LRA? LRA? 0,4-0,5 0,4-0,5 30000 1 9
2 Rating of winding controlled.
8.2.4.3 Durability

Subclause 7.2.4.3 of IEC 60947-1 applies with the following additions.
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8.2.4.3.1 Mechanical

The mechanical durabil
of the manufacturer. Re

durability

ity of a contactor or starter is verified by a special test conducted at the discretion
commendations for conducting this test are given in Annex B.

8.2.4.3.2 Electrical durability

Electrical durability of a

contactor or starter is verified by a special test conducted at the discretion of the

manufacturer. Recommendations for conducting this test are given in Annex B.

8.2.4.4 Overload cur

Contactors with utilizati
as specified in 9.3.5.

'ent withstand capability of contactors

bn categories AC-3 or AC-4 shall withstand the overload currents given in Table 144

Table 11
Overload current withstand requirements

Rated operational current Test current Duration of test
<630 A 8 x |, max/AC-3 10s
>630 A 6 x |, max/AC-3* 10s

* With a minimum value of 5|

040 A.

NOTE This test also covers d
that the tested value of Ptis |

8.2.4.5 Coil power cd
Where the power consy
8.2.4.6 Pole impedarn

Where the pole impeda

Lities where the current is less than shown in Table 11 and'the test duration is longer than 10 s, provided
pt exceeded.

nsumption
mption of the coil is given, it shall.be tested according to 9.3.3.2.1.2.
ce

nce is given, it shalkbe tested according to 9.3.3.2.1.3.

8.2.5 Co-ordination with short-circuit protective devices

8.2.5.1 Performance

The rated conditional s

under, short-circuit conditions (rated conditional short-circuit current)

hort:Circuit current of contactors and starters backed up by short-circuit protective

device(s) (SCPD(s)),

combination starters, combination switching devices, protected starters and

protected switching devices shall be verified by short-circuit tests as specified in 9.3.4. These tests are

mandatory:
a) at the appropriate val
b) at the rated condition

The rating of the SCP
voltage and the corresp

ue of prospective current shown in Table 13 (test current "r"), and
al short-circuit current /g, if higher than test current "r".

D shall be adequate for any given rated operational current, rated operational
onding utilization category.

Two types of co-ordination are permissible, "1" or "2". The test conditions for both are given in 9.3.4.2.1

and 9.3.4.2.2.
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Type "1" co-ordination requires that, under short-circuit conditions, the contactor or starter shall cause no
danger to persons or installation and may not be suitable for further service without repair and
replacement of parts.

Type "2" co-ordination requires that, under short-circuit conditions, the contactor or starter shall cause no
danger to persons or installation and shall be suitable for further use. The risk of contact welding is
recognized, in which case the manufacturer shall indicate the measures to be taken as regards the
maintenance of the equipment.

NOTE Use of an SCPD not in compliance with the manufacturer's recommendations may invalidate the coordination.

These tests are applicaljle to AC motor ratings only.
8.2.5.1DV D2 Modification of 8.2.5.1 by adding the following:

8.2.5.1DV.1 Th¢ value of prospective test current “r’ shall be selected from Table 17 ‘or
Table 53.3 of UL 508 or Table 24 of CSA C22.2 No. 14 at the discretion of the manufacturer.

8.2.5.1DV.2 Short circuit tests on a motor control device marked for use only with specific
overload relays shall be performed with the motor control device installed as part of a
starter. A markjng shall be provided as specified in 6.2DV.2.4.

Note 2DV: In North America I, is referred to as high available fault current.and “r’ is referred to as standard
available fault current.

8.2.5.2 Co-ordination|at the crossover current between starter'and associated SCPD

Co-ordination at the crgssover current between the starter’and the SCPD is a special test. The way to
verify it is described in B|4.

8.3 Electromagnetic ¢ompatibility (EMC)
8.3DV D2 Modification of 8.3 and all subclauses by adding the following:

Clause 8.3 and|all subclauses_are informative.

8.3.1 General

Subclause 7.3.1 of IEC 6694F++eapptieswith-thefollowingadaitopr———M

Power frequency magnetic field tests are not required because the devices are naturally submitted to such
fields. Immunity is demonstrated by the successful completion of the operational performance capability
tests (see 9.3.3.5 and 9.3.3.6).

This equipment is inherently sensitive to voltage dips and short time interruptions on the control supply; it
shall react within the limits of 8.2.1.2 and this is verified by the operating limits tests given in 9.3.3.2.
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8.3.2 Immunity

8.3.2.1

Subclause 7.3.2.1 of IEC 60947-1 applies.

Equipment not incorporating electronic circuits

8.3.2.2 Equipment incorporating electronic circuits

Subclause 7.3.2.2 of IEC 60947-1 applies with the following addition.

The test results are spe

cified using the performance criteria given in Table 12.

Table 12
Specific acceptance criteria for immunity tests

Acceptance criteria

and control circuits

—thd
the ¢

— thg

contactor shall remain in
xpected position

overload relay shall not trip

which cannot cause tripping

Unintentional opening epclosing
of contacts is not accepted

Self-recoverablé

Item
A B C
General Norrpal performance within the Temporary degradation or loss of | Temporary degradation or loss of
spedified limits function or performance which is | function or performance which
self-recoverable requires operator's intervention

or system reset. There shall not
be any damaged component

Operation of power No ynwanted operation Temporary unwanted operation Tripping of overload relay

Unintentional opening or closing
of contacts

Not self-recoverable

Operation of
displays and
auxiliary circuits

No d
infor

Only
fluct
mov!

No u

hanges to visible display
Mmation

slight light intensity
hations of LEDs or
bment of characters

nwanted operation of

auxiliary contacts

Temporary «isible changes, for
example{Unwanted LED
illumination

Unintentional opening or closing
of auxiliary contacts is not
accepted.

Permanent loss of display
information

Unintentional opening or closing
of auxiliary contacts is not
accepted.

Information
processing and
sensing functions

Com
inter]
with
erro

munication and data
Change to external devices
ut unwanted-action or
eous information

Temporarily disturbed
communication with possible
external impacts, but
selfrecoverable

Erroneous processing of
information

Loss of data and/or information

Not self-recoverable

8.3.3 Emission

The level of severity required for environment B covers those required for environment A.

The devices covered by this standard do not generate significant levels of harmonics and therefore no
harmonic tests are required.

8.3.3.1

Equipment not incorporating electronic circuits

Subclause 7.3.3.1 of IEC 60947-1 applies with the following addition.
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Equipment incorporating only components such as diodes, varistors, resistors or capacitors is not required

to be tested (e.g. in surg

€ suppressors).

8.3.3.2 Equipment incorporating electronic circuits

Subclause 7.3.3.2 of part 1 applies.

9 Tests

9.1 Kinds of test

9.1.1 General

Subclause 8.1.1 of IEC $0947-1 applies.

9.1.2 Type tests

Type tests are intended

to verify compliance of the design of contactors and starters of all types with this

standard. They compris¢ the verification of:

a) temperature rise limit

b) dielectric properties (s

5 (see 9.3.3.3);

ee 9.3.3.4);

c) rated making and breaking capacities (see 9.3.3.5);

d) change-over ability ar
e) conventional operatio
f) operation and operatin
g) ability of contactors tq
h) performance under sk

i) mechanical properties

d reversibility, where applicable (see 9.8:3.5);
hal performance (see 9.3.3.6);

g limits (see 9.3.3.1 and 9.3.3.2);

withstand overload current (see 9.3.5);
ort-circuit conditions (see 9.3.4);

of terminals (see 8.2.4 of IEC 60947-1);

j) degrees of protection Tf enclosed contactors and starters (see Annex C of IEC 60947-1);

k) EMC tests, where applicable (see 9.4).

9.1.3 Routine tests

Subclause 8.1.3 of IEC 60947-1 applies where sampling tests (see 9.1.4) are not made.

Routine tests for contactors and starters comprise:

— operation and operating limits (see 9.3.6.2);

— dielectric tests (see 9.3.6.3).
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9.1.3DV D2 Modification of 9.1.3 by adding the following:

Clause 9.1.3 is informative.

9.1.4 Sampling tests

Sampling tests for contactors and starters comprise:

— operation and operating limits (see 9.3.6.2)

— dielectric tests (see 9,
Subclause 8.1.4 of IEC

A manufacturer may us
or exceed the following
normal inspection):

— sampling based on A(
— acceptance number A
— rejection number Re 3
Sampling shall be made

Alternative statistical nf
used, e.g. statistical m
index.

Sampling tests for clear]

3.6.3).
60947-1 applies with the following additions.

e sampling tests instead of routine tests at his own discretion. Sampling: shall meet
requirements as specified in IEC 60410 (see Table II-A: Single sampling plans for

DL < 1;
c=0 (no defect accepted);
1 (if 1 defect, the entire lot shall be tested).
at regular intervals for each specific lot.

ethods that ensure compliance with-the above IEC 60410 requirements can be
ethods controlling continuous_manufacturing or process control with capability

ance verification shall be-performed according to 8.3.3.4.3 of IEC 60947-1.

9.1.4DV D2 Mddification of 9.1(4 by adding the following:

Clause 9.1.4 if informative.

9.1.5 Special tests

9.1.5.1 General

Special tests are mechanical and electrical durability tests and verification of co-ordination at the
crossover current between the starter and the SCPD (see Annex B). The test results can be used to obtain
data needed for functional safety applications (see Annex K).

9.1.5.2 Special tests

For these special tests,

— damp heat, salt mist, vibration and shock

Annex Q of IEC 60947-1 applies with the following additions.

Where Table Q.1 of IEC 60947-1 calls for verification of operational capability, this shall be done according
to 9.3.6.2 of this standard.
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The vibration tests shall be done on the equipment in the open and closed positions. The overload relay
shall not trip during the test. To check the behavior of main and auxiliary contacts, tests can be done under
any current /voltage value.

The shock test on the equipment shall be done in the open position.

For the dry heat test, the equipment shall be in the close position during the conditioning period (see 5.3.3
of IEC 60068-2-2). For categories A, B and C, the test may be done without current in the poles and for
categories D, E and F, the test shall be done under the maximum rated AC-3 current, but may be limited to
100 A for practical reasons. During the last hour, the contactor shall be operated 5 times. During the whole

test the overload relay nyay-trip-

For the low temperature|test, the test Ad is to be chosen instead of the test Ab and the equipment shall .be
in the open position during the cooling period. It shall then be energized for the last hour. For categories A,
B and C, the test may be done without current in the poles and for categories D, E and F, the test;issdone
under the maximum rated AC-3 current which may be limited to 100 A for practical reasons. During this
last hour the contactor shall be operated 5 times. During the whole test the overload relay shall\not trip.

For the damp heat test,|for categories A, B and C, the test may be done without current’in the poles. For
categories D, E and F the equipment shall be energized under the maximum rated AC-3 current for the
first cycle and de-energized for the second cycle. The current may be limited:to 100 A for practical
reasons. After stabilizatipn of the temperature, during the first 2 h of the first cyele and during the last 2 h of
the second cycle, the contactor shall be operated 5 times. The overload relay. may trip only if it is permitted
according to its temperature characteristic.

With the agreement of thhe manufacturer, the duration of the recovery-periods may be reduced.
After the salt mist test, the product may be washed where agreed by the manufacturer.

9.2 Compliance with ponstructional requirements

9.2.1 General
Subclause 8.2 of IEC 60947-1:2007 applies.with the following additions:
9.2.2 Electrical perfofmance of screwless-type clamping units

Subclause 8.2.4.7 of IEG 6094712007, Amendment 1 applies with the following changes:

The number of specimeTs shall be at least 4.

The insertion and disconnection of the conductors shall be made in accordance with the manufacturer’s
instructions.

A suitable test arrangement is shown in Figure 10. If the measurement points cannot be positioned within
the 10 mm to the point of contact, the voltage difference between the ideal and the actual measuring
points shall be deducted from the voltage drop measured. This voltage difference within the part of the
conductor shall be determined with a suitable measurement method on one specimen at a stabilised
temperature. The measurement methods and the results shall be documented in the test report. The test
current is .

NOTE 1 Usually it is possible to equip a IEC 60947-4-1 product with many different types of wires (stranded, solid, flexible...) which
results in a sufficient number of tests for the same terminal.
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NOTE 2 Particular testing method with conductor cross sections larger than 10 mm? is under consideration.

NOTE 3 The device sample may be provided with holes or equivalent arrangements which provide measurement access points for
the voltage drop on the terminal.

9.2.3 Ageing test for screwless-type clamping units
Subclause 8.2.4.8 of IEC 60947-1:2007, Amendment 1 applies with the following change:

The test shall be done on the device equipped with the clamping units.

The test current is /y,.

NOTE The device sample mdy be provided with holes or equivalent arrangements which provide measurement access points for the
voltage drop on the terminal.

9.2DV D2 Modification of 9.2 by replacing 9.2.1 through 9.2.3 with the following:

Requirements|for screwless terminals are defined in CSA C22.2 No. 158, "\CAN/CSA-C22.2
No. 60947-7-1,JUL 1059, and UL 60947-7-1.

9.3 Compliance with|performance requirements
9.3.1 Test sequences

Each test sequence is made on a new sample.

NOTE 1 With the agreemen{ of the manufacturer, more than one test s€quence or all test sequences may be conducted on one
sample. However, the tests afe conducted in the sequence given for each Sample.

NOTE 2 Some tests are inclufled in the sequences solely to reduce-the number of samples required, the results have no significance
for the preceding or following|tests in the sequence. Therefore;.for convenience of testing and by agreement with the manufacturer,
these tests may be conductefl on separate new samples and-omitted from the relevant sequence. This only applies to the following
tests when called for:

Subclause 8.3.3.4.1| item 7) of IEC 60947-1" Verification of creepage distances.
Subclause 8.2.4 of IEC 60947-1: Mechanical properties of terminals.

Annex C of IEC 60947-1 : Degrees of protection of enclosed equipment.

The test sequence shal| be as follows.

a) Test sequence 1

1) verification of temperature rise (see 9.3.3.3)

2) verification of operation and operating limits (see 9.3.3.1 and 9.3.3.2)

3) verification of dielectric properties (see 9.3.3.4)
b) Test sequence 2

1) verification of rated making and breaking capacities, change-over ability and reversibility, where
applicable (see 9.3.3.5)
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2) verification of conventional operational performance (see 9.3.3.6)

c) Test sequence 3

performance under short-circuit conditions (see 9.3.4);

d) Test sequence 4 (applicable to contactors only)

verification of ability to withstand overload currents (see 9.3.5);

e) Test sequence 5

1) verification of| mechanical properties of terminals (see 8.2.4 of IEC 60947-1:2007, 9.2.1 and

9.2.2);

2) verification of
60947-1).

There shall be no failure in an
9.3.1DV D2 Mo

9.3.1DV.1 The

degrees of protection of enclosed contactors and starters (see Annex\C of IEC

of the tests.

Hification of 9.3.1 by adding the following:

equence of tests for contactors and motor starters’shall be as follows:

a) Test gequence 1 shall apply. The calibration test for-overload relays may be
performpd as a separate test sequence.

b) Test dequence 2 shall apply with the addition of the dielectric withstand test in

9.3.3.4.

c) Test ]equence 4 is optional.

d) Test
60947-1

e) Test
UL 609

9.3.1DV.2 Sequ

autotransform
operation test

equence 5(1) shall be replaced by 8.2.4DV of CSA C22.2 No. 60947-1 and UL

equence 5(2) shall'be replaced by 7.1.12DV of CSA C22.2 No. 60947-1 and
-1.

fnce of tests for autotransformer starters, and resistance starters — For
r starters or resistance starters, the duty cycle test (see 9.3.3.6DV.6.2) and
see 9:3.3.6DV.6.1) shall apply.

9.3.1DV.3 Sequence of tests for electronic overload relays — Test sequences 1 and 3 shall
apply. In the United States, the breakdown of components test per Clause 7.2.9DV.1 of CSA
C22.2 No. 60947-1/UL 60947-1 shall apply as an individual test.

9.3.2 General test conditions

Subclause 8.3.2 of IEC

60947-1 applies with the following addition.

The selection of samples to be tested for a series of devices with same fundamental design and without

significant difference in

construction shall be based on engineering judgement.
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Except for devices specifically rated for only one frequency, tests performed at 50 Hz are deemed to cover
60 Hz applications and vice-versa.

Unless otherwise specified in the relevant test subclause, the clamping torque for connections shall be
that specified by the manufacturer or, if not specified, the torque given in Table 4 of IEC 60947-1.

9.3.3 Performance under no load, normal load and overload conditions

9.3.3.1 Operation

It shall be verified that

ntactors and starters operate according 1o the requirements of 6.2.1.1.2.

To verify the insensitivity of the starter to contactor operation, the starter shall be loaded to attain a steady

state temperature as s
times without intention
operation.

When the overload relq
the resetting mechanis
overload relay has eithd
closed and the resettin
the contactor shall havg
cannot be defeated by H

In the case of rheostati
relays and the calibratic
stated by the manufactt

The value of the starting

It shall also be verifie
sequence.

It shall also be verified t
accordance with the de
auto-transformer starte

ated in 8.2.2 and the contactor operated in the normal switching sequence’three
al delay between operations. The starter shall not trip due to the contactor

y has a combined stop and reset actuating mechanism, with the(contactor closed,
m shall be operated and this shall cause the contactor to.drop out. When the
r a reset only or separate stop and reset actuating mechanisms, with the contactor
) mechanism in the reset position, the tripping mechanism“shall be operated and
been caused to drop out. These tests are to verify thatthe overload tripping action
olding the resetting mechanism in the reset position,

C rotor starters, tests shall be performed to vefify/that the time setting of time-delay
n of any other devices used for controlling. the rate of starting are within the limits
rer.

resistors shall be verified for each.section to be within £10 % of the stated figures.
J that the rotor switching devices cut out the steps of resistors in the correct
hat the open-circuitwoltages on the tapping terminals of the auto-transformer are in

signed figures and that the phase sequence at the motor terminals of the two-step
is correct in both'the starting and ON positions of the starter.

9.3.3.2 Operating linfits

9.3.3.21 Power-operlated équipment

9.3.3.2.1.1 General

Contactors and starters shall be tested to verify their performance according to the requirements given in

8.2.1.2.

The drop out test requirements of 8.3.3.2.1 of IEC 60947-1:2007, Amendment 1 applies.

9.3.3.2.1.2 Coil power consumption

9.3.3.2.1.2.1 General

A contactor coil is evalu

ated for both holding power and pick-up power.
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In the case where different coils cover a range of voltages, 5 coils shall be tested as follows:

The coil with the lowest rated control supply voltage U, the coil with the highest rated control supply
voltage U;, plus 3 coils deemed to be representative of the coils with the highest calculated hold power at
the discretion of the manufacturer.

The test shall be performed at ambient temperature +23 °C + 3 °C. The test shall be made without any
load in the main and auxiliary circuits. The coil shall be supplied with the rated control supply voltage U;
and at the rated frequency. For a given coil, where a voltage range is declared, the test shall be made at

the highest voltage at the respective frequency.

The measured values s

from 0 Hz to 10 kHz and

than 5 %.

9.3.3.2.1.2.2 Holding

The current measuremI

reached a stable tempe

The holding power cons

Sh(i) = US(i) X I(I) [VA] for a

Pc(i) = Us(i) X l(l) [W] for d.

The published value sha

nall be obtained with a r.m.s. measurement method covering at least a bandwidth
the resulting power values shall be given within a measurement uncertainty better

power for conventional and electronically controlled electromagnet

nt /; of the coil shall be performed after the coil has been energized and has
ature.

Limption is defined as follows:
.c. controlled contactor;
c. controlled contactor.

Il be equal to the average value of the 5 tested caoils.

Sh =3 (Us(l) X /(,) ) /5 [VA] respectively PC =3 (US(I) X I(,) ) /5 [W]

NOTE The power dissipation f}

9.3.3.2.1.2.3 Pick-up
pick-up and hold-on w

The pick-up measurem
9.3.3.2.1.2.2).

The current measurem

energized, the contactor

br an a.c. controlled contactor can als6be expressed in [W], taking into account the power factor.

power for a.c. controlled contactor or d.c. controlled contactor with separate
ndings

bnt shall be performed directly after the measurement of the hold current (see

ent_ [y of the coil shall be performed immediately after the coil has been de-

has'been held in the Off position and re-energized.

The pick-up power consumption is defined as follows:

Spiiy = Us % I [VA] for a.c. controlled contactor;

Poiiy = Us % 1y [W] for d.c

. controlled contactor with separate pick-up and hold windings.

The published value shall be equal to the average value of the 5 tested coils.

Sp =3 (US(|) X /(,) ) /5 [VA] reSpeCtiver Pp =3 (US(I) X I(|) )/ 5 [W]

NOTE Unless otherwise stated in the manufacturer literature, for d.c. conventional controlled contactor, the pickup power is equal to

the holding power.
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9.3.3.2.1.2.4 Pick-up power for electronically controlled electromagnet
Under consideration.
9.3.3.2.1.3 Pole impedance

The pole impedance shall be determined during the test and with the conditions given in 9.3.3.3.4. The
test in an enclosure is not deemed necessary even if the contactor can be used in an individual enclosure.

The voltage drop U, shall be measured between the line and load terminals (terminals included) of the

contactor preferably at
The impedance per pol
Z=Uy! Iy [Q]

Care should be taken t
affect significantly the in

NOTE The method is the san

9.3.3.2.1DV D2

9.3.3.2.1and a

9.3.3.2.2 Relays and
a) Operation of under-v

Under-voltage relays o
associated with a switcl
current rating for which

1) Drop-out volta

The voltage sh
approximately 3

The test for the

lhe same time the temperature rise IS measured.

is defined as follows:

at voltage drop measurement does not significantly affect the température rise nor
hpedance.

e irrespective of the number of poles of the contactor.

Modification of 9.3.3.2.1 and all subclauses by adding the following:

Il subclauses are informative.

releases
bltage relays and releases

" releases shall be tested.for compliance with the requirements of 8.2.1.3. When
hing device, the release shall be fitted to the switching device having the maximum
the release is suitable.

ge

all be reduced from rated control supply voltage at a rate to reach 0 V in
D s.

in the main circu

The test for the

lower limit is made without previous heating of the release coil. In the case of a

it.

upper limit is made starting from a constant temperature corresponding to the

application of rated control supply voltage to the release and rated current in the main poles. This
test may be combined with the temperature-rise test of 9.3.3.3. In the case of a release with a
range of rated control supply voltage, this test is made at the minimum rated control supply voltage.

2) Test for limits

Starting with the

of operation when associated with a switching device

main circuit open, at the temperature of the test room, and with the supply voltage

at 35 % rated maximum control supply voltage, it shall be verified that the switching device cannot
be closed by the operation of its actuator. When the supply voltage is raised to 85 % of the
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minimum control

supply voltage, it shall be verified that the switching device can be closed by the

operation of its actuator.

3) Performance under over-voltage conditions

When associated with a switching device, the test is made without current in the main circuit. The

test at 110 % of

the rated supply voltage shall be made for 30 min or until the temperature has

reached thermal equilibrium and without impairing its functions. Verification shall be made
according 2) above.

b) Shunt-coil operated releases

Shunt releases shall be
When associated with §
maximum rated current

In the case of a release

ested for compliance with the requirements of 8.2.1.4 at the ambient temperature.
switching device, the release shall be fitted to the switching device having the
or which the release is suitable.

having a range of rated control supply voltages, the test voltages shalkbe 70 % of

the minimum rated control supply voltage and 110 % of the maximum rated control voltage.

¢) Thermal, electronic and time-delay magnetic overload relays

Overload relays and ste
and Table 11 of IEC 609

rters shall be connected using conductors in accordance‘with Table 9, Table 10
17-1 for test currents corresponding to:

— 100 % of the clirrent setting of the overload relay for overload relays of trip classes 2, 3, 5 and 10

A for all overloa
types;

— 125 % of the g

1 relay types (see Table 2) and 10, 20, 30-.and 40 for electronic overload relay

urrent setting of the overload relay.for,thermal overload relays of trip classes 10,

20, 30 and 40 (s¢e Table 2) and for overload relays-<or which a maximum tripping time greater than

40 s is specified

It shall be verified that rg
energized.

The characteristics defirn
time-current characteris
temperatures. However,

see 5.7.3).
lays and releases operate according to the requirements of 8.2.1.5.1 with all poles
ed in 8.2.1.5.1 shall be verified at -5 °C, +20 °C, +40 °C. In addition any declared

ics outside the*=5 °C, +40 °C range shall be verified at minimum and maximum
for relays-or:releases declared compensated for ambient temperature, in case of

temperature range decl
at -5 °C and/or +40 °

red by the manufacturer is outside the range given in Table 3, the characteristics
needxnot be verified if, when tested at the declared minimum and maximum

temperatures, the corrgspanding tripping current values are in compliance with the limits specified for
-5 °C and/or +40 °C in thatTable 3

For electronic overload
+20 °C.

relays, the thermal memory test verification of 8.2.1.5.1.2 shall be carried out at

Three-pole thermal or electronic overload relays energized on two poles only shall be tested as stated in
8.2.1.5.2 on all combinations of poles and at the maximum and minimum current settings for relays with

adjustable settings.

d) Instantaneous magnetic overload relays

Each relay shall be tested separately. The current through the relay shall be increased at a rate suitable for
an accurate reading to be made. The values shall be as stated in 8.2.1.5.3.
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e) Under-current relays

The limits of operation shall be verified in accordance with 8.2.1.5.4.1.

f) Under-current relays i

n automatic change-over

The limits of operation shall be verified in accordance with 8.2.1.5.4.2.

g) Stall relays

The limits of operation s

For current sensing st
current values and for t

For stall relays operatin
minimum and maximur
sensor input of the stall

h) Jam relays
The limits of operation s

The verification shall H
minimum and maximuni

hall be verified in accordance with 8.2.1.5.5.

| relays, the verification shall be made for the minimum and for the maximum’set
e minimum and maximum stall inhibit time (four settings).

g in conjunction with a rotation sensing mean, the verification shall be made for the
h stall inhibit time. The sensor can be simulated by an appropriate-signal on the
relay.

hall be verified in accordance with 8.2.1.5.6.

e made for the minimum and for the maximum® set current values and for the
jam inhibit time (four settings).

For each of the four setfings, the test shall be made under the fellowing conditions:

—apply a test cu

- increase the t
the requirement

9.3.3.3 Temperature

9.3.3.3.1 Ambient ain

rrent of 95 % of the set current value. The jam relay shall not trip;

bst current to 120 % of the_set current value. The jam relay shall trip according to
5 given in 8.2.1.5.6.

rise

temperature

Subclause 8.3.3.3.1 of [EC 60947-1 applies.

9.3.3.3.2 Measurement.of the temperature of parts

Subclause 8.3.3.3.2 of |

EC 60947-1 applies.

9.3.3.3.3 Temperature rise of a part

Subclause 8.3.3.3.3 of |

EC 60947-1 applies.

9.3.3.3.4 Temperature rise of the main circuit

Subclause 8.3.3.3.4 of
as stated in 8.2.2.4.

IEC 60947-1 applies with the following additions. The main circuit shall be loaded
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All auxiliary circuits which normally carry current shall be loaded at their maximum rated operational
current (see 5.6) and the control circuits shall be energized at their rated voltages.

The starter shall be fitted with an overload relay complying with 5.7.4 and selected as follows:
— Non-adjustable relay

The current setting shall be equal to the maximum operational current of the starter and the test shall be
made at this current;

— Adjustable relay

The maximum current [setting shall be that which is nearest to but not greater than the maximum
operational current of the starter.

The test shall be made yith that overload relay for which the current setting is nearest to the maximum of
its scale.

NOTE 1 The selection methofl described above is designed to ensure that the temperature rise of the field wiring terminals of the
overload relay and the power]dissipated by the starter are not less than those that will occur under any,_combination of relay and
contactor. In cases where the effect of the overload relay on these values is insignificant (i.e. electronic overload relays), the test
current shall always be the maximum operational current of the starter.

For equipment intended for utilization category AC-6b, the test current fordhe temperature rise test shall
be equal to 1,35 times /| (the rated capacitive current). /, shall be calculated as follow:

— I, =Q (var)/ U, for single-phase rating, where U, is the minimumated voltage;

— I, = Q (var) / (U % \3) for three-phases rating, where U, is:thé minimum rated voltage.

NOTE 2 This calculation follows the requirements of IEC 60381-1.

The test shall be done| with cross section of conductor based on 1,35 times /, (the rated capacitive
current).

9.3.3.3.5 Temperatur¢ rise of control circuits
Subclause 8.3.3.3.5 of IEC 6094 7<1-applies with the following addition.

The temperature rise shall be measured during the test of 9.3.3.3.4.

9.3.3.3.6 Temperature rise of coils and electromagnets
Subclause 8.3.3.3.6 of IEC 60947-1 applies with the following additions.

The coil with the highest power consumption, for a given frequency a.c. or d.c., according to 9.3.3.2.1.2.2
is deemed to be representative for all coils, for the same contactor, and shall be used for the temperature
rise test.

a) Electromagnets of contactors or starters intended for uninterrupted or 8 h duty are subjected only to the
conditions prescribed in 8.2.2.7.1, with the corresponding rated current flowing through the main circuit for
the duration of the test. The temperature rise shall be measured during the test of 9.3.3.3.4.
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b) Electromagnets of contactors or starters intended for intermittent duty shall be subjected to the test as

stated above, and also

to the test prescribed in 8.2.2.7.2 dealing with their duty class, with no current

flowing through the main circuit.

c) Specially rated (temp
current in the main circu

orary and periodic duty) windings shall be tested as stated in 8.2.2.7.3, without the
it.

9.3.3.3.7 Temperature rise of auxiliary circuits

Subclause 8.3.3.3.7 of |

EC 60947-1 applies with the following addition.

The temperature rise sh

all be measured during the test of 9.3.3.3.4.

9.3.3.3.8 Temperaturp rise of starting resistors for rheostatic rotor starters

The temperature rise of
starter is operated at its

The current through e3g
starting time when the @
for which the starterisr

Starting operations sha

The temperature rise of]
of IEC 60947-1.

NOTE It is not practical to t¢

resistors shall not exceed the limits specified in Table 3 of IEC 609471}, when the
rated duty (see 5.3.4) and according to its starting characteristics (s€¢%5.3.5.5.1).

ch section of the resistors shall be thermally equivalent to the_current during the
ontrolled motor is operating with the maximum starting torque-and the starting time
hted (see 5.3.4 and 5.3.5.5.1); in practice, the current value)l,,, can be used.

| be evenly spaced in time according to the numbef of'starts per hour.

the enclosures and of the issuing air shall not exceed the limits specified in Table 3

st the performance of starting resistors of .every combination of motor output and rotor voltage and

current; it is recommended o]
standard.

ly that a sufficient number of tests be made.fo'prove, by interpolation or deduction, compliance with this

9.3.3.3.8DV D2 Modification of 9.3.3.3.8 by’ adding the following:

The temperatyre rises specified in Table 3 of IEC 60947-1 do not apply. Temperature rises
shall not exce'rd those specified in Table 27DV of CSA C22.2 No. 60947-1/UL 60947-1. The
resistor shall not burn out daring the test.

9.3.3.3.9 Temperaturp rise.of the auto-transformer for two-step auto-transformer starters

The temperature rise oi-the-auto-transformer shall not exceed the limits specified-in Table 5 increased by
15 K (see 8.2.2) and those specified in Table 3 of IEC 60947-1:2007, when the starter is operated at its

rated duty (see 5.3.4).

The current through each winding of the auto-transformer shall be thermally equivalent to the current
carried when the controlled motor is operating with the maximum starting current and starting time for
which the starter is rated (see 5.3.5.5.3); this condition is assumed to be reached when the current drawn
from the auto-transformer during the starting time is equal to the maximum starting current specified in
5.3.5.5.3 multiplied by:

starting voltage
U,

€

0,8 x (see 5.3.1.4)
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The operating cycles shall be evenly spaced in time according to the number of starts per hour (see
5.3.4.3).

In the event of two successive operating cycles (see 5.3.4.3), the temperature rise of the auto-transformer
may exceed the maximum value given in 8.2.2 but no damage shall result to the auto-transformer.

In the case of an auto-transformer with several sets of taps, the test shall be made with the taps giving the
highest power loss in the transformer; it shall be made over a period of time sufficient for the temperature
rise to reach a constant value.

In order to facilitate this fest;star-commectedimpedancesmmay beusedimptace of amotor———————————————————
9.3.3.3.9DV D2 Modification of 9.3.3.3.9 by replacing the first paragraph with the following:
Temperature rises shall not exceed the temperature rises specified in Table 27DV 'of CSA
C22.2 No. 60947-1/UL 60947-1.

9.3.3.4 Dielectric properties

Subclause 8.3.3.4 of IEQ 60947-1 applies with the following modifications.

9.3.3.4.1 Type tests

Subclause 8.3.3.4.1 of IEC 60947-1 applies with the addition of

- the following sentences, at the end of item 1):

The metal foil shall be applied to all surfaces where these-are likely to be touched by people during normal
operation or adjustment|of the equipment and where such surfaces can also be touched by the standard
test finger.

The metal foil shall not|be applied for power frequency withstand verification after switching and short-
circuit tests.

- the following sentence, after the secend paragraph of item 2) b):

Circuits of a contactor gr starter-including devices which have been subjected to U, test voltages lower
than those specified in 1.2,3.1 of IEC 60947-1 and 8.3.3.4.2 of IEC 60947-1 may be disconnected for the
test, according to the manufacturer's instructions.

- the following sentence, after the paragraph of item 2) c) ii):

Where the control circuit normally connected to the main circuit is disconnected (according to 8.3.3.4.1 of
IEC 60947-1, item 2) b)), the method used to maintain the main contacts closed shall be indicated in the
test report.

- the following sentence at the end of 8.3.3.4.1 of IEC 60947-1, item 8):

For equipment suitable for isolation, the leakage current shall be measured through each pole with the
contacts in the open position, at a test voltage of 1,1 U, and shall not exceed 0,5 mA.
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Verification of impulse withstand voltage across open contacts is not required for equipment not suitable
for isolation (see 8.3.3.4.1, item 2) ¢) iv) of IEC 60947-1).

9.3.3.5 Making and breaking capacities
Subclause 8.3.3.5 of IEC 60947-1 applies with the following additions.
9.3.3.5.1 General test conditions

The tests shall be made, under the operating conditions stated in Table 7, without failure, see 9.3.3.5.5 f).

The control supply voltgge shall be 100 % of Uy, except that, for the make only test of utilization categories
AC-3 and AC-4, the corjtrol supply voltage shall be 110 % of U for half the number of operating cycles and
85 % of Us for the other|half.

NOTE If there is no distinctior| between U and U, then the test has to be done with U, accordingly.

Connections to the maip circuit shall be similar to those intended to be used when the contactor or starter
is in service. If necesgary, or for convenience, the control and auxiliary circuits, and in particular the
magnet coil of the confactor or starter, may be supplied by an independent sourcé._Such a source shall
deliver the same kind of current and the same voltage as specified for service conditions.

The overload relay and|the SCPD of the starter may be short-circuited forthe purpose of carrying out the
rated making and breaking capacity tests.

9.3.3.5.2 Test circuit
Subclause 8.3.3.5.2 of IEC 60947-1 applies.
9.3.3.56.3 Characteristtics of transient recovery voltage

Subclause 8.3.3.5.3 of |JEC 60947-1 applies to utilization categories AC-2, AC-3, AC-4, AC-8a and AC-8b
(see Table 1).

It is not necessary to agljust factor y or-the’oscillatory frequency for testing making capacity only (in AC-3
and AC-4).

9.3.3.5.3DV D2 Modification of 9.3.3.5.3 by replacing it with the following:

Shunt resistor]s may be as provided in 9.3.3.5.5DV.5.

9.3.3.5.4 Void
9.3.3.5.5 Rated making and breaking capacities

If the contactor in a starter has separately satisfied the requirements of item a) hereafter for the utilization
category of the starter, the starter need not be tested.

a) Rated making and breaking capacities of contactors
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The contactor shall make and break the current corresponding to its utilization category and for the
number of operating cycles given in Table 7. See also item d) hereafter for reversing contactors.

Contactors of utilization categories AC-3 and AC-4 shall be subjected to 50 making only operations
followed by 50 making and breaking operations.

b) Rated making and breaking capacity of direct-on-line and two direction starters (AC-3) and stator
switching devices of rheostatic rotor starters (AC-2)

The starter shall make and break the current corresponding to its utilization category for the number of

operating cycles given i Tabte7-

Starters of utilization category AC-3 shall be subjected to 50 making only operations followed by 50
making and breaking opgrations.

c) Rated making and brgaking capacities and change-over ability of star-delta starters (AC-3) and two-step
auto-transformer starterg (AC-3)

The starter shall make ahd break the currents corresponding to its utilization category given in Table 7.

Both the starting and tHe ON or delta position of the starters shall first be subjécted to 50 making only
operations, the current Qeing broken by a separate switching device.

The starter shall then b¢ subjected to the 50 making and breaking operations. Each operating cycle shall
consist of the following gequences:

— make the current in the starting or star position;
— break the currgnt in the starting or star position;
— make the current in the ON or delta position;
— break the currgnt in the ON or delta position;

— off period.

The load circuit shall e connected, to”the starter as would be the windings of a motor. The rated
operational current of the starter (/) is'the current in the ON or delta position.

NOTE In the case of star-ddlta starters, it is important that the test currents be measured in star and delta since the supply
impedance has a significant effect.on,the transformation ratio.

When a transformer has more than one output voltage, it shall be connected to give the highest starting
voltage.

The on-time in the starting and ON positions and the off-time shall be as stated in Table 7.
d) Rated making and breaking capacities of direct-on-line and reversing starters (AC-4)
The starters shall make and break the currents given in Table 7.

The 50 making only operations shall be done first, the current being broken by a separate switching
device, followed by the 50 making and breaking operations.
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The load circuit shall be

connected to the starter as would be the windings of a motor.

For starters incorporating two contactors, two contactors A and B shall be used and wired as in normal
application. Each sequence of the 50 operations shall be:

The change-over from "

Mechanical or electrica
as reversing devices sh

If the reversing circuit
additional sequences s

e) Rated making and br,

Verification of the maki
9.3.3.5.5 b) for AC-2 ¢
designed. U, = U,, (ratg

close A —open A —close B —
open B — off period

open A" to "close B" shall be made as fast as the normal control system will allow.

Interflocking means provide
Il be used.

€ starter or avallable Tor associating contactors

rrangement is such that both contactors can be energized simultaneously, ten
all be conducted with both contactors energized simultaneously.

paking capacities of the rotor switching devices of a rheostatic rotor starter

g and breaking capacities of the rotor switching devices shalkbe performed as in
ategory where I, = I, the maximum rated rotor current{or-which the starter is
d rotor operational voltage) and U/U, shall be 0,8. The, péwer factor shall be 0,95.

The starting resistors npay be disconnected for these tests and, for starters-having more than two steps,

the test shall be perforr
having more than two s
be reduced in the ratio:

When a starter is so cq
devices open, no verific

For rotor switching de
specified above, no furt

hed on each switching device in turn. Since the ratorswitching devices in starters
eps do not break and make at the full rotor voltage, the voltage for these tests may

Starting resistance switched

Total starting resistance

nnected that the circuit is opened by the stator switch before the rotor switching
ation of the breaking capacity’is necessary.

vices which have previously satisfied the requirements corresponding to those
ner tests are needed.

f) Behaviour and condifion of the contactor or starter during and after the making and breaking capacity,

change-over and revers

During the tests within

ing tests

the_limits of the specified making and breaking capacities of 9.3.3.5 and the

verification of conventid

naloperational performance of 9.3.3.6.1 to 9.3.3.6.6, there shall be no permanent

arcing, no flash-over between poles, no blowing of the fusible element in the earth circuit (see 9.3.3.5.2)
and no welding of the contacts.

The contacts shall operate when the contactor or starter is switched by the applicable method of control.

9.3.3.5.5DV D2
follows:

Modification of 9.3.3.5.5 by replacing it with 9.3.3.5.5DV.1 to 9.3.3.5.5DV.9 as

9.3.3.5.5DV.1 The overload test or tests shall cover the conditions of maximum interrupted
values of voltage, power, and current.
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9.3.3.5.5DV.2 Tests on equipment having an alternating-current rating shall be conducted
using a circuit having a frequency in the range of 25 — 60 hertz.

9.3.3.5.5DV.3 Equipment shall close and open a test circuit connected as shown in Figure

9.3.3.5.5DV.3.1
Table 7, as app

and have the current and power factor as described in Table 8.2.4.1DV.1.1 or
ropriate.

9.3.3.5.5DV.4 Air-core type reactors shall be used to obtain the reactive power factor
specified in Table 8.2.4.1DV.1.1. Reactors may be connected in parallel. No reactor shall be

connected in parallel with a resistor.

9.3.3.5.5DV.5

n air-core reactor in any phase may be connected in parallel with a resistor

(RSH) when the¢ resistor power consumption is approximately 1 percent of the total power

consumption i

in which:
PF = po\
E =clos

that phase calculated in accordance with the following formula:

1 )E
1

Rey = 100 — — PF
SH [PF

ver factor,

ed-circuit phase voltage, and

I = phas¢ current.

Except as specified in 9.3.3.5.5DV.6, the closed test’circuit voltage shall be 100 to 110

percent of the
60947-1.

9.3.3.5.5DV.6 F
magnetically o
be as much ab
unless such ad
the specified v
circuit voltage
voltage. Howev
circuit that is ¢

required test voltage specified in (Fable 28DV of CSA C22.2 No. 60947-1/UL

br a motor controller rated-more than 18,6 kW output (25 horsepower) or a
perated switch rated more'than 100 amperes, the open-circuit voltage shall
bve the voltage specified as the closed-circuit voltage is below that value,
justment results in.the open-circuit voltage being more than 110 percent of
bltage. In that case, the test shall be conducted using whatever closed-

s obtained when the open-circuit voltage is 110 percent of the specified

er, the capacity of the supply circuit need not be greater than that of a
pnsidered.to be acceptable for the short-circuit test.

9.3.3.5.5DV.7 Tests on a reversing controller provided with a factory-installed mechanical,
electrical, or elwmmwwmwmdi

such interlocks in operation. When an interlock system is provided as an option, that
system shall be defeated during the test.
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Figure 9.3.3.5.5DV.3.1
Overload test connection diagrams (9.3.3.5.5DV.3)
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The enclosure shall be connected through a ground fuse, 30-ampere fast acting fuse, to the electrical test circuit
pole least likely to strike to ground.

Diagrams A and B show connections for a device for single- and 3-phase loads, respectively, that are unmarked
regarding load connection.

Diagram C and D show connections for a device for 3-phase and single-phase loads, respectively, that are marked
"Break All Lines" or the equivalent.

Diagram E shows connections for a double-pole, double-throw relay that is unmarked for polarity connection.

Diagram F shows connections for a double-pole, double-throw relay marked for same polarity.
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9.3.3.5.5DV.8 Test cycle requirements — For all equipment except a reversing controller, the
test cycle time shall be 1 second on and 9 seconds off. For a reversing controller, the test
cycle time shall be 1 second forward, 1 second reverse, and 8 seconds off.

a) When the device operation will not permit these cycle times, times as close as
possible to these shall be used.

b) When it is determined that for a duration less than one second, the device
conducts the test current without interrupting the circuit or being adversely affected
by heat and the device contacts are properly seated before the break is initiated as
confirmed by oscilloscopic or oscillographic measurements, the on time may be

reducedto that duration.

¢) The off time for equipment conducting a test current of 500 — 1 499 amperes shall
be no mpre than 120 seconds, and for devices conducting a test current more than'1
499 amperes, the off time shall be no more than 240 seconds.

9.3.3.5.5DV.9 Overload test acceptance criteria — During the overload test, there,shall be no
electrical or m¢chanical breakdown of the equipment and no welding of the contacts. The
ground fuse specified in the test procedure shall not open.

9.3.3.6 Operational performance capability

Subclause 8.3.3.6 of IEC 60947-1 applies with the following additions.

Tests concerning the ve¢rification of conventional operational performance are intended to verify that a
contactor or starter is capable of fulfilling the requirements given.in-Table 10.

Connections to the mair} circuit shall be similar to those intended to be used when the contactor or starter
is in service.

The overload relay and the SCPD of the starter may be short-circuited for the purpose of carrying out the
tests.

The test circuit given in 9.3.3.5.2 is applicable and the load is to be tuned according to 9.3.3.5.3.

The control voltage shal| be 100 % of.the rated control supply voltage.

If the contactor in a starter has separately satisfied the requirements of 9.3.3.6.1 for the utilization category
of the starter, the starter[need’not be tested.

9.3.3.6DV D2 Modification of 9.3.3.6 by replacing it and all subclauses with 9.3.3.6DV.1 to
9.3.3.6DV.6 as follows:

9.3.3.6DV.1 Endurance test — The conditions for the endurance test shall be the same as the
conditions for the overload test in 9.3.3.5.5DV, except as described in 9.3.3.6DV.2 to
9.3.3.6DV.5.
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Table 9.3.3.6DV.1
Endurance test cycle for motor controllers

(Table 8.2.4.2DV.1.1)

Type of controller Test current, amperes Time on® seconds Maximum time off, seconds

Nonreversing Less than 200 0,5 0,5
200 - 499 1 1

500 — 1 499 1 120

1 500 or more 1 240
Reversing Less than 200 0,5 forward 0,5 reverse 1
200 - 499 1 forward 1 reverse 2

500 -1 499 1 forward 1 reverse 120

1 500 or more 1 forward 1 reverse 240

2 Or as noted in 9.3.3.5.5DV.8.

9.3.3.6DV.2 Th
and power fac

in Table 8.2.4.7

percent of the
60947-1.

9.3.3.6DV.3 Tu
shall be made
when agreeab
be used when

b equipment shall close and open a test circuit having the applicable current
for. The number of test cycles and the test cycle times shall be’as specified
DV.1.1 and Table 10. The closed circuit test voltage shall be100 to 110
required test voltage specified in Table 28DV of CSA C22.2 No. 60947-1/UL

ngsten loads — When tungsten-filament lamps are used as the load, the load
up of the smallest possible number of 500-watt lamps, or of larger lamps

e to those concerned. One or two lamps smaller than the 500-watt size may
necessary to make up the required load.

The circuit shall be such that the peak value ofthe inrush current will be reached in 1/240

of a second af

9.3.3.6DV.4 En
no electrical o

er the circuit is closed.

The ground fuse specified in the test-procedure shall not open.

9.3.3.6DV.5 A
properties in

.3.3.4.

9.3.3.6DV.6 Reduced.voltage starters

9.3.3.6DV.6.1

peration test

durance test acceptance;criteria — During the endurance test, there shall be
' mechanical breakdownjof the equipment, and no welding of the contacts.

er the test, the device shall comply with the requirements of dielectric

After 100 operations under the most severe normal conditions for which it is intended, a
rheostat, an autotransformer, a speed regulator, or a similar device, or a starter containing
such a device, shall show no serious burning of the contacts or other faults. The release
mechanism of a motor-starting rheostat shall not be impaired by such a test.

9.3.3.6DV.6.2 Duty cycle test

9.3.3.6DV.6.2.1 An autotransformer, a reactor starter, or a motor starting resistor shall not
show resultant flaming or molten droppings when the maximum rated voltage is applied to
line terminals, and when tested as indicated in Table 9.3.3.6DV.6.2.1.1 and 9.3.3.6DV.6.1.
When the transformer windings are oil immersed, the oil shall not overflow its containing
case.
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9.3.3.6DV.6.2.2 The test may be terminated before the end of the period specified in Table
9.3.3.6DV.6.2.1.1 when the autotransformer or resistor is protected for overheating by a

reliably operating, nonadjustable thermostat or similar device.
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Table 9.3.3.6DV.6.2.1.1
Duty cycle test for reduced voltage motor starting
(6.2DV.4,9.3.3.6DV.6.2.1, 9.3.3.6DV.6.2.2)
Device characteristics Load parameters? Duty cycle Test sequence
Auto-
transformer
. - OFF Time, Number of Rest Time, Number of
Duty class Motor rating té.lp or Current Power factor | ON Time, Sec Sec duty cycles Hours duty cycles
resistance
step used
Motor starting auto-transformer or reactor
Heavy All Lowest LRA 0,50 60 60 5 2 5
224 kW (300
Medium hp) or less 65 % 300 % FLA 0,50 15 225 4 2 4
(Manual)
149 kW (200
Medium hp) or less 65 % 300 % FLA 0,50 15 225 15 2 15
(Magnetic)
Over 149 kW
Medium (200 hp) 65 % 300 % FLA 0,50 30 30 3 1 3
(Magnetic)
Motor starting resistor
Direct
- current First step® FLA 1,0 180 - 1 - -
motor
Alternating
- current Each step 300 % FLA 1,0 15 225 15 - -
motor
2 The test voltage shall be between 100 and 110 percent of maximum rated voltage and shall be applied across the entjre device and the indicated tap or step of

an rated motor current results, external resistance shall be added to reduce the current to rated value. When less than rated current results,
ent, with or without added resistance.
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9.3.3.6.1

Conventional operational performance of contactors

The contactor shall make and break the current corresponding to its utilization category and for the
number of operating cycles given in Table 10. See also 9.3.3.6.4.

9.3.3.6.2 Conventional operational performance of direct-on-line and two direction starters (AC-3)
and stator switching devices of rheostatic rotor starters (AC-2)

The starter shall make a

nd break the current corresponding to its utilization category and for the number of

operating cycles given in Table 10.

9.3.3.6.3 Conventionll operational performance of star-delta starters (AC-3) and two-step auto-

transformer starters (A

The starter shall make
operating cycles given ir

The test procedure shal
not done.

C-3)

and break the current corresponding to its utilization category for the nummber of
Table 10.

be as stated in 9.3.3.5.5, item c), except that the 50 making only;eperations are

9.3.3.6.4 Conventional operational performance of direct-on-line and reversing starters (AC-4)

The starter shall make
operating cycles given ir

The test procedure shal
the 10 additional sequer

and break the current corresponding to its utilization“category for the number of
Table 10.

be as stated in 9.3.3.5.5, item d), exceptthat the 50 making only operations and
ces of simultaneous energizing are not done.

9.3.3.6.5 Conventional operational performance of therotor switching devices of a rheostatic

rotor starter

Verification of conventio
in 9.3.3.6.1 for the AC-2

The test procedure shall

9.3.3.6.6 Behaviour
operational performa

i

nal operational performance of the rotor switching devices shall be performed as
category given in Table 10.

be as stated in/9:3:3.5.5, item e).

the contactor or starter during, and its condition after, the conventional
e tests

The requirements of 9|

3.3)5°5, item f), shall be fulfiled and then the verification of power frequency

withstand according to

.0.0.4.7, 1tem 4), or IEC 6UY4 /-1 shall be made.

For equipment suitable for isolation, the leakage current shall be measured through each pole, with the
contacts in the open position, at a test voltage of 1,1 U, and shall not exceed 2 mA.

For equipment provided with mirror contacts, the additional test of F.7.3 shall be carried out.
9.3.4 Performance under short-circuit conditions

This subclause specifies test conditions for verification of compliance with the requirements of 8.2.5.1.
Specific requirements regarding test procedure, test sequences, condition of equipment after the test and
types of co-ordination are givenin 9.3.4.1 and 9.3.4.2.
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9.3.4.1 General conditions for short-circuit tests

9.3.4.1.1 General requirements for short-circuit tests

Subclause 8.3.4.1.1 of IEC 60947-1 applies with the following modification.

If devices tested in free air may also be used in an individual enclosure, they shall be additionally tested in
the smallest of such enclosures stated by the manufacturer. For devices tested only in free air, information
shall be provided to indicate that the device has not been evaluated for use in an individual enclosure.

NOTE An individual enclosur¢ 1S ammenciosure destget-amm i mensionet-toContaimone device {StarteTeteyonty———————————————

The individual enclosurge shall be in accordance with the manufacturer specifications. In case of multiple
enclosure options are pfovided, the individual enclosure with the smallest volume shall be taken.

Enclosed stationary and moveable assemblies are tested according to IEC 61439-1.
9.3.4.1.1DV D2 Modification of 9.3.4.1.1 by adding the following:

Open equipmeént shall be tested in an enclosure sized in accordance with 8.3.2.1DV.1.1 of
CSA C22.2 Ng. 60947-1/UL 60947-1 and constructed in accordance with 7.1.12DV of CSA
C22.2 No. 60947-1/UL 60947-1.

9.3.4.1.2 Test circuit for the verification of short-circuit ratings

Subclause 8.3.4.1.2 of [EC 60947-1 applies except that, for type™1" co-ordination, the fusible element F
and the resistor R, are feplaced by a solid 6 mm? wire of 1,2 @ to 1,8 m in length, connected to the neutral,
or with the agreement of the manufacturer, to one of the phases.

NOTE This larger size of wire|is not used as a detector but to establish an "earth" condition allowing the damage to be evaluated.
9.3.4.1.3 Power-factor of the test circuit

Subclause 8.3.4.1.3 of IEC 60947-1 applies.

If Table 17 is used, the power factor’is given in this Table 17.

9.3.4.1.3DV D2 Modification of 9.3.4.1.3 by adding the following:

For standard fault short circuit tests, the power factor of the test circuit shall be as
indicated in Table 17, or to Table 53.3 of UL 508 or Table 24 of CSA C22.2 No. 14 at the
discretion of the manufacturer. For high capacity short circuit tests, the power factor of the
test circuit shall be as indicated in Table 9.3.4.2.2DV.3.1.2.

9.3.4.1.4 Time-constant of the test circuit
Subclause 8.3.4.1.4 of IEC 60947-1 applies.
9.3.4.1.5 Calibration of the test circuit

Subclause 8.3.4.1.5 of IEC 60947-1 applies.
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9.3.4.1.6 Test procedure

Subclause 8.3.4.1.6 of IEC 60947-1 applies with the following additions.

The contactor or the starter and its associated SCPD, or the combination starter, the combination
switching device, the protected starter or the protected switching device, shall be mounted and connected

as in normal use. They shall be connected in the test circuit using a maximum of 2,4 m of cable
(corresponding to the operational current of the starter) for each main circuit.

If the SCPD is separate from the starter, it shall be connected to the starter using the cable specified

above. (The total length pfcabtestatmotexceed 24 7)
Three-phase tests are cpnsidered to cover single-phase applications.
9.3.4.1.6DV D2 Modification of 9.3.4.1.6 by adding the following:

9.3.4.1.6DV.1 The wire size shall be determined in accordance with CSA C22.2 No’. 60947-
1/UL 60947-1, Clause 7.1.8.2DV. For motor control devices rated more than 149°kW (200
horsepower) prr Annex G, Table G.1, the line and load connections may be made with bus
bars equivalent in cross-sectional area to the wires specified.

9.3.4.1.6DV.2 The test wires may exceed 2,4 meters in length whenthey are in the circuit
during calibratjon.
9.3.4.1.7 Void
9.3.4.1.8 Interpretatign of records

Subclause 8.3.4.1.8 of IEC 60947-1 applies.

9.3.4.2 Conditional short-circuit current of contactors, starters, combination starters,
combination switching devices, protected starters and protected switching devices

The contactor or starter|and the associated SCPD, or the combination starter, the combination switching
device, the protected sfarter or the protected switching device, shall be subjected to the tests given in
9.3.4.2.1 and 9.3.4.2.2. TThe testsshall be so conducted that conditions of maximum /, and of maximum U,
for utilization category A[C-3 are(covered.

For a magnetically operpted Contactor or starter, the magnet shall be held closed by a separate electrical

supply at the rated control'supply voltage U,. The SCPD used shall be as stated in 8.2.5.1. If the SCPD 1S
a circuit-breaker with an adjustable current setting, the test shall be done with the circuit-breaker adjusted
to the maximum setting for the declared type of co-ordination and discrimination.

During the test, all openings of the enclosure shall be closed as in normal service and the door or cover
secured by the means provided.

A starter covering a range of motor ratings and equipped with interchangeable overload relays shall be
tested with the overload relay with the highest impedance and the overload relay with the lowest
impedance together with the corresponding SCPDs.

For type "1" co-ordination, a new test sample may be used for each operation stated in 9.3.4.2.1 and
9.3.4.2.2.
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For type "2" co-ordination, one sample shall be used for the tests at the prospective current "r" (see
9.3.4.2.1) and one sample for the tests at current /, (see 9.3.4.2.2).

By agreement of the manufacturer, the tests at rand /; may be carried out on the same sample.
9.3.4.2DV D2 Add 9.3.4.2DV.1 and 9.3.4.2DV.2 to 9.3.4.2 as follows:
9.3.4.2DV.1 Selection of SCPD

9.3.4.2DV.1.1 Tests shall be performed with SCPD selected and sized in accordance with
CSAC221 (C
Table 430-52.
the maximum gpecified, the product shall be marked to indicate the type and rating of the
SCPD as in 6.4DV.2.1.

9.3.4.2DV.1.2 Nlotor control devices, overload relays, and starters shall be subjected to a
short-circuit tg¢st while protected by fuses, and a short-circuit test while protected by an
inverse-time cjrcuit breaker, except where marked in accordance with 6.2DV.2.1(d).

9.3.4.2DV.1.3 Hor a contactor or starter marked for group installation, the protective
device(s) shall be selected in accordance with 9.3.4.2DV.1.1, except the maximum size of
the branch cir¢uit protective device shall not exceed the ampere rating calculated from the
following formula:

Amperes =[9,6 x (maximum wire size)] - [2,2 x*(minimum motor FLA)]

The maximum| wire size is the ampacity of the largest conductor size for which the device
terminals havp been evaluated. The conductor-ampacity shall be determined per CSA
C22.2 No. 60947-1/UL 60947-1, Clause 7.1.8.2DV. The minimum motor FLA shall be the
smallest rated operational current (or.@quivalent rated operational current from
kW/horsepowér rating per Annex G) marked on the device.

9.3.4.2DV.1.4 A motor control device capable of being used with protective devices having
ratings above pnd below 600 amperes shall be tested with a 600 ampere one-time, non-
renewable fusg at 10 000 amperes in addition to the tests with the maximum rated fuse.

9.3.4.2DV.1.5 Hor a motorcontrol device or an overload relay intended to be used with
fuses, the profective devices used for the test shall be selected as follows:

a) When the fuse size is 600 A or less, tests shall be conducted with Class RK5
fuses; groother than Class RKS5 fuses if the equipment is marked in accordance with
6.2DV.2.1(f). Testing with Class RKS5 fuses is considered representative of tests
using Class CC, G, H, K, J, RK1, or T fuses. Class H or K fuses shall not be used for
motor-branch-circuit protection with a motor control device rated more than 50
horsepower (37 kW).

b) When the fuse size exceeds 600 A, tests shall be conducted with Class L fuses.

9.3.4.2DV.1.6 In the United States, when intended to be installed in a group installation on
the load side of a manual motor controller that has been previously found suitable for tap
conductor protection, a motor controller may be additionally tested on the load side of that
specified manual motor controller. No additional overcurrent protective devices shall be
included in the test circuit. See 6.2DV.2.5 for marking requirements.
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9.3.4.2DV.2 Sample selection for overload relay

9.3.4.2DV.2.1 An overload relay furnished as part of a particular motor control device shall
be tested with that motor control device. A shunt or current transformer that is used to
reduce the current in the current element of the overload relay shall be considered to be a
part of the relay.

a) For an overload relay provided with a current transformer, when the overload

relay cu

rrent transformer saturates at less than the specified short-circuit current,

the short-circuit test specified may be conducted at the level at which the current
transformer saturates.

b) An o
short-ci

erload relay not provided with a current transformer shall comply with the
rcuit test using the maximum current that can be applied to the input of the

overload relay as specified by the manufacturer.

9.3.4.2DV.2.2 Overload relays supplied by current transformers which limit the current to
the relay may he exempt from this test, provided that the current is limited to allevel at

which the over

oad relay has already been evaluated.

9.3.4.2.1 Test at the prospective current "r"

The circuit shall be adju
I, according to Table 1

sted to the prospective test current corresponding‘to the rated operational current
B or preferably Table 17 at the discretion of the> manufacturer. Both tables are

considered equivalent fgr the product to comply with this standard.

The contactor or starter

and the associated SCPD, or the combination starter, the combination switching

device, the protected stIrter or the protected switching device; shall then be connected in the circuit. The

following sequence of o

erations shall be performed:

a) one breaking operatign of the SCPD shall be performed with all the switching devices closed prior to the

test (“O” operation);

b) one breaking operati

bn of the SCPD shall be performed by closing the contactor or starter on to the

short-circuit (“CO” opergtion).

9.3.4.2.1DV D2

The circuit sh
operational cu

IModification of 9.3.4.2.1 by replacing the first paragraph with the following:

Il be\adjusted to the prospective test current corresponding to the rated
rent’l, according to Table 17, or to Table 53.3 of UL 508 or Table 24 of CSA

C22.2 No. 14 at the discretion of the manufacturer.
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Table 13

Value of the prospective test current according to the rated operational current

Rated operational current

Prospective current "r"

I, (AC-3)a

A kA

I,<16 1
16</,<63 3
63</,125 5
125</,<315 10
314 </,<630 18
630|< /[, <1000 30
1000 </,<1600 42

1600 </, Subject to agreement between manufacturer and user

agreement between manufg

cturer and user.

2 If the contactor or starter ig not specified according to utilization category AC-3, the prospective current “r” shall be subject of

Value of the prospect

Table 17
ve test current according to the rated operational current-(harmonized table)

manufacturer and user.

Rated operational current Prospective current™r™*
I{(AC-3) ¢ Power factor
A kAf

le<12 1 0,7-0,8
12</,<50° 3 0,7-0,8
50</,<100° 5 0,7-0,8
100 </, <250 ¢ 10 0,5-07
250 </, =500 18 0,2-0,3
500 </, <800 30 0,2-0,3
80Q </, <1300 42 0,2-0,3
1 300 </, Subject to agreement between 0,2-0,3

2 If the contactor or starter is
agreement between manufg

b at 690 V and above: 12 < |,
¢at 690 Vand above: 63 < /]
9 at 690 V and above: 125 <
¢ Rated operational current

icturer and user.
<63

<125

I, < 250

f Prospective current " may

nay‘\be’marked “motor full load current” in North America.

not specified according’to utilization category AC-3, the prospective current "r" shall be subject of

~becatted-“standard fauttcorrent i NorthrAmerica:

NOTE Table 17 has been introduced for harmonization purpose with UL 60947-4-1 and is equivalent to UL 60947-4-1.

9.3.4.2.2 Test at the rated conditional short-circuit current /,

NOTE This test is done if the current /; is higher than the current "r".

The circuit shall be adjusted to the prospective short-circuit current /, equal to the rated conditional short-

circuit current.
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If the SCPD is a fuse and the test current is within the current-limiting range of the fuse, then, if possible,
the fuse shall be selected to permit the maximum peak let-through current (/,) and the maximum let-
through energy (F%t).

The contactor or starter and the associated SCPD, or the combination starter, the combination switching
device, the protected starter or the protected switching device, shall then be connected to the circuit.

The following sequence of operations shall be performed:

a) one breaking operation of the SCPD shall be performed with all the switching devices closed (“O”

operation) prior to the te

Dl.

bn of the SCPD shall be performed by closing (“CO” operation) the contactor-or
cuit.

b) one breaking operati
starter on to the short-ci

c) in the case of a combjnation starter or a protected starter, with the switching device of the SCRD having
a short-circuit breaking [capacity or rated conditional short-circuit current less than the rated“conditional
short circuit current of the combination starter or protected starter the following additional test shall be
made. One breaking opgration of the SCPD shall be performed by closing (“CO” operation) the switching
device (switch or circuitbreaker) on to the short-circuit, the contactor or starter already being closed. This
operation may be perfofmed either on a new sample (starter and SCPD) or on the first sample with the
agreement of the manufcturer. After this operation only conditions a) to g) of 9(3.4.2.3 shall be verified.

9.3.4.2.2DV D2 [Modification of 9.3.4.2.2 by replacing it with 9:3.4.2.2DV.1 to 9.3.4.2.2DV.3

and Tables 9.3/
9.3.4.2.2DV.1 H

The optional r|

4.2.2DV.3.1.1 and 9.3.4.2.2DV.3.1.2 as follows:
Igh available fault current circuits (Optional)

pquirements in this section cover use on circuits having available short-
in excess of the minimum levels specified in Table 17, and not more than

circuit current
200 000 ampe(r}ls rms symmetrical or Table.53.3 of UL 508 or Table 24 of CSA C22.2 No. 14

at the discreti

9.3.4.2.2DV.2 P

9.3.4.2.2DV.2.1

The circuit brer

the molded ca
through curren

of the manufacturer.
rotective devices
Circuit breakers

ker used‘for the test shall be selected from commercially available units of
e typeshaving essentially the same characteristics with respect to peak let-
t and a clearing I?t without current limiting features, unless specific circuit

breakers are miarked for use with the controller

9.3.4.2.2DV.2.2

Fuses

When tested on a single-phase circuit, fuses used for the test shall permit a peak let-

through and cl
intended to be used with the controller being tested. For a fuse with I,

earing I’t not less than the maximum value established for the fuse class
and I?t limits

established for several different short-circuit current levels, the test fuse shall be selected
to have at least the maximum values of the current corresponding to the marked short-

circuit current

rating of the motor control device.
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9.3.4.2.2DV.3 Procedure

The equipment shall be subjected to the number and type of operations in accordance with
Table 9.3.4.2.2DV.3.1.1.

Table 9.3.4.2.2DV.3.1.1
Required number of short-circuit test operations (high fault current)

(9.3.4.2.2DV.3)
Disconnecting means provided Type of test Number of test operations
Yes Disconnecting means closed on 135b
the circuit ("CO" operation)
Yes Motor control device closed on the 12
circuit ("CO" operation)
Yes Circuit closed on the equipment 1
("O" operation)
No Motor control device closed on the 1
circuit ("CO" operation)
No Circuit closed on the equipment 1°¢
("O" operation)

Notes

a) If complete phlysical closure of the switching contact (e.g. current flow in‘all poles) is established during
closing tests ("CIO" shots), the withstand test ("O" shot) is not required.

b) When a motor|control device and its control circuit are supplied from.the same source (common control), the
closing test on tLe disconnect switch is not required.

c) When a stand{alone overload relay is subjected to this test, the overload relay shall be subjected to two “O”
shots closing th¢ circuit on the equipment under test.

Table 9.3.4.2.2DV.3.1.2
Short circuit power factors for high capacity tests) (/;)

(9.3.4.1.3DV)
1|est current, amperes @ Power factor ®
40 000 amperes.or less 0,7-0,8
10 004=20 000 0,25-0,30
Greaterithan 20 000 0,15-0,20
2 Symmetrical rnjs ampéres
b Lower power fdctorcircuits thanspecified mmay beused

9.3.4.2.3 Results to be obtained

The contactor, starter, or the combination starter, the combination switching device, the protected starter or
the protected switching device, shall be considered to have passed the tests at the prospective current "r"
and, where applicable, the prospective current /,, if the following conditions are met for the claimed type of
co-ordination.
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Both types of co-ordination (all devices):

a) The fault current has been successfully interrupted by the SCPD, the combination starter or the
combination switching device and the fuse or fusible element or solid connection between the enclosure
and supply shall not have melted.

b) The door or cover of the enclosure has not been blown open and it is possible to open the door or cover.
Deformation of the enclosure is considered acceptable provided that the degree of protection by the
enclosure is not less than IP2X.

c) There is no damage fotheconmductorsortermimmats—and-theconductorstrave ot beemseparated-from——

the terminals.

d) There is no cracking|or breaking of an insulating base to the extent that the integrity of mounting.of“a
live part is impaired.

Both types of co-ordination (combination starters, combination switching devices, protectedystarters and
protected switching devices only):

e) The circuit-breaker or|the switch is capable of being opened manually by its operating means.

f) Neither end of the SGPD is completely separated from its mounting means<{o an exposed conductive
part.

g) If a circuit-breaker with rated ultimate short-circuit breaking capatity less than the rated conditional
short-circuit current ass|gned to the combination starter, the combination switching device, the protected
starter or the protected gwitching device is employed, the circuit-breaker shall be tested to trip as follows:

1) circuit-breakers with instantaneous trip relays or releases: at 120 % of the trip current.

2) circuit-breakefs with overload relays or releéases: at 250 % of the rated current of the circuit-
breaker.

Type "1" co-ordination (3ll devices):

h) There has been no discharge of parts.beyond the enclosure. Damage to the contactor and the overload
relay is acceptable. The starter may-be inoperative after each operation. The starter shall therefore be
inspected and the contactor and/of. the overload relay and the release of the circuit-breaker shall be reset
if necessary and, in the ¢ase of\fuse protection, all fuse-links shall be replaced.

Type "1" co-ordination (¢amhbination and protected starfers only)-

i) The adequacy of insulation in accordance with 8.3.3.4.1, item 4), of IEC 60947-1 is verified after each
operation (at currents “r" and “/;") by a dielectric test on the complete unit under test (SCPD plus
contactor/starter but before replacement of parts) using a power frequency withstand voltage of twice the
rated operational voltage U, but not less than 1 000 V. The test voltage shall be applied to the incoming
supply terminals, with the switch or the circuit-breaker in the open position, as follows:

— between each pole and all other poles connected to the frame of the starter;
- between all live parts of all poles connected together and the frame of the starter;

- between the terminals of the line side connected together and terminals of the other side
connected together.
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For equipment suitable for isolation, the leakage current shall be measured through each pole, with the
contacts in the open position, at a test voltage of 1,1 U, and shall not exceed 6 mA.

Type "2" co-ordination (all devices):

i) No damage to the overload relay or other parts has occurred, except that welding of contactor or starter
contacts is permitted, if they are easily separated (e.g. by a screwdriver) without significant deformation,
but no replacement of parts is permitted during the test, except that, in the case of fuse protection, all fuse-
links shall be replaced.

In the case of welded ;
carrying out 10 operating cycles under the conditions of Table 10 for the applicable utilization category.

k) The tripping of the oyerload relay shall be verified at a multiple of the current setting and shall conform
to the published tripping characteristics, according to 5.7.5, both before and after the short circuit test.

I) The adequacy of the |[nsulation in accordance with 8.3.3.4.1, item 4), of IEC 60947-1 shall be verified by
a dielectric test on the dontactor, the starter, the combination starter, the combination switching device, the
protected starter or the protected switching device, using a power frequency withstand voltage of twice the
rated operational voltage U, but not less than 1 000 V.

In the case of combination starters, combination switching devices, protetted starters and protected
switching devices, additional tests according to 8.3.3.4.1, item 3), of IEC60947-1 shall be made across
the main poles of the dgvice with the contacts of the switch or of the circuit:breaker open and the contacts
of the starter closed.

For equipment suitable| for isolation, the leakage current shall be*measured through each pole, with the
contacts in the open position, at a test voltage of 1,1 Ue and shall not exceed 2 mA.

Fuse-links, if any, are shorted.
9.3.4.2.3DV.1 D2 Modification of 9.3.4,2.3.by adding the following to Item b):
As an alternatlive, the accessibility. of live parts may be evaluated in accordance with UL

508, Clauses 7.17.1 —7.17.5 and CSA C22.2 No. 14, Clause 4.2.5

9.3.4.2.3DV.2 D2 Modification of 9.3.4.2.3 by replacing “120 %” with “130 %” in Item g) 1).

9.3.5 Overload currentwithstand capability of contactors
For the test, the contactor shall be mounted, wired and operated as specified in 9.3.2.

All poles of the contactors are simultaneously subjected to one test with the overload current and duration
values stated in 8.2.4.4. The test is performed at any convenient voltage and it starts with the contactor at
room temperature.

After the test, the contactor shall be substantially in the same condition as before the test. This is verified
by visual inspection.

NOTE The Pt value (Joule integral) calculated from this test cannot be used to estimate the performance of the contactor under
short-circuit conditions.
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9.3.6 Routine tests and sampling tests

9.3.6.1 General

The tests shall be carried out under the same conditions as those specified for type tests in the relevant
parts of 9.1.2 or under equivalent conditions. However, the limits of operation in 9.3.3.2 may be verified at
the prevailing ambient air temperature and on the overload relay alone, but a correction may be necessary
to allow for normal ambient conditions.

If devices are tested separately, their combination shall be tested with the dielectric test and other relevant

operational tests. Howgver,—ifthecombimatiomis—buittup—witth—atready tested—commectiomsystems—or——

auxiliaries, an additional
9.3.6.2 Operation and

For electromagnetic, pn
operation within the limit

For manual starters, tes
and 8.2.1.4).

NOTE 1 In these tests it is not
a series resistor or by appropr

Tests shall be made to
be a single test with al
tripping time conforms
instantaneous magnetid
under-current relays, stz
these relays (see 8.2.1.5

dielectric test is not necessary
operating limits

pumatic and electro-pneumatic contactors or starters, tests are carried,out’to verify
s specified in 8.2.1.2.

ts are carried out to verify the proper operation of the starter (see 8.2.1.2, 8.2.1.3

necessary to reach thermal equilibrium. The lack of thermal equilibrium may be compensated by using
ately decreasing the voltage limit.

erify the calibration of relays. In the case of a.tine delay overload relay, this may

poles equally energized at a multiple of the current setting, to check that the
within tolerances) to the curves supplied by the manufacturer; in the case of an
overload relay, the test shall be carried out at 1,1 times the current setting. For
Il relays and jam relays, tests shall bé’/carried out to verify the proper operation of
4,8.2.1.5.5and 8.2.1.5.6).

NOTE 2 In the case of a time-

delay magnetic overload relay comprising a time-delay device working with a fluid dashpot, calibration

may be carried out with the dalshpot empty, at a percentage of the current setting indicated by the manufacturer and capable of being

justified by a special test.

9.3.6.3 Dielectric tests

9.3.6.3.1 General

Subclause 8.3.3.4.2 of |

FC 60947-1 applies with the following addition.

In the case of a rheos

connected through the starting resistors; the dielectric test is therefore confined to the application of the
test voltage between the rotor circuit and the frame of the starter.

The use of the metal foil

NOTE The combined test of 8.

is not necessary.

3.3.4.2 of IEC 60947-1 is permitted.

9.3.6.3.2 Routine power frequency test for devices incorporating voltage limiting components

At the discretion of the manufacturer, the device incorporating voltage limiting components are to be tested
with the following sequence a) to b):
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a) Application of the test voltage

The test shall be performed in accordance with 8.3.3.4.2 2) of IEC 60947-1:2007. The value of the test
voltage shall be the Uy, r.m.s. value (max. operational voltage of the voltage limiting components) or the
maximum U, d.c. value of the voltage limiting components with a tolerance of -10 %.

Acceptance criteria: The over-current relay of the test apparatus shall not trip (lower tripping limit).

b) Verification of the proper function of the voltage limiting components

voltage shall be chosen| by the manufacturer so that a current is generated between the upper tripping limit

The test shall be perf?{nmed In accordance with 8.3.3.4.Z 2Z) of IEC 60947-T:2007. The value of the test
and the lower tripping li

it of the test apparatus.

Acceptance criteria: The current shall be between a) and b) and the voltage limiting component shall not
be damaged.

NOTE The main purpose of this test is to check the proper operation of the voltage limiting component.
9.4 EMC Tests
9.4DV D2 Modification of 9.4 and all subclauses by adding the following:

Clause 9.4 is ihformative.

9.4.1 General
Subclauses 8.3.2.1, 8.32.3 and 8.3.2.4 of IEC 60947-1 apply with the following additions.

With the agreement of fhe manufacturer, more than_one EMC test or all EMC tests may be conducted on
one and the same sample, which may initially beynew or may have passed test sequences according to
9.3.1. The sequence of the EMC tests may be ‘any convenient sequence.

The test report shall ipclude any special’ measures that have been taken to achieve compliance, for
example the use of shiglded or special cables. If auxiliary equipment is used with the contactor or starter in
order to comply with immunity or €mission requirements, it shall be included in the report.

The test sample shall be in.the open or closed position, whichever is the worse, and shall be operated with
the rated control supply|

9.4.2 Immunity

The tests of Table 14 are required. Special requirements are specified in 9.4.2.1 t0 9.4.2.7.

If, during the EMC-tests, conductors are to be connected to the test sample, the cross-section and the type
of the conductors are optional but shall be in accordance with the manufacturer's literature.
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Table 14

EMC immunity tests

Type of test

Test level required

Electrostatic discharge immu

nity test IEC 61000-4-2

Corresponding test level of Table 23 of IEC 60947-1 applies.

IEC 61000-4-3

Radiated radio-frequency electromagnetic field immunity test
(80 MHz to 1 GHz and 1,4 GHz to 2 GHz)

Corresponding test level of Table 23 of IEC 60947-1 applies.

Electrical fast transient/burst

IEC 61000-4-4 2

immunity test

Corresponding test level of Table 23 of IEC 60947- 1 applies.

1,2/50 ps — 8/20 s surge im
IEC 61000-4-5

munity test

Corresponding test level of Table 23 of IEC 60947-1 applies.

Conducted disturbances indy
immunity test ®°

(150 kHz to 80 MHz)
IEC 61000-4-6

ced by radio-frequency fields

Corresponding test level ¢ of Table 23 of IEC 60947-1 applies.

2 The contactor shall be oper
with a maximum of 100 A.

® Applicable to ports only inte
exceed 3 m.

¢ The test level can also be d
9 Except for the ITU broadca

pted at least one time during the test and the overload relay is loaded at 0,9 times{the-Current setting
rfacing with cables whose total length according to the manufacturer’s functional specification may

bfined as the equivalent current into a 150 Q load.
t frequency band 47 MHz to 68 MHz, where the level shall be 3 \/

9.4.21 Performance ¢
Unless otherwise specifi

No loss of performance

9.3.6.2 shall be verified at ambient temperature.

9.4.2.2 Electrostatic discharge

The test shall be condug
Except for metallic parts|

Ten positive and ten ne
successive single dischg

rge being 1 s.

bf the test sample during and after the test
ed, performance criterion B applies, see\8.3.2.2.

shall be permitted during or after the tests. After the tests the operating limits of

ted using the methods of IEC 61000-4-2.
for which contact discharge is made, only air discharge is required.

pative \pulses shall be applied to each selected point, the time interval after each

Tests are not required on power terminals. The application of conductors is not required, except for

energizing the coil.

9.4.2.3 Electromagne

tic field

The tests shall be conducted using the methods of IEC 61000-4-3. The test procedure of IEC 61000-4-3

shall apply.

The device shall comply with performance criterion A.
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9.4.2.4 Fast transient bursts
The tests shall be conducted using the methods of IEC 61000-4-4 with a repetition rate of 5 kHz.

The bursts shall be applied to all main, control or auxiliary terminals, whether they comprise electronic or
conventional contacts.

The test voltage shall be applied for the duration of 1 min.

9.4.2.5 Surges (1,2/50 ps — 8/20 ps)

The test shall be condycted using the methods of IEC 61000-4-5. Capacitive coupling shall be preferred.
The surges shall be applied to all main, control or auxiliary terminals, whether they comprise electronic)or
conventional contacts.

The test voltage valueq are those of Table 14 but shall not exceed the corresponding U, value(s) given
by the manufacturer following 7.2.3 of IEC 60947-1.

The repetition rate shall be one surge per minute, with the number of pulses being-five positive and five
negative.

9.4.2.6 Harmonics
Under consideration.
9.4.2.7 Conducted disturbances induced by radio-frequencyfields

Subclause 8.4.1.2.6 of [EC 60947-1 applies with the followingZaddition.

The device shall comply with performance criterion A under the test conditions given in Table 14.
9.4.3 Emission

For equipment designefd for environment A} a suitable warning shall be given to the user (for example in
the instruction manual) stipulating that jthe use of this equipment in environment B may cause radio
interference in which cgse the user.may be required to employ additional mitigation methods.

9.4.3.1 Conducted rgdio-frequency emission tests

A description of the test), the test method and the test set-up are given in CISPR 11.

To pass, the equipment shall not exceed the levels given in Table 15.
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Table 15

Conducted radio-frequency emission test limits

Frequency band

Environment A

Environment B

60 average

MHZ dB(pV) dB(uV)
0,15-0,5 79 quasi-peak 66 — 56 quasi-peak
66 average 56 — 46 average
(decrease with log of frequency)
0,5-5,0 73 quasi-peak 56 quasi-peak
o0average 40 average
5-30 73 quasi-peak 60 quasi-peak

50 average

9.4.3.2 Radiated radig-frequency emission tests

A description of the test,|the test method and the test set-up are given in CISPR 11.

Tests are required wherge the control and auxiliary circuits contain components with fundamental switching
9 kHz, for example switch-mode power supplies, etc.

frequencies greater tharj

To pass, the equipment ghall not emit at higher levels than those given in Table16.

Table 16
Radiated emission test limits

Frequency band

Environment A?

Environment B

quasi-peak at 30 m

MHz dB(pV/m) dB(uV/m)
30-230 30 30
quasispeak at 30 m quasi-peak at 10 m
230-1000 37 37

quasi-peak at 10 m

@ These tests may be carried|at 10 m distance with\the limits raised by 10 dB.
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Figure 1
Typical cunves of'currents and torques during a star-delta start (see 1.1.2.2.1)
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Figure 2

Typical curves of currents and torques during an auto-transformer start (see 1.1.2.2.2)
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s5189a

1 circuit-breaker according to||EC 60947-2
2 contactor

3 overload relay
4 control switch
5 circuit-breaker magnetic trig only
6 switch-disconnector

7 fuse
8 disconnector fuse

9 motor protection circuit breaker according to this standard

Figure 3

Typical variants of protected starters, combination starters, protected switching devices and
combination switching devices
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Supply

c{ﬁ Il
>

Position of the mechanical|switching devices

8
Positidn
of the Starting
starter
Mechanical
switching
device Stop 1st step 2nd step 3rd step
Q1 0] C C C
Qy 0] o 0] C
Q3 0 0 C C
O mechanical switching device open Q contactor
C mechanical switching device closed M motor
su1486
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 contactors)
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SERIES PARALLEL OPEN PARALLEL
CLOSED TRANSITION OR CLOSED TRANSITION OPEN TRANSITION
Three-coil transformer
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A I [
d d
Qz Q)
Q3
d T1 d K dd d
T Q3
Auto-transformer é‘ 33 Auto-transformer Y Auto-transformer Q? AR
Q
s at il
I~ I~ I~
Motor T1 M Motor M; @ Motor M; w
Diagram A4 Diagram B Diagram C4
Two-coil transformer
ddd
G2 %% liJ r li‘l :
Q2 Q)
K Q3 ¢ Qs d d
m 31 T 4 ™ R\
Auto-transformer Auto-transformer Auto-transformer
J Q4 4
“ Yy " L
N I~ -~
Motor M1, QA) Motor M Q/I) Motor M; Q/I)
Diagram Ay Diagram'B, Diagram Co
Contact sequgnce Contact sequence Contact sequence
Contacts Start Trgnsition On Fransition Contacts Start Transition On
& c ° Contacts Staft Open Close On % c °
Q, c c Q, c 0
Q3 o] o] 112 Q3 o] o]
C = contact dosed % c ° °1° Q4 and Qy may be contacts of the same
O = contact dpen Qg C o] c|c mechanical switching device.
Q3 o] o] o|c

NOTE: The graphical symbo

are contactors.

su1487

For open transition, Q4 and Q, may be
contacts of the same mechanical switching device

s utilized. above correspond to the case where all the mechanical switching devices

Figure 5

Typical methods and diagrams of starting alternating-current induction motors by means of auto-

transformers
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he curves.corresponding to cases a), b), c), d), e) and f) of 5.3.5.5 (the dotted

parts of the curvés correspond to the periods when no current flows through the motor)



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

MAY 31, 2022 CSA C22.2 No. 60947-4-1:22 ¢ UL 60947-4-1 121

A Standard range
13 +
12 +
e}
S
s g
s 1,1
2
£¢
23
10 +—
09
| ] ] ] ] Il -
T T T T T !
-1 0 10 20 30 40 50 °C
Ambient air temperature
su1488
Figure 7

Multiple of current getting limits for ambient air temperature compensated time-delay overload
relays (see 8.2.1.5.1)
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measured at D currehtiaccording to Table 3 \
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Figure 8

Thermal memory test
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Figure 9

Example of a pole impedance measurement for:a 3 pole contactor
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Dimmensions in millimetres
Clamping
Current carrying part force Wire

|v // - /
%/ I \

<10 <10
- > »  Measuring point B

@

Measuring point A

IEC

su4354

Figure 10

Voltage drop measurement at contact point of the clamping terminal
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Annex A
(normative)

Marking and identification of terminals of contactors and associated overload relays
Annex ADV D2 Modification to Annex A by replacing “normative” with “informative”:

Annex A is informative.

A.1 General

The purpose of identifyimg terminals of contactors and associated overload relays is to provide information
regarding the function of each terminal or its location with respect to other terminals or for other use.

A.2 Marking and identification of terminals of contactors
A.2.1 Marking and id¢ntification of terminals of coils

In the case of identification by alphanumeric markings, the terminals of a coil for*an electromagnetic
contactor shall be markgd A1 and A2.

AT A2

54434

For a coil with tappings, the terminals of the tappings shall be marked in sequential order A3, A4, etc.

EXAMPLE

S4435a

NOTE As a consequence of this, both incoming and outgoing terminals may have even or odd numbers.
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For a coil having two windings, the terminals of the first winding will be marked A1, A2 and those of the
second winding B1, B2.

A1[A2
Bl }BQ

4453

A.2.2 Marking and identification of terminals of main circuits

The terminals of the malin circuits shall be marked by single figure numbers and an alphanumeric system.

2/T1 1/L1
4/T2 3/L2
6,/T3 5/L3
8/T4 7/L4

NOTE The present alternativg methods of marking, i.e. 1-2 and L1-T1, willbe progressively superseded by the new method above.
Alternatively, terminals may be identified on the wiringtdiagram supplied with the device.

A.2.3 Marking and identification of terminals of auxiliary circuits

The terminals of auxiliafy circuits shall be.marked or identified on the diagrams by two figure numbers:

— the unit number is a fynction number;

— the figure of the tens is a segence number.

The fO”OWing example itastrate-steh-a-markit ) oyotclll.
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Sequence Function
number number

S4455

A.2.3.1 Function nunjber

Function numbers 1, 2 are allocated to circuits with break contacts and functionmmumbers 3, 4 to circuits
with make contacts.

NOTE 1 The definitions for mgke contacts and break contacts are given in 2.3.12 and 2.3.13 ofIEC 60947-1.

EXAMPLES

o1 )'_2 3 e 4

S4456

NOTE 2 The dots in the abojve ‘examples take the place of the sequence numbers which should be added appropriately to the
application.

The terminals of circuits with change-over contact elements shall be marked by the function numbers 1, 2
and 4.
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* 1

L]
N

.
N

S4457

Function numbers 5 an
of auxiliary circuits cont

EXAMPLES
*5 e 6
Break contact
lelayed on closing
su1418

The terminals of circui
function numbers 5, 6 apd 8.

EXAMPLE

H 6 (for break contacts) and 7 and 8 (for make contacts) are allocated\to terminals
bining auxiliary contacts with special functions.

8

o7

Make contact
delayed on closing

s with changefover contact elements with special functions shall be marked by

08 |o5

*6

Change—over contact
delayed in both directions

54459
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A.2.3.2 Sequence number
Terminals belonging to the same contact element shall be marked by the same sequence number.

All contact elements having the same function shall have different sequence numbers.

EXAMPLES

| ., iz |

13 3 Ui
z). 2 2Tﬂ 22
33| | 34 35

T +36

Four cortact elements Three contact elements

~

7.

S4460

The sequence number may be omitted from the terminals only if additional information provided by the
manufacturer or the usef clearly gives such a number.

@l@ i@ :

4 .2 4 2 14 22

or

Nt T P

@

Devics

O

Device

14 12

Diagram

su1491

NOTE The dots shown in the above examples are merely used to show the relationship and do not need to be used in practice.
A.3 Marking and identification of terminals of overload relays

The terminals of the main circuits of overload relays shall be marked in the same manner as the terminals
of the main circuits of contactors (see A.2.2).

The terminals of the auxiliary circuits of overload relays shall be marked in the same manner as the
terminals of the auxiliary circuits of contactors with specified functions (see A.2.3).

The sequence number shall be 9; if a second sequence number is required, it shall be 0.
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EXAMPLES

Alternatively, terminals

|

|
2/T1 [55] 1/L1
4/72 | |3/L2
6/T3|—|5/L3

may be identified on the wiring diagram supplied with the device.
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Annex B
(normative)
Special tests
Annex BDV D2 Modification to Annex B by replacing “normative” with “informative”:
Annex B is informative.
B.1 General

Special tests are done at the discretion of the manufacturer.

B.2 Mechanical durability

B.2.1 General

By convention, the mechanical durability of a design of contactor or starter is defined as the number of no-

load operating cycles W
before it becomes nece
including replacement o

The preferred numbers

0,001 - 0,003 -
B.2.2 Verification of n
B.2.2.1

The contactor or starte
connected in the same

During the test, there s
lubricated before the tes|

hich would be attained or exceeded by 90 % of all the apparatus of this design
ssary to service or replace any mechanical parts; howeveér, hormal maintenance
contacts as specified in B.2.2.1 and B.2.2.3 is permitted.

bf no-load operating cycles, expressed in millions, are:
,01-0,03-0,1-0,3-1-3and 10.

nechanical durability

Condition of the contactor or starter for tests

- shall be installed as for.normal service; in particular, the conductors shall be
hanner as for normal use:

hall be no voltage ericurrent in the main circuit. The contactor or starter may be
tif lubrication is-prescribed in normal service.

B.2.2.2 Operating conditions

The coils of the control
rated frequency.

electromagnets shall be supplied at their rated voltage and, if applicable, at their

If a resistance or an impedance is provided in series with the coils, whether short-circuited during the
operation or not, the tests shall be carried out with these elements connected as in normal operation.

Pneumatic and electro-pneumatic contactors or starters shall be supplied with compressed air at the rated

pressure.

Manual starters shall be

operated as in normal service.

B.2.2.3 Test procedure

a) The tests are carried out at the frequency of operations corresponding to the class of intermittent duty.
However, if the manufacturer considers that the contactor or starter can satisfy the required conditions
when using a higher frequency of operations, he may do so.


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

MAY 31, 2022 CSA C22.2 No. 60947-4-1:22 ¢ UL 60947-4-1 131

b) In the case of electromagnetic and electro-pneumatic contactors or starters, the duration of energization
of the control coil shall be greater than the time of operation of the contactor or starter and the time for
which the coil is not energized shall be of such a duration that the contactor or starter can come to rest at
both extreme positions.

The number of operating cycles to be carried out shall be not less than the number of noload operating
cycles stated by the manufacturer.

The verification of mechanical durability may be made separately on the various components of the starter
which are not mechanically linked together, unless a mechanical interlock not previously tested with its

contactor is involved.

c¢) For contactors or sta
the total number of ope

d) After each tenth of
permissible before carry

rters fitted with releases with shunt coils or undervoltage releases, at least 10 % of
ning operations shall be performed by these releases.

the total number of operating cycles given in B.2.1 has been carried out, it is
ing on with the test:

— to clean the whole contactor or starter without dismantling;

— to lubricate pa

— to adjust the
enables thisto b

e) This maintenance wqg

f) In the case of star
connection and closing

g) In the case of rheod
switching devices, if adj

h) In the case of auto-t
starting position and clo

ts for which lubrication is prescribed by the manufacturer for normal service;

travel and the pressure of the contacts if the design,of the contactor or starter
e done.

rk shall not include any replacement of parts.

delta starters, the built-in device causingtime-delay between closing on star
pn delta connection, if adjustable, may be'set at its lowest value.

tatic starters, the built-in device causing time-delay between closing of the rotor
ustable, may be set at its lowest value.

ransformer starters, the built-in device causing time-delay between closing on the
sing on the ON position \if adjustable, may be set at its lowest value.

B.2.2.4 Results to be obtained

Following the tests of m
the operating conditions

Any timing relays or oth

echanical durability, the contactor or starter shall still be capable of complying with
specifiedin-9.3.6.2 and 9.3.6.3 at room temperature.

er devices for the automatic control shall still be operating.

B.2.2.5 Statistical an

alysis of test results for contactors or starters

The mechanical durability of a design of a contactor or starter is assigned by the manufacturer and verified
by a statistical analysis of the results of the tests.

For contactors or starters which are produced in small quantities, the tests described in B.2.2.6 and
B.2.2.7 do not apply.

However, for contactors or starters which are produced in small quantities and which also differ from a
basic design only by minor variations without notable influence on characteristics, the manufacturer may
assign mechanical durability on the basis of experience with similar designs, analysis, properties of
materials, etc., and on the basis of the analysis of test results on large quantity production of the same
basic design.
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After this assignment, o

ne of the two tests described below shall be performed. It should be selected by

the manufacturer as being the most suitable in each case, for example according to the quantities of
planned production or according to the conventional thermal current.

NOTE This test is not intended to be a lot-by-lot or production acceptance test for application by the user.

B.2.2.6 Single 8 test

Eight contactors or starters shall be tested to the assigned mechanical durability.

If the number of failures
B.2.2.7 Double 3 test
Three contactors or starf

The test is considered p
be one failure, then thre
and, providing there is 1
there is a total of two or

B.2.2.8 Other method

Other methods given in
10 %. The chosen meth

NOTE The single 8 test and tff
been chosen with the objectiv
characteristics (acceptance qu

B.3 Electrical durabil
B.3.1 General

With respect to its resist
number of on-load oper
which can be made with

Since, for star-delta, twd
large variations in the s
conditions. However, it
starter for stated servicq

does not exceed two, the test is considered passed.

ers shall be tested to the assigned mechanical durability.

bssed if there is no failure, and failed if there is more than one failure. Should there
e additional contactors or starters are tested up to assigned mechahical durability
o additional failure, the test is considered passed. The test is failed’if at any time
more failures.

S

IEC 60410 can also be used. The maximum acceptance quality level shall be
bd shall be indicated in the test report.

e double 3 test are both given in IEC 60410 (see Table’X-C-2 and Table X-D-2). These two tests have
b of basing them on testing a limited number of contactors or starters on essentially the same statistical
ality level: 10 %).

ity

hnce to electrical wear, a'contactor or starter is by convention characterized by the
hting cycles corresponding to the different utilization categories given in Table B.1
but repair or replacement.

-step auto-transformer and rheostatic rotor starters, the operation is subjected to
prvice conditions, it is deemed convenient not to give standard values for the test
is recommended that the manufacturer indicate the electrical durability of the
conditions; this electrical durability may be estimated from the results of tests on

the component parts of llhe starter.

For categories AC-3 an

d AC-4, the test circuit shall comprise inductors and resistors so arranged as to

give the appropriate values of current, voltage and power factor given in Table B.1; moreover, for AC-4, the
test circuit testing the making and breaking capacity shall be used, see 9.3.3.5.2.

In all cases, the speed o

f operation shall be chosen by the manufacturer.

The tests shall be taken as valid if the values recorded in the test report differ from the values specified

only within the following
—current: 5 %;
—voltage: 5 %.

tolerances:
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Tests shall be carried out with the contactor or the starter under the appropriate conditions of B.2.2.1 and
B.2.2.2 using the test procedure, where applicable, of B.2.2.3, except that replacement of contacts is not
permitted.

In the case of starters, if the associated contactor has already satisfied an equivalent test, the test need
not be repeated on the starter.

Table B.1
Verification of the number of on-load operating cycles — Conditions for making and breaking

corresponding to the several utilization categories

o Value of the Make Break
Lig't':;gfy" op;fatgg L ", u, Cosg® I, U, U, Cos ¢°
current
AC-1 All valued 1 1 0,95 1 1 0,95
AC-2 All valueg 2,5 1 0,65 2,5 1 0,65
AC-3 IS 17A 6 1 0,65 1 0,17 0,65
1> 17A 6 1 0,35 1 0,17 0,35
AC-4 IS 17A 6 1 0,65 6 1 0,65
1> 17A 6 1 0,35 6 1 0,35
W, U/, L/R® 1/, u/U, L/R®
ms ms
DC-1 All valueg 1 1 1 1 1
DC-3 All valued 2,5 1 2 2,5 1 2
DC-5 All valueg 2,5 1 75 2,5 1 7,5

I, = rated operational curren|
U, = rated operational voltage

I = current made

In a.c. the donditions for making are expressed in rm.s. values but it is understood that the peak value of
symmetricgl current corresponding to the power factor of the circuit may assume a higher value.

U = applied voltage
U, = power-frequency or d.c| recovery voltage

I, = current broken
@ Tolerance for cos ¢: +0,05
® Tolerance for L/R: 15 %

B.3.2 Results to be gbtained

After the test, the contgctor, or the starter shall fqu|I the operatmg condltlons as speC|f|ed in 9 3 6 2 of th|s
standard at ambient temp v C c J 4
IEC 60947-1, and applied as in 8 3 3 4 1, |tem 4), of IEC 60947-1, the test voltage bemg applled only

* between all poles connected together and the frame of the contactor or starter, and
» between each pole and all the other poles connected to the frame of the contactor or starter.
B.3.3 Statistical analysis of test results for contactors or starters

The electrical durability of a design of a contactor or starter is assigned by the manufacturer and verified
by a statistical analysis of the results of the tests. One of the three test methods shall be selected by the
manufacturer between B.3.3.1, B.3.3.2 and B.3.3.3 as being the most suitable for example according to
the quantities of planned production or according to the conventional thermal current.
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For contactors or starters which are produced in small quantities, the tests described in B.3.3.1 and
B.3.3.2 do not apply. However, for contactors or starters which are produced in small quantities and which
also differ from a basic design only by minor variations without notable influence on characteristics, the
manufacturer may assign electrical durability on the basis of experience with similar designs, analysis,
properties of materials, etc., and on the basis of the analysis of test results on large quantity production of
the same basic design.

NOTE This test is not intended to be a lot-by-lot or production acceptance test for application by the user.

B.3.3.1 Single 8 test

Eight contactors or star
does not exceed two, th

B.3.3.2 Double 3 test

Three contactors or sta
passed if there is no fai
three additional contactg
no additional failure, the
more failures.

B.3.3.3 Other method

Other methods given in
10 %. The chosen meth

NOTE The single 8 test and tf}
been chosen with the objectiv
characteristics (acceptance qU

B.4 Co-ordination at
B.4.1 General and de
B.4.1.1

General

This annex states differ
at currents below and at
the starter and SCPD m

Co-ordination at the crd
direct method with the s

b test is considered passed.

rters shall be tested to the assigned electrical durability. The test is Considered
ure, and failed if there is more than one failure. Should there be one, failure, then
rs or starters are tested up to assigned electrical durability and, providing there is
test is considered passed. The test is failed if at any time there is_a total of two or

S

IEC 60410 can also be used. The maximum aceeptance quality level shall be
bd shall be indicated in the test report.

e double 3 test are both given in IEC 60410 (see Table?X-C-2 and Table X-D-2). These two tests have
e of basing them on testing a limited number of contactors or starters on essentially the same statistical
ality level: 10 %).

he crossover current between.the starter and associated SCPD

finitions

bnt methods ofverifying the performance of starters and the associated SCPD(s)
ove the intersection I, of their respective time-current characteristics, provided by
bnufacturer(s), and the corresponding types of co-ordination described in 8.2.5.1.

ssovercurrent between the starter and the SCPD can be verified either by the
pecial test of B.4.2 or, for type "2" co-ordination only, by the indirect method as in

B.4.5.

B.4.1.2 Terms and definitions

B.4.1.2.1
crossover current /.,

current corresponding to the crossover point of the mean or published curves representing the time-
current characteristics of the overload relay and the SCPD respectively

NOTE The mean curves are

the curves corresponding to the average values calculated from the tolerances on the time-current

characteristics given by the manufacturer.

[eTS Shat be tested 1o the assigned etectricar qurablity it the mumber of Taftures——
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B.4.1.2.2
test current /4

test current greater than /., tolerances included, designated by the manufacturer and verified by the
requirements given in Table B.2

B.4.1.2.3

time-current withstand characteristic capability of contactors/starters
locus of the currents a contactor/starter can withstand as a function of time

B.4.2 Condition for the test for the verification of co-ordination at the crossover current by a

direct method

The starter and its assd
be performed starting fr

ciated SCPD shall be mounted and connected as in normal use. All the tests shall
bm the cold state.

B.4.3 Test currents and test circuits

The test circuit shall be
need not be adjusted. T|

(1) 0,75 I, %5 % and
(i) 1,25 I, *°y %

The power factor of the
high resistance, induct
possible. The recovery

The SCPD shall be as
9.3.4.2.

If the switching device i
supply voltage of the ¢
operates.

according to 8.3.3.5.2 of IEC 60947-1 except that the oscillatory transient voltage
he currents for the tests shall be:

test circuit shall be in accordance with Table 7. In.the case of small relays having a
brs should be mainly used in order to have,ajvalue of power factor as low as
voltage shall be 1,05 times the rated operational voltage.

stated in 8.2.5.1 and of the same ratingand characteristics as used in the tests of

5 a contactor, its coil shall be energized from a separate source at the rated control
bntactor coil and connected-so6 that the contactor opens when the overload relay

B.4.4 Test procedurg and results to be<obtained

B.4.4.1 Test procedure

With the starter and the

closing device. In each

SCPDclosed, the test currents stated in B.4.3 shall be applied by a separate

casexthe device tested shall be at room temperature.

After each test, it is ned

breaker, if necessary, or to replace aII fuses |f at Ieast one of them has melted

B.4.4.2 Results to be obtained

After the test at the low

er current (i) in B.4.3, the SCPD shall not have operated and the overload relay or

release shall have operated to open the starter. There shall be no damage to the starter.

After the test at the higher current (ii) in B.4.3, the SCPD shall have operated before the starter. The starter
shall meet the conditions of 9.3.4.2.3 for the type of co-ordination stated by the manufacturer.
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B.4.5 Verification of co-ordination at the crossover current by an indirect method

The indirect method consists in verifying on a diagram (see Figure B.1) that the following conditions for the
verification of co-ordination at the crossover current are met:

- the time-current characteristic of the overload relay/release, starting from cold state, supplied by the
manufacturer, shall indicate how the tripping time varies with the current up to a value of at least /,; this
curve has to lie below the time-current characteristic of the SCPD up to /.;

- I4 of the starter, tested as in B.4.5.1, shall be higher than /;

- the time-current withstand characteristic of the contactor, tested as in B.4.5.2, shall be above the time-
current characteristic (starting from cold state) of the overload relay up to /.

B.4.5.1 Testfor 4
Subclause 9.3.4.1 appligs with the following addition.

- Test procedure: the gontactor or starter shall make and break the test current (/.4) forythe number of
operating cycles given i Table B.2 below. This is made without the SCPD in the circuit;

Table B.2
Test conditions
U/U, Cos ¢ On-time Off-time Number of
(see Note 2) operations
s s
Ieg 1,05 See Note 1 0,05 See Note 3 3

NOTE 1 Power factor to be sglected according to Table 16 of IEC 60947-1:
NOTE 2 Time may be less thpn 0,05 s provided that contacts are allowéd to become properly seated before re-opening.
NOTE 3 See Table 8.

— Behaviour of contactofs or starters during and after the /. test:

a) during the test, there shall be-nopermanent arcing, no flash-over between poles, no blowing of
the fusible elemgnt in the earth circuit (see 9.3.4.1.2) and no welding of contacts;

b) after the test,

1) the contacts.shall operate correctly when the contactor or starter is switched by the
applicablef method of control;

2) the dielectric properties of the contactors and starters shall be verified by a dielectric test
on the contactor or starter using an essentially sinusoidal test voltage of twice the rated
operational voltage U, used for the /4 test, with a minimum of 1 000 V. The test voltage
shall be applied for 5 s, as specified in 8.3.3.4.1 of IEC 60947-1, items 2) c) i) and 2) c) ii).

B.4.5.2 Time-current characteristic withstand capability of contactors/starters

This characteristic is issued by the manufacturer and the values are obtained according to the test
procedure specified in 9.3.5 but with combinations of overload currents and durations to establish the
characteristic at least up to I, in addition to those stated in 8.2.4.4.
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This characteristic is valid for overload currents, starting with the contactor at room temperature. The
minimum cooling duration required by the contactor between two such overload tests should be stated by

the manufacturer.

Time

su1493

/

3

Overload SCPD
y relay
Time
b
a
\ Limit of thermal damage

to the overload relay
time-current characteristic

| i -

co led > lgo Current

a mgan overload relay time-current characteristic from cold state

b time-current characteristic withstand capability of contactor

su1492

Figure B.1a — Co-ordination with fuse

Overlpad SCPD

relay
b
\\\\\\\\\f1\"""\~\-~...-----"'-.._______.

Limit of thermal damage
to the overload relay
time-current characteristic

-

leo led >lco

Current

a mean overloadretay-time-currentcharacteristic-from—cotd-state
b time-current characteristic withstand capability of contactor

Figure B.1b — Co-ordination with circuit-breaker

Figure B.1

Examples of time-current withstand characteristic
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Annex C

Void



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

MAY 31, 2022

CSA C22.2 No. 60947-4-1:22 ¢ UL 60947-4-1 139

Annex D
(informative)

Items subject to agreement between manufacturer and user

NOTE For the purpose of this

annex:

—agreement is used in a very wide sense;

— userincludes testing stations.

Annex J of IEC 60947-
following additions.

1 applies, as far as covered by clauses and subclauses of this standard, with the

Clause or subclause
number of this standard

Item

1.1.2.3

Additional requirements concerning two-direction starters and inching and plugging

5.3.4.3 — Note Overload protection of starters for intermittent duty

5.35.5.3 Time interval between two successive starts of auto-transformer starters having-a starting time
exceeding 15 s

54 Types of utilization other than the utilization categories defined in Table.1

5.7.2 Specific applications of instantaneous over-current relays or releases and of relays or releases
listedin5.7.2 e)

5.7.3 Protection of the rotor circuit for a rheostatic rotor starter

5.7.3 Protection of the auto-transformer for an auto-transformeér starter

5.7.5 Tolerances on time-current characteristics of overload relays (to be indicated by the manufacturer)

5.10.2 Characteristics of devices for automatic acceleration control

5.11;5.12 Nature and dimensions of the connecting links:
a) between an auto-transformer starter ahnd the auto-transformer, if this is provided separately
b) between a rheostatic rotor starterand the resistors, if these are provided separately
Agreement for items a) and b) is-tobe concluded between the starter manufacturer and the
manufacturer of the transformer;-or of the resistors, as the case may be

8.2.2.7.3 Ratings of specially rated windings (to be stated by the manufacturer)

Table 7 Verification of the make'conditions when this verification is carried out during the make and break
test (manufacturef's'agreement)

Table 13 Value of the prospective current "r" for the conditional short-circuit current test of devices of /, > 1

600 A
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Annex E

(Void)
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Annex F
(normative)

Requirements for auxiliary contact linked with power contact (mirror contact)

F.1 Scope and object

F.1.1 Scope

This annex applies to
designated as mirror ¢
dealt within Annex L of
with both requirements
IEC 60947-5-1.

NOTE 1 A typical application
the contactor. However, mirrg

NOTE 2 Mirror contacts havs
driven contacts.

NOTE 3 The meaning of “me
F.1.2 Object

This annex provides ad
stating the required des|

F.2 Terms and defini
For the purposes of this

F.2.1

mirror contact
normally closed auxiliar
main contact under con

NOTE One contactor may ha
F.3 Characteristics

All mirror contacts shall

auxiliary contacts mechanically linked with power contacts of a contactor and

EC 60947-5-1. However, that does not prevent a given auxiliary contact to comply
for mirror contact of this annex and for mechanically linked contact of Annex L of

of mirror contacts is to have, in the machine control circuit, a highly reliable monitoring of the,status of
I contact should not be relied upon exclusively as a means to ensure safety.

previously been referred to as positively safety contacts, forced contacts, linked contacts or positively

hanically linked” is also applicable to additional contact blocks which can bexmounted by the user.

ditional specifications (definition, requirements and' tests) which shall be used for
gn characteristics, marking and performance ef.unirror contact.

ions

annex, the following term and definition applies.

y contact which cannot be.in closed position simultaneously with the normally open
Hitions defined in Clause F.7.

e more than one mirrorcontact.

also €omply with the relevant requirements given in this standard.

F.4 Productinforma

on

Clause 6 applies with the following addition.

Mirror contacts shall be

—on the contactor itself,

clearly identified:

or

—in the manufacturer documentation, or

— both.

Where a symbol is used to identify a mirror contact, it shall be as shown in Figure F.1.
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Figure F.1
Mirror contact

F.5 Normal service, mounting and transport conditions

There are no supplemer
F.6 Constructional an

Clause 8 applies with th

When any of the main c¢ntacts is closed, no mirror contact shallibe closed.

NOTE Self-checking of the mi
F.7 Tests

F.7.1 General

Clause 9 applies with th
Tests according to both |

F.7.2 Tests on produd

tary requirements

e following addition.

b following addition:

ts in a new condition

d performance requirements

ror contact circuit is recommended.

F.7.2 and €£/£.3 shall be carried out.

For each mirror contac
contacts.

A new product is used for testing each mirror contact with each of the main contacts.

, the test shall be carried out on m products, where m is the number of main

The tests shall be carried out on products in a new and clean condition. The test procedure shall be as

follows:

a) To simulate the occurrence of welding on one main pole, one main contact shall be maintained in the
closed position, e.g. by welding or gluing each point of contact (e.g. for double breaking contact, welding is
carried out at the two contact points). The thickness of welding or gluing shall be such that the distance
between contacts is not modified significantly and the method used shall be described in the test report.
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b1) With the operating coil de-energized, an impulse test voltage of 2,5 kV at sea level (correction should
be made according to Table F.1 given below, calculated from Table 12 of IEC 60947-1) shall be applied
across the mirror contact. There shall be no disruptive discharge.

Table F.1 )
Test voltage according to altitude
Sea level 200 m 500 m 1000 m 2000 m
2,5kV 2,37 kV 2,37 kV 2,29 kV 2,12kV

NOTE This test ensures a minimum gap of 0,5 mm in accordance with Figures A.1, Figure A.2 and Figure A.3 of IEC 60664-1 from
which Table 13 of IEC 6094 =4 ¢

T 1ISISSUeoT

b2) As an alternative to

measured with direct m
the sum of contact gaps

The sequences a) an
successively.

item 1) above, with the operating coil de-energized, the gap of the contact shalkbe
eans; it shall be more than 0,5 mm. In case of two or more contact gaps in series,
shall be more than 0,5 mm.

1 b) (1) or 2)) are repeated on new samples for each main centact welded

F.7.3 Test after convéntional operational performance (defined under Table 10)

At the end of the conve

when the coil is energiz

ntional operational performance tests according to 9.3/3.6; it shall be verified that,
ed, the mirror contact shall withstand its rated insulation 'voltage U,.
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Annex G
(informative)

Rated operational currents and rated operational powers of switching devices for electrical motors

Annex GDV D2

Modification to Annex G by replacing “informative” with “normative”:

Annex G is normative.

G.1

General

The given values in Tabl
rated operational power
be given to the custome

The statements of this a

The figures are harmor
given by the manufactur

The values given in the

rated operational powers

If the devices are in con
electrical motors.

These values state a ha

e G.1 are guide values for the relationship between rated operational currents and
5. They should be considered for use when information concerning products has to
S.

nnex are applicable to all kind of switching devices for electrical motors

ized within the IEC and therefore state the basis for all the product information
or.

Table G.1 are typical rated operational currents of motors for the corresponding

p.

pliance with these values, they are able to switch on and off most of the existing

rmonized guideline for design of switching devices.

G.1DV D2 Modification to G.1 by adding the follewing:

The rated o
accordance wi
C22.1.

rational currents corresponding to horsepower ratings shall be in
h Tables 430.247 through430.251 of NFPA 70 or Tables 44 and 45 of CSA

G.2 Rated operationdl powers and rated operational currents

Rated operational powef

to Table G.1.

is linked\with individual rated operational currents at different voltages according

The guide values for ra

motor at 400 V, 1 500 min~" and 50 Hz. The rated operatlonal currents for the other voItages are calculated
on the basis of values at 400 V.
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Table G.1

Rated operational powers and rated operational currents of motors

Rated operational power

Guide values of rated operational currents at

kw2 10-120V | 200V 208 V 230V 220-240V | 380-415V 400V 440-480 V 500 V 550-600 V 690 V
hp® A A A A A A A A A A A
0,06 - - - - 0,35 - - 0,20 - 0,16 - 0,12
0,09 - - - - 0,52 - - 0,30 - 0,24 - 0,17
0,12 - - - - 0,70 - - 0,44 - 0,32 - 0,23
0,18 - - - - 1,0 - - 0,60 - 0,48 - 0,35
0,25 - - - - 15 - - 0,85 — 0,68 - 0,49
0,37 - - - - 1,9 - - 1,10 - 0,88 - 0,64
- 12 4,4 25 24 - 2,2 1,3 - 1,1 - 0,9 -
0,55 - - - - 2,6 - - 1,5 - 1,2 - 0,87
- 3/4 6,4 3,7 35 - 3,2 1,8 - 1,6 - 1,3 -
- 1 8,4 4.8 4,6 - 4,2 23 = 2,1 - 1,7 -
0,75 - - - - 3,3 - - 1,9 - 1,5 - 1,1
11 - - - - 47 - - 2,7 - 2,2 - 1,6
- 1-1/2 12,0 6.9 6.6 - 6,0 3,3 - 3,0 - 24 -
- 2 13,6 7.8 75 - 6,8 4,3 - 3.4 - 2,7 -
1,5 - - - - 6,3 - - 3,6 - 2,9 - 2,1
22 - - - - 8,5 £ - 4,9 - 39 - 2,8
- 3 19,2 11,0 10,6 - 9,6 6,1 - 4.8 - 3,9 -
3,0 - - - - 1,3 - - 6,5 - 52 - 3,8
4 - - - - 15 - - 8,5 - 6,8 - 4,9
- 5 30,4 17,5 16,7 3 15,2 9,7 - 7,6 - 6,1 -
55 - - - - 20 - - 11,5 - 9,2 - 6,7
- 7-1/2 44,0 25,3 24,2 -~ 22,0 14,0 - 11,0 - 9,0 -
- 10 56,0 32,2 30,8 - 28,0 18,0 - 14,0 - 11,0 -
7.5 - - - Q 27 - - 15,5 - 12,4 - 8,9
11 -~ - -~ - 38,0 - - 22,0 - 17,6 -~ 12,8
- 15 84 48,3 46,2 - 42,0 27,0 - 21,0 - 17,0 -
- 20 108 62,4 59,4 - 54,0 34,0 - 27,0 - 22,0 -
15 - - = - 51 - - 29 - 23 - 17
Table G.1 Continued on Next Page
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Table G.1 Continued
Rated operational power Guide values of rated operational currents at
kw? 110-120V 200V 208V 230V 220-240V | 380-415V 400V 440-480 V 500V 550-600 V 690 V
hp® A A A A A A A A A A A
18,5 - - - - 61 - - 35 - 28 - 21
- 25 136 78,2 74,8 - 68 44 - 34 - 27 -
22 - - - - 72 - - 41 - 33 - 24
- 30 160 92 88 - 80 51 - 40 - 32 -
- 40 208 120 114 - 104 66 - 52 - 41 -
30 - - - - 96 - - 55 - 44 - 32
37 - - - - 115 - - 66 + 53 - 39
- 50 260 150 143 - 130 83 - 65 - 52 -
- 60 - 177 169 - 154 103 - 77 - 62 -
45 - - - - 140 - - 80 - 64 - 47
55 — - - - 169 - - 97 - 78 - 57
- 75 - 221 21 - 192 128 - 96 - 77 -
- 100 - 285 273 - 248 165 - 124 - 99 -
75 - - - - 230 - — 132 - 106 - 77
90 - - - - 278 - - 160 - 128 - 93
- 125 - 359 343 - 312 208 - 156 - 125 -
110 - - - - 340 - - 195 — 156 - 113
- 150 - 414 396 - 360 240 - 180 - 144 -
132 - - - - 400 - - 230 - 184 - 134
— 200 - 552 528 — 480 320 - 240 - 192 -
150 - - - - - - - - - - - -
160 - - - - 487 - - 280 - 224 - 162
185 - - - - - - - - - - - -
- 250 - - - - 604 403 - 302 - 242 -
200 - - - - 609 - - 350 - 280 - 203
220 - - — - - - - - - - - -
- 300 - - < - 722 482 - 361 - 289 -
250 - - - - 748 - - 430 - 344 - 250
280 — - — - - - — - — - - -
- 350 - < - - 828 560 - 414 - 336 -
— 400 — - - — 954 636 — 477 - 382 -
Table G.1 Continued on Next Page
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Table G.1 Continued

Rated operational power

Guide values of rated operational currents at

kW2 110-120v| 200V 208V 230V | 220-240V | 380-415V | 400V | 440-480v | 500v | 550-600Vv | 690V
hp® A A A A A A A A A A A
300 - - - - - - - - - - - -
315 - - - - 940 - - 540 _ 432 - 313
_ 450 - - - - 1030 - - 515 - 412 -
335 - - - - - - _ _ _ _ _ _
355 - - - - 1061 - - 610 - 488 - 354
- 500 = = = = 130 780 = 590 - 472 -
375 - - - - _ - _ _ ¢ _ _ _
400 _ - _ _ 1200 - - 690 z 552 - 400
425 - - - - - - - - - - - -
450 - - - - - - - - - - - -
475 _ - _ - _ _ _ - _ _ _ _
500 - - - - 1478 - - 850 - 680 - 493
530 - - - - _ - _ _ _ _ _ _
560 - - - - 1652 - < 950 - 760 - 551
600 - - - - - _ - _ _ _ _ _
630 - - - - 1844 - - 1060 - 848 - 615
670 - - _ _ _ _ _ _ _ — _ ~
710 - - - - 2070 < - 1190 - 952 - 690
750 - - - - - < - _ - - _ _
800 - - _ - 2340 - - 1346 _ 1076 - 780
850 - - - - _ - _ - _ _ _ _
900 - - - - 2640 - - 1518 - 1214 - 880
950 _ - _ _ N _ _ _ _ _ _ _
1000 - - - - 2910 - - 1673 - 1339 - 970

@ Preferred rated values acc

b Horsepower and currents

rding to IEC 60072-1 (primary series).
plues according to UL 508 (60 Hz).
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H.1 General

Annex H
(normative)

Extended functions to electronic overload relays

Annex T of IEC 60947-1:2007, Amendment 1 applies with the following additions.

H.2 Terms and definitions

H.2.1

electronic overload relpy with control functions

multipole electronic rela

NOTE Example of control fund

H.2.2

with motor control operations through its inputs and outputs

tions: reversing control, two speed control, star-delta control, etc.

electronic overload relpy with under-voltage restarting function

electronic relay which o
below a predetermined
recovered

H.2.3

perates when the voltage applied to the main circuit or control circuit is reduced
value and automatically resets (with or without time delay). when the voltage is

electronic overload relpy with main circuit under-voltage restarting function

electronic overload relay

H.2.4

with under-voltage restarting function monitoring-only the main circuit

electronic overload relpy with control circuit under-voltage restarting function

electronic overload relay

NOTE The automatic restartin
H.3 Limits of operatid
H.3.1 General

The operation time sequ
be described in the man

For motor restart functio|
restarting after voltage r

with under-voltage restarting functioowmonitoring only the control circuit

b function may be de-activated.

n of control functions

ences, the interactions with the inputs and outputs and the limits of operation shall
Lifacturer literature.

ns, thexranges and tolerances of time and voltage dip detection and of the delay of
pstoration shall be given in the manufacturer literature.

H.3.2 Limits of electronic overload relay with main circuit under-voltage restarting function

When under-voltage or
applies:

loss of voltage occurs in the main circuit, the relay will operate. The following

a) if the voltage resumes within T1 (off-time for immediate reset), the overload relay shall control the
starter circuit to immediately restore the running condition;

b) if the voltage resumes between T1 and T2 (off-time for reset), the relay shall reset to the starting

sequence;

c) if the voltage resumes after T2, the relay shall not reset automatically.


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

MAY 31, 2022 CSA C22.2 No. 60947-4-1:22 ¢ UL 60947-4-1 149

T1 and T2 are adjustable, and the value of T2 is greater than T1.

The tolerance of the threshold voltage and of the time settings shall be specified by the manufacturer but
no more than £10 %. If the time setting value is lower than 1 s, the manufacturer shall state the tolerances.

H.4 Test of the control functions

The test of the control functions shall be verified according to H.3, and each control function should be
verified at least 3 times.

For restart functions, the detection time for a voltage dip and the delay of restarting shall be verified

according to H.3.



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

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

Annex |
(informative)

AC1 contactors for use with semiconductor controlled motor loads

Contactors are often used with semiconductor controllers, starters or drives. Contactors for such
applications are not intended to make or break motor load currents at the stated system voltage.

The intended use is to carry motor currents either on the line or load side of such controllers, and allow the
controller to be removed from the line and/or load in the off condition. A further use is to by-pass
controllers, usually for the purpose of reducing thermal losses, in the up-to speed condition. In such

applications the contactors should be so controlled and interlocked so as to prevent them being opened or
closed when the load cufrent is present.

When the above conditipns are met, the contactors may be chosen according to category AC1.
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Annex J

Void



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

