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International Electrotechnical Commission (IEC) is a worldwide organization for standardizationico
ptional electrotechnical committees (IEC National Committees). The object of IEC is to promote-inter|
peration on all questions concerning standardization in the electrical and electronic fields., To this

dition to other activities, IEC publishes International Standards, Technical Specifications,\Fechnical §

aration is entrusted to technical committees; any IEC National Committee interestediin the subject d
participate in this preparatory work. International, governmental and non-goverpimental organizationd
the IEC also participate in this preparation. IEC collaborates closely with theyintérnational Organiz
dardization (ISO) in accordance with conditions determined by agreement between the two organiza

formal decisions or agreements of IEC on technical matters express, as\néarly as possible, an inter|
ensus of opinion on the relevant subjects since each technical committee has representation

Publications have the form of recommendations for international’use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made ‘to ensure that the technical conten
ications is accurate, IEC cannot be held responsible for\the way in which they are used or
hterpretation by any end user.

fder to promote international uniformity, IEC Natiogal* Committees undertake to apply IEC Pub
parently to the maximum extent possible in their national and regional publications. Any divergence
EC Publication and the corresponding national,bf vegional publication shall be clearly indicated in th

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

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

ability shall attach to IEC or itsqdirectors, employees, servants or agents including individual exp
bers of its technical commitieesvand IEC National Committees for any personal injury, property dal
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
nses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot
ications.

htion is drawn to the-Normative references cited in this publication. Use of the referenced publicg
pensable for the coerrect application of this publication.

htion is drawmta the possibility that some of the elements of this IEC Publication may be the subject g
s. IEC shalhnot be held responsible for identifying any or all such patent rights.

é]tstional Standard IEC 62271-106 has been prepared by subcommittee 17A: Sw

Lof,TEC technical committee 17: High-voltage switchgear and controlgear.

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
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This second edition cancels and replaces the first edition published in 2011. It constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

document numbered to correspond to IEC 62271-1 2017.
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The text of this International Standard is based on the following documents:

FDIS Report on voting

17A/1296/FDIS 17A/1301/RVD

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

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

ion of corresponding requirements, the same numbering of clauses and subeglal
used gs in IEC 62271-1. Modifications to these clauses and subclauses are given\under the
same numbering, whilst additional subclauses are numbered from 101.

A list ¢f all parts of the IEC 62271 series under the general title, High-voltage switchgejar and
contro|gear, can be found on the IEC website.

The cqmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstoresiec.ch" in the data related to
the spgcific document. At this date, the document will be
e redonfirmed,

e withdrawn,

o reflaced by a revised edition, or

e amended.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 106: Alternating current contactors,
contactor-based controllers and motor-starters

A6 6 &P 60—~ ortactors—araroreohtactorasSea—Contro aeHMotor-
starters designed for indoor installation and operation at frequencies up to and including(60 Hz
on syqtems having voltages above 1 kV and up to and including 24 kV. This document also
includés additional requirements for outdoor installations where the equipment is housed in an
additignal protective enclosure.

It is applicable only to three-pole devices for use in three-phase systems, and singje-pole
devicep for use in single-phase systems. Two-pole contactors and starters for use in singleiphase
systemis are subject to agreement between manufacturer and user.

Contagtors and/or starters dealt with in this document typieally do not have adg¢quate
short-gircuit interruption capability. In this context, this document gives requirements for|.
- stalrters associated with separate short-circuit prote€tive devices;

— controllers — contactors combined with short-circuit protective devices (SCPD).

Contagtors intended for closing and opening efectric circuits and, if combined with stpitable
relays| for protecting these circuits against operating overloads are covered in this document.

This dpcument is also applicable to the‘'operating devices of contactors and to their ayxiliary
equipment.

Motor-starters intended to start.and accelerate motors to normal speed, to ensure contjnuous
operatjon of motors, to switchJoff the supply from the motor and to provide means for the
protection of motors and associated circuits against operating overloads are dealt with.

Motor-starter types included are:

— dirgct-on-line starters;
— relersing starters;

— twa@-direction starters;

—  reduced-k\A (\lnlfngn) starters;

e auto-transformer starters;
e rheostatic starters;

e reactor starters.
This document does not apply to:

— circuit-breaker-based motor-starters;
— single-pole operation of multi-pole contactors or starters;
— two-step auto-transformer starters designed for continuous operation in the starting position;

— unbalanced rheostatic rotor starters, i.e. where the resistances do not have the same value
in all phases;

— equipment designed not only for starting, but also for adjustment of speed;
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— liquid starters and those 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.

This document does not deal with components contained in contactors and contactor-based

motor-

NOTE 1

starters, for which individual specifications exist.

Thermal electrical relays are covered by IEC 60255-149.

NOTE 2

NOTE 3
are cov

NOTE 4

NOTE 5
The ok

a) theg
b) ths
1)
2)
3)
4)
5)

c) the
be

d) thd

2 Normative references

The fo

constifutes requirements of this document. For dated references, only the edition cited a

For u
amend

IEC 60

High-voltage current-limiting fuses are covered by IEC 60282-1 and IEC 60644.

Metal-enclosed switchgear and controlgear for rated voltages above 1 kV and up to and_ificludin
bred by IEC 62271-200.

Disconnectors and earthing switches are covered by IEC 62271-102.

High-voltage switches above 1 kV and less than 52 kV are covered by IEC 62271-103.
ject of this document is to state:

characteristics of contactors and starters and associated equipment;
conditions with which contactors or starters comply with reference to:
their operation and behaviour,

their dielectric properties,

the degrees of protection provided by their efniclosures, where applicable,
their construction,

for controllers, interactions between “the various components, for example
co-ordination;

tests intended for confirming that these conditions have been met, and the meth
adopted for these tests;

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

lowing documents are referred to in the text in such a way that some or all of their G

hdated references, the latest edition of the referenced document (includin
ments)applies.

06041:2010, High-voltage test techniques — Part 1: General definitions an

g 52 kV

SCPD

ods to

ontent
bplies.

g any

d test

requirements

IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A; Cold

IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60076-2, Power transformers — Part 2: Temperature rise for liquid-immersed transformers

IEC 60076-11:2018, Power transformers — Part 11: Dry-type transformers
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IEC 60255-21-1:1988, Electrical relays — Part 21: Vibration, shock, bump and seismic tests on
measuring relays and protection equipment — Section One: Vibration tests (sinusoidal)

IEC 60282-1, High-voltage fuses — Part 1: Current-limiting fuses

IEC 60417, Graphical symbols for use on equipment (available at http://www.graphical-
symbols.info/equipment)

IEC 60644, Specification for high-voltage fuse-links for motor circuit applications

IEC 60947-5-1, Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices and
switch|ng elements — Electromechanical control circuit devices

IEC 61000-4-18:2019, Electromagnetic compatibility (EMC) — Part 4-18: ‘Testing and
measurement techniques — Damped oscillatory wave immunity test

IEC 61230, Live working — Portable equipment for earthing or earthing and‘short-circuiting

IEC 61812-1, Time relays for industrial use and residential use —'Part 1: Requiremenjts and
tests

IEC 64271-1:2017, High-voltage switchgear and controlgear Part 1. Common specifigations
for altgrnating current switchgear and controlgear

IEC 64271-100:2021, High-voltage switchgear and:controlgear — Part 100: Alternating gurrent
circuit{breakers

IEC 64271-102:2018, High-voltage switchgearand controlgear — Part 102: Alternating ¢urrent
disconnectors and earthing switches

v

IEC 64271-110:2017, High-voltage *switchgear and controlgear — Part 110: Inductive load
switch|ng

IEC 64271-200:2021, High-voltage switchgear and controlgear — Part 200: AC metal-englosed
switchpear and controlgear for rated voltages above 1 kV and up to and including 52 kV

3 Teérms and definitions

For the purposes of this document, the terms and definitions given in Clausge 3 of
IEC 64271£1;2017, as well as the following, apply.

3.1 General terms and definitions

Subclause 3.1 of IEC 62271-1: 2017 applies with the following additions:

3.1.101

controlgear

general term covering switching devices and their combination with associated control,
measuring, protective and regulating equipment, also assemblies of such devices and
equipment with associated interconnections, accessories, enclosures and supporting
structures, intended in principle for the control of electric energy consuming equipment

[SOURCE: IEC 60050-441:2000, 441-11-03]
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3.1.102
overcurrent
current exceeding the rated current

[SOURCE: IEC 60050-441:2000, 441-11-06]

3.1.103

short-circuit current

over-current resulting from a short circuit due to a fault or an incorrect connection in an electric
circuit

[SOURTETTET 60050-441:2000, 441-T1-07]

3.1.10¢

overlgad

operatjng conditions in an electrically undamaged circuit, which cause an over-current
[SOURCE: IEC 60050-441:2000, 441-11-08]

3.1.10p

condulctive part

part which is capable of conducting current although it may not necessarily be used for carrying
servic¢ current

[SOURCE: IEC 60050-441:2000, 441-11-09]

3.1.10p

ambient air temperature

tempefature, determined under prescribed\conditions, of the air surrounding the complete
switch|ng device or fuse

Note 1 tp entry: For switching devices or fuses installed inside an enclosure, it is the temperature of the airfoutside
the enclosure.

[SOURCE: IEC 60050-441:2000, 441-11-13]

3.2 |Assemblies of switchgear and controlgear

Subclguse 3.2 of IEC62271-1: 2017 applies.

3.3 [Parts_of-assemblies

Subclguse 3.3 of IEC 62271-1: 2017 applies.

3.4 Switching devices

Subclause 3.4 of IEC 62271-1: 2017 applies with the following modifications.

3.4.101
switching device

device

designed to make or break the current in one or more electric circuits

[SOURCE: IEC 60050-441:2000, 441-14-01]
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3.4.102

mechanical switching device

switching device (such as a contactor or a disconnector) designed to close and open one or
more electric circuits by means of separable contacts

[SOURCE: IEC 60050-441:2000, 441-14-02, modified: Note 1 to entry deleted.]

3.4.103

disconnector

mechanical switching device which provides, in the open position, an isolating distance in
accordance with specified requirements

Note 1 to entry: A disconnector is capable of opening and closing a circuit either when negligible current'ig broken
or madqg, or when no significant change in the voltage across the terminals of each of the poles of thediscdnnector
occurs. Jtis also capable of carrying currents under normal circuit conditions and carrying for a specifiedtime gurrents
under apnormal conditions such as those of short circuit.

Note 2 to entry: A withdrawable contactor assembly may be used as a disconnector.

Note 3 to entry: In North America, this device is also called an isolating means or angsolating switch.

[SOURCE: IEC 60050-441:2000, 441-14-05, modified: Note 2 and.3Yadded.]

3.4.10¢
earthipg switch
mechgnical switching device for earthing parts of a eircuit, capable of withstanding for a
specified time currents under abnormal conditions Sueh as those of short circuit, Qut not
requirgd to carry current under normal conditions ofithe circuit

Note 1 to entry: An earthing switch may have a short-circdit making capacity.

[SOURCE: IEC 60050-441:2000, 441-14-11]

3.4.10p
contag¢tor <mechanical>
mechgnical switching device having only one position of rest, operated otherwise than by hand,
capable of making, carrying and breaking currents under normal circuit conditions ingluding
operatjng overload conditions

Note 1 o entry: Contactors=may be designated according to the method by which the force for closing the main
contactg is provided.

[SOURCE: IEC-80050-441:2000, 441-14-33]

3.4.10p
electrpmagnetic contactor
contacfor n_which the force ifor closing or opening the main coniacts I1s provided by an
electromagnet

3.4.107
vacuum contactor
contactor in which the main contacts open and close within a highly evacuated envelope

3.4.108
SFg contactor

contactor in which the main contacts open and close within an SFg gas-filled compartment


https://iecnorm.com/api/?name=ee51a1a6686f63d30141df66f8083d61

IEC 62271-106:2021 © IEC 2021 -11 -

3.4.109

latched contactor

contactor, the moving elements of which are prevented by means of a latching arrangement
from returning to the position of rest when the operating means are de-energized

Note 1 to entry: The latching, and the release of the latching, may be mechanical, electromagnetic, pneumatic, etc.

[SOURCE: IEC 60050-441:2000, 441-14-34, modified: Note 2 to entry deleted.]

3.4.110
starter
combination of all the switching means necessary to start and stop a motor in combination with
suitable overload protection

[SOURCE: IEC 60050-441:2000, 441-14-38, modified: Note 1 to entry deleted.]

3.4.11p.1
direction-line starter
starter which connects the line voltage across the motor terminals in phe step

[SOURCE: IEC 60050-441:2000, 441-14-40]

3.4.11p.2

reverding starter
starterf intended to cause the motor to reverse the direction of rotation by reversing thel motor
primarly connections even when the motor is running

3.4.11p.3

two-difrection starter
starter| intended to cause the motor to reyerse the direction of rotation by reversing the| motor
primary connections only when the motoris not running

3.4.11p.4
reduced kVA <voltage> starter
starterfwhich reduces the starting kVA of the motor

Note 1 fo entry: Reduced k¥A'starters may include auto-transformer, reactor, rheostatic starters.

3.4.11p.5
auto-tfansformer starter
starter which uSes one or more reduced voltages derived from an auto-transformer

3.4.11p.8
rheostati€ starter
starter utilizing one or several resistors for obtaining, during starting, stated motor torque
characteristics and for limiting the current

Note 1 to entry: A rheostatic starter generally consists of three basic parts, which may be supplied either as a
composite unit or as separate units to be connected at the place of utilization:

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

— the resistor(s) inserted in the rotor circuit;
— the mechanical switching devices for cutting out the resistor(s) successively.

[SOURCE: IEC 60050-441:2000, 441-14-42, modified: Note 1 to entry added.]


https://iecnorm.com/api/?name=ee51a1a6686f63d30141df66f8083d61

-12 - IEC 62271-106:2021 © IEC 2021

3.4.110.7

rheostatic rotor starter

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

[SOURCE: IEC 60050-441:2000, 441-14-43]

3.4.110.8

reactor starter

primary reactor starter

starter that includes a reactor connected in series with the stator winding of an alternating

curren matartao-furnich roaducad voltaan for ctartin o
IFTrotoT—toTroTr T oT e oac o v oy c—ToT—oStaroyg

3.4.11p.9
electromagnetic starter
starter]in which the force for closing the main contacts is provided by an electramagnet

3.4.11p.10

n-step| starter
starter]in which there are (n — 1) intermediate accelerating positions‘between the off and|full on
positigns

Note 1 tp entry: A starter in which there is no intermediate accelerating position between the OFF and ON positions
is a single step or direct-on-line starter (see 3.4.110.1).

Note 2 {o entry: A starter in which there is only one intermediate’accelerating position between the OFF jand ON
positiong is known as a two-step starter.

Note 3 fo entry: A three-step rheostatic starter has two segtions of resistors used for starting.

[SOURCE: IEC 60050-441:2000, 441-14-41}

3.4.111
contrqller

combination starter
equipment consisting of a contactor, overload protection, a disconnector and a shorttcircuit
protective device (SCPD), mounted and wired in one common enclosure

Note 1 fo entry: A controller may be used for functions other than motor starting, for example transformel control
and profection, or capacit@r ¢ontrol.

3.4.11p.1
transfprmer controller
combi1:ati0n of-all the switching means necessary to energize and de-energize a transfofmer in

combination/with suitable overload protection

3.4.111.2

capacitor controller

combination of all the switching means necessary to energize and de-energize a capacitor or
capacitor bank in combination with suitable protection

3.4.112

short-circuit protective device

SCPD

device intended to protect a circuit or parts of a circuit against short-circuit currents by
interrupting them

Note 1 to entry: Usually this function is provided by fuses.
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3.4.11

3

contactor class C1
contactor with a low probability of restrike during capacitive current breaking as demonstrated

by the

3.4.11

type tests

4

contactor class C2
contactor with a very low probability of restrike during capacitive current breaking as
demonstrated by type tests

3.5

Parts of switchgear and controlgear

Subclduse 3.5 of 62271-1:2017 applies with the following modifications:

3.5.10
3.5.10

1 Parts of contactors, starters and controllers

1.1

pole off a switching device
portion of a switching device associated exclusively with one electrically separated cond

path o

operatjng all poles together

Note 1 fo entry: A switching device is called single-pole if it has only one®pole. If it has more than one polg
be calldd multipole (two-pole, three-pole, etc.) provided the poles are or_tan be coupled in such a mann

operate

together.

[SOURCE: IEC 60050-441:2000, 441-15-01]

3.5.10

1.2

main ¢ircuit <of a switching device>

all the
or ope

conductive parts of a switching devicesincluded in the circuit which it is designed tq
n

[SOURCE: IEC 60050-441:2000, 441=15-02]

3.5.10

1.3

contrql circuit <of a switching device>

all the

conductive partsother than the main circuit) of a switching device which are inclJ

a circyit used for the €losing operation or opening operation, or both, of the device

[SOURCE: IEC_60050-441:2000, 441-15-03]

3.5.10

1.4

auxiliqrycircuit <of a switching device>

all the

ucting

f its main circuit and excluding those portions which provide @ .means for mounting and

, it may
Br as to

close

ded in

pu | 4 + £ alas <l + i ala HY pu | olt lo. + L cla-cl + H
UTTUULUVT Uarts Ul d SWItLTTTTY UTVILT WITICTT ATT TTMTTIUTU TU DT TTTCTUUTU T a CIiTe ut

than the main circuit and the control circuits of the device

t other

Note 1 to entry: Some auxiliary circuits fulfil supplementary functions such as signalling, interlocking, etc., and, as
such, they may be part of the control circuit of another switching device.

[SOURCE: IEC 60050-441:2000, 441-15-04]

3.5.10

1.5

main contact
contact included in the main circuit of a mechanical switching device, intended to carry, in the
closed position, the current of the main circuit

[SOURCE: IEC 60050-441:2000, 441-15-07]
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3.5.101.6

control contact

contact included in a control circuit of a mechanical switching device and mechanically operated
by this device

[SOURCE: IEC 60050-441:2000, 441-15-09]

3.5.101.7
auxiliary contact
contact included in an auxiliary circuit and mechanically operated by the switching device

[SOURTETTET 60050-441:2000, 441-15-10]

3.5.10L.8

"a" contact
make pontact
contro| or auxiliary contact which is closed when the main contacts of the mechanical swjtching
devicel are closed and open when they are open

[SOURCE: IEC 60050-441:2000, 441-15-12]

3.5.101L.9

"b" cgntact
break [contact
contro| or auxiliary contact which is open when the main contacts of a mechanical switching
device| are closed and closed when they are open

[SOURCE: IEC 60050-441:2000, 441-15-13]

3.5.11P Fuses

3.5.11p.1
fuse
devicelthat by the fusing of one*dr'more of its specially designed and proportioned comppnents
opensithe circuit in which it is inserted by breaking the current when this exceeds a given value
for a spfficient time. The fuse'comprises all the parts that form the complete device

Note 1 to entry: Fuses ake tcommonly used as the SCPD in starts and controllers (3.4.112).

[SOURCE: IEC 60050-441:2000, 441-18-01]

3.5.11p.2

strike

[SOURCE: IEC 60050-441:2000, 441-18-18]

3.5.110.3

pre-arcing time

melting time

interval of time between the beginning of a current large enough to cause a break in the fuse-
element(s) and the instant when an arc is initiated

[SOURCE: IEC 60050-441:2000, 441-18-21]
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3.5.110.4

operating time

total clearing time

sum of the pre-arcing time and the arcing time

[SOURCE: IEC 60050-441:2000, 441-18-22]

3.5.110.5

Joule integral

12t

integral of the square of the current over a given time interval:

t
12t = J.l i2dt
to

Note 1 tlo entry: The pre-arcing 1%t is the 1%t integral extended over the pre-arcing time of thé\fuse.
Note 2 to entry: The operating 1%t is the 1%t integral extended over the operating time of the fuse.

Note 3 fo entry: The energy in joules liberated in one ohm of resistance in a circuitprotected by a fuse is pqual to
the value of the operating 1%t expressed in AZs.

[SOURCE: IEC 60050-441:2000, 441-18-23]

3.5.11p
extendable power bus
main power bus

that partion of the power bus that is capable of being extended to connect two or more \ertical
sectioms or controllers

3.6 [Operational characteristics of switchgear and controlgear

Subclguse 3.6 of IEC 62271-1: 2017 applies with the following modifications:

3.6.101L
operation <of a mechanical switching device>
transfgr of the moving contact(s) from one position to an adjacent position

Note 1 fo entry: For a Circuit-breaker, this can be a closing operation or an opening operation.

Note 2 fo entry: (Ifdistinction is necessary, an operation in the electrical sense, e.g. make or break, is referred to
as a switching gperation, and an operation in the mechanical sense, e.g. close or open, is referred to as a me¢hanical
operatign.

[SOURCE-IEC 60050-441:2000, 441-16-01]

3.6.102

operating cycle <of a mechanical switching device>

succession of operations from one position to another and back to the first position through all
other positions, if any

Note 1 to entry: This may be a closing operation followed by an opening operation.

Note 2 to entry: A succession of operations not forming an operating cycle is referred to as an operating series.

[SOURCE: IEC 60050-441:2000, 441-16-02, modified: Notes 1 and 2 added.]
3.6.103

closing operation <of a mechanical switching device>
operation by which the device is brought from the open position to the closed position
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[SOURCE: IEC 60050-441:2000, 441-16-08]

3.6.104
opening operation <of a mechanical switching device>
operation by which the device is brought from the closed position to the open position

[SOURCE: IEC 60050-441:2000, 441-16-09]

3.6.105
closed position <of a mechanical switching device>
position in which the predetermined continuity of the main circuit of the device is secured

[SOURCE: IEC 60050-441:2000, 441-16-22]

3.6.10p
open(!rosition <of a mechanical switching device>
positign in which the predetermined clearance between open contacts in,the main circuif of the
device|is secured

[SOURCE: IEC 60050-441:2000, 441-16-23]

3.6.10
positipn of rest <of a contactor>
positign which the moving elements of the contactor.4ake up when its electromagnet or its
comprgssed-air device is not energized

[SOURCE: IEC 60050-441:2000, 441-16-24]

3.6.10B
overlgad relay or release
over-current relay or release intended for protection against overloads (including, [where
applic@ble, operating transformer(s) and interconnections)

3.6.10p
thermpl overload relay ot release
inversg¢ time-delay overload relay or release depending for its operation (including its time
delay)|on the thermalraction of the current flowing in the relay or release

3.6.11p
current setting of an overload relay or release
value pf current for which the relay or release is adjusted and in accordance with wHich its
operatjng . conditions are defined

3.6.111

current setting range of an overload relay or release

range between the minimum and maximum values over which the current setting of the relay or
release can be adjusted

3.6.112

phase failure sensitive overload relay or release

multi-pole overload relay or release which, in accordance with specified requirements, operates
at a current value lower than its current setting in the case of current unbalance

3.6.113

under-current (under-voltage) relay or release

measuring relay or release which operates automatically when the current through it (or the
voltage applied to it) is reduced below a pre-determined value
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3.6.114
starting time <of a rheostatic starter>
period of time during which the starting resistors or parts of them carry current

Note 1 to entry: The starting time of a starter is shorter than the total starting time of the motor, which takes into
account the last period of acceleration following the switching operation ON position.

3.6.115
starting time <of an auto-transformer starter>
period of time during which the auto-transformer carries current

Note 1 to entry: The starting time of a starter is shorter than the total starting time of the motor, which takes into
accountrtiretastperiodofacceteration fottowitgtheswitchimgoperatiom ON-position:

3.6.11p
open fransition <with an auto-transformer starter>
circuit|arrangement so that the supply to the motor is interrupted and reesnnected| when
changing over from one step to another

Note 1 to entry: The transition stage is not considered an additional step.

3.6.11f
closed transition <with an auto-transformer starter>
circuit|arrangement so that the supply to the motor is not interrupted (even momentarily) when
changing over from one step to another

Note 1 to entry: The transition stage is not considered an additignalstep.

3.6.11B
inchinlg
jogging
energiging a motor or solenoid repeatedly_far short periods to obtain small movements|of the
driven|mechanism

3.6.11Pp

plugging
stoppipg or reversing a motar rapidly by reversing the motor primary connections whijle the
motor s running

3.7 [Characteristicgquantities

Subclguse 3.7 of62271-1: 2017 applies with the following additions:

3.7.101L
breaking current <of a switching device or a fuse>
currenl inva pole of a switching device or in a fuse at the instant of initiation of the arc dliring a
breaking process

[SOURCE: IEC 60050-441:2000, 441-17-07]

3.7.102

breaking capacity <of a switching device or a fuse>

value of prospective current that a switching device or a fuse is capable of breaking at a stated
voltage under prescribed conditions of use and behaviour

Note 1 to entry: The voltage to be stated and the conditions to be prescribed are dealt with in the relevant
publications.

Note 2 to entry: For switching devices, the breaking capacity may be termed according to the kind of current
included in the prescribed conditions, e.g. line charging breaking capacity, cable charging breaking capacity, single
capacitor bank breaking capacity, etc.
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[SOURCE: IEC 60050-441:2000, 441-17-08]

3.7.103

making capacity <of a switching device>

value of prospective making current that a switching device is capable of making at a stated
voltage under prescribed conditions of use and behaviour

Note 1 to entry: The voltage to be stated and the conditions to be prescribed are dealt with in the relevant
specifications.

[SOURCE: IEC 60050-441:2000, 441-17-09]

3.7.10

short-fime withstand current
currenf that a circuit or a switching device in the closed position can carry during a spgcified
short time under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-441:2000, 441-17-17]

3.7.10p
recovery voltage
voltage which appears across the terminals of a pole of a switching device or a fuse after the
breakipg of the current

Note 1 §o entry: This voltage may be considered in two successive intervals of time, one during which a tfansient
voltage |exists, followed by a second one during which the power frequency or the steady-state recovery|voltage
alone exists.

[SOURCE: IEC 60050-441:2000, 441-17-25]

3.7.10p
transig
TRV
recovqry voltage during the time ig which it has a significant transient character

nt recovery voltage

Note 1 fo entry: The transient recavery voltage may be oscillatory or non-oscillatory, or a combination df these,
dependipg on the characteristics,of the circuit and the switching device. It includes the voltage shift of the neutral of
a polyphase circuit.

Note 2 o entry: The transient recovery voltage in three-phase circuits is, unless otherwise stated, that acfoss the

first-polge-to-clear, because this voltage is generally higher than that which appears across each of the other two
poles.

[SOURCE: IEC-60050-441:2000, 441-17-26]

3.7.10f
prospective transient recovery voltage <of a circuit>

transient recovery voltage following the breaking of the prospective symmetrical current by an
ideal switching device

Note 1 to entry: The definition assumes that the switching device or the fuse, for which the prospective transient
recovery voltage is sought, is replaced by an ideal switching device, i.e. having instantaneous transition from zero
to infinite impedance at the very instant of zero current, i.e. at the "natural” zero. For circuits where the current can
follow several different paths, e.g. a polyphase circuit, the definition further assumes that the breaking of the current
by the ideal switching device takes place only in the pole considered.

[SOURCE: IEC 60050-441:2000, 441-17-29]

3.7.108
power frequency recovery voltage
recovery voltage after the transient voltage phenomena have subsided
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[SOURCE: IEC 60050-441:2000, 441-17-27]

3.7.109

prospective current <of a circuit and with respect to a controller situated therein>
current that would flow in the circuit if each pole of the controller were replaced by a conductor
of negligible impedance

[SOURCE: IEC 60050-441:2000, 441-17-01, modified: Note 1 to entry deleted.]

3.7.110
prospective peak current

peak

Note 1
transitio
circuits,
conside

[SOUF

3.7.11
maxim
prospe
the hig

Note 1
single p

[SOUF

3.7.11

prosp
prospsg
breaki

Note 1 t
relevant
the arc

[SOUF

3.7.11

alue OT a prospectlive current during the transient period tolfowing mitiation

p entry: The definition assumes that the current is made by an ideal switching device, i.e. with'instan
n from infinite to zero impedance. For circuits where the current can follow several different pathsye.g. p
t further assumes that the current is made simultaneously in all poles, even if only the current in ong
ed.

CE: IEC 60050-441:2000, 441-17-02]

il
um prospective peak current <of an AC circuit>

ctive peak current when initiation of the current takes place at the instant which le
hest possible value

o entry: For a multiple device in a polyphase circuit, the' Maximum prospective peak current ref
Dle only.

CE: IEC 60050-441:2000, 441-17-04]

D
bctive breaking current <for a polé’of a switching device or a fuse>
ctive current evaluated at a time corresponding to the instant of the initiation

Ng process

o entry: Specifications conCenning the instant of the initiation of the breaking process are to be four
publications. For mechanical switching devices or fuses, it is usually defined as the moment of init
uring the breaking process.

CE: IEC 60050-441:2000, 441-17-06]

B

minim

minimyim valve of prospective current that a fuse-link is capable of breaking at a stated \

under

um breaking current

rescribed conditions of use and behaviour

faneous
blyphase
pole is

ads to

Prs to a

of the

d in the
ation of

oltage

[SOURCE: IEC 60050-441:2000, 441-18-29]

3.7.114
cut-off current

let-thr

ough current

maximum instantaneous value of current attained during the breaking operation of a switching

device

or a fuse

Note 1 to entry: This concept is of particular importance when the switching device or the fuse operates in such a

manner

that the prospective peak current of the circuit is not reached.

[SOURCE: IEC 60050-441:2000, 441-17-12]
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3.7.115

take-over current

current coordinate of the intersection between the release initiated opening time of the contactor
and the time-current characteristic of the SCPD

[SOURCE: IEC 60050-441:2000, 441-17-16, modified: “the time current characteristics of two
over-current protective devices” was replaced by: “the release initiated opening time of the
contactor and the time-current characteristic of the SCPD".]

3.7.116
minimum take-over current
curreng-determiredby-thepottoefint

and the contactor corresponding to:

eftheSCPD

(]
=+

a) thg maximum break time plus, where applicable, the maximum operating time of an external
over-current or earth-fault relay;

b) thg minimum pre-arcing time of the SCPD

Note 1 fo entry: See also Figure 9.

3.7.11)
maximum take-over current
currenf determined by the point of intersection of the time-current characteristics of the|[SCPD
and thp contactor corresponding to

a) thg minimum opening time of the contactor, or mitimum response time if operated| by an
overcurrent relay and/or time delay devices;

b) thg maximum operating time of the SCPD-of‘highest rated current

Note 1 to entry: See also Figure 9.

3.7.11B
maximum acceptable power dissfipation
power|which is dissipated by the«cantroller when fitted with fuses of maximum power diss|pation
as determined by the temperature-rise tests

3.7.11p
fused|short-circuit cufrent
conditjonal short-cireuit current when the current limiting device is a fuse

[SOURCE: IEC-60050-441:2000, 441-17-21]

3.7.12p
applied-voltage <for a switching device>

voltage which exists across the terminals of a pole of a switching device just before the making
of the current

[SOURCE: IEC 60050-441:2000, 441-17-24]

3.7.121
vacant

3.7.122

release-initiated opening time <of the contactor>

opening time defined according to the tripping method as stated below with any time-delay
device forming an integral part of the contactor adjusted to a specified setting:
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a) for a contactor tripped by any form of auxiliary power, the interval of time between the instant
of energizing the opening release, the contactor being in the closed position, and the instant

wh

en the arcing contacts have separated in all poles;

b) for a contactor tripped (other than by the striker) by a current in the main circuit without the
aid of any form of auxiliary power, the interval of time between the instant at which, the
contactor being in the closed position, the current in the main circuit reaches the operating
value of the over-current release and the instant when the arcing contacts have separated
in all poles

3.7.123

minim
releas

um release-initiated opening time <of the contactor>
e-initiated opening time when the specified setting of any time-delay device for

ing an

integra

3.7.12
maxim
releas
integra

3.7.12
arcing
intervg
of fina

[SOUF

3.7.12
break
intervg
the ins

Note 1 |
time an

3.7.12
therm

| part of the contactor is its minimum setting

2
um release-initiated opening time <of the contactor>

| part of the contactor is its maximum setting

D

time <of a pole or a fuse>

| of time between the instant of the initiation of the arc in‘@ pole or a fuse and the
arc extinction in that pole or that fuse

CE: IEC 60050-441:2000, 441-17-37]

I~

D
time <of the contactor in a release-operated controller>

tant of final arc extinction in all poles

D entry: This term may be qualified by-prefixing it with "minimum" or "maximum" depending upon the
the arcing time used.

7
Al current

currenf assigned for a specific time by the manufacturer on the basis of information gaine

“tempe

3.7.12
opera

rature rise” tests and can be higher or lower than the continuous current ratings

B
ional curfrent

currenf stated.-by the manufacturer and takes into account the rated voltage, the

freque

hcy,cthe rated duties, the utilization category and the type of protective enclosure

b-initiated opening time when the specified setting of any time-delay ‘device formling an

nstant

| of time between the beginning of the réléase-initiated opening time of the contactor and

pbpening

d from

rated
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A-B
"a" contact (make contact) 3.5.108
ambient air temperature 3.1.106
applied voltage 3.7.120
arcing time 3.7.125
auto-transformer starter 3.4.110.5
auxiliary circuit 3.5.104
"b" contact (break contact 3.5.109
breaking capacity 3.7.102
breal«iug current (uf o DVVitb:l;lly device ot fuac) 37F1D1
brealing time 3+7.1P6

C-D
capacitor controller 3.4.111.2
close(d position 3.6.105
close[d transition (with an auto-transformer starter) 3.6.11L7
closing operation 3.6.103
condlictive part 3.1.1p5
contrpl circuit 3.5.1p3
contrpl contact 3.5.1p6
contrplgear 3.1.1p1
contrpller (combination starter) 3.4.111
contgctor 3.4.105
contactor class C1 3.4.113
contgctor class C2 3.4.114
currept setting of an overload relay or release 3.6.1110
currept setting range of an overload relay ar release 3.6.111
cut-off current (let-through current) 3.7.114
direct-on-line starter 3.4.110.1
disconpnector 3.4.1p3

E-N
earth|ng switch 3.4.104
electjomagnetic contactor 3.4.106
electjlomagnetic stafter 3.4.110.9
fuse 3.5.110.1
fused short-cireuit current 3.7.119
inchipg (jogging) 3.6.118
joule fintegral (12t) 3.5.110.5
latchg@ddcontactor 3.4.109
main circuit 3.5.102
main contact 3.5.105
making capacity 3.7.103
maximum acceptable power dissipation 3.7.118
maximum prospective peak current 3.7.111
maximum release initiated opening time 3.7.124
maximum take-over current 3.7.117
mechanical switching device 3.4.102
minimum breaking current 3.7.114
minimum release initiated opening time 3.7.123
minimum take-over current 3.7.116
n-step starter 3.4.110.10
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operation

over-current
overload

plugding

startgr

striker

O-P
open position 3.6.106
open transition (with and auto-transformer starter) 3.6.116
opening operation 3.6.104
operating cycle 3.6.102
operating time (total clearing time) 3.5.110.4
3.6.101
operational current 3.7.128
3.1.102
3.1.104
overload relay (overload release) 3.6.108
phasg failure sensitive overload relay or release 3.6p112
3.6,119
pole ¢f switching device 3:5.1p1
positijon of rest 3.6.107
powef frequency recovery voltage 3.7.108
pre-afcing time (melting time) 3.5.110.3
prosgect breaking current 3.7.1112
prosgective current 3.7.109
prosgective peak current 3.7.110
prosgective transient recovery voltage 3.7.107
R-V
reactpr starter (primary reactor starter) 3.4.110.8
recovery voltage 3.7.1p5
reduded °kva (voltage) starter 3.4.110.4
releafe initiated opening time 3.7.1p2
reverging starter 3.4.110.2
rheogtatic starter 3.4.110.6
rheogtatic rotor starter 3.4.110.7
SFg dontactor 3.4.1p7
shorttcircuit current 3.1.103
shorticircuit protective device (SCPD) 3.4.112
shortitime withstand current 3.7.104
3.4.110
starting time (of a rheostatic. starter) 3.6.1114
startipng time (of an autotransformer) 3.6.115
3.5.1010.2
switching device 3.4.101
take-pver current 3.7.115
thermal current 3.7.1p7
thermal overload relay or release 3.6.109
transformen controller 3.4.111.1
trans|entrecovery voltage (TRV) 3.7.106
two-diTectional starter 34.110.3
under-current (under-voltage) relay or release 3.6.113
vacuum contactor 3.4.107

4 Normal and special service conditions

4.1 Normal service conditions
4.1.1 General

Subclause 4.1.1 of IEC 62271-1:2017 applies.
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4.1.2 Indoor switchgear and controlgear

Subclause 4.1.2 of IEC 62271-1:2017 applies.

4.1.3 Outdoor switchgear and controlgear

Subclause 4.1.3 of IEC 62271-1:2017 applies with the following modifications.

Starters and controllers are designed for indoor installation; typically, for outdoor installations
this equipment is housed in an additional protective enclosure, refer to 9.102.6.

42 Spcuiu: ch‘V‘i\/C \VAVANI
42.1 General

Subclguse 4.2.1 of IEC 62271-1:2017 applies.

4.2.2 Altitude

Subclguse 4.2.2 of IEC 62271-1:2017 applies with the following addition:

Above|l 000 m and below sea level it is often necessary to make adjustments to the contactor.
See 9/102.7.

4.2.3 Exposure to pollution

Subclduse 4.2.3 of IEC 62271-1:2017 applies.

4.2.4 Temperature and humidity

Subclguse 4.2.4 of IEC 62271-1:2017 applies.

4.2.5 Exposure to abnormal vibrations, shock or tilting

Subclduse 4.2.5 of IEC 62271~1:2017 applies.

4.2.6 Wind speed

Subclduse 4.2.6 of |[EC)62271-1:2017 applies.

4.2.7 Otherparameters

Subclduse(442.7 of IEC 62271-1:2017 applies.

5 Ratings
5.1 General

Subclause 5.1 of IEC 62271-1: 2017 applies with the following additions and exceptions.

A contactor, starter or controller when installed, maintained and adjusted for normal service
condition shall be able to withstand all the stresses that occur in service, provided that these
do not exceed its rated characteristics.

The characteristics of a contactor, starter or controller, including its operating devices and
auxiliary equipment that shall be used to determine the ratings, are given in Table 1.
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Under this heading, consideration is also given to the characteristics which are not necessarily
ratings but need to be taken into consideration in the specification and design stages.

The use of an SCPD other than that utilized in the type tests may change the ratings of the
combination. In this case, the new ratings shall be assigned by the manufacturer.

NOTE Ratings can differ between the table columns.

Table 1 — Ratings and characteristics

Rating/characteristic Contactor | Starter [Controller
34465 34-4+46 31.111
(A) Rated characteristics
a) Rated voltage (U)) 5.2 X X X
b) Rated insulation levels (U, Up, Uy 5.3 X X X
c) Rated frequency (f) 5.4 X X X
d) Rated continuous current (1) 5.5 X
e) Rated operational current (1,) or rated operational power 5.101 X X
f) Rated short-time withstand current (I,) 5.6 X X X
g) Rfted peak withstand current (Ip) 5.7 X X X
h) Rated duration of short-circuit (t,) 5.8 X X X
i) Rated short-circuit breaking current (l.) 5.107 X
) Rated short-circuit making current (I ) 507 (X)
k) Rated duties 5.102 X X X
I) Rated load and overload characteristics, by utilization 5.103, X X X
cdtegory 5.104
m) Rated supply voltage of operating devices, and of auxiliary 5.9 X X X
ar|d control circuits (U,)
n) Rated supply frequency of operating devices,and of 5.10 X X X
ayxiliary circuits (f,)
0) Rfted pressure of compressed gas supply for insulation 5.11 X X
arjd/or operation
(B) Clparacteristics to be given onfregquest
a) Thermal current (1) 9.102.5 X X X
b) Electrical endurance 5.106 X
c) Coordination with short=Circuit protective devices 5.107 X X X
d) Damage classification 5.107.2.3 X X X
e) Short-circuit breaking capacity 5.107, X X
7.104
f) Short-cireuit making capacity 5.107, X X
7.104
g) Mpto'switching characteristics 7.108 X
h) Take-overetrrentforretease-operated-—controtes 540722 X
i) Rated capacitive switching current 5.112 X X
(C) Characteristics dependent on starter type
a) Automatic change-over devices and automatic acceleration 5.108 X X
control devices
b) Starting auto-transformer or reactor characteristics 5.109 X X
c) Starting resistor characteristics 5.110 X X
X: applicable for this configuration
(X): applicable, but see 5.102.2 regarding intermittent duty
5.2 Rated voltage (U,)

Subclause 5.2 of IEC 62271-1: 2017 does not apply.
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The rated voltage indicates the upper limit of the highest voltage of the system for which the

device

is intended. Standard values of rated voltages are:

25kv-3,6kV-50KkV—-7,2kV —-12kV —-15KkV —17,5 kV — 24 kV

For rheostatic rotor starters, the rated voltage refers to the stator.

Contactors or starters that are part of a controller or a switchgear or controlgear assembly shall
have a rated voltage that is greater or equal to that of the assembly.

5.2.101 Rated rotor voltage (U,,)

For rh
combi
mech

the typ

Itis ta
rotor o

bostatic rotor starters, the value of the rated voltage is that of the voltage which
ed with a rated rotor current, determines the application of the rotor circuif)includ
nical switching devices and to which are referred the making and breaking capa
e of duty and the starting characteristics.

en as equal to the voltage measured between slip-rings, with theymotor stopped §
pen-circuited, when the stator is supplied at its rated voltage,

The rated rotor voltage is only applied for a short duration dutidg the starting period. H
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Them
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5.2.10
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, it is permissible that the rated rotor voltage exceeds*the rated rotor insulation
0 100 %.

hximum voltage between the different live parts (for example switching devices, res

Lt in choosing the equipment and its disposition.

P Rated starting voltage (Utap) oftan auto-transformer starter

ted starting voltage of an auto-transformer starter is the reduced voltage derive

the transformer.
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ed values of rated starting voltage (Utap) are 50 %, 65 % or 80 % of the rated vol

B Rated starting)voltage (Utap) of a reactor starter
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feactor and-the motor current before rotation.
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istors,

Cting parts, etc.) of the rotor circuit of the starter will vary and account shall be tgken of

d from

age.
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age.

5.3

Rated insulation level (Uy, Uy, Ug)

Subclause 5.3 of IEC 62271-1:2017 applies with the following modifications.

a) The insulation levels for systems rated 2,5 kV are those defined for 3,6 kV rated voltage
and for systems rated 5,0 kV are those defined for 7,2 kV rated voltage;

b) For rheostatic rotor starters, the rated insulation level refers to the stator.

When the contactors or starters are part of a controller, switchgear or controlgear assembly,
the rated insulation level is the one of the assembly.
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5.3.101 Rated rotor insulation level

For rheostatic rotor starters, the rated rotor insulation level is that which is assigned 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.

5.4 Rated frequency (f,)
Subclause 5.4 of IEC 62271-1:2017 does not apply.
The rated frequency is the supply frequency for which the device is designed and to which the

Other charactarictic valuac carracnaond Tha ctandard valuaoac of tha ratad fraquancy ara 50 Hz
Haa6teHSH FeSpeha—Re-—Staheataatdes—oe—thetfateaHegHency—-t

and 6Q Hz.

5.5 |Rated continuous current (I,)

Subclguse 5.5 of IEC 62271-1:2017 applies.

NOTE |[The term continuous current replaces the term thermal current which was used if the former editions.

A rategd continuous current is normally not assigned to the contactor or starter, hgwever
maximum (operational) currents maybe assigned to them. See\5.101.

When contactors or starters are combined into larger assemblies, the rated continuous ¢urrent
of the fonnecting busbars shall be in accordance withAEC 62271-200. The connecting blisbars
are sometime referred to as "extendable bus".

See algo thermal current (3.7.127).

5.6 |Rated short-time withstand currefit (1)

Subclguse 5.6 of IEC 62271-1:2017.applies with the following addition.

For a ¢ontactor, or starter, this-is\the RMS value of the current which can be carried in a closed
positign for a time sufficient for-an external SCPD to operate. Alternatively, the value of ¢urrent
may be¢ assigned for use ofta specified SCPD. In this case, the value of the current need|not be
selecte¢d from the R10 Seyies. For a controller, this is the prospective RMS value of currént.

5.7 |Rated peaktwithstand current (Ip)

Subclguse 5.7 0of IEC 62271-1:2017 applies.

5.8 |Ratéd duration of short-circuit (t,)

Subclause 5.8 of IEC 62271-1:2017 applies with the following addition.

Alternatively, the interval of time for which a contactor, or starter, can carry its short-time
withstand current may be that resulting from operation of the specified SCPD.

5.9 Rated supply voltage of auxiliary and control circuits (U,)

Subclause 5.9 of IEC 62271-1:2017 applies with the following additions.

5.9.1 General

Subclause 5.9.1 of IEC 62271-1 applies with the following addition.
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The auxiliary and control circuits of contactors or starters that are part of a controller or a
switchgear or controlgear assembly may have a rated voltage that is different from that of the
assembly. The auxiliary circuits of contactors or starters are designed to operate at specific
ranges and may not operate properly at higher or lower voltages (see 6.4). The manufacturer
of the devices shall be consulted.

5.9.2 Rated supply voltage (U,)

Subclause 5.9.2 of IEC 62271-1:2017 applies with the following additions.

A single-phase control supply voltage of 110 VAC is recognized in addition to those in Table 7

of IEC622F+=1+26++

For starters with short-time rated coils such as closing and trip coils for latched\contactors,
operatjng limits are agreed between manufacturer and user.

The diop-out voltage shall be not higher than 75 %, nor lower than 10 %.of the rated ¢ontrol
supply voltage U,.

NOTE 1 Drop-out voltage is the voltage below which the contactor changes state,

NOTE 2| Close voltage is the voltage above which the contactor will fully ¢lose”

The clpse and drop-out values specified above are applicable after the coils have rea¢hed a
stable temperature corresponding to indefinite application of 100 % U,. In the case of AQ coils,

the voltage limits apply at rated frequency.

5.10 |Rated supply frequency of auxiliary an@ control circuits (f,)

Subclguse 5.10 of IEC 62271-1:2017 appli€es.

5.11 [Rated pressure of compresséd gas supply for controlled pressure systems

Subclguse 5.11 of IEC 62271-1.2017 applies.

5.101 | Rated operational current or operational power

5.101.1 Rated operational current (I;) or operational power

A rate]i operationalcurrent of a contactor or starter is stated by the manufacturer and takgs into
account the rated'voltage (see 5.2), the rated frequency (see 5.4), the rated duties (see $.102),
the utilization category (see 5.104) and the type of protective enclosure, if appropriate.

In the case-of contactors-orstarters-for direct Q\Aufr‘hmg of individual motors, the-indication of a

rated operational current may be replaced or supplemented by the indication of the maximum
rated power output, at the rated voltage considered, of the motor for which it is intended. The
manufacturer shall be prepared to state the relationship assumed between the operational
current and the operational power, if any.

For rheostatic rotor starters, the rated operational current refers to the stator.

5.101.2 Rated rotor operational current (lg,)

For rheostatic rotor starters, a rated rotor operational current is stated by the manufacturer and
takes into account the rated rotor voltage (see 5.2.101), the rotor thermal current, the rated
frequency (see 5.4), the rated duty (see 5.102), the starting characteristics (see 5.111) and the
type of protective enclosure.
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It is taken as equal to the current flowing in the connections to the rotor when the latter is
short-circuited, the motor is running at full load and the stator is supplied at its rated voltage
and rated frequency.

When the rotor part of a rheostatic rotor starter is rated separately, the indication of a rated
rotor operational current may be supplemented by the maximum rated power output for motors
at the rated rotor voltage.

5.102 Rated duties of a contactor or starter

5.102.1 Continuous duty

Duty ip which the main contacts remain closed when carrying a continuous current, without
interruption for a period sufficient to reach thermal equilibrium without exceeding. allgwable
tempefature rise limits per 5.5.

5.102.p Intermittent periodic duty or intermittent duty

Duty ip which the main contacts remain closed for periods bearing a~definite relation|to the
no-loafd periods, where the device does not reach thermal equilibrium, without exceeding
temperature rise limits.

Intermjttent duty is characterized by the value of the current; the duration of current flqw and
by the| on-load factor, which is the ratio of the in-servige ‘period to the entire period| often
expregsed as a percentage. Standard values of on-load/factor are 15 %, 25 %, 40 % and 60 %.

According to the number of operating cycles which they shall be capable of carrying qut per
hour, ¢ontactors or starters are divided into the following classes:
— clajss 1: up to one operating cycle per hour,

— class 3: up to three operating cycles:per hour;

— class 12: up to 12 operating cyclesyper hour;

— class 30: up to 30 operating cycles per hour;

— clalss 120: up to 120 operadting cycles per hour;

— class 300: up to 300 operating cycles per hour.

An opgrating cycle is@efined under 3.6.102.

In the fase of starters for intermittent duty, the difference between the thermal time-constant of
the overload.felay and that of the motor may render a thermal relay unsuited for overload
protection.At\is recommended that, for installations intended for intermittent duty, the qyestion
of ovefload-protection be subject to agreement between manufacturer and user.

Special consideration should be given to the thermal performance of SCPDs in controllers
subject to intermittent duty.

Special consideration should be given to autotransformer and reactor starters. See 5.109.

5.102.3 Temporary duty

Duty in which the main contacts remain closed for periods of time insufficient to allow the device
to reach thermal equilibrium without exceeding the temperature rise limits, the current-carrying
periods being separated by no-load periods of sufficient duration to restore equality of
temperature with the cooling medium.

Standard values of temporary duty are 10 min, 30 min, 60 min and 90 min with contacts closed.
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5.103 Rated load and overload characteristics
5.103.1 Rated making and breaking capacities
5.103.1.1 General

A contactor or starter is defined by its making capacities and breaking capacities, as specified
in Table 6, in accordance with utilization categories (see 5.104). For requirements when used
in combination with short-circuit protective devices see 5.107.

5.103.1.2 Rated making capacity

The rgted lllakillg L,apat,ity s—stated by referencetothe Tated UpCIdliUIIai vuitagc ang rated
operatjonal current, and to the utilization category, according to Table 6, and is expressed by
the RMIS value of the AC component of the current.

5.103.L.3 Rated breaking capacity

The rafed breaking capacity is stated by reference to the rated voltage, rated*operational ¢urrent
and to|the utilization category, according to Table 6, and is expressed-by the RMS value| of the
AC component of the current.

A contpctor or starter shall be capable of breaking any value of'the load current up to its highest
rated Preaking capacity.

5.103.p Ability to withstand overload currents

Contagtors or starters with utilization categories./AC-3 or AC-4 shall withstand the overload
currents given in Table 8 as specified in 7.103.

5.104 | Utilization category

The utjlization categories as given in-Table 2 are considered standard in this document. Any
other type of utilization category shallbe based on agreement between manufacturer angl user.

Each (tilization category is characterized by the values of the currents and voltages, expfessed
as multiples of the rated operational current and of the rated voltage, and by the power factors
as shgwn in Table 6 andiother test conditions used in the definitions of the rated making and
breakipg capacities.

For contactors a@r.starters defined by their utilization category, it is therefore unnecessgary to
specify separdtely the rated making and breaking capacities, as those values depend directly
on thelutilization category as shown in Table 6.

The utillization rnfngnrinc of Table 6 hnrrnclr\nnri to the nlr\lr\lirntinnc listed in Table 2

The voltage for all utilization categories is the rated voltage of a contactor or a starter other
than a rheostatic starter, and the rated stator voltage for a rheostatic rotor starter.

All direct-on-line starters belong to utilization category AC-3 or AC-4.
All two-step auto-transformer and reactor starters belong to utilization category AC-3.

The stator contactor of rheostatic rotor starters belong to utilization category AC-2.
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Table 2 — Utilization categories

Typical application

Category
AC-1 Non-inductive or slightly inductive loads, resistance furnaces
AC-2 Starting and plugging — slip-ring motors
AC-3 Starting and switching off motors during running — squirrel-cage motors
AC-4 Starting, plugging and inching — squirrel-cage motors

The application of contactors or starters to the switching of rotor circuits, capacitors or transformers shall be
subject to special agreement between manufacturer and user.

TypicJI service conditions for starters (see Figure 1) are:
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a) one direction of rotation with the motor being switched off during running in normal service
conditions (utilization categories AC-2 and AC-3);

b) two directions of rotation, but the running in the second direction is realized after the starter
has been switched off and the motor has completely stopped (utilization categories AC-2
and AC-3);

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

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

e) ongortwothrectionsofrotatrombut-withthepossibitity of- infrequentptoggmg—for-stppping
thg motor, plugging being associated, if so provided, with rotor resistor braking {reversing
stgrter with braking). Usually a rheostatic rotor starter is used for this duty,'Copdition
(utjlization category AC-2);

f) two directions of rotation, but with the possibility of reversing the supply cennectiond| to the
mqtor 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 servicé\conditions. Uspally a
dirpct-on-line reversing starter is used for this duty condition (utilization category AQ-4).

Unlesg otherwise stated, starters are designed on the basis of the(starting characteristicq of the
motorg (see Table 3) compatible with the making capacities.'of Table 6. When the starting
current of a motor, with stalled rotor, exceeds these values, thé rated operational current should
be dedreased accordingly.

5.105 Mechanical endurance

With re¢spect to its endurance against mechanical wear, a contactor or starter is characterized
by the|number of no-load operating cycles (i.exwithout current on the main contacts) which can
be mafle before it becomes necessary to replace any parts.

The preferred numbers of no-load operating cycles, expressed in millions, are: 0,01 — 0,03 —
0,1-0,3-1and 3.

In cas¢ of a controller, the mechanical endurance depends on the components of the congroller;
howevr, the minimum for_major components are as stated here. A contactor of a comntroller
shall gperate in its intended manner without load for a minimum of 10 000 operationg. The
isolatipn means of a centroller shall operate in its intended manner without load for a minimum
of 1 0Q0 operations.

5.106 Electfical endurance

With re¢spect/to its endurance against electrical wear, a contactor or starter is characteriged by
the ndymber of on-load operating cycles, corresponding to the service conditions giyen in
Table I0, which can be made without repair or replacement. For category AC-3, the
manufacturer shall state, on request, the number of on-load operating cycles which can be
made without any repair or replacement for the corresponding service conditions of Table 10
(see 7.107).

5.107 Rated short-circuit making and breaking currents — Coordination with short-
circuit protective devices (SCPD)

5.107.1 General

Contactors and starters are characterized by the type, ratings and characteristics of the
short-circuit protective devices (SCPD), for example current-limiting fuses, to be used to provide
over-current discrimination between starter and SCPD and adequate protection of the contactor
and starter against short-circuit currents. Requirements are given in 7.6, 7.104 and 7.106.
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5.107.2 Rated short-circuit of contactors or starters without SCPD

For a contactor or starter not equipped with short-circuit protection, the following information
shall be given by the manufacturer to enable design for coordination to be achieved:

— highest cut-off current of the SCPD intended for use in the controller;

— maximum short-circuit breaking capacity;

— maximum prospective short-time withstand current and duration, or the Joule integral
([i2dt) withstand capability of the contactor or starter;

— maximum prospective peak withstand current;

sherttime-withstand-currenttestand-peak-withstand-ct

pea hstan
andl breaking tests 7.105 apply.

Frenttest/-6-and-short—eiewtmaking

The short-circuit breaking capacity shall not be limited to the R10 series.

5.107.B Rated short-circuit of contactors, starters, and controllers withhSCPD
5.107.8.1 General

Contrdllers are required to have an SCPD.

For a ¢ontactor or starter equipped with an SCPD, the manufacturer shall state the folloying in
order fo achieve a given type of coordination:

— types and characteristics of the coordinated devices,
— type of damage classification (see 5.107.2);

— ratpd short-circuit breaking current (lg.);

— ratpd short-circuit making current (I,,).

The mpnufacturer of the SCPD shall state

— thgd maximum peak current and-the maximum Joule integral let through by the SCPD as a
furjction of the short-circuit.eurrent;

— thdg time-current characteristics of the SCPD,
— thg maximum voltage.the SCPD can withstand during interruption.

The rgted short-cireuit’breaking current is the highest prospective short-circuit current|which
the cqgntroller shall* be capable of breaking, under the conditions of use and beHaviour
prescrlbed inthis document, in a circuit having a power frequency recovery \Joltage
corresponding.to the rated voltage of the controller. The rated short-circuit breaking g¢urrent
shall not be Jimited to the R10 series.

The rated short-circuit making current is the highest prospective peak current which the
controller shall be capable of making, under the conditions of use and behaviour defined in this
document, in a circuit having a power frequency voltage corresponding to the rated voltage of
the controller.

The verification of coordination of SCPD is carried out according to 7.106.

NOTE 1 Itis recognized that the series impedance of the combination or rapid operation of the fuses or switch can
cause one or both of the following effects:

a) areduction of short-circuit current to a value appreciably below that which would otherwise be reached;

b) such rapid operation that the short-circuit current wave is distorted from its normal form.
This is why the term "prospective current" is used when assessing breaking and making performances.

NOTE 2 A given combination of a contactor or starter and an SCPD can comply with more than one type of
coordination for different values of the rated short-circuit current.
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5.107.3.2 General requirements for coordination

The SCPD shall be located on the supply side of the contactor or starter, and have a short-circuit
breaking capacity not less than the prospective short-circuit current at its location. This
requirement shall be verified by reference to the results of breaking capacity tests carried out
on the SCPD according to the relevant specification.

Overload relay setting will be such that the SCPD shall not operate in place of the switching
device for currents up to the maximum overload levels in normal service (including stalled
current of the motor). This requirement shall be verified by reference to the results of overload
tests carried out separately on the SCPD according to the relevant specification.

For cufrents equal to the breaking currents of the contactor or starter indicated in Tahlg 6 for
AC-3 jor AC-4 utilization category, it shall be verified from information supptied by the
manufacturer of the SCPD that the latter is able to withstand those currents for times 4t least
equal o the corresponding tripping time of the overload relays.

For al| values of overcurrent for which the controller is suitable, theycentactor or gtarter,
including the SCPD, if integrally mounted, shall operate in such a manner that the external
manifgstations (such as emission of flames or hot gases) do nat-extend beyond a |safety
perimgter stated by the manufacturer of the starter. If the SCPD(is remote from the stgrter, it
shall gperate according to its relevant specifications.

5.107.B.3 Take-over current for release-operated controtlers

The vdlue of the three-phase symmetrical current uset/for test duty C (see 7.107.3.4). Figure 9
gives an example of calculating the take-over current:

5.107.B.4 Coordination and acceptable damage classification

For cufrrents exceeding the maximum take-over current of the starter as defined in 7.107.3.4,
the flow of current in the contactor or starter during the breaking time may cause damag¢g to the
switch|ng device. According to the aniount of damage acceptable, several types are condidered
standdqrd. The coordination and type of damage classification shall be verified by th¢ tests
specified in 7.107.

Type 4 — Any kind of damage is allowed (with the exclusion of external damage to the enclosure,
if any)|so as to make necessary the replacement of the device as a whole or the replagement
of fundamental parts inyaddition to those listed in type b coordination.

Type Iy — The eharacteristics of the overload relay of the starter may be permanently altered.
Other damage shall be confined to the main contacts and/or the arc chambers of the gtarter
which may(require replacement or attention.

Type ¢ — Damage shall be confined to the main confacis of the starter (which may require
replacement or the breaking of welds).

Cases where the applications call for a practically negligible risk of contact welding are subject
to agreement between manufacturer and user, and are not covered by this document.

For currents not exceeding the maximum take-over current, there shall be no material damage
to the contactor or starter and it shall subsequently be capable of normal operation.
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5.108 Types of automatic change-over devices and automatic acceleration control
devices

Automatic change over devices and automatic acceleration control devices may be supplied
including:

a) time-delay devices, for example time-delay contactor relays (see IEC 60947-5-1) applicable
to control-circuit devices, or specified-time all-or-nothing relays (see IEC 61812-1);

b) undercurrent devices (undercurrent relays);

c) other devices for automatic acceleration control:
— devices dependent on voltage;

— |devices dependent on power;
— |devices dependent on speed.

5.109| Reduced-voltage starting auto-transformers or reactors
5.109.. Types and characteristics of starting auto-transformers orreactors
Accoupt being taken of the starting characteristics (see 5.111), these-shall be characteriged by:

— thdrated voltage;
— thg number of taps available for adjusting the starting torgue and current;

— thd starting voltage, i.e. the voltage at the tapping tefminals, as a percentage of the rated
voltage;

— thd current they can carry for a specified duratioh;
— thdrated duty (see 5.102);
— thg method of cooling (air-cooling, oil-cooling).

The adto-transformer or reactor can be:
— either built-in into the starter, in*which case the resulting temperature rise has to beg taken

intp account in determining the'ratings of the starter, or

— prdvided separately, in which 'case the nature and dimensions of the connecting links have
to pe specified by agreement between the manufacturer of the transformer or reactpr and
thg manufacturer of the\starter.

5.109.p Starting duty of reduced-voltage starters

The locked-rotofeurrent at full voltage is assumed to be 6 times full load current. The¢ peak
temperature shall not rise more than 15 K above the insulation class of the auto-transformer or
reactof. Ratings shall be determined as following duty cycles:

medium duty: the starter shall be rated based on the following duty cycle: on 30 s, off 30 s,
repeat two times for a total of three CO operations. Rest 1 h, and then repeat;

heavy duty: The starter shall be rated based on the following duty cycle: on 1 min, off 1 min,
repeat four times for a total of five CO operations. Rest 2 h, then repeat.

5.110 Types and characteristics of starting resistors for rheostatic rotor starters

Account being taken of the starting characteristics (see 5.111), the starting resistors shall be
characterized by:

— the rated rotor insulation level;

— their resistance value;

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

— the rated duty (see 5.102);
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— the method of cooling (for example free air, forced air, oil immersion).
The starting resistors can be:

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

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

5.111 Characteristics dependent on starter type

Table Bindicates characteristics o1 the various starter types. 1hese snould be consideyed as
typical, but for some applications there may be very specific starting requirements.

Table 3 — Characteristics dependent on starter type

TypE of starter Utilization | Number |Power | Duty cycle U, I2 Cooling [pLocked | Locke Ulapc
category |of steps rotor rotor
torque curren
Start |No./h T, b I
time '
1 Dire¢t-on-line AC-3, AC-4 1 X X
2 Revegrsing AC-4 1 X X
3 Two{direction AC-2, AC-3 1 X X
4 Redliced kVA
a) Rhgostatic AC-2, AC-3 ne X X X X X X X
b) Autp-transformer |AC-3 2 X X xd X X X X
c) Reactor AC-3 2 X X x d X X X X

| Iated rotor operational current (see 5.101.2).
ated rotor voltage (see 5.2.101).

Tap voltage (see 5.2.102 for autextransformers and 5.2.103 for reactors).

a8 Infprmation usually supplied by the motor manufacturer.

b To|be supplied to the startér manufacturer. Standard values are 70 %, 100 %, 150 % and 200 % of the rated
torpgue T,.

¢ St3dndard values @are*50 %, 65 % and 80 %.

4 pef duty cyclelin 5.109.2, assumed unless otherwise specified.

¢ Fo[ most-applications, between two and six starting steps are adequate depending upon load torque, in¢rtia and
thg severity of the start required.

5.112 Rated capacitive switching currents
5.112.1 General
The rating of a contactor for capacitive current switching shall include, where applicable:

— rated single capacitor bank breaking current;
— rated back-to-back capacitor bank breaking current;
— rated back-to-back capacitor bank inrush making current.

The values of rated capacitive switching currents shall be given by manufacturer.
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Two classes of contactors are defined according to their restrike performances:

— class C1: low probability of restrike during capacitive current breaking allows up to

5r

estrikes as demonstrated by the type tests;

— class C2: very low probability of restrike during capacitive current breaking with no restrikes
allowed as demonstrated by type tests.

NOTE 1 The probability is related to the performance during the series of type tests stated in 7.110.

NOTE 2 The same contactor can have different classes depending on the application.

NOTE 3 No rating or preferred values are defined. This is because inrush currents associated with single capacitor
banks are not considered critical.

5.112.

P Rated single capacitor bank breaking current

The rdted single capacitor bank breaking current is the maximum capacitor current th
contagtor shall be capable of breaking at its rated voltage under the conditions of ug

behav

our prescribed in this document. This breaking current refers to the switching of g

capacifor bank where no shunt capacitors are connected to the source sideof the conta

5.112.

B Rated back-to-back capacitor bank breaking current

The rated back-to-back capacitor bank breaking current is thesmaximum capacitor curre

the co
behav

This b
shunt
curren

5.112.

htactor shall be capable of breaking at its rated voltagé.under the conditions of u
our prescribed in this document.

feaking current refers to the switching of a shunt capacitor bank where one or S
capacitor banks are connected to the source side of the contactor giving an inrush 1
I equal to the rated back-to-back capacitos bank inrush making current.

1 Rated back-to-back capacitor bank inrush making current and frequency

The rated back-to-back capacitor bank inrush making current is the peak value of the

that th
inrush
manuf

e contactor shall be capable @f“making at its rated voltage and with a frequency
current. The values for the inrush current and frequency shall be given
hcturer.

6 Design and construction

6.1

Requirements for liquids in contactors, starters and controllers

Subclguse 6.4\of IEC 62271-1:2017 applies.

6.2

Reguirements for gases in contactors, starters and controllers

at the
e and
shunt
ctor.

nt that
se and

everal
naking

urrent
of the
Dy the

Subclause 6.2 of IEC 62271-1:2017 applies.

6.3

Earthing of contactors, starters and controllers

Subclause 6.3 of IEC 62271-1:2017 applies with the following additions.

6.3.10

1 Earthing of the main circuit

Subclause 6.3.101 of IEC 62271-200:2021 applies with the following additions:

If an earthing switch is supplied, the requirements of IEC 62271-102 shall apply; earthing of the
main circuit may be accomplished by internal connections to portable earthing equipment as
described in IEC 61230.
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6.3.102 Earthing of the enclosure

Subclause 6.3.102 of IEC 62271-200:2021 applies.

6.3.103 Earthing of switching devices

The exposed conductive parts (for example chassis, framework and fixed parts of metal
enclosures), other than those that cannot become energized, shall be electrically
interconnected and connected to a protective earth terminal for connection to an earth electrode
or to an external protective conductor. This requirement can be met by the normal structural
parts providing adequate electrical continuity and applies whether the equipment is used on its
own or incorporated in an assembly. Any connecting point shall be marked with the "protective
earth"[symbol, as indicated by symbol [EC 60417-5019 (2006-08).

6.4 JAuxiliary and control equipment and circuits

Subclduse 6.4 of IEC 62271-1:2017 applies with the following modification.
For theé operating voltage of main, auxiliary and control devices, see 59.

6.5 |[Dependent power operation

Subclguse 6.5 of IEC 62271-1: 2017 applies with the following modification.

A contpctor or starter arranged for dependent power operation with external energy supply shall
be capable of making and breaking its rated short-circuit current (if any) when the voltage of
the power supply of the operating device is at theNower of the limits specified under(5.9. If
maximum closing and opening times are stated."by the manufacturer, these shall pot be
exceedled.

As a result of loss of the energy supply-ar,the re-application of the energy supply after|a loss
of enefgy the main contacts of a contactor or starter arranged for dependent power opg¢ration
may open or close.

6.6 [Stored energy operation

Subclguse 6.6 of IEC 62271-1:2017 applies.

6.7 |[Independent unlatched operation (independent manual or power operation)

Subclguse 6.7 ,0fJEC 62271-1:2017 applies.

6.8 [Manually operated actuators

Subclaose 68 oftEC 6227112017 applies:

6.9 Operation of releases

See 6.4 for the basis of operation limits with respect to supply voltage.
Subclauses 6.9.1 to 6.9.5 of IEC 62271-1:2017 apply with the following addition.

For types and characteristics of relays and releases, see 6.101.

NOTE In the remainder of this document, the term overload relay applies equally to an overload relay or an overload
release as appropriate.
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6.10 Pressure/level indication

Subclause 6.10 of IEC 62271-1:2017 applies.

6.11 Nameplates

Subclause 6.11 of IEC 62271-1:2017 applies with the following addition.

Each contactor, controller or starter shall be provided with a nameplate carrying the following
data, marked in a durable manner, and located in a place such that they are visible and legible
when the contactor, controller or starter is in position.

In the
for bui
visible

Rated
applicqtion purposes shall be made available by the manufacturer, for which purpose th
designation or serial number is an essential part of the nameplate data:

If the

starter

case of contactors, controller or starters designed as withdrawable or removabl
Jding into factory assembled switchgear and controlgear, such nameplates need @
following such withdrawal or removal.

operational currents or rated operational powers (see 5.101) and otherdata requi

hvailable space on the nameplate is insufficient to carry all, the data, the conta

shall be displayed elsewhere on the equipment.

For cdntrollers

a)
b)
c)
d)
e)
f)

9)
h)
)

)

Mgnufacturer's name or trade mark and place of\assembly;

Ty

be designation;

Date of manufacture or serial number;

A
Ra

titude, if other than 0 m to 1 000 m;

fed maximum voltage (Uy);

Rated power frequency (f,), fonexample ~ 50 Hz

Rated continuous current (1,);

Rated power frequeney\voltage (Uy);

Rated impulse withstand voltage (Up);

Rated peak withstand current (Ip);

For st

Arters-and/or contactors

P units
nly be

red for
e type

Ctor or

shall carry at least the information under a) and b). In thisinstance, the complete data

a) Magnufacturer's name or trade mark and place of assembly;

b) Type designation;

c) Date of manufacture or serial number;
d) Altitude, if other than O m to 1 000 m;
e) Rated voltage (Uy);

f)

Rated frequency (f,), for example ~ 50 Hz;

g) Rated operational current (I,) or power (see 5.101),

The following information concerning the operating coils of the contactor or starter shall be
placed either on each coil or on the device:

h) rated coil voltage;
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i) either the indication "DC" (or the symbol “____) or value of the rated frequency, for

example ~ 50 Hz;

Coils of operating devices shall have a reference mark permitting the complete data to be

obtained from the manufacturer;
j) rated capacitive switching current and class, if applicable.
6.12 Locking devices

Subclause 6.12 of IEC 62271-1: 2017 applies with the following addition.

Furthe requirements for Interlocking of a controller are speciied

time, ghall be mechanically and electrically interlocked to preclude this condition:

6.13 [Position indication

Where| position indicators are required, 6.13 of IEC 62271-1:2017 applies.

6.14 |Degrees of protection provided by enclosures

Subclduse 6.14 of IEC 62271-1:2017 applies.

6.15 [Creepage distances for outdoor insulators

Subclduse 6.15 of IEC 62271-1:2017 does not apply-

6.16 [Gas and vacuum tightness

Subclguse 6.16 of IEC 62271-1:2017 applies.

6.17 |Liquid tightness

Subclduse 6.17 of IEC 62271£132017 applies.

6.18 [Fire hazard (flammability)

Subclduse 6.18 of IEC62271-1:2017 applies.

6.19 [Electromagnetic compatibility (EMC)

Subclguse 619 of IEC 62271-1:2017 applies with the following addition.

n

G.
IEC 64271-200:2021. Reversing contactors, and any other arrangement of twae or|
contagdtors that would cause a line-to-line fault if they were in the closed position\ab the

2 of
more
same

Emission caused by switching operations is of short duration, of the order of milliseconds. The
frequency, level and consequences of such emission are considered to be part of the normal
electromagnetic environment of switchgear and controlgear. Such emission shall therefore not

be taken to be electromagnetic disturbance.

6.20 X-ray emission

Subclause 6.20 of IEC 62271-1:2017 applies.

6.21 Corrosion

Subclause 6.21 of IEC 62271-1:2017 applies.
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Filling levels for insulation, switching and/or operation

Subclause 6.22 of IEC 62271-1:2017 applies.

6.101

Protective relays

Relays that provide protective functions such as overload, overcurrent, earth fault, and
under/over voltage may be supplied by arrangement between manufacturer and user, for
example to meet special requirements such as closer overload protection or abnormally long
starting times.

Itist

e responsibility of the user to confirm that the characteristics of the protective d

evices

provid
protec

6.102

For m
200:2d
enclos

6.103

Contrg
circuit

6.104

Any lin
fitted,
single-
(mediy

requirgments for strikers are given in“EC 60282-1.

6.105

Starte
device

Starte

Starte
recovg

b adequate protection for the load circuit. The manufacturer shall provide details
ive relays and SCPD on request.

Enclosures
etal-enclosed contactors, starters and controllers, subclause 63102 of IEC {

21 applies. This does not apply to contactors or starters thatyare not provide
ures.

Controllers

llers shall be designed to make and break any currentiup to and including the rate
making and breaking current at the maximum rated<voltage.

Linkages between the fuse striker(s) and\the indicator or contactor releas
(optional)

kages between the fuse striker(s), fuse-blown indicator and/or contactor release,
shall be such that the contactor ,operates satisfactorily under both three-phas
phase conditions at the minimum\and maximum requirements of a given type of
m or heavy), irrespective of the method of striker operation (spring or explosive

Starters

s shall be supplied:with an overload current-sensing device. Overload current-s
s shall be arrapged to open the contactor and may also energize a signal device.

s shall bel¢apable of making the rated short-circuit making current at the rated vd

s shallbe capable of breaking the rated breaking capacity of the contactor at the re

of the

62271-
d with

1 short

1%

where
e and
striker
). The

ensing

ltage.

quired

ry\yoltage.

For currents higher than the rated breaking capacity of the contactor, proper coordination with
external overcurrent protective devices is provided.

7 Type tests

7.1

General

Clause 7 of IEC 62271-1:2017 applies with the following additions.

Annex E of IEC 62271-1: 2017 applies except for test tolerances, Table E.1 is replaced by Table

E.101

of this document.
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The type tests also include (refer to Table 4 for applicability):

- me

chanical endurance tests (see 7.102);

— making and breaking and reversibility tests (see 7.103);

— overload current withstand tests (see 7.104);

— short-circuit current making and breaking tests (see 7.105);

— verification of operating limits and characteristics of overload relays (see 7.106);

— change-over ability and reversibility, where applicable (see 7.103.6 and 7.103.7);

— tes

ts of the striker mechanism (see 7.102.4).

The following special type tests are not mandatory but should be conducted to

perfor

ance claims:

— vellification of coordination with SCPDs (see 7.107);

- el

trical endurance tests (see 7.108);

— motor switching tests (see 7.109);

— Ca

The in
variou

All tes
or as {

acitive switching tests (see 7.110).

dividual tests shall be made on a contactor in a clean and as-new condition, a
5 type tests may be made at different times and at different locations.

s listed in Table 4 for the contactor shall be performeéd either on the stand alone co
art of the tests for the starter or controller. Tests carried out on the starter or co

apply fo the stand alone contactor installed during these tests. Further, it is understood t

SCPD

Thus,

a) teg
co

b) teg

c) tes

will have been tested to the requirements 6f\the relevant standard.

or controllers, four groups of tests are involved:
ts on the contactor in accordance with this document; these tests may be don
htroller other than that used fortests according to c);

ts on the SCPD in accordance with the relevant standard, for example IEC 6
EC 60644;

ts on the controller in‘accordance with this document;
ts of the enclosurein accordance with IEC 62271-200.

ntroller submitted for test shall:

nform insalhessential details to drawings of its type;

in a~clean and as-new condition, and fitted with the appropriate SCPD;

3) wh

n<release-operated, be equipped with over-current relays or releases of the

verify

nd the

tactor
troller
hat the

P On a

D282-1

lowest

1 " " ek ! ol £
normrarcurrent ratiiyg assutiatctu WILIT Uie TUstS.

The responsibility of the manufacturer is limited to the specified values and not to the values
obtained during the type tests.

The tests shall be made at the rated frequency with a tolerance of £+ 10 %, unless otherwise

specifi

ed in the relevant subclauses.

For convenience of testing, wider tolerances of the rated frequency may be necessary. If the
deviations are appreciable, i.e. when controlgear is rated for 50 Hz and tested at 60 Hz and
vice versa, care should be taken in the interpretation of results.

Details relating to records and reports of type tests for making, breaking and short-time current
performance are given in Annex AA.
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Table 4 — Applicable type tests

Test Contactor Starter Controller Subclause

Dielectric tests X X X 7.2
Resistance measurements X X X 7.4
Continuous current test? X X X 7.5
Short-time and peak withstand current testaP X X X 7.6
Verification of the protection - X X 7.7
Tightness tests X - - 7.8
EMC tpsts X X -
Additignal test on auxiliary and control circuits X X X 710
X-radigtion test for vacuum interrupters X X X 7.11
Verificgtion of operating limits X X X 7.102.1
Mechgnical endurance test®® X X X 7.102.2
Interlocking tests - X X 7.102.3
Rated|making and breaking capacity testsaP X - - 7.1p3
Rever§ibility tests ab - X X 7.103.6
Change-over ability tests 2P - X X 7.103.7
Overldad current withstand tests2® X = - 7.1p4
Short-Eircuit current making and breaking tests 22 X - - 7.1p5
Verificgtion of operating limits of overload relays - X X 7.1p6
Coord(nation with SCPD 2P - - 7.1p7
Electrical endurance tests 2° X - - 7.1p8
Motor witching tests 2P X - - 7.1p9
Capadjtive switching test 2° X - - 7.100
Tests pn the striker mechanism - - X 7.102.4
X: applicable to this configuration.
a8 These tests require resistance measurements before and after the test.
b Thkse tests require poweRfrequency test after the test.

7.2 [Dielectrie tests

Subclguse 7<2~of IEC 62271-1:2017 applies with the following additions and modifications.

7.2.1 General

Subclause 7.2.1 of IEC 62271-1:2017 applies.

7.2.2 Ambient air conditions during tests

Subclause 7.2.2 of IEC 62271-1:2017 applies.

7.2.3 Wet test procedure

Subclause 7.2.3 of IEC 62271-1:2017 does not apply.

7.2.4 Arrangement of equipment (conditions of contactors, starters and controllers
during dielectric tests)

Subclause 7.2.4 of IEC 62271-1:2017 applies with the following addition.
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The dielectric tests shall be made with components giving the most onerous dielectric

conditi

7.2.5

ons. If an earthing switch is to be offered it shall be included in the test samples.

Criteria to pass the test

Subclause 7.2.5 of IEC 62271-1:2017 applies.

7.2.6

Application of the test voltage and test conditions

Subclause 7.2.6 of IEC 62271-1:2017 applies with the following addition.

Impulse-tests-acrossopencontactsarenotreguiredforcontactors:

7.2.6.1 General

Subclgquse 7.2.6.1 of IEC 62271-1:2017 applies.

7.2.6.2 General case

Subclduse 7.2.6.2 of IEC 62271-1:2017 applies with the following ddditions: for impulse
only test conditions 1, 2, and 3 of Table 10 of IEC 62271-1:201{ jare only applicable
contagtor.

7.2.6.3 Special case

Subclguse 7.2.6.3 of IEC 62271-1:2017 does not apply.

7.2.7 | Tests of contactors and starters of Uz <245 kV

Subclguse 7.2.7 of IEC 62271-1:2017 applies.

7.2.8 | Tests of contactors and stasters of U, > 245 kV

Subclguse 7.2.8 of IEC 62271-1:2017 does not apply.

7.2.9 Artificial pollution tests for outdoor insulators

Subclguse 7.2.9 of IEC,;62271-1:2017 does not apply.

7.2.10| Partialdischarge tests

Subclguse, 772710 of IEC 62271-1:2017 applies. Partial discharge test are not required.
7.2.11 —DBietectretestsonawxdHaryand-controlcireuits

Subclause 7.2.11 of IEC 62271-1:2017 applies.

7.2.12

Voltage test as condition check

Subclause 7.2.12 of IEC 62271-1:2017 applies.

7.3

Radio interference voltage (RIV) test

Subclause 7.3 of IEC 62271-1:2017 does not apply.

7.4

Resistance measurement

Subclause 7.4 of IEC 62271-1:2017 applies with the following addition.

tests,
or the
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Measurement of the resistance of auxiliary circuits class 1 and class 2

Subclause 7.4.1 of IEC 62271-1:2017 does not apply.

7.4.2

Measurement of the resistance of auxiliary circuits class 3

Subclause 7.4.2 of IEC 62271-1:2017 does not apply.

7.4.3

Electrical continuity of earthed metallic part test

Subclause 7.4.3 of IEC 62271-1:2017 applies.

7.4.4

Subcls

Where
fuses

7.5
7.5.1

Subcls

7.5.2

Subcl3

For vaJues of thermal current Iy,:

a) thg
the

b) for
fro
be

c) for
sef

7.5.3

Subcl3
not ap

Resistance measurement of contacts and connections in the main circuit
condition check

use 7.4.4 of IEC 62271-1:2017 applies with the following addition.

fuses are used as the SCPD, solid links of negligible resistance may.be used inst
put the resistance of the links should be recorded.

Continuous current tests
Conditions of the test object (contactors and starters)

use 7.5.1 of IEC 62271-1:2017 applies.

Arrangement of the equipment

use 7.5.2 of IEC 62271-1:2017 applies.with the following addition.

connections shall be in free air’and spaced not less than the distance existing bg
terminals;

single-phase or multi-phase tests, the minimum length of each temporary conr
M an equipment terminal to another terminal or to the test supply or to a star poirn
1,2 m;

three-pole contactors and starters, the tests may be made with all poles conne
ies.

Test current and duration

usel715.3.1 of IEC 62271-1:2017 applies. Subclause 7.5.3.2 of IEC 62271-1:201

nS a

ead of

tween

ection
t shall

cted in

¥ does

Dly<

7.5.4

Temperature measurement during test

Subclause 7.5.4 of IEC 62271-1:2017 applies with the following addition.

The main circuit of a contactor, including the over-current releases which may be associated
with it, shall be capable of carrying, without the temperature rises exceeding the limits specified
in Table 14 of IEC 62271-1:2017:

— for

a contactor intended for continuous duty: its thermal current;

— for a contactor or controller intended for intermittent periodic duty or temporary duty: its
rated operational current for the appropriate duty;

— for

a controller with current-limiting fuses as the SCPD.
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The test shall be carried out at the thermal current of the controller when fitted with fuses of the
highest current rating and/or power dissipation. The temperature rises of the various parts of
the controller shall not exceed the values specified in IEC 60282-1 for the fuses and
IEC 62271-1:2017 for the other parts of the controller.

The following characteristics of the fuses used for the test shall be recorded:

a) manufacturer and type;

b) rated voltage and rated current;

c) internal resistance (see 7.4);

d) po

o dicciln::tinn (mpncnrnd :mr‘nrrling tothe r\rncnrir\tinnc of IEC 60727_1)

If the f
the ma

It is nq
be det

7.5.5

Subclg

7.5.6

Subclg

IEC 62

The t¢
tempe
Table

Itisre

uses are in an enclosure, the power dissipation at the end of the temperature-rise
ximum acceptable power dissipation of the controller and shall be recorded)

ermined by calculation.
Resistance of the main circuit

use 7.5.5 of IEC 62271-1:2017 applies.

Criteria to pass test

use 7.5.6 of IEC 62271-1:2017 applies with the“folowing additions.
271-1: 2017, Table 14 applies and, and forfuses, IEC 60282-1 applies.

bmperature rise of any part of the\ switchgear and controlgear at an ambié
ature not exceeding 40 °C shall mot exceed the temperature-rise limits speci
14 under the conditions specified-in the test clauses.

cognized that a controller may be fitted with types and ratings of fuses other than

test is

t necessary to test the performance for intermittent duty provided that compliange can

bnt  air
fied in

those

utilize:t in the temperature-rise-tests and this may change the thermal current of the controller.

For a
manuf

A cont
See 5.

7.5.6.]
The cg

y particular case, the—thermal current of the controller shall be assigned
hcturer. For further.nformation, see the guide for selection (Clause 9).

ctor or starter is‘also defined by its rated operational currents or rated operational
101.

01 _Temperature-rise tests on contactor coils

ntactor coils shall be tested according to the following conditions, with the specifig

Dy the

power.

d kind

of sup

ply current and at thelr rated voltage.

With rated operational current flowing through the main circuit, the windings of coils shall
withstand, under continuous load and at the rated frequency, if applicable, their rated voltage
without the temperature rises exceeding the limits specified. Specially rated coils, for example
trip coils of latched contactors, shall withstand without damage the most severe operating cycle
for which they are intended.

With no current flowing through the main circuit, under the same conditions of supply and
without the temperature-rise limits being exceeded, the coil windings of contactors for
intermittent duty classes 12 to 300 shall also withstand the frequencies of operation given in
Table 5.
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Table 5 — Intermittent duty operating cycles

IEC 62271-106:2021 © IEC 2021

Intermittent duty class of
the contactor
(see 5.102.2)

One close-open operating
cycle every s

contactors is maintained

S

Interval of time during which the supply of
the control coil of electrically held

12 300 180
30 120 72
120 30 18
300 12 7,2

Interm
as con

NOTE
represe

The te
Conta
steady
1K pe
coils

IEC 67

7.5.6.1

The te
provid

At the
specifi

NOTE

significg
7.5.6.]
The t4

manuf
charad

The cy
during

ttent duty classes 1 and 3 do not need to be tested since they are essentially, the
tinuous duty.

The interval of time during which the supply of the control coil of electrically held contactors is ma|
hts a 60 % on-load factor (see 5.102.2).

mperature shall be measured when thermal equilibrium is reached in the contacto
tor coils shall be tested for a sufficient time for the temperature rise to re
-state value. In practice, this condition is reached when the) variation does not 4
the in Tablg

shall not exceed the values specified for fnsulation class

271-1:2017.

02 Temperature-rise tests of auxiliary circuits

mperature-rise tests of auxiliary circuits aré made under the same conditions ag
bd in 7.5.6.101.

end of these tests, the temperaturerise of auxiliary circuits shall not exceed the
ed.

When the mutual heating effect between main circuit, control circuits and auxiliary circuits cal
nce, these temperature-risetests are made simultaneously.

03 Temperature fkise of starting resistors for rheostatic rotor starters

bmperature ris€ ;of resistors shall not exceed the limits specified by the r
hcturer, whef\the starter is operated at its rated duty (see 5.102) and according
teristics dépendent on starter type (see 5.111).

rrent through each section of the resistors shall be thermally equivalent to the ¢
the-starting time when the controlled motor is operating with the maximum starting

same

ntained

F coils.
ach a
xceed

I hour. At the end of these tests, the temperature rise of theldifferent parts of the coptactor

b 3 of

those

values

h be of

psistor
to its

urrent
torque

and th

p starting time for which the starterisrated (see 5 102 and 5 111): in practice the a

erage

current for that resistor section can be used.

Starting operations shall be evenly spaced in time according to the number of starts per hour.

The temperature rise of the enclosures and the air issuing there from shall not exceed the limits
specified in Table 3 of IEC 62271-1:2017. Additionally, the exteriors of enclosures and the air
issuing from ventilation openings of enclosures for resistors shall not exceed a temperature rise
of 200 K. The manufacturer shall provide sufficient information in accordance with Clause 10.

It is not practical to test the performance of the starting resistors of every combination of motor
output and rotor voltage and current; it is required only that a sufficient number of tests be made
to prove, by interpolation or deduction, compliance with this document.
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7.5.6.104 Temperature rise of the auto-transformer or reactor for two-step
auto-transformer or reactor starters

The temperature rise of the auto-transformer or reactor shall not exceed the limits specified in
the appropriate component standard (for example IEC 60076-2 or IEC 60076-11:2018),
increased by 15 K (see 9.103.1), when the starter is operated at its rated duty (see 5.102). No
damage shall result to the auto-transformer or reactor.

The current through each winding of the auto-transformer or reactor shall be thermally
equivalent to the current carried when the controlled motor is operating with six times the rated
operational current |, multiplied by:

y starting voltage

08
Ue

for a duration of 30 s (see 5.2.102).

The operating test cycle shall be per the duty cycles defined in 5.109.2.

In the [case of an auto-transformer or reactor with several sets of taps,the test shall bg made
with thle taps giving the highest power loss in the transformer or reactor.

In order to facilitate this test, star-connected impedances may. be used in place of a motpr.

7.6 [Short-time withstand current and peak withstand current tests

Subclguse 7.6 of IEC 62271-1:2017 applies with thexfollowing modifications.

These|tests shall be performed on contactors.swhich are to be assigned a short-circuit capability
for cogrdination with short-circuit protective.devices. Refer also to 7.104.

Separdtion of the contacts of a contactor or starter does not constitute a failure for| these
devicels. The acceptability of damage shall be according to the classification assighed in
accordance with 5.107.3.4.

NOTE |Where applicable, solid links of negligible resistance can be used in place of the SCPD.

Tests shall be performed jon the extendable (main) bus of controller assemblies. Subclayse 7.6
of IEC|62271-200:2021 applies.

7.7 erification of the protection

Subclguse(7;7 of IEC 62271-1:2017 applies.

7.8 Tightness tests

Subclause 7.8 of IEC 62271-1:2017 applies.

7.9 Electromagnetic compatibility tests (EMC)

Subclause 7.9 of IEC 62271-1:2017 applies.

7.10 Additional tests on auxiliary and control circuits

Subclause 7.10 of IEC 62271-1:2017 applies.

7.11 X-radiation test for vacuum interrupters

Subclause 7.11 of IEC 62271-1: 2017 applies.
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7.101 Additional tests required for contactors and contactor based equipment

Resistance measurements shall be made on the main circuit of the equipment under test and
also on the main circuit of the contactor in the equipment under test in accordance with 7.4.
This test shall be done before and after each test where indicated in the test subclauses. After
each test the resistance of the main circuit of the equipment shall not increase by more than
20 %, and the resistance of the contactor shall not increase by more than 100 %, of the original
resistance measured before the test.

If the resistance exceeds the allowable increase the contactor shall be subjected to a
temperature rise test (see 7.5 for continuous current test of the main circuit). Temperatures
measured during this test shall not exceed the temperature rise permitted by Table 14 of
IEC 64271-1:2017 by more than 15°.

The vqltage test as condition check in 7.2.12 shall be done after each test where|indicated in
the tegt subclauses.

The refsults shall be used as condition assessments for acceptance.

7.102 | Mechanical tests
7.102.l Verification of operating limits

When jp contactor or starter can be supplied in several forms}-according to the conditions|of use
(open type, various types of enclosure, etc.), the tests should only be carried out on one form
stated|by the manufacturer. The details of type and installation shall form part of the test report.

It shal| be verified that the contactor or starter completes one operating cycle satisfactorily at
each Joltage limit specified in 5.9 and withinsthe' temperature limits specified when the|coil is
energiged and de-energized long enough to ensure that the contactor comes to its extreme
positigns. Tests shall be performed with. ng current flowing through the main circuit.

When [tests are performed on a contactor or starter destined for installation at high altifude, it
may bg necessary to make adjustments to the mechanism to achieve correct operation] Refer
to 9.1(Q2.7.

7.102. Mechanical endurance tests (contactor, starter or controller)
7.102.p.1 Condition_for tests

The contactor, starter, or controller shall be installed as for normal service; in particular, the
condugtors shall’be connected in the same manner as for normal use.

During thé-test, there shall be no voltage or current in the main circuit. The device npay be
Iubricam-bﬁmm#hmmb?dmwvbe.—nr

7.102.2.2 Operating conditions

The coils of the control electro-magnets shall be supplied at their rated voltage and, if
applicable, at their rated frequency.

If a resistance or impedance is provided in series with the coils, whether short-circuited or not
during the movement, the tests shall be carried out with these elements connected as in normal
operation.
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7.102.2.3 Test procedure

The tests are carried out at the frequency of operations corresponding to the class of
intermittent duty. However, if the manufacturer considers that the device can satisfy the required
conditions when using a higher frequency of operations in order to reduce the duration of the
tests.

The duration of energization of the control coil shall be greater than the time of operation of the
device, and the time for which the coil is not energized shall be of such a duration that the device
can come to rest at both extreme positions.

The number of nlnnrnting P\JIP|DQ to he carried out shall he not less than the number of no-load

operatjng cycles specified in 5.105.

The mpintenance programme prescribed by the manufacturer shall be followed.
This maintenance work shall not include any replacement of parts.

7.102.p.4 Results to be obtained

Followling the tests of mechanical endurance, the equipment under_test shall still be capable of
complying with the operating conditions specified in 7.101 and~\7+102.1.

There |shall be no loosening of the parts used for connegtiig the conductors.
The results of the interrupting medium integrity testsishall be included in the test report.

7.102.B Interlocking tests (contactor, starter or controller)

Subclguse 7.102 of IEC 62271-200:2021applies to starters and controllers with the following
modifi¢ation to the first sentence of 7.102.2.

The interlock shall be set in the-peosition intended to prevent the operation of the swjtching
devices and the insertion or withdrawal of removable parts, or the simultaneous operaltion of
two switching devices.

7.102.4 Test of the_striker mechanism (fuses)

To test the mechanical reliability of the linkages between the fuse striker(s) and the indicator
or relepse, a totalof 100 operations shall be made with the appropriate type of striker, off which
90 shdll be made (30 in each pole) with one striker of minimum energy and 10 with three dtrikers
of maXimum energy operating simultaneously.

After performimgthistestduty, themectanicatfurnctiommgof thetimkages shatt-bepractically
the same as before the tests.

Using a dummy fuse-link with an extended striker, set to the minimum actual travel within the
tolerance specified in IEC 60282-1, for each pole in turn it shall be shown that the contactor
either cannot be closed or cannot remain closed according to its design.

For the purpose of these tests, a device simulating fuse-striker operation can be used.
7.103 Verification of rated making and breaking capacity and reversibility
7.103.1 General

The tests concerning the verification of the making and breaking capacities of a contactor are
intended to verify that the device is capable of making and breaking the currents stated in
Table 6.
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Reversibility and change-over tests are applied to controllers, as appropriate.

Some interrupting technologies may have extended arcing times at currents of less than 0,2 of
rated operational current. In such cases further investigation may be required to ensure that
the contactor will function satisfactorily for applications such as reversing and autotransformer
controllers.

Table 6 — Verification of rated making and breaking capacities —
Conditions for making and breaking corresponding to the several
utilization categories at rated voltage U,

Catlegory Make Break
Minimum rated breaking Highest rated-breakjng
current curreht
I/le 2 cosg ° (I cosg ° (I cosfp P
AC-1 1,5 0,95 0,2 0,95 1,5 0,95
AC-2 4 0,65 0,2 0,65 4 0,85
AC-3 8 0,35 0,2 0,15 8 0,35
AC-4°¢ 10 0,35 0,2 0,15 8 0,35

| . Rated operational current (see 5.101).
I M3gking current.

| Brgaking current.

a8 The conditions for making are expressed in RMS valuesiitris understood that the peak value of asymmetrical
cufrent, corresponding to the power factor of the circuit, may be a higher value than the peak of thg RMS
cufrent.

b Tolerance for cosg: + 0,05.

¢ In the case of re-acceleration or plug braking; it should be noted that, at the instant of making, the Joltage
anfl current may be doubled.

The varifications of making and)breaking capacity may be made as a combined test.

During each series of tests, oscillograms, or equivalent, records shall be taken of the fifst and
last opgeration (see 5/103.1.1 and 5.103.1.2).

Throughout theltests, there shall be no permanent arcing, no flashover between poles, no
blowing of thefuse in the earth circuit (see 7.103.2) and no welding of the contacts.

The teptstare made solely with the current of the same kind as the service current specified. In
particu -phase
current; single-phase tests of such devices are not covered by this document and shall be the
subject of a special agreement.

7.103.2 Condition for tests

The device under test shall be mounted complete on its own support or on an equivalent
support. A device whose performance may be influenced by any enclosure in which it is
mounted shall be tested in the same type of enclosure as that in which it will be installed.
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Air-break contactors intended for open mounting or to be mounted with other apparatus in an
enclosure having large dimensions with respect to the volume of the contactor shall, for the
verification of the making and breaking capacities, be surrounded by an enclosure. This
enclosure shall be fabricated from bare woven wire cloth or perforated mild steel sheet of a
thickness to ensure reasonable rigidity. Individual apertures in the wire cloth or perforated steel
sheet shall not exceed 100 mm2 in area. The dimensions of the enveloping earthed enclosure
shall be declared to indicate the proximity of earthed metal permitted in subsequent
applications.

The connections to the main circuit and auxiliary control circuit shall be similar to those intended
to be used when the device is in service.

For verification of the making and breaking capacities, all parts of the device normallyejarthed
in serfice, including its enclosure, shall be connected to the neutral point of the supply pr to a
substgntially inductive artificial neutral permitting a prospective fault current of at least [L00 A.
This donnection shall include a reliable device (such as a fuse and current transformer
combipation) for the detection of the fault current and, if necessary, a resistorlimiting thg value
of the prospective fault current to about 100 A.

7.103.B Test circuit for the verification of rated making and breaKing capacities

The ppwer supply used for the verification of making and .breaking capacities shal|] have
sufficignt power to permit the verification of the characteristics given in Table 6.

The tegst circuit is composed of the supply side and the load side. Earthing of the test|circuit
shall be in accordance with the requirements of 7.103'2.2 of IEC 62271-100:2021.

The sypply side TRV requirements shall be in accordance with the requirements of 7.105.5 of
IEC 64271-100:2021 for class S1. The loadxside shall be arranged to provide an amplitude
factor pnd frequency of the TRV, on breaking, given by:

Amplitide factor: ks = 1,5 (= 5 %)

Frequency: f 22 000 x 1,92 x U708 (kHz)
where[the values of | ~and U, are in amperes and volts respectively (see Table 6).

The rgsistance_and reactance of the test circuit can be adjustable to satisfy the specifi¢d test
conditjons. The reactors can be air-cored and can be connected in series with the registors,
and their value can be obtained by series coupling of individual reactors. Parallel connegting of
reactofsds allowed only when these reactors have practically the same time-constant. A shunt
resistdr_ean be connected across the terminals of the reactor arrangement.

The total impedance required to set the test current shall be distributed between the supply
side and the load side of the device. However, the impedance on the supply side shall be not
greater than 10 % of the total impedance of the test circuit. A load side amplitude factor in
excess of 1,6, where required for test purposes, shall be subject to agreement by the
manufacturer.

7.103.4 Verification of rated making capacity

The making current to be obtained during the test shall be as given in Table 6 for the appropriate
utilization category.
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The number of closing operations to be made is the following:

— for contactors or starters of utilization category AC-3 or AC-4, the number is 100, of which
50 operations are made at 85 % and 50 operations at 110 % of the rated coil voltage;

— for contactors or starters of any other utilization category than AC-3 or AC-4, the number is
20, of which 10 operations are made at 85 % and 10 operations at 110 % of the rated coil

vol

tage.

The duration of the test current shall be not less than 50 ms (thereby exceeding the total bounce
time, if any, of the contacts). The time interval between closing operations shall be recorded in
the test report.

7.103.

The b
approf

The to
shall b

b Verification of rated breaking capacity (minimum and maximum)

riate utilization category.

al number of opening operations for each of the minimum and maximum break con
e 25.

The duiration of the test current shall be not less than 50 ms and the time interval be

openir
The r¢
The du

7.103.

In the
and b

g operations should be recorded in the test report.
covery voltage after each operation shall be maintained for at least 0,3 s.

ration of each current flow need not exceed Q,5"s.
b Reversibility tests

Case of a reversing starter, the following test shall be carried out in addition to the 1

verificqtion of reversibility.

The te

5t circuit shall be in accordance with 7.103.3, and the current to be obtained shal

given in Table 6 for category AC-4.

The te
cycles

1St cyd
2nd Cy

(wherg

st comprises 10-0perating sequences, each sequence comprising the two opg
described below:

le: close Ay~open Alclose B — open B — 10 s to 30 s rest;

Cle: close B — open B/close A — open A — 10 s to 30 s rest;

Arand B are either the two mechanical switching devices of the starter or the two ¢

of a si

reaking current to be obtained during the test shall be as given in Table' 6 for the

ditions

tween

naking

eaking capacity tests of 7.103.3Cand 7.103.4. A new starter may be used for the

be as

prating

ircuits

ngle” switching device).

These

cycles are repeated alternately.

The use of a symbolic form such as "open A/close B" implies that the change-over operation
concerned shall be made as fast as the normal control system will allow.

During the test, the starter shall be operated in the manner in which it is intended to be used in
service, and any mechanical or electrical interlocking devices which are normally provided shall
be in use.


https://iecnorm.com/api/?name=ee51a1a6686f63d30141df66f8083d61

IEC 62271-106:2021 © IEC 2021 - 55—

7.103.7 Change-over ability tests

In the case of a two-step auto-transformer, the following test shall be carried out in addition to
the making and breaking capacity tests of 7.103.3 and 7.103.4. A new starter may be used for
the verification of change-over ability.

The test circuit shall be in accordance with 7.103.3 and the current to be obtained in the RUN
position shall be as given in Table 6 for category AC-3. The current obtained in the STARTING
position shall be as derived from the auto-transformer or reactor. When an auto-transformer or
reactor has more than one output voltage or tap connection, it shall be connected to give the
highest starting current.

The t(jgt comprises 10 operating sequences as follows:

— make the current in the STARTING position;
— trapsition to the RUN position;

— brgak the current in the RUN position;

— OHF time.

The ON time in the STARTING and RUN positions shall be not less*than 0,05 s, and the OFF
time shall not be greater than stated in Table 7.

The lofd circuit shall be connected to the starter as wouldbe-the windings of a motor. The RUN
positign is that in which the auto-transformer is not in effect, and the motor is connected directly
to rated voltage (U,). During the test, the starter shall be”operated in the manner in whigh it is
intendgd to be used in service, and any mechanicakor electrical interlocking devices which are
normally provided shall be in use.

Table 7 — Relationship between current broken I, and OFF time

Current broken I OFF time

A S

[y =100 10

100 < 1, =200 20
200 < 1, =300 30
300 < I, =400 40
400 <1, =600 60
600 < I, =800 80

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

7.103.8 Behaviour during making and breaking, reversibility and change-over tests

During tests within the limits of specified making and breaking capacities, and with the specified
number of operations, there shall be no permanent arcing, no flash-over between poles, no
blowing of the fuse in the earth circuit (see 7.103.2) and no welding of the contacts.

7.103.9 Condition following making and breaking tests

The equipment under test shall be capable of operating satisfactorily and shall comply with
7.101 after performing the number of operations for rated making and breaking capacity
(7.103.4 and 7.103.5), after the reversibility tests (7.103.6) and after change-over ability test
(7.103.7).
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The equipment under test shall be inspected after any test-duty. Its mechanical parts and
insulators shall be in essentially the same condition as before the test-duty.

7.104 Overload current withstand tests

The overload current to be obtained during the tests shall be as given in Table 8, where I, is
selected for the appropriate utilization category.

The tests shall be performed, as three-phase tests, on a contactor or controller which has been
closed by its normal means at the rated voltage of the closing device and held closed, or
latched, for the duration of each test. The test voltage shall be sufficient to cause the required
curren O OW—tnTrotg1—a ii”’”- armeousTty o thne—SPeC Hfredo ot

Following these tests, the contactor or controller shall be capable of making andyhrealing its
rated gperational current at the rated voltage although its overload withstand perfoarmange may
be imgaired.

Subclguse 7.101 applies to the equipment and of the contactor under test.

Table 8 — Overload current withstand requirements

Test current Duration of the‘test
s
15 x I, 1
6 x I, 30

7.105| Short-circuit current making and-breaking tests
7.105.L General

Theseltests shall be performed on‘¢contactors which are to be assigned a short-circuit capability
for cogrdination with short-circuit-protective devices.

7.105.p Condition for test

The device under test)shall be mounted complete on its own support or on an equjvalent
support. A device.whose performance may be influenced by any enclosure in which it is
mountgd shall be‘tested in the same type of enclosure as that in which it will be installed.

Air-brgak, contactors intended for open mounting or to be mounted with other apparatus in an
enclosjute_having large dimensions with respect to the volume of the contactor shall, for the
verificatiomof the—makimg—amd—breakimyg—tapacities, be—surrounded—by amenctosure. This
enclosure shall be fabricated from bare woven wire cloth or perforated mild steel sheet of a
thickness to ensure reasonable rigidity. Individual apertures in the wire cloth or perforated steel
sheet shall not exceed 100 mm? in area. The dimensions of the enveloping earthed enclosure
shall be declared to indicate the proximity of earthed metal permitted in subsequent
applications.

The connections to the main circuit and auxiliary control circuit shall be similar to those intended
to be used when the device is in service.

For these tests, all parts of the device normally earthed in service, including its enclosure, shall
be connected to the neutral point of the supply or to a substantially inductive artificial neutral
permitting a prospective fault current of at least 100 A. This connection shall include a reliable
device (such as a fuse and current transformer combination) for the detection of the fault current
and, if necessary, a resistor limiting the value of the prospective fault current to about 100 A.
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The operation voltage at the coil shall be 100 %.

It shall be shown that the device will operate satisfactorily under the above conditions at no-
load. The travel of the switching contacts shall be recorded, if practicable.

See also the relevant conditions of 7.102 of IEC 62271-100:2021.

7.105.3 Test circuit

Earthing of test circuit shall be in accordance with the requirements of 7.103.3 of
IEC 62271-100: 2021.

The TRV requirements shall be in accordance with the requirements of 7104.5 of
IEC 64271-100: 2021 for circuit-breaker used in cable systems (class S1).

The rgsistance and reactance of the test circuit can be adjustable to satisfysthe specifigd test
conditions. The reactors can be air-cored and can be connected in series‘with the registors,
and their value can be obtained by series coupling of individual reactors, Parallel connedting of
reactofs is a only when these reactors have practically the same time-constant. A shunt rgsistor
can bg connected across the terminals of the reactor arrangement.

7.105.4 Short-circuit making and breaking tests

At leagt one making and breaking operation (CO) shall be{erformed.

If thre¢ making and breaking operations (CO) are successfully performed at a value equal to or
higher[than the maximum take-over current of 7.10774.4, then it is not necessary to perform test
duty Clin 7.107.4.4.

The tgst requirements shall be in accordance with the relevant requirements of 7.145 and
7.106.4 of IEC 62271-100: 2021.

Where| appropriate, an SCPD shall'be replaced by solid links of negligible impedance.
The reccovery voltage after_each operation shall be maintained for at least 0,3 s.

7.105.p Behaviour@during short-circuit making and breaking tests

During the tests_ there shall be no permanent arcing, no flash-over between poles, no bjowing
of the fuse in the‘earth circuit (see 7.105.2) and no welding of the contacts.

7.105.p /. Candition after short-circuit making and breaking tests

After the test, the equipment under test shall be capable of operating satisfactorily and comply
with 7.101.

The equipment shall be inspected after the test. Its mechanical parts and insulators shall be in
essentially the same condition as before the test.

7.106 Verification of operating limits and characteristics of overload relays

When a starter can be supplied in several forms, according to the conditions of use (open type,
various types of enclosure, etc.), the tests should only be carried out on one form stated by the
manufacturer. In the case of tests at -5 °C on overload relays compensated for ambient air
temperature, the tests may be carried out on a starter without enclosure. The details of type
and installation shall form part of the test report.
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The starter shall be connected as in service, using cables the cross-sections of which shall be
chosen, depending on the current setting of the overload relay, in accordance with the relation
given in Table 5 between cross-sections and the value of the rated operational current.

Operating characteristics of the thermal overload shall be verified and need only be carried out
at one specified value of ambient temperature.

7.107 Verification of coordination with SCPDs
7.107.1 General

The verification of the general condition of coordination under 5.107 shall be performed as
follows:

— short-circuit breaking capacity of the SCPD: by reference to the results of breaking cqpacity
tegts carried out on the SCPD according to the relevant specification;

— oveérload current withstand of the SCPD: by reference to the results of overload tests ¢arried
oul separately on the SCPD according to the relevant specification;

— thgcoordination and the type of damage classification shall be verified by the tests spgcified
in ¥.107.1 to 7.107.3. Such tests are special type tests.
7.107.p Test conditions

7.107.p.1 Condition of the controller before test

The controller under test shall be mounted complete or’its own support or on an equjvalent
support, and connected as in normal operation. The, starter shall be operated in the nmpanner
specified and, in particular, it shall be operated at85 % of the rated control circuit quanfities.

It shal| be shown that the starter will operate“satisfactorily under the above conditions pn no-
load. The travel of the switching contacts shall be recorded, if practicable.

The tgsts shall be performed on the\starter in association with an SCPD having the highest
rated ¢urrent declared by the manufacturer as suitable for use with the starter. The overload
relay or release shall be of thexlowest rated operational current rating associated with that
SCPD]| and of the shortest time setting, if adjustable. The tests shall be carried out|at the
ambient temperature and Without previous loading.

7.107.p.2 Frequency

The cantroller shall'be tested at rated frequency with a tolerance of £10 %.

HoweVer, for'convenience of testing, some deviations from the above tolerance are allowable;
mple, when controllers rated at 50 Hz are tested at 60 Hz and vice versa, care ghould
\ X ; . L N as the

7.107.2.3 Power factor

The power factor of the test circuit shall be determined by calculation from the circuit constants
or by measurement and shall be taken as the average of the power factors of all phases.

7.107.2.4 Arrangement of test circuits

For test duties A and B, the starter in association with the SCPD shall preferably be connected
in a circuit having the neutral point of the supply not earthed and the three-phase short circuit
earthed, as shown in Figure 5. Alternatively, a circuit as indicated in Figure 6 may be used.

The TRV requirements shall be in accordance with the requirements of Table 9.
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For test duty C, the preferred circuit shall be as indicated in Figure 7. Alternatively, a circuit as
indicated in Figure 8 may be used. The impedance necessary to set the test current to the value
required for test duty C shall be added on the source side of the starter.

For a starter producing an emission of flame or metallic particles, the tests shall be made with
metallic screens placed in the vicinity of the live parts and separated from them by a clearance
distance which the manufacturer shall specify. The screens, frame and other normally earthed
parts shall be insulated from earth, but connected thereto by a suitable device to indicate
leakage current to earth.

7.107.3 Test quantities

7.107.B.1 General

Wherel a tolerance is not specified, tests shall be carried out at values not less severe than the
specified values; the upper limits are subject to the consent of the manufacturer-

7.107.8.2 Applied voltage before short-circuit making tests

The aerage value of the applied voltage between phases shall be equal'to the rated operational
voltagg. The difference between this average and the applied Voltage between each pair of
phases$ shall not exceed 5 %.

7.107.8.3 Prospective current

The RMS value of the AC component of the prospective short-circuit current shall be measured
one hglf-cycle after the initiation of the short circuitsin'the prospective current test.

The RMS value of the AC component in any.phase shall not vary from the average by more
than 1D % of the average.

7.107.3.4 Breaking current

The brneaking current shall be the"RMS value of the AC component measured at the instant of
initiatipn of the interruption process.

7.107.B.5 Transient recovery voltage (TRV)

The prospective TRV of the test circuit shall be determined by such a method as will pfoduce
and measure theoscillation without materially influencing it, and shall be measured |at the
terminpls to which the apparatus under test will be connected, with all necessary test medsuring
devicels, suchhas voltage dividers, included.

For thfee-phase circuits, the TRV refers to the first pole to clear, i.e. the voltage across one
open pole with the other two poles closed, with the appropriate test circuit arranged in
accordance with 7.107.2.4.

The prospective TRV curve of a test circuit is represented by its envelope drawn as shown in
(Figure 2) and by its initial portion.

The prospective TRV wave of the test circuit shall comply with the following two requirements:
a) Its envelope shall at no time be below the specified reference line;

It is stressed that the extent by which the envelope may exceed the specified reference line
requires the consent of the manufacturer.

b) Its initial portion shall not cross the delay line where specified.
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When the prospective test TRV is not a single-frequency wave, it shall be evaluated by the two
parameter method (Figure 2). The straight lines O0BAC obtained in this way shall be above the
area bounded by the time axis and the reference line of the specified TRV (Figure 3).

A

o
~Y

IEC

Rigure 2 — Representation by two parameters of a prospective TRV of a circuift

SA

' =
t—%+%B

t

IEC

Figure 3 — Representation of the specified TRV by
a two-parameter reference line and a delay line

7.107.3.6 Power frequency recovery voltage

The power frequency recovery voltage shall be maintained across the terminals of the controller
for at least 0,3 s after interruption.

The power frequency recovery voltage of a three-phase test circuit shall be the average value
of the power frequency recovery voltage in all phases measured after interruption. It shall be
determined in accordance with 7.107.3.7.

7.107.3.7 Power frequency recovery voltage measurements

The power frequency recovery voltages of the test circuit shall be measured between the
terminals of each pole of the controller in each phase of the test circuit.
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Oscillograms of the power frequency recovery voltage shall be measured one cycle after
interruption in accordance with Figure 4.

I

Va

— Pole 1
Fuse did not operate

Pole 2

Pole 3
First fuse to clear

[

Figure 4 — Determination of power-frequency recovery voltage

IEC

7.107.4 Test duties

7.107.4.1 General

The controller under test shall be arranged as specified in 7.107.2. The test quantities shall be
in accordance with 7.107.3, except that 7.106 does not apply to test duties A and B.
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7.107.4.2 Test duty A — 100 % break test

One break test shall be made with the controller connected to a supply capable of delivering
maximum prospective current equal to the rated short-circuit current of the controller, with a

tolerance of +§ %.

The power factor shall not exceed 0,15 inductive load.

The power frequency recovery voltage shall be equal to the rated voltage divided by V3.

For thi
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TEST, The controlter 15 closed as I normat Service and the short circuit wittbe app
Al means (see 7.107.1 for control circuit parameters).

1.3 Test duty B — 100 % make test

ake test shall be made with the controller connected to a supply capable of del
um prospective current equal to the rated short-circuit current ofy the controller,

5
ce of +0 %.

wer factor shall not exceed 0,15 inductive load.

bters, see 7.107.1).

The variability of the closing time of the contactor prevents accurate control of contact touch therefore
aking instant on the voltage wave cannot be applied:

1.4 Test duty C — Breaking tests near the take-over point

breaking tests shall be made to&prove the protection coordination offered
ler. The interval between tests-shall not exceed 3 min, or such minimum longer t
pssary to change fuse-links.

s test duty, the value(of‘the breaking current shall be equal to, or greater thg
um take-over current as determined by the coordination curves of maximum rated
erload relay charagteristics for a given controller with a minimum of seven times th¢
onal current (l5)‘of the controller (see Figure 9).

tests shaill’be made with the SCPD replaced by solid links of negligible impedan
e madenin a three-phase circuit. The tolerance on the specified breaking current is

e DCComponent of any phase at contact separation shall not exceed 20 %.

ied by

vering
with a
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The power factor of the circuit, determined in accordance with 7.107.2.3, shall be 0,2 to 0,3
inductive load if the breaking current exceeds 400 A, or 0,3 to 0,4 inductive load if the breaking
current is equal to or less than 400 A.

The power frequency recovery voltage shall be equal to the rated operational voltage divided
by V3 whilst the prospective transient recovery voltage shall be in accordance with Table 9
and 7.107.3.6.

The test can be performed with a new controller.
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Table 9 — Transient recovery voltage characteristics

Rated voltage TRV peak value Time coordinate Rate of rise

U, U ty u.fty

kv kv us kV/ius
2,5 4,3 70 0,061
3,6 6,2 80 0,077
5,0 8,6 90 0,096
7,2 12,4 104 0,119
15,0 25,7 132 0,195
17,5 30,0 143 0,210
24,0 41,2 175 0,235

When [a controller is installed for instance in the vicinity of a large transformer bank, and

condit
values

applicqtion should be referred to the manufacturer.

Test object

ons can occur in which there are no parallel loads, the TRV can be more severe than the
of Table 9 for currents lower than the specified breaking eurrent. Such conditijons of

IEC

Figure 5 — Test duties A and B — preferred earth point
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Test object I ‘ I

IEC

Figure 6 — Test duties A and<B — alternative earth point

!
Test object ; : . || I

| IEC

Figure 7 — Test duty C — preferred earth point
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Test object T (T) T '—EI—I"
L {1

IEC

Figure 8 — Test duty C — alterhative earth point
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Figure 9 — Characteristics for determining take-over current
The tolerance on the specified breaking current is +g % and the DC component of any|phase

at contact separation shall not exceed 20 %.

7.107.4.5 Alternative method to test duty A, B and C

Instead of test duty A (7.107.4.2) a peak current withstand test shall be performed with the
fuses replaced by solid links.

Instead of test duty B (7.107.4.3) a making test shall be performed using the same test circuit.

In both tests the test current shall be switched off after one cycle and the value of the peak
current shall be not less than the value of the maximum of the peak let through current of the
largest fuse with which the contactor is to be and the applied voltage shall be equal to the rated
voltage.
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If three making and breaking operations are successfully performed per 7.105 with a current
equal to or higher than the maximum take-over current test duty C (7.107.4.4) is not required.

7.107.5 Behaviour of starter during tests

During the tests, there shall be no earth faults or excessive emission of flame or gases from

enclos

ed starters which could endanger an operator.

For a starter that is intended for open mounting or to be mounted with other apparatus in an
enclosure having large dimensions with respect to the volume of the starter, arc and flames

shall n

ot extend beyond the safety area stated by the manufacturer.
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placements during test duties A or B shall only be those permitted by classificatig
¢ as stated in 5.107.2.3.

I~

b Condition of starter after test

cation of the starter into type a, b or ¢ as described in 5.107.2.3.
pst duty C, there shall be no material damage as described.in 5.107.2.3.

Electrical endurance tests

cal endurance tests are included as special type‘tests and sufficient tests need g
out to provide a wear curve that can bhe reliably extrapolated, since the

bking and breaking currents and the testvoltages are those given in Table 10.

pjority of the electrical endurance\tests may, however, be carried out at any cony
b above the arc voltage with the device switching at the current and power factof
e 10. At this reduced voltage, it shall be shown that the arc duration is consiste
pasured during the correspending full voltage test. A minimum of five tests shall be
voltage at the end of the test series to confirm that the performance is substa
hged. Oscillography+or-equivalent records, in accordance with Annex AA, shall be
be final tests and-included in the test report. The number of operations perforr
ine the ware curve shall be noted in the test report.

use 7.10%L applies.
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Table 10 — Verification of the number of on-load operating cycles — Conditions for

making and breaking corresponding to the several utilization categories

Category Make Break
I/l 2 u, cosp P 1/, U/, cosg b
AC-1 1 1 0,95 1 1 0,95
AC-2 2,5 1 0,65 2,5 1 0,65
AC-3 6 1 0,35 1 0,17 0,35
AC-4 ¢ 6 1 0,35 6 1 0,35
I Rated operational current (see 5.101)
In Making current
I Breaking current
U, Rated voltage (see 5.2)
rec | Recovery voltage
a8 The conditions for making are expressed in RMS values, but it is understood’ that the peak value of
asymmetrical current, corresponding to the power factor of the circuit, can b€ a Wigher value than the peak of
thg RMS current (see 5.103.1).
b Tolerance for cosg: + 0,05 %.
¢ In the case of re-acceleration or plug braking, it should be noted that, at the instant of making, the Joltage
and current may be doubled.
7.109 | High-voltage motor current switching ‘tests
Subclguse 3.3 of IEC 62271-110:2017 applies:
7.110| Capacitive current switching tests
Subclguse 7.111 of IEC 62271-100 2021: applies with the following additions and changes to
subclauses.
NOTE |[References to circuit-breakers will apply to contactors for this document.
7.110.1 Applicability
Only cppacitor bank(single or back-to-back) current switching tests are applicable.
The vglues ofirated capacitive switching currents shall be given by manufacturer.
7.110.p\General

Tests for capacitor switching shall be performed according to 7.111.9.1 of IEC 62271-100:2021.
The equipment is classified according to its restrike performance during this test.

Reignitions during the capacitive current switching tests are permitted. Two classes are defined

accord

ing to their restrike performances (see 3.4.113, and 3.4.114).

7.110.3 Characteristics of supply circuits

Subclause 7.111.3 of IEC 62271-100:2021 applies.

7.110.4 Earthing of the test circuit

Subclause 7.111.4 of IEC 62271-100:2021 applies.
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7.110.5 Characteristics of the capacitive circuit to be switched

Subclause 7.111.5 of IEC 62271-100:2021 applies.

7.110.6 Waveform of the current

Subclause 7.111.6 of IEC 62271-100:2021 applies.

7.110.7 Test voltage

Subclause 7.111.7 of IEC 62271-100:2021 applies.

7.110.
Subclg
The va
7.110.
7.110.

Subclg

Only t
docum

7.110.
7.110.

Subclg

B Test current

use 7.111.8 of IEC 62271-100:2021 applies with the following addition.

lues of the rated capacitive switching test currents shall be given by manufacture
D Test-duties

D.1  General

use 7.111.9 of IEC 62271-100:2021applies with the following change.

ent.

D.2 Test conditions

D.2.1 Common test conditions for classes C1 and C2 performances

pst-duties BC1 and BC2 and test conditions for classes C1 or C2 are applicable flor this

uses 7.111.9.1, 7.111.9.2 and 7:111.9.4.1 of IEC 62271-100:2021 apply with the
following additions.

No prgconditioning test is necessatry.

It is npt required to reverse, terminal connections between test-duty 1 (BC1) and test{duty 2

(BC2).

7.110.p.2.2 Three-phase capacitor bank (single or back-to-back) current switching
tests

Subclguse 7.112.9.4.4 of IEC 62271-100:2021 applies with following addition.

If the [opéning time of the contactor prevents accurate control of contact separatign, the

requiremment for efther the ctosig angte orfand the ot arcing times cam be fgnored.

7.110.9.2.3 Single-phase capacitor bank (single or back-to-back) current switching

tests

Subclause 7.111.9.4.5 of IEC 62271-100:2021 applies with following addition.

If the opening time of the contactor prevents accurate control of contact separation, the
requirement for either the closing angle or/and the minimum arcing times can be ignored.
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10 Criteria for classification

10.1 General

The equipment under test shall be capable of operating satisfactorily and shall comply with
7.101 after performing the tests for BC2 and BC1.

The equipment under test shall be inspected after tests. Its mechanical parts and insulators

shall b

7.110.

e in essentially the same condition as before the test-duty.

10.2 Class C1

The cq
during

7.110.

The cd
1 (BC1

If one
duties
restrik

ntactor shall have successfully passed the tests if no more than five restrikes oc
test-duties 1 (BC1) and 2 (BC2).

10.3 Class C2

ntactor shall have successfully passed the tests if no restrike occurred during test

) and 2 (BC2).

restrike occurred during the complete test-duties 1 (BC1l)rand 2 (BC2), then bot
shall be repeated on the same apparatus without any_maintenance. If no add
b happens during this extended series of tests, the ¢ontactor shall have succe

passed the tests. External flashover and phase-to-ground,flashover shall not take place

8 Routine tests

Clauss

The ro
on sta

8.1

Subclg

8.2

Subclg

8.3

Subclg

8 of IEC 62271-1: 2017 applies with thefollowing addition.

utine tests also comprise operatingstests in accordance with 8.101 and tests dep¢
ter type in accordance with 7.102,

General

use 8.1 of IEC 62271-1+2017 applies.

Dielectric test_onjthe main circuit

use 8.2 of IEC'62271-1: 2017 applies.

Tests_.on“auxiliary and control circuits

use 8.3 of IEC 62271-1: 2017 applies.

curred

duties

h test-
itional
ssfully

bndent

8.4

Measurement of the resistance of the main circuit

Subclause 8.4 of IEC 62271-1: 2017 applies.

8.5

Tightness test

Subclause 8.5 of IEC 62271-1: 2017 applies.

8.6

Design and visual checks

Subclause 8.6 of IEC 62271-1: 2017 applies.
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8.101 Operating tests

Tests are carried out to verify operation within the limits specified in 5.9.

During these tests, it shall be verified, in particular, that the contactors open and close correctly
when their operating devices are energized. It shall also be verified that operation will not cause
any damage.

For all controllers, the following test shall be carried out where applicable:

a) with the action of one fuse striker of minimum energy simulated: one or more operations to
test the reliability of the fuse-blown indicator;

b) at the specified maximum control supply voltage: one or more close and open operations;
c) at the specified minimum control supply voltage: one or more close and opencperat{ons;

d) for|release-operated controllers only, at rated control supply voltage: one ormore opeflations
of each type of release.

Tests may be made without current passing through the main circuit.

During test d), for controllers fitted with overcurrent releases, the releases shall be set|at the
minimléim calibration mark on the overcurrent scale, and it shallbe shown that the overgurrent
releasgs operate correctly at no more than 110 % of the settinig value on the over-current|scale.

NOTE [This current can be supplied from a suitable low-voltage saurce or injected at the secondary of the| current
transformers.

During all the foregoing routine tests, no adjustmeénts shall be made and the operation shall be
faultless. The proper contactor position(s) shall loe attained during each operating cycle of these
tests.

After the tests, the controller shall be_examined to determine that no parts have sudtained
damagde and that all parts are in a satisfactory condition.

Tests ghall be made to verify thewoperation of overload relays if supplied.

8.102 | Tests dependention starter type
8.102.l For rheostatic rotor starters

Tests ghall be performed to verify the proper operation of time-delay relays and the calilpration
of any|other dévices used for controlling the rate of starting.

The vgluer of the starting resistors shall be verified for each step, with a tolerance of + 10 %.

It shall also be verified that the rotor switching devices cut out the steps of resistors in the
correct sequence.

8.102.2 For two-step auto-transformer starters

It shall be verified that the open-circuit voltages on the tapping terminals of the auto-transformer
are in accordance with the design figures and that the phase sequence at the motor terminals
is correct in both STARTING and RUN positions of the starter.

8.102.3 For two-step reactor starters

It shall be verified that the impedance of the tapping terminals of the reactor is in accordance
with the design figures and that the phase sequence at the motor terminals is correct in both
the STARTING and RUN positions of the starter.
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9 Guide to the selection of contactors and motor-starters for service
(informative)

9.1

General

Subclause 9.1 of IEC 62271-1: 2017 applies.

9.2

Selection of rated values

Subclause 9.2 of IEC 62271-1: 2017 applies.

9.3 apte-imterface consiaderations
Subclguse 9.3 of IEC 62271-1: 2017 applies.
9.4 [Continuous or temporary overload due to changed service conditions
Subclguse 9.4 of IEC 62271-1: 2017 applies.
9.5 [Environmental aspects
Subclguse 9.5 of IEC 62271-1: 2017 applies.
9.101| General
A contpctor or starter, including a controller, suitable.fot a given duty in service, is best sq
by considering the individual rated values required by load conditions and fault conditio
The camplete list of rated characteristics is given in Clause 5. The following individual
are deplt with in this subclause:
— rgted voltage (U,) 9.102.1
— rgted insulation level (U, and Up) 9.102.2
— rgted frequency (f,) 9.102.3
— rdted short-circuit breaking current (lg.) 9.102.4
For rated charactefistics not dealt with in this subclause reference should, if applicak
made fo Clause®las follows.
Rated [characteristics for all contactors and starters
— rdated short-time withstand current (Ik) 56
— rated peak withstand current (Ip) 5.7
— rated duration of short circuit (t,) 5.8
— rated supply voltage of operating devices, and of auxiliary and control 5.9
circuits (Uyp)
— rated supply frequency of operating devices and of auxiliary circuits 5.10
— rated operational current (I,) or rated operational power 5.101
— rated duties 5.102
— rated load and overload characteristics 5.103
— utilization category 5.104

— mechanical endurance 5.105

lected
S.

atings

le, be
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Characteristics given on request

— thermal current (ly,) 9.102.5
— electrical endurance 5.106
— coordination with short-circuit protective devices (SCPD) 5.107
— motor switching characteristics 7.108

Characteristics dependent on starter type

— automatic change-over devices and automatic acceleration control 5.108

d' V;bCQ

— sfarting auto-transformer characteristics 5.109
— sfarting reactor characteristics 5.109
— sfarting resistor characteristics for rheostatic rotor starters 5:210

Other parameters to be considered when selecting contactors or starters‘are, for examp|e:

— Igcal atmospheric and climatic conditions 9.102.6
— use at altitudes other than sea level 9.102.7
— coordination with current-limiting fuses such as the SCPD 9.102.8
— degree of protection for the enclosure and partitions IEC 62271-200
— tylpe of metal-enclosed controlgear IEC 62271-200

9.102 | Selection of ratings and characterjstics for service conditions
9.102.L Selection of rated voltage

The rated voltage of the equipment should be chosen so as to be at least equal to the highest
voltage of the system at the point where it is to be installed.

The rated voltage should be selected from the standard values given in 5.2.

In selgcting the rated veltage, the corresponding insulation levels specified in 5.3 should also
be taken into account(see also 9.102.2).

9.102.p Insulatten coordination

The rated inSutation level should be selected according to 5.3. The values in these tableg apply
to both indoeor and outdoor equipment.

9.102.3 Rated frequency

The manufacturer should be consulted if a contactor, or starter, is to be used at any frequency
other than rated frequency (see 5.4).

9.102.4 Rated short-circuit breaking current

As stated in 5.107, the rated short-circuit breaking current is the highest prospective
short- circuit current which the controller shall be capable of breaking under the conditions of
use and behaviour prescribed in this document in a circuit having a power-frequency recovery
voltage corresponding to the rated voltage of the controller.
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The rated short-circuit breaking current of a controller is largely determined by that of the SCPD
and shall be equal to or greater than the maximum expected fault current level of the point in
the distribution system at which the controller is to be located. When forming a switchboard
incorporating both circuit-breakers and starters, the rated short-circuit breaking current of the
complete board should have one value, namely that of the lowest rated circuit. This rating then
forms the basis for type testing of the short-circuit withstand capability of the main circuit
conductors of the controller, i.e. the busbars and connections upstream of the SCPD.

9.102.5 Thermal current (1)

Reference should be made to IEC 60282-1 where comment is made on the rated normal current
of fus i i i i S in an
enclosjure.

The thermal current of a switch-fuse combination is assigned by the controller manufactyrer on
the bgsis of information gained from temperature-rise tests and will depend on the type
and rafings of the contactor and the fuses. It may have to be reduced where the ambient
temperature in service exceeds the prescribed ambient temperatures(see 4.1 and [4.2 of
IEC 64271-1: 2017).

The thlermal current of a controller is generally less than, but should not be in excess pf, the
rated gurrent of the fuses as assigned by the fuse manufacturer«

9.102.p Local atmospheric and climatic conditions

It shoyld be specified in the enquiry whether the equipment is to be of indoor or outdoof type.
For oditdoor installation, it is assumed that the _equipment will be mounted in a spitable
encloslure. Inside the enclosure, normal indoor conditions are considered to preyail. If
necessary, appropriate measures shall be taken; such as space heaters or air-condition|ng, so
that cqmmon indoor components may be used. This does not apply to gas-filled compartments.

9.102./ Use at altitudes other than sea level

The njormal service conditions /specified in Clause 4 of IEC 62271-1: 2017 provige for
contro|gear intended for use at'altitudes not exceeding 1 000 m.

Installation at altitudes abave 1 000 m or below sea level is also recognized in this doqument
(4.2.2), but it may be necessary for the manufacturer and end user to take account of varjations
in the fesign for these.altitudes, for example temperature rise, insulation level and mechanical
paramgters.

Above|l 000-m, or below sea level, it is often necessary to make adjustments to the spring force
in the [drive_mechanism of the contactor vacuum interrupters to compensate for the different
atmospheric pressure.

9.102.8 Coordination with current-limiting fuses such as the SCPD
9.102.8.1 General

The object of this part of the guide, taken in conjunction with that for fuses (IEC 60282-1), is to
specify criteria for the selection of a combination of contactor and SCPD which will assure safe
operation, using the parameter values established by tests in accordance with IEC 60282-1,
IEC 60644 and this document.

IEC 60644 applies primarily to fuse-links, complying with the requirements of IEC 60282-1,
used with motors started direct-on-line and intended to withstand normal service conditions,
and to the selection of fuse-links with particular reference to the K factor under repetitive starting
conditions.
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The test duties specified in this document, together with the associated guidance as to the
application of these tests to other combinations, cover most users' requirements. However,
some cases, for example to support the use of a back-up fuse by type tests done on the
controller using so-called full-range fuses from another manufacturer, may require additional
testing. Such testing should be subject to agreement between the manufacturer and user.

9.102.8.2 Take-over current

The value of the take-over current of a controller is dependent upon both the release initiated
opening time of the contactor and the time-current characteristic of the fuse. As its name
implies, it is the value of overcurrent above which the fuses take over the function of current
interruption from the release and contactor.

From |a practical standpoint, the maximum take-over current for a given appliecation is
determined as follows.

Superimpose upon the maximum pre-arcing time-current characteristic (based on a ¢urrent
tolerance of + 6,5 %) of the fuse (see Figure 9) a time equal to the minimum opening time, or
miniméim response time if operated by an overcurrent relay and/or.tinte delay devicg. The
associgted current is the value of the take-over current, and shall ngt-be greater than the rated
take-oper current which is the current determined by the fuse manufacturer and used ¢n test
duty C|(see 7.107.4.4).

NOTE [In this subclause, a current tolerance + 6,5 % is used (i.e. £ 2g70f #710 %). This is based on current gractice.
9.102.B.3 Extension of the validity of making and{bréaking type tests

As it igrecognized that it may well be impractical totest all combinations of contactor and|fuses,
and to|carry out repeat tests on controllers whenéyer the fuse is altered, this document specifies
conditions whereby the validity of the making*and breaking type tests may be extended tq cover
combinations of contactor and fuses other-than that (those) tested.

The fupe manufacturer or the user carryon his own responsibility, avail himself of this extension
and dgcide which other types of fuses can validly be used in the controller.

The pilinciples on which the conditions for extending the validity of the making and breaking
type tdsts are based are as follows:

— any fuse or modified fuse used in a controller shall have been certified to its rglevant
standard. This is\necessary not only to prove the fuse but also to provide cut-off currgnt and
opgrating 12tdata;

— thqg cut-offiedrrent and operating 12t of the fuse shall be no greater than those of the fuse
tegted in the controller in order to ensure that the contactor contacts cannot be subje¢ted to
unproyen conditions;

— the same type of fuse striker (energy output) as that fitted to the fuse tested in the controller
shall be used in order to give assurance that the contactor will be released without damage
(see also 5.104).

9.102.8.4 Fuse operation

The three fuses fitted in a given controller shall be all of the same type and current rating,
otherwise the breaking performance of the controller could be adversely affected.

It is vital, for the correct operation of the controller, that the fuses are inserted with the strikers
correctly located.


https://iecnorm.com/api/?name=ee51a1a6686f63d30141df66f8083d61

When

- 76 — IEC 62271-106:2021 © IEC 2021

a controller has operated as a result of a three-phase fault, it is possible that:

a) only two out of the three fuses have operated;

b) all

three fuses have operated, but only one out of the three strikers have ejected.

Such partial operation of one fuse can occur under three-phase service conditions and is
not unusual;

c) where a controller has opened without any obvious signs of a fault on the system,
examination of the operated fuse or fuses may give an indication as to the type of fault
current and its approximate value. Such an investigation is best carried out by the fuse
manufacturer who is usually prepared to offer such a service to users;
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Additional information useful for application

il Thermal current (l;)

auto-transformer or reactor starter, the auto-transformer or reactor is energize
ttently, a maximum temperature rise 15K greater than the limits stated in the appr
nent standard (for example IEC 60076-2 or IEC 60076-11:2018) is permissible
pgs of the transformer or reactof’;when the starter is operated according
ements of 5.102 and 5.111.

P Stator thermal current (1)
rters, the stator thermal current is the maximum current it can carry on continuod

the temperature «ise of its several parts exceeding the limits specified in Table
271-1 when tested in accordance with 7.5.4.

B Rotorthermal current (lyy,)

postaticrotor starters, the rotor thermal current is the maximum current that thosg
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of IEC

62271-1:2017 when tested in accordance with 7.5.4.

10 Information to be given with enquiries, tenders and orders (informative)

10.1

General

Subclause 10.1 of IEC 62271-1:2017 applies.

10.2

Information with enquiries and orders

Subclause 10.2 of IEC 62271-1:2017 applies. with the following additions.
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10.2.101 Information to be given with enquiries and orders

When enquiring for or ordering a contactor, starter, or controller, the following particulars should
be supplied by the enquirer.

a)

b)

c)

10.2.1p2 Information to be given for coordination'with current-limiting fuse SCPD5

Particulars of systems, i.e. nominal and highest voltages, frequency, number of phases, and
details of neutral earthing.

If the equipment is to be used in installations exposed to lightning and/or switching
over-voltages.

Service conditions, including minimum and maximum ambient temperatures,; altitude of the
intended installation; and any special conditions likely to exist or arise, for example unusual
expestre-te-watervapour—moeistorefumes—explosire-gases—exeessivre-dustersaltgir (see
9.102.6 and 9.102.7). If intended for installation in areas subject to seismic consjderations,
5 shall also be indicated.

If the equipment may be fitted to a moving device, if its support may be capable'of asguming
$loping position either permanently or temporarily (for example devices™ fitted aboard
ships), or if the equipment may be exposed in service to abnormal shocks or vibrations.

The enquirer should provide information of the type and dimensionscof\any special elgctrical
cofnections with other apparatus, in order to enable enclosures.and’terminals meeting the
co:I:ditions of installation and temperature rise prescribed by thiss"document to be prgvided.
Attention should be drawn to any special need for silent opefation.

If the equipment will be used for applications not clearly within the scope of this document,
forl[example the switching of transformers, this shall be, neted.

Chlaracteristics, as appropriate and listed in Table-1y should be given.

The cpntroller manufacturer should give, apatt from the rated quantities, the following

informption:

a) mgximum acceptable power dissipation of the equipment (see 7.5.4);

b) mgximum cut-off current that the-equipment has been proven to be able to deal With as
demonstrated during short-citcuit testing.

c) mgximum 12t of fuses for (protection of the equipment.;

d) opgning time of the cohtactor when actuated by a fuse striker, and also, where appljcable,
thg minimum releasésjnitiated opening time of the contactor;

e) types and dimensions of the fuses which can be used in the controller;

f) tyde of fuse &triker (medium or heavy);

g) filling medium (type and amount), where applicable.

Wherel aduser wishes to use a fuse of a type different from those listed under 10.2.102 e) but of

the same dlmnnclnne' he thllld' in—addition to rnfnrrlng tothe :\pplm:\flnn gllldn ((‘Inl se 8)'

request the following information from the fuse manufacturer in accordance with IEC 60282-1.

h)

12t characteristic (according to IEC 60282-1);
cut-off current characteristic;

rated short-circuit breaking current;

rated minimum breaking current;

power dissipation at rated current;
pre-arcing time-current characteristic;

type of fuse striker (medium or heavy).

10.3 Information with tenders

Subclause 10.3 of IEC 62271-1:2017 applies.
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11 Transport, storage, installation, operating instructions and maintenance
Clause 11 of IEC 62271-1:2017 applies with the following addition.

High-voltage fuses, although robust in external appearance, may have fuse elements of
relatively fragile construction. Fuses should, therefore, be kept in their protective packaging
until ready for installation and should be handled with the same degree of care as a relay, meter
or other similar item. Where fuses are already fitted in a controller, they should be temporarily
removed while the unit is moved into position.

12 Safety

Clausg¢ 12 of IEC 62271-1:2017 applies.

13 Influence of the product on the environment

Clausg¢ 13 of IEC 62271-1:2017 applies.
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Annex A
(normative)

Identification of test objects

Annex A of IEC 62271-1:2017 applies.
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Annex B
(informative)

Determination of the equivalent RMS value of a short-time current
during a short-circuit of a given duration

Annex B of IEC 62271-1:2017 applies.
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Annex C
(normative)

Method for weatherproofing test for outdoor switchgear and controlgear

Annex C of IEC 62271-1:2017 applies.
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