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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s ization comprising
all national electrotechnical committees (IEC National Committees). The obj is to promote
international co-operation on all questions concerning standardization in the electfi d electronic fields. To
this end and in addition to other activities, IEC publishes International Stangdarg \ni ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any g qittee interested
in the subject dealt with may participate in this preparatory work. i 9

governmental organizations liaising with the IEC also participate in jkj . |E aborates closely

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

possible, an international
s representation from all

IEC Publications have the form of recom

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

International Standard IEC 62271-106 has been prepared by subcommittee 17A: High-voltage
switchgear and controlgear, of IEC technical committee 17: Switchgear and controlgear.

This standard cancels and replaces the second edition of IEC 60470 published in 1999. It
constitutes a technical revision.

This edition includes the following significant technical changes with respect to
IEC 60470:1999:

« Scope and object: The voltage range covered by the standard was expanded from 12 kV
to 24 kV. Overload relay calibration and testing is not covered by this standard.

« 3 Terms and definitions: Added definitions for capacitor switching classes.

« 4.1 Rated voltage: Added 15, 17,5 and 24 kV as standard voltage values.

e 4.109.2 Starting duty of reduced-voltage starters: Added ratings for autotransformer and
reactor starters (was in the testing section). Documents
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e 4.112 Rated capacitive switching currents: Added capacitor switching current ratings.

e 5.101 Protective relays: Removed the requirements for overload relays. This section is
obsolete since there are only a few MV starters fitted with thermal overload relays and
electronic relays have their own standards.

e 6.2.5 Application of the test voltage and test conditions (former 6.2.2 b)): Changed
wording of requirement for impulse across the open gap of vacuum contactors.

e 6.4.2 Auxiliary circuits: The requirement for resistance checks of auxiliary circuits was
deleted.

e 6.5.5.104 Temperature rise of the auto-transformer or reactor for two-step
auto-transformer or reactor starters: Reworded to transfer ratings to subclause 4.109.2.

e 6.102.9 Condition following making and breaking tests: Gave specific™direction as to

circuit testing.

e 6.109 Capacitive current switching tests: Added capacitive

IEC 62271-1. Amendments ’to these
references whilst additional subclaus

The text of this standard is based on t

(N
< /I-(DE\\ ) N R>port on voting

17“/97(#{D|s ) 17A/976/RVD

fo\r@@l of this standard can be found in the report on
table

Full information
voting indicated i

the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

« reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

The contents of the corrigendum of February 2014 have been included in this copy.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

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

1 General

1.1  Scope and object

This part of IEC 62271 is applicable to a.c. contactors and/or contactor<kgsed controllers and
motor-starters designed for indoor installation and operation at Afrequelncies tp to and

Contactors and/or starters dealt with in this standdrd
short-circuit interruption capability. In this conte is_8

This standard is also a

equipment.
Motor-starters inte; déd

operation of motors

— reversing starters;

— two-direction starters;

— reduced kVA (voltage) starters;
» auto-transformer starters;
* rheostatic starters;

e reactor starters.
This standard 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; Documents
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— equipment designed not only for starting, but also for adjustment of speed;
— 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 standard does not deal with components contained in contactors and contactor-based
motor-starters, for which individual specifications exist.

NOTE 1 Thermal electrical relays are covered by IEC 60255-8.

NOTE 2 High-voltage current-limiting fuses are covered by IEC 60282-1 and IEC 604

are covered by IEC 62271-200.

NOTE 4 Disconnectors and earthing switches are covered by IEC 6227

for contrg 5, {
co-ordination;

c) the tests intepded

The following referenced documents are indispensable for the application of this document.
For dated references/ only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

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

IEC 60417, Graphical symbols for use on equipment

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

IEC 62271-1:2007, High-voltage switchgear and controlgear — Part 1: Common specifications

IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating-current
circuit-breakers

1" To be published Documents
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IEC 62271-102, High-voltage switchgear and controlgear — Part 102: Alternating current
disconnectors and earthing switches

IEC 62271-200:2003, High-voltage switchgear and controlgear — Part 200: AC metal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV

2 Normal and special service conditions

2.1 Normal service conditions

Subclause 2.1 of IEC 62271-1 is applicable with the following addition:

For outdoor installations, refer to 8.102.6.

2.2 Special service conditions

2.21 Altitude

NOTE Above 1 000 m it is often necessary to
3 Terms and definitions

For the purposes of this standard, the rm% definitighs given in Clause 3 of IEC 62271-1,
as well as the following,

3.1 General terms &

3.1.101
controlgear

measuring, protective “a g equipment, also assemblies of such devices and
equipment i interconnections, accessories, enclosures and supporting

3.1.102
over-current
current exceeding the rated current

[IEC 60050-441:1984, 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

[IEC 60050-441:1984, 441-11-07]

Documents
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3.1.104
overload
operating conditions in an electrically undamaged circuit, which cause an over-current

[IEC 60050-441:1984, 441-11-08]

3.1.105

conductive part

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

[IEC 60050-441:1984, 441-11-09]

3.1.106

ambient air temperature
temperature, determined under prescribed conditions, of the air
switching device or fuse

NOTE For switching devices or fuses installed inside an enclosure, i
enclosure.

[IEC 60050-441:1984, 441-11-13]

3.2 Assemblies of switchgear and controlg

Clause 3.2 of IEC 62271-1 applies

3.3 Parts of assemblies

Clause 3.3 of IEC 62271-1

3.4 Switching device

3.4.101
switching devic

device designed to ent in one or more electric circuits

3.4.102
mechamical
switching devyi a contactor or a disconnector) designed to close and open one or

[IEC 60050-441:1984, 441-14-02, modified]

3.4.103

disconnector

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

NOTE 1 A disconnector is capable of opening and closing a circuit either when negligible current is broken or
made, or when no significant change in the voltage across the terminals of each of the poles of the disconnector
occurs. It is also capable of carrying currents under normal circuit conditions and carrying for a specified time
currents under abnormal conditions such as those of short circuit.

NOTE 2 A withdrawable contactor assembly may be used as a disconnector.

NOTE 3 In North America, this device is also called an isolating means or an isolating switch.

[IEC 60050-441:1984, 441-14-05, modified]
Documents
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3.4.104

earthing switch

mechanical switching device for earthing parts of a circuit, capable of withstanding for a
specified time currents under abnormal conditions such as those of short circuit, but not
required to carry current under normal conditions of the circuit

NOTE An earthing switch may have a short-circuit making capacity.

[IEC 60050-441:1984, 441-14-11]

3.4.105

contactor (mechanical)
mechanical switching device having only one position of rest, operated otherwise than by
hand, capable of making, carrying and breaking currents under norm@a suit conditions
including operating overload conditions

NOTE Contactors may be designated according to the method by which the force gntacts is

provided.
[IEC 60050-441:1984, 441-14-33]

3.4.106

electromagnetic contactor
contactor in which the force for closing or openi
electromagnet

contacts is provided by an

3.4.107
vacuum contactor

contactor in which the main contacts open a highly evacuated envelope

3.4.108
SFg contactor
contactor in which the

3.4.109 Q

latched contactor
contactor, the mavi S ch are prevented by means of a latching arrangement
from returning o t stwhen the operating means are de-energized

and ctose within an SFg gas-filled compartment

NOTE Thestatching, and the re of the latching, may be mechanical, electromagnetic, pneumatic, etc.

4-34, modified]

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

[IEC 60050-441:1984, 441-14-38, modified]

3.4.1101
direct-on-line starter
starter which connects the line voltage across the motor terminals in one step

[IEC 60050-441:1984, 441-14-40]

3.4.110.2
reversing starter
starter intended to cause the motor to reverse the direction of rotation by reversing the motor
primary connections even when the motor is running
Documents
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3.4.110.3

two-direction starter

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

3.4.110.4
reduced kVA (voltage) starter
starter which reduces the starting kVA of the motor

NOTE Reduced kVA starters may include auto-transformer, reactor, rheostatic starters.

3.4.110.5
auto-transformer starter
starter which uses one or more reduced voltages derived from an auto-tya

3.4.110.6

rheostatic starter
starter utilizing one or several resistors for obtaining, during ing, state potor torque
characteristics and for limiting the current

3.4.110.7
rheostatic rotor starter
rheostatic starter for g

cuts out successively @
[IEC 60050-441 @
3.4.110.8
reactor starte

3.4.110.9
electromagnetic starter
starter in which the force for closing the main contacts is provided by an electromagnet

3.4.110.10

n-step starter

starter in which there are (n — 1) intermediate accelerating positions between the off and full
on positions

NOTE 1 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 A starter in which there is only one intermediate accelerating position between the OFF and ON positions
is known as a two-step starter.

NOTE 3 A three-step rheostatic starter has two sections of resistors used for starting.

[[EC 60050-441:1984, 441-14-41, modified]
Documents
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3.4.111

controller

combination starter

equipment consisting of a contactor, overload protection, a manual externally operated
disconnector and a short-circuit protective device (SCPD), mounted and wired in a dedicated
enclosure

NOTE 1 A dedicated enclosure is an enclosure specifically designed and dimensioned for its application, in which
all tests are conducted, and which may also include an earthing function.

NOTE 2 A controller may be used for functions other than motor starting, for example transformer control and
protection.

3.4.111.1
transformer controller

in combination with suitable overload protection

3.4.111.2

capacitor controller
combination of all the switching means necessary tg
capacitor bank in combination with suitable protecti

3.4.112

short-circuit protective device
SCPD

device intended to protect a circuit br of\a yit against short-circuit currents by
interrupting them DQ

NOTE Usually this functionN

3.4.113

contactor class@

contactor with a low grohab during capacitive current breaking as demonstrated
by the type tests (g&

3.4.114
contactor.cla
contacta i
demonstrate

3.5 Parts of contattors and motor starters

3.5.101

pole of a switching device

portion of a switching device associated exclusively with one electrically separated conducting
path of its main circuit and excluding those portions which provide a means for mounting and
operating all poles together

NOTE A switching device is called single-pole if it has only one pole. If it has more than one pole, it may be called
multipole (two-pole, three-pole, etc.) provided the poles are or can be coupled in such a manner as to operate
together.

[IEC 60050-441:1984, 441-15-01]

3.5.102

main circuit (of a switching device)

all the conductive parts of a switching device included in the circuit which it is designed to
close or open
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[IEC 60050-441:1984, 441-15-02]

3.5.103

control circuit (of a switching device)

all the conductive parts (other than the main circuit) of a switching device which are included
in a circuit used for the closing operation or opening operation, or both, of the device

[IEC 60050-441:1984, 441-15-03]

3.5.104

auxiliary circuit (of a switching device)
all the conductive parts of a switching device which are intended to be included in a circuit
other than the main circuit and the control circuits of the device

NOTE Some auxiliary circuits fulfil supplementary functions such as signalling, i
they may be part of the control circuit of another switching device.

[IEC 60050-441:1984, 441-15-04]

3.5.105

main contact
contact included in the main circuit of a mechanical
closed position, the current of the main circuit

ended to carry, in the

[IEC 60050-441:1984, 441-15-07]

3.5.106
control contact

contact included in a control circuit \of AN IS witching device and mechanically

3.5.107 Q
auxiliary contac

contact included in@ if and mechanically operated by the switching device

[IEC 60050-444:

3.5.108

a’ conta

ontact which is closed when the main contacts of the mechanical

switching device are-€losed and open when they are open

[IEC 60050-441:1984, 441-15-12]

3.5.109

"b" contact

break contact

control or auxiliary contact which is open when the main contacts of a mechanical switching
device are closed and closed when they are open

[IEC 60050-441:1984, 441-15-13]

3.6 Operation

3.6.101
operation (of a mechanical switching device)
transfer of the moving contact(s) from one position to an adjacent position
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NOTE 1 For a circuit-breaker, this may be a closing operation or an opening operation.

NOTE 2 If distinction is necessary, an operation in the electrical sense, e.g. make or break, is referred to as a
switching operation, and an operation in the mechanical sense, e.g. close or open, is referred to as a mechanical
operation.

[IEC 60050-441:1984, 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 This may be a closing operation followed by an opening operation.

NOTE 2 A succession of operations not forming an operating cycle is referred to as a

[IEC 60050-441:1984, 441-16-02, modified]

3.6.103
closing operation (of a mechanical switching device)
operation by which the device is brought from the open po

[IEC 60050-441:1984, 441-16-08]

3.6.104
opening operation (of a mechanical g

operation by which the device is brougt n to the open position

[IEC 60050-441:1984, 441-16-09]

3.6.105
closed position (of a
position in which the p

[IEC 60050-441 ,

3.6.106

e main circuit of the device is secured

3.6.107
position of rest (of a contactor)

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

[IEC 60050-441:1984, 441-16-24]

3.6.108

overload relay or release

over-current relay or release intended for protection against overloads (including, where
applicable, operating transformer(s) and interconnections)

3.6.109

thermal overload relay or release

inverse time-delay overload relay or release depending for its operation (including its time
delay) on the thermal action of the current flowing in the relay or release
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3.6.110

current setting of an overload relay or release

value of current for which the relay or release is adjusted and in accordance with which its
operating 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 spegified\requirements,
operates at a current value lower than its current setting in the case of gtirent unbalance

3.6.113

under-current (under-voltage) relay or release
measuring relay or release which operates automatically whe ough it (or the
voltage applied to it) is reduced below a pre-determined va

3.6.114
starting time (of a rheostatic starter)

3.6.115
starting time (of an auto-

the last period of ac@ti q_followihg
3.6.116

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 The transition stage is not considered an additional step.

3.6.118

inching

jogging

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

3.6.119

plugging
stopping or reversing a motor rapidly by reversing the motor primary connections while the
motor is running
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3.7 Characteristic quantities

3.7.101

breaking current (of a switching device or a fuse)

current in a pole of a switching device or in a fuse at the instant of initiation of the arc during a
breaking process

[IEC 60050-441:1984, 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 The voltage to be stated and the conditions to be prescribed are dealt with ig

NOTE 2 For switching devices, the breaking capacity may be termed according tQ
the prescribed conditions, e.g. line charging breaking capacity, cable charging™hrea
bank breaking capacity, etc.

[IEC 60050-441:1984, 441-17-08]

3.7.103
making capacity (of a switching device)

value of prospective making current that a switg apable of making at a stated

NOTE The voltage to be stated and the condition e with in the relevant specifications.

3.7.104

short-time withstand

current that a circuit of axswitshi ice W the"closed position can carry during a specified
short time unde@c i itions nd behaviour

[IEC 60050-441:1

voltage whichhappea¥s e terminals of a pole of a switching device or a fuse after the

NOTE This voltage may be corisidered in two successive intervals of time, one during which a transient voltage exists,
followed by a second~ane duking which the power frequency or the steady-state recovery voltage alone exists.

[IEC 60050-441:1984, 441-17-25]
3.7.106

transient recovery voltage

TRV

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

NOTE 1 The transient recovery voltage may be oscillatory or non-oscillatory, or a combination of these, depending on
the characteristics of the circuit and the switching device. It includes the voltage shift of the neutral of a polyphase
circuit.

NOTE 2 The transient recovery voltage in three-phase circuits is, unless otherwise stated, that across the first
pole to clear, because this voltage is generally higher than that which appears across each of the other two poles.

[IEC 60050-441:1984, 441-17-26]
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3.7.107

prospective transient recovery voltage (of a circuit)

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

NOTE 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.

[IEC 60050-441:1984, 441-17-29]

3.7.108
power frequency recovery voltage
recovery voltage after the transient voltage phenomena have subside

[IEC 60050-441:1984, 441-17-27]

3.7.109

prospective current (of a circuit and with respect to a co
current that would flow in the circuit if each pole
conductor of negligible impedance

ein)
replaced by a

[IEC 60050-441:1984, 441-17-01, modified]

3.7.110
prospective peak current

peak value of a prospective current during the tra eriod following initiation

is considered.

[IEC 60050-441 @ .

3.7.111

maximum prospgcti 3 of an a.c. circuit)

prospective peak gurke B initiation of the current takes place at the instant which leads
to the highe

Nevice in\a polyphase circuit, the maximum prospective peak current refers to a single pole

NOTE Fé
only.

[IEC 60050-4474984,\441-17-04]

a multiple

3.7.112

prospective breaking current (for a pole of a switching device or a fuse)

prospective current evaluated at a time corresponding to the instant of the initiation of the
breaking process

NOTE Specifications concerning the instant of the initiation of the breaking process are to be found in the
relevant publications. For mechanical switching devices or fuses, it is usually defined as the moment of initiation of
the arc during the breaking process.

[IEC 60050-441:1984, 441-17-06]

3.7.113

minimum breaking current

minimum value of prospective current that a fuse-link is capable of breaking at a stated
voltage under prescribed conditions of use and behaviour

[IEC 60050-441:1984, 441-18-29] Documents
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3.7.114

cut-off current

let-through current

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

[IEC 60050-441:1984, 441-17-12]

NOTE 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.

3.7.115

take-over current
current coordinate of the intersection between the release initiated ¢
contactor and the time-current characteristic of the SCPD

1ig time of the

[IEC 60050-441:1984, 441-17-16 modified]

3.7.116

minimum take-over current
current determined by the point of intersection of the time-cu
and the contactor corresponding to

stics of the SCPD

a) the maximum break time plus, where applicak i operating time of an

NOTE See also Figure 9.

3.7.117

a) the minimu @-, i
overcurrent rela 9

dissipation as determiged by the temperature-rise tests

3.7.119
fused short-circuit current
conditional short-circuit current when the current limiting device is a fuse

[IEC 60050-441:1984, 441-17-21]

3.7.120

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

[IEC 60050-441:1984, 441-17-24]

3.7.121

vacant
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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:

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 when 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
minimum release-initiated opening time (of the contactor)

integral part of the contactor is its minimum setting

3.7.124
maximum release-initiated opening time (of the conja
release-initiated opening time when the specified se
integral part of the contactor is its maximum setting

3.7.125
arcing time (of a pole or a fuse)
interval of time between the instant o

3.7.126

break time (of the"eonta
interval of time b eef
and the instant of find

device that by thefusing of one or more of its specially designed and proportioned
components opens the circuit in which it is inserted by breaking the current when this exceeds
a given value for a sufficient time. The fuse comprises all the parts that form the complete
device

[IEC 60050-441:1984, 441-18-01]

3.101.2

striker

mechanical device forming part of a fuse-link which, when the fuse operates, releases the
energy required to cause operation of other apparatus or indicators, or to provide interlocking
[IEC 60050-441:1984, 441-18-18]

3.101.3

pre-arcing time

melting time

interval of time between the beginning of a current large enough to cause a break Dﬂiﬁitﬁ‘hents

element(s) and the instant when an arc is initiated
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[IEC 60050-441:1984, 441-18-21]

3.101.4

operating time

total clearing time

sum of the pre-arcing time and the arcing time

[IEC 60050-441:1984, 441-18-22]

3.101.5

Joule integral

12t

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

I
12t =I i2dt
ly

NOTE 1 The pre-arcing /% is the I?t integral extended over the pre-arcing time of tie
NOTE 2 The operating /%t is the It integral extended over the operatingtim
NOTE 3 The energy in joules liberated in one ohm of resistance i icuit p ed\by g’fuse is equal to the
value of the operating /2 expressed in AZs.

[IEC 60050-441:1984, 441-18-23]

4 Ratings

Clause 4 of IEC 62271-1 is applicable ¥

its rated characteristic$
The characteris@
auxiliary equipmen

Under this head on”is also given to the characteristics which are not
necessarily ed to. be taken into consideration in the specification and design
stages.

combination. In ase, the new ratings shall be assigned by the manufacturer.

NOTE Ratings may differ between the table columns.
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Table 1 — Ratings and characteristics

62271-106 O IEC:2011

Full document details: IEC 62271-106 2011

Rating/characteristic Contactor Starter Controller
3.4.105 3.4.110 3.4.111

(A) Rated characteristics

a) Rated voltage (U;) 4.1 X X X

b) Rated insulation levels (Uy, Up) 4.2 X X X

c) Rated frequency (f;) 4.3 X X X

d) Rated operational current (/) 4.101 X X X
or rated operational power

e) Rated short-time withstand current (/) 4.5 X X

f) Rated peak withstand current (Ip) 4.6 X X

g) Rated duration of short-circuit (¢y) 4.7 X X Q X

h) Rated short-circuit breaking current (i) 4.107 X

i) Rated short-circuit making current (/;,5) 4.107 x > X

j) Rated duties 4.102 X X (X)

k) Rated load and overload characteristics, 4.103, 4.1 X X
by utilization category

1) Rated supply voltage of operating devices, and 4.8 6 X X
of auxiliary and control circuits (Uy)

m) Rated supply frequency of operating device 4. X X X
and of auxiliary circuits

n) Rated pressure of compressed gas supply 4.10 X X X
for insulation and/or operation (\

(B) Characteristics to be giyeq on

a) Thermal current ) X X X

b) Electrical enduré@ X

c) Coordination with she X X

d) Damage classific X X

e) Short-circuif breaking capaci 4.107, 6.104 X X

f) Short- 4.107, 6.104 X X

g) Motor switching 6.108 X

h) Take-over curreqt for release-operated 4.107.2 X
controller

i) Rated capacitive switching current 4.112 X X

(C) Characteristics dependent on starter type

a) Automatic change-over devices and automatic 4.108 X X
acceleration control devices

b) Starting auto-transformer or reactor characteristics 4.109 X

c) Starting resistor characteristics 4.110

X: applicable for this configuration

(X): applicable, but see NOTE 2 of 4.102.2 regarding intermittent duty
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4.1 Rated voltage (U,)

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:

2,5kV-3,6kV-50kV-72kV-12KkV -15kV -17,5kV — 24 kV
For rheostatic rotor starters, the rated voltage refers to the stator.

4.1.101 Rated rotor voltage (U,,)

For rheostatic rotor starters, the value of the rated voltage is that of the
combined with a rated rotor current, determines the application of the rofa

reason, it is permissible that the rated rotor voltage
by 100 %.

resistors, connecting parts, etc.) of the xptorci er will vary and account shall
be taken of this fact in choosing the eq 2 disposition.

NOTE The insulation systems are 3,6 kV and 7,2 kV respectively.
4.2.101
For rheogtatic\rotg e rated rotor insulation level is that which is assigned to the

4.2.102 Rated starting voltage (U;,,) of an auto-transformer starter

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

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

4.2.103 Rated starting voltage (Utap) of a reactor starter

The rated starting voltage of a reactor starter is the reduced voltage derived from the
impedance of the reactor and the motor current before rotation.

Preferred values of rated starting voltage (Utap) are 50 %, 65 % or 80 % of the rated voltage.
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4.3 Rated frequency (f;)

The rated frequency is the supply frequency for which the device is designed and to which the
other characteristic values correspond. The standard values of the rated frequency are 50 Hz

and 60 Hz.

4.4 Rated normal current and temperature rise
4.4.1 Rated normal current (1)
A rated normal current is normally not assigned to the contactor or motor starter. When

contactors or motor starters are combined into larger assemblies, the rated normal current of
the connecting busbars shall be in accordance with IEC 62271-200.

See also thermal current (4.4.101).

4.4.2 Temperature rise

IEC 62271-1 applies and, and for fuses, IEC 60282-1 applie

4.4.101 Thermal curre
The thermal current is\the m
the temperature

the R10 series is N0 ica

Because, in an auto-
energlzed o] i

of reactor starter, the auto-transformer or reactor is

4.4.101.1 ermal current (I, )

For motor starters, the stator thermal current is the maximum current it can carry on

continuous duty without the temperature rise of its several parts exceeding the limits specified
in 4.4.2 when tested in accordance with 6.5.3.

4.4.101.2 Rotor thermal current (I,,)
For rheostatic rotor starters, the rotor thermal current is the maximum current that those parts
of the starter through which the rotor current flows in the ON position, (after cutting out

resistors) can carry continuously without their temperature rise exceeding the limits specified
in 4.4.2 when tested in accordance with 6.5.3.

4.5 Rated short-time withstand current (1)

Subclause 4.5 of IEC 62271-1 is applicable with the following addition.
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For a contactor, or starter, this is the r.m.s. value of the current which can be carried in a
closed position for a time sufficient for an external SCPD to operate. Alternatively, the value
of current may be assigned for use of a specified SCPD. In this case, the value of the current
need not be selected from the R10 series. For a controller, this is the prospective r.m.s. value
of current.

4.6 Rated peak withstand current (Ip)

Subclause 4.6 of IEC 62271-1 is applicable.

4.7 Rated duration of short circuit (7,)

Subclause 4.7 of IEC 62271-1 is applicable with the following addition.

Alternatively, the interval of time for which a contactor, or starter a short-time

circuits (U,)

Subclause 4.8 of IEC 62271-1 is applicable with the fg

Subclause 4.9 oNEC 62271-1 is applicable.

4.10 Rated pressure of compressed gas supply for controlled pressure systems

Subclause 4.10 of IEC 62271-1 is applicable.

4.101 Rated operational current (I.) or rated operational power

A rated operational current of a contactor or starter is stated by the manufacturer and takes
into account the rated voltage (see 4.1), the rated frequency (see 4.3), the rated duties
(see 4.102), the utilization category (see 4.104) and the type of protective enclosure, if
appropriate.

In the case of contactors or starters for direct switching 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
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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.

4.101.1 Rated rotor operational current (/)

For rheostatic rotor starters, a rated rotor operational current is stated by the manufacturer
and takes into account the rated rotor voltage (see 4.1.101), the rotor thermal current, the
rated frequency (see 4.3), the rated duty (see 4.102), the starting characteristics (see 4.111)
and the type of protective enclosure.

and rated frequency.

When the rotor part of a rheostatic rotor starter is rated separa
rotor operational current may be supplemented by the ma
motors at the rated rotor voltage.

4.102 Rated duties
The rated duties considered as normal

4.102.1 Continuous duty

According to the number of operating cycles which they shall be capable of carrying out per
hour, contactors or starters are divided into the following classes:

— class 1: up to one operating cycle per hour;

— class 3: up to three operating cycles per hour;
— class 12: up to 12 operating cycles per hour;

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

— class 120: up to 120 operating cycles per hour;
— class 300: up to 300 operating cycles per hour.

An operating cycle is defined under 3.6.102.

NOTE 1 In the case of starters for intermittent duty, the difference between the thermal time-constant of the
overload relay and that of the motor may render a thermal relay unsuited for overload protection. It is
recommended that, for installations intended for intermittent duty, the question of overload protection be subject to

agreement between manufacturer and user. Documents
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NOTE 2 Special consideration should be given to the thermal performance of SCPDs in controllers subject to
intermittent duty.

NOTE 3 Special consideration should be given to autotransformer and reactor starters. See 4.109.
4.102.3 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 allowable temperature rise limits per
4.4.2, 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.

4.103 Rated load and overload characteristics

4.103.1 Rated making and breaking capacities
A contactor or starter is defined by its making capacities

in Table 6, in accordance with utilization categories (see
in combination with short-circuit protective devices s¢

4.103.1.1 Rated making capacity

steady-state conditions which the devicexcan v welding or undue erosion of the
contacts or excessive display of flame,(under spegif aking conditions.

The rated making capacity i 7 e . tothe rated operational voltage and rated
operational current, ang ilizati dccording to Table 6.

The rated maki apa by>the r.m.s. value of the a.c. component of the
current.

he current under steady-state conditions, depending on the power
e voltage wave when closing occurs.

be capable of closing on a current corresponding to the
nt that defines its making capacity within the limits that result from
able 6, regardless of the value of the d.c. component.

The rated making capacity is based on the contactor or starter being operated in accordance
with the requirements of 4.8.

4.103.1.2 Rated breaking capacity

The rated breaking capacity of a contactor or starter is a value of current which the device
can break without undue erosion of the contacts or excessive display of flame, under
specified breaking conditions at the rated voltage.

The rated breaking capacity is stated by reference to the rated voltage and rated operational
current, and to the utilization category, according to Table 6.

A contactor or starter shall be capable of breaking any value of the load current up to its
highest rated breaking capacity, according to 4.104.

If the contactor or starter exhibits a minimum breaking current, the magnitude a”‘D’Ucﬁ’ﬂ’ﬁients

factor shall be declared by the manufacturer.
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If the contactor or starter exhibits a extended arc time at lower than rated operational current,
the magnitude and the power factor shall be declared by the manufacturer.

The rated breaking capacity is expressed by the r.m.s. value of the a.c. component of the
current.

4.103.2 Ability to withstand overload currents

Contactors or starters with utilization categories AC-3 or AC-4 shall withstand the overload
currents given in Table 8 as specified in 6.103.

4.104 Utilization category

user.

h ca eg@, i

apacities, as/those values depend directly

Table 2 — Utilization categories

Category \) Typical application
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

NOTE 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.

Typical service conditions for starters (see Figure 1) are:

a) one direction of rotation with the motor being switched off during running in normal service
conditions (utilization categories AC-2 and AC-3);
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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) one or two directions of rotation, but with the possibility of infrequent plugging for stopping
the motor, plugging being associated, if so provided, with rotor resistor brakmg (reversing
starter with braking). Usually a rheostatic rotor starter is used for this_duty condition
(utilization category AC-2);

f) two directions of rotation, but with the possibility of reversing tb ections to
the motor while it is running in the first direction (plugging), |n o] i
the other direction, with switching off the motor running if
Usually a direct-on-line reversing starter is used for this du
AC-4).

ohditions.
jon category

should be decreased accordingly.

4.105 Mechanical endurance

The preferred n
0,1-0,3-1and

With respect to its eéndurance against electrical wear, a contactor or starter is characterized
by the number of on-load operating cycles, corresponding to the service conditions given in
Table 10, 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 6.107).

4.107 Coordination with short-circuit protective devices (SCPD)

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 6.6, 6.104
and 6.106 of this standard.
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a) 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
([i2d¢) withstand capability of the contactor or starter;

— maximum prospective peak withstand current.
See 6.6 and 6.104.

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

b) The manufacturer of the SCPD shall state

— the maximum peak current and the maximum Joule int
as a function of the short-circuit current;

by We SCPD

— the time-current characteristics of the SCPD.

c) For a contactor or starter equipped with an cturer shall state the

— types and characteristics of the gqordina
— type of damage classification (
— rated short-circuit breaking curreniN/.)s

— rated short-circuit making curreft (1
The rated short-circuit brg is the i prospective short-circuit current which
the controller shall be i

prescribed in this stan i ircuif having a power frequency recovery voltage

corresponding to the rs troller. The rated short-circuit breaking current
shall not be limi ﬁr

The rated short-¢ aking_current is the highest prospective peak current which the
controller shall be of making, under the conditions of use and behaviour defined in

The verifica { coprdipation is carried out according to 6.106.

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

a) a reduction 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 may comply with more than one type of
coordination for different values of the rated short-circuit current.

4.107 .1 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.
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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 currents equal to the breaking currents of the contactor or starter indicated in Table 6 for
AC-3 utilization category, it shall be verified from information supplied by the manufacturer of
the SCPD that the latter is able to withstand those currents for times at least equal to the
corresponding tripping time of the overload relays.

For all values of overcurrent for which the controller is suitable, the contactor or starter,
including the SCPD, if integrally mounted, shall operate in such a manner_that the external
manifestations (such as emission of flames or hot gases) do not extend beyond a safety
perimeter stated by the manufacturer of the starter. If the SCPD is remofe from the starter, it
shall operate according to its relevant specifications.

4.107.2 Take-over current for release-operated controller

The value of the three-phase symmetrical current used for
9 gives an example of calculating the take-over current.

6.106.3.3). Figure

e exclusion of external damage to the
placement of the device as a whole or the

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 standard.

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.

4.108 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 Documents
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— devices dependent on voltage;
— devices dependent on power;
— devices dependent on speed.

4.109 Reduced-voltage starting auto-transformers or reactors

4.109.1 Types and characteristics of starting auto-transformers or reactors

Account being taken of the starting characteristics (see 4.111), these shall be characterized
by

— the rated voltage;
— the number of taps available for adjusting the starting torque and cg

— the starting voltage, i.e. the voltage at the tapping terminals, as a pe
voltage;

— the current they can carry for a specified duration;
— the rated duty (see 4.102);
— the method of cooling (air-cooling, oil-cooling).

The auto-transformer or reactor can be

4.109.2 Starting d

The locked-roto eny
temperature sha i

or reactor. Ratings

above the insulation class of the auto-transformer
following duty cycles:

a) medium duty:\th b€ rated based on the following duty cycle: on 30 s, off
30 s, repg i otal of three CO operations. Rest 1 h, and then repeat;

b) heav Staler sWall be rated based on the following duty cycle: on 1 min, off
1 mi timey for a total of five CO operations. Rest 2 h, then repeat.

4110 Types and
starters

haracteristics of starting resistors for rheostatic rotor

Account being taken of the starting characteristics (see 4.111), 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 4.102);
— 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 riseﬂas to be
limited, in order not to cause any damage to the other parts of the starter, or ocuments
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— 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.

4.111 Characteristics dependent on starter type

Table 3 indicates characteristics of the various starter types. These should be considered 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 1,2 | Coolin Locked Locked | Uiyp°

category of steps " rot rotor

Start | No. /h rque\_| current
time /\ N I,

3. Two-direction AC-2, AC-3 1 X

X
X
LTSI

4. Reduced kVA / \

a) Rheostatic AC-2, AC-3 n€ X X Kx j 7x \x\ X
yau .- N
R - d
b) Auto-transformer AC-3 2 /)\ /\\ >x < < X X X X

c) Reactor AC-3 2 d / X X X X

I, Rated rotor operational current (see 4.101. 1
U,, Rated rotor voltage (see 4.1.101)
Unap Tap voltage (see 4.2.102 aQ(\Qos

a8 [Information usually suppli e m\t&)r manufa u r.

1. Direct-on-line AC-3, AC-4 1 X

2. Reversing AC-4 1 X

A4

b To be supplied to the star

¢ Standard values arg’3Q %, .

d  Per duty cycle in 4 , i{se Specified.

€ For most applications (bet iX\starting steps are adequate depending upon load torque, inertia and the
severity of the start y€yuiked.

rated single capacitor bank breaking current;

rated back-to-back capacitor bank breaking current;

rated single capacitor bank inrush making current;

rated back-to-back capacitor bank inrush making current.

The values of rated capacitive switching currents shall be given by manufacturer.

Two classes of contactors are defined according to their restrike performances:
— class C1: low probability of restrike during capacitive current breaking allows up to 5
restrikes 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 6.109.
Documents
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41121 Rated single capacitor bank breaking current

The rated single capacitor bank breaking current is the maximum capacitor current that the
contactor shall be capable of breaking at its rated voltage under the conditions of use and
behaviour prescribed in this standard. This breaking current refers to the switching of a shunt
capacitor bank where no shunt capacitors are connected to the source side of the contactor.

4.112.2 Rated back-to-back capacitor bank breaking current

The rated back-to-back capacitor bank breaking current is the maximum capacitor current that
the contactor shall be capable of breaking at its rated voltage under the conditions of use and
behaviour prescribed in this standard.

This breaking current refers to the switching of a shunt capacitor bankhere ore or several

4.112.3 Rated single capacitor bank inrush making curré

No rating or preferred or values are defined. This is becat 3 associated with

single capacitor banks are not considered critical.

4.112.4 Rated back-to-back capacitor ban

The rated back-to-back capacitor bar
that the contactor shall be capable of
inrush current. The values for the i
manufacturer.

5.1 Requirem<§
Subclause 5.1 of

5.3.101 Earthing of the main circuit

Subclause 5.3.1 of IEC 62271-200:2003 is applicable with the following additions:

a) if an earthing switch is supplied, the requirements of IEC 62271-102 shall apply;

b) earthing of the main circuit may be accomplished by internal connections to portable
earthing equipment as described in IEC 61230.

5.3.102 Earthing of the enclosure

Subclause 5.3.2 of IEC 62271-200 is applicable.

5.3.103 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 entﬂfnents
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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 IEC 60417-5019 (2006-08).

5.4 Auxiliary and control equipment

Subclause 5.4 of IEC 62271-1 is applicable with the following modification.
For the operating range of main, auxiliary and control devices, see 4.8 of this standard.

5.5 Dependent power operation

Subclause 5.5 of IEC 62271-1 is applicable with the following additiop

4.8. If maximum closing and opening times are stated by the ese shall not be

exceeded.

er, th

5.6 Stored energy operation

Subclause 5.6 of IEC 62271-1 does not app

5.7 Independent manual operation or powerop
operation)

5.8 Operation :
Subclauses 5.8.2 ~

ion (independent unlatched

Subclause 5.9 of IEC62271-1 is applicable.

5.10 Nameplates

Subclause 5.10 of IEC 62271-1 is applicable 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.

Rated operational currents or rated operational powers (see 4.101) and other data required
for application purposes shall be made available by the manufacturer, for which purpose the
type designation or serial number is an essential part of the nameplate data.

If the available space on the nameplate is insufficient to carry all the data, the contactor or
starter shall carry at least the information under a) and b). In this instance, the complete data
shall be displayed elsewhere on the equipment. ocuments
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NOTE In the case of contactors, controller or starters designed as withdrawable or removable units for building
into factory assembled switchgear and controlgear, such nameplates need only be visible following such withdrawal
or removal.

a) the manufacturer's name or trade mark;

b) type designation or serial number;

c) rated frequency (f,), for example ~ 50 Hz,

d) rated voltage (U;) (see 4.1);

e) rated operational current (/) or power (see 4.101);

f) altitude above 1 000 m (if applicable).

The following information concerning the operating coils of the contactor or_starter shall be

placed either on each coil or on the device:

g) either the indication "d.c." (or the symbol ——_—__
example ~ 50 Hz;

h) rated coil voltage.

Coils of operating devices shall have a reference mark
obtained from the manufacturer.

i) rated capacitive switching current and class, if ap

5.11 Interlocking devices

Further requirements for i
Reversing contactors, an
a line-to-line fault if th

5.14 Creepayge distances for outdoor insulators

Subclause 5.14 of IEC 62271-1 does not apply.

5.15 Gas and vacuum tightness

Subclause 5.15 of IEC 62271-1 is applicable.

5.16 Liquid tightness

Subclause 5.16 of IEC 62271-1 is applicable.

5.17 Fire hazard (flammability)

Subclause 5.17 of IEC 62271-1 is applicable.

5.18 Electromagnetic compatibility (EMC)

Subclause 5.18 of IEC 62271-1 is applicable with the following addition. Documents
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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.

5.19 X-ray emission
Subclause 5.19 of IEC 62271-1 is applicable.
5.101 Protective relays

Relays that provide protective functions such as overload, overcurrept, ~earth fault, and

starting times.

It is the responsibility of the user to confirm that the characte
provide adequate protection for the load circuit. The manu
protective relays and SCPD on request.

5.102 Enclosures

For metal-enclosed contactors, starte 5 5.102 of IEC 62271-200 is

applicable.

5.103 Controller

fitted, shall be~such that the contactor operates satisfactorily under both three-phase and
single-phase conditionts at the minimum and maximum requirements of a given type of striker
(medium or heavy), irrespective of the method of striker operation (spring or explosive). The
requirements for strikers are given in IEC 60282-1.

5.105 Starter

Starters shall be supplied with an overload current-sensing device. Overload current-sensing
devices shall be arranged to open the contactor and may also energize a signal device.

Starters shall be designed so as to be capable of breaking, at the required recovery voltage,
any current up to and including the rated short-circuit breaking current.

They shall also be designed so as to be capable of making, at the rated voltage, onto circuits
to which the rated short-circuit making current applies.
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6 Type tests

6.1 General

Clause 6 of IEC 62271-1 is applicable with the following additions.

The type tests also include (refer to Table 4 for applicability)

— mechanical endurance tests (see 6.101);
— making and breaking and reversibility tests (see 6.102);
— overload current withstand tests (see 6.103);

— short-circuit current making and breaking tests (see 6.104);
— verification of operating limits and characteristics of overload relays
— change-over ability and reversibility, where applicable (see 6.102

— tests of the striker mechanism (see 6.101.4).
The following special type tests are not mandatory by
performance claims:

— verification of coordination with SCPDs (see 6.106
— electrical endurance tests (see 6.107);
— motor switching tests (see 6.108);

— capacitive switching tests (see 6.109

controller apply
understood that th

a)
b)
c)
d) tests of the enclosure in accordance with IEC 62271-200.

The controller submitted for test shall

1) conform in all essential details to drawings of its type;
2) be in a clean and as-new condition, and fitted with the appropriate SCPD;

3) when release-operated, be equipped with over-current relays or releases of the lowest
normal current rating associated with the fuses.

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
specified in the relevant subclauses.
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NOTE 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 A.

Table 4 — Applicable type tests

Test Contactor Starter Controller Subclause
Dielectric tests X X X 6.2
Measurement of circuit resistance X X X 6.4
Temperature-rise tests X X X 6.5
Short-time and peak withstand current tests X X X 6.6
Verification of the protection X

Tightness tests

EMC tests

Verification of operating limits

Mechanical endurance tests

Interlocking tests

Rated making and breaking capacity tests
Reversibility tests

Change-over ability tests -
Overload current withstand tests X
Short-circuit current making and breaking tests X

Verification of operating limits of overload
relays

Coordination with SCPDs
Electrical endurance tests X

Motor switching tests

Capacitive switching test

Tests on the striker mechanis{\ /\
N

X: applicable to this config\(atio aN

X X X X |

x

Subclause 6.2.2 of IEC 62271-1 not applicable.

6.2.3 Conditions of contactors and motor starters during dielectric tests

Subclause 6.2.3 of IEC 62271-1 is applicable with the following addition.

The dielectric tests shall be made with components giving the most onerous dielectric
conditions.

6.2.4 Criteria to pass the test

Subclause 6.2.4 of IEC 62271-1 is applicable.

6.2.5 Application of the test voltage and test conditions

Subclause 6.2.5 of IEC 62271-1 is applicable with the following addition. Documents
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Impulse tests across open contacts are not required for contactors.

6.2.5.1 General case

Subclause 6.2.5.1 of IEC 62271-1 is applicable with the following additions: for impulse tests,
only test conditions 1, 2, and 3 of Table 9 of IEC 62271-1 are applicable for the contactor.

6.2.5.2 Special case

Subclause 6.2.5.2 of IEC 62271-1 is not applicable.

6.2.6 Tests of contactors and motor starters of U, < 245 kV

Subclause 6.2.6 of IEC 62271-1 is applicable.

6.2.7 Tests of contactors and motor starters of U, > 245 kV

Subclause 6.2.7 of IEC 62271-1 is not applicable.

6.2.8 Artificial pollution tests for outdoor insulat

Subclause 6.2.8 of IEC 62271-1 is not applicable.

6.2.9 Partial discharge tests
Subclause 6.2.9 of IEC 62271-1 is not apyplicakl

6.2.11 Voltage t:st ¢
Subclause 6.2.11 Ja¢

6.4.1 Main circuit

The current during the test shall have any convenient value between 50 A and the rated
operational current. If the rated operational current is less than 50 A, the measurement shall
be made at the rated operational current.

NOTE Where fuses are used as the SCPD, solid links of negligible resistance may be used instead of fuses but
the resistance of the links should be recorded.

6.4.2 Auxiliary circuits

Subclause 6.4.2 of IEC 62271-1 is not applicable.
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6.5 Temperature-rise tests
6.5.1 Conditions of the contactors and motor starters to be tested

Subclause 6.5.1 of IEC 62271-1 is applicable.

6.5.2 Arrangement of the equipment

Subclause 6.5.2 of IEC 62271-1 is applicable with the following addition.

For values of thermal current Zy,:

a) the connections shall be in free air and spaced not less than the—distance existing
between the terminals;

b) for single-phase or multi-phase tests, the minimum length of eagh sonnection

from an equipment terminal to another terminal or to the test sufply o t shall
be 1,2 m;

c) for three-pole contactors and starters, the tests may be m < onnected in
series.

6.5.3 Measurement of the temperature and tempé€rat

Subclause 6.5.3 of IEC 62271-1 is applicable with

The main circuit of a contactor, includi es which may be associated
with it, shall be capable of carrying, “wi eratufe rises exceeding the limits
specified in Table 3 of IEC 62271-1:

the highest curre dissipation. The temperature rises of the various parts
of the controller : e values specified in IEC 60282-1 for the fuses and
IEC 62271-1f0 ' of the controller.

The follg s of the fuses used for the test shall be recorded:

a) manufactu

b) rated voltage and’rated current;

c) internal resistance (see 6.4);

d) power dissipation (measured according to the prescriptions of IEC 60282-1).

If the fuses are in an enclosure, the power dissipation at the end of the temperature-rise test
is the maximum acceptable power dissipation of the controller and shall be recorded.

NOTE It is not necessary to test the performance for intermittent duty provided that compliance can be
determined by calculation.

6.5.4 Ambient air temperature

Subclause 6.5.4 of IEC 62271-1 is applicable.

6.5.5 Temperature-rise test of the auxiliary and control equipment

Subclause 6.5.5 of IEC 62271-1 is applicable with the following additions. Documents
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6.5.5.101 Temperature-rise tests on contactor coils

The contactor coils shall be tested according to the following conditions, with the specified
kind of supply current and at their 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 windingg of\contactors for

intermittent duty classes 12 to 300 shall also withstand the frequencie ion given in
Table 5.
Table 5 — Intermittent duty operating<eyd<
Intermittent duty class One close-open operating im dﬁlng hicMhe supply of
of the contactor cycle every i i

(see 4.102.2)

12 300

30 12

120 18
300 12 7,2

%

tested since they are essentially the same as

and 3 do\net need t

NOTE 1 Intermittent duty classes
continuous duty.

NOTE 2 The intervalof
maintained represe 6

The temperature 3
coils. Contactor ¢oi

The temperature-rise tests of auxiliary circuits are made under the same conditions as those
provided in 6.5.5.101.

At the end of these tests, the temperature rise of auxiliary circuits shall not exceed the values
specified.

NOTE When the mutual heating effect between main circuit, control circuits and auxiliary circuits may be of
significance, these temperature-rise tests are made simultaneously.

6.5.5.103 Temperature rise of starting resistors for rheostatic rotor starters

The temperature rise of resistors shall not exceed the limits specified by the resistor
manufacturer, when the starter is operated at its rated duty (see 4.102) and according to its
starting characteristics (see 4.111).

The current through each section of the resistors shall be thermally equivalent to ﬂi gu[i t t
during the starting time when the controlled motor is operating with the maxim i:ben S
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torque and the starting time for which the starter is rated (see 4.102 and 4.111); in practice,
the average 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. 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.

NOTE It is not practical to test the performance of the starting resistors of every combinatio
rotor voltage and current; it is required only that a sufficient number of tests be made to p
deduction, compliance with this standard.

of motor output and
hy interpolation or

6.5.5.104 Temperature rise of the auto-transformer or reactg
auto-transformer or reactor starters

the appropriate component standard (for example IEQ60€ ) 60076-11:2004),
increased by 15 K (see 4.4.101), when the starter is ope s\rat Y (see 4.102). No

9 starting voltage

0,8 for a duratio

Ue
The operating test cycle’s gs defined in clause 4.109.2.
In the case of a with several sets of taps, the test shall be made
with the taps giving 3 in the transformer or reactor.

6.5.6 emperature-rise tests

Subclause™s k 71-1 is applicable.

6.6 Short-time stand current and peak withstand current tests

Subclause 6.6 of IEC 62271-1 is applicable with the following addition to 6.6.3.

These tests shall be performed on contactors which are to be assigned a short-circuit
capability for coordination with short-circuit protective devices. Refer also to 6.104.

Separation of the contacts of a contactor or starter does not constitute a failure for these
devices. The acceptability of damage shall be according to the classification assigned in
accordance with 4.107.3.

NOTE Where applicable, solid links of negligible resistance are used in place of the SCPD.
6.7 Verification of the protection

Subclause 6.7 of IEC 62271-1 is applicable.
Documents
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6.8 Tightness tests

Subclause 6.8 of IEC 62271-1 is applicable.

6.9 Electromagnetic compatibility tests (EMC)

Subclause 6.9 of IEC 62271-1 is applicable.

6.10 Additional tests on auxiliary and control circuits

Subclause 6.10 of IEC 62271-1 is applicable.

6.11 X-radiation test procedure for vacuum interrupters

Subclause 6.11 of IEC 62271-1 is applicable.

6.101 Mechanical tests

6.101.1 Verification of operating limits

g to the conditions of

use (open type, various types of enclosure, etc.), the t be carried out on one
form stated by the manufacturer. The d shall form part of the test
report.

It shall be verified that the contactor or starter s oné operating cycle satisfactorily at

each voltage limit specified in 4.8 and(within_theNemperature limits specified when the coil is
energlzed and de-energized Iong enough t sur that the contactor comes to its extreme
cu V

NO

When tests are perfo
altitude, it may
operation. Refer

6.101.2
6.101.2.1

During the test, therg”shall be no voltage or current in the main circuit. The device may be
lubricated before the test if lubrication is prescribed in normal service.

6.101.2.2 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.

6.101.2.3 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

duration of the tests. qufﬁ'ﬁﬁents
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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 operating cycles to be carried out shall be not less than the number of no-load
operating cycles specified in 4.105.

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

6.101.2.4 Results to be obtained

6.101.3 Interlocking tests

two switching devices.

6.101.4 Test of the st
a) To test the i
indicator or reléz

striker, of whief\ 9

e linkages between the fuse striker(s) and the
erations shall be made with the appropriate type of
30 in each pole) with one striker of minimum energy

and 10 with t mmum energy operating simultaneously.
After pegfor duty, the mechanical functioning of the linkages shall be

contactor either cgnnot be closed or cannot remain closed according to its design.

NOTE For the purpose of these tests, a device simulating fuse-striker operation may be used.
6.102 Verification of rated making and breaking capacity

6.102.1 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.

Reversibility and change-over tests are applied to controllers, as appropriate.

NOTE 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 insure that the contactor will function
satisfactorily for applications such as reversing and autotransformer controllers.
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Table 6 — Verification of rated making and breaking capacities — Conditions for making
and breaking corresponding to the several utilization categories at rated voltage U,

Category Make Break
Minimum rated breaking Highest rated breaking
current current
I8 cosg P 11, cos¢ P 1.1, cos 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 0,65
AC-3 0,35 0,2 0,15 8 0,35
AC-4° 10 0,35 0,2 0,15 0,35
I, Rated operational current (see 4.101)
I, Making current
I, Breaking current <\ x
2 The conditions for making are expressed in r.m.s. values, but it is understo&d tha symmetrlcal
current, corresponding to the power factor of the circuit, may be a higher xalu than th ea of th s current(see
4.103.1.1, Note).
b Tolerance for cosg: + 0,05.
¢ In the case of re-acceleration or plug braking, it should be fioted that\ at instant of making, the voltage
and current may be doubled. ((7\\

(O
The verifications of making and breaking capacity may be\made as a combined test.

During each series of tests, oscillogr records shall be taken of the first

and last operation (see 4.1

Throughout the tests,
blowing of the fuse in

The tests are ma
In particular, devicg

6.102.2

all be mounted complete on its own support or on an equivalent
ose 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.

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 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 verification of the making and breaking capacities, 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 Iﬁowments
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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.

6.102.3 Test circuit for the verification of rated making and breaking capacities

The power supply used for the verification of making and breaking capacities shall have
sufficient power to permit the verification of the characteristics given in Table 6.

The test circuit is composed of the supply side and the load side. Earthing of the test circuit
shall be in accordance with the requirements of 6.103.3 of IEC 62271-100: 2008.

s of 6.104.5 of
amplitude

The supply side TRV requirements shall be in accordance with the requir
IEC 62271-100: 2008 for class S1. The load side shall be arranged
factor and frequency of the TRV, on breaking, given by:

men

Amplitude factor: 1,4 < k ;< 1,6

a) for contactors 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;

b) 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 voltage.

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 opening operations shall be
recorded in the test report.

6.102.5 Verification of rated breaking capacity (minimum and maximum)

The breaking current to be obtained during the test shall be as given in Table 6 for the
appropriate utilization category.
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The total number of opening operations for each of the minimum and maximum break
conditions shall be 25.

The duration of the test current shall be not less than 50 ms and the time interval between
opening operations should be recorded in the test report.

The recovery voltage after each operation shall be maintained for at least 0,3 s

NOTE The duration of each current flow need not exceed 0,5 s.
6.102.6 Reversibility tests

addition to the
eused for the

In the case of a reversing starter, the following test shall be carried ou
making and breaking capacity tests of 6.102.3 and 6.102.4. A new startg
verification of reversibility.

ching~devices of the starter or the two

se B" implies that the change-over operation
3l control system will allow.

The test circuit shall be in accordance with 6.102.3 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 test comprises 10 operating sequences as follows:

— make the current in the STARTING position;

— transition to the RUN position;

— break the current in the RUN position;

— OFF time.

The ON time in the STARTING and RUN positions shall be not less than 0,05 s, aﬁ&EaFﬁents

time shall not be greater than stated in Table 7.
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The load circuit shall be connected to the starter as would be the windings of a motor. The
RUN position 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
which it is intended to be used in service, and any mechanical or 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
I, <100 10
100 < 7,< 200 20
200 < 1,<300 30
300 </, <400 40

400 < I_< 600 60
600 < I_ < 800 <\

specified number of operations, there shall be ® e arcing, no flash-over between
poles, no blowing of the fuse in the earth circui c 02.2) and no welding of the contacts.

capacity (6.102.4 jn : \pakle of operating satisfactorily.

The contactor sha
be in essentially t
sufficient for verification ing properties. In case of doubt, the condition checking
test according .2.71 of IEC 62271-1 is sufficient to prove the insulation

In additio shall be capable of carrying its normal current with a temperature
rise not in excess of tHe temperature rise permitted by Table 3 of IEC 62271-1. If the
condition of the tantatts cannot be determined by visual inspection it will be necessary to
perform an additional temperature-rise test.

For contactors with sealed for life interrupter units, the condition checking test is mandatory.

In the case of vacuum interrupters the condition check is by resistance. If the resistance
across the terminals of the controller has changed by more than 20 % or if the resistance
measurement is made across the terminals of the vacuum interrupters a 100 % increase of
resistance is allowable.

Moderate wear of the parts of arc control devices exposed to the arc is permissible.

6.103 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. Documents
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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
current to flow through all poles simultaneously for the specified duration.

Following these tests, the contactor or controller shall be capable of making and breaking its
rated operational current at the rated voltage although its overload withstand performance
may be impaired.

The main contacts shall be in such a condition, in particular with regard to burning, contact
area, pressure and freedom of movement, that they are capable of carrying the rated
operational current of the contactor or controller. The resistance of the main circuit shall be
measured according to 6.4. If the resistance has increased by more than 20 %sand if it is not
possible to confirm the condition of the contacts by visual inspection, it\will be necessary to
perform an additional temperature-rise test.

Table 8 — Overload current withstand regui

%h\n
A N\
Test current Durationo thé~\ex>
s

B PN N

6.104 Short-circuit current making an

6.104.1 General

These tests shall be pe ich are to be assigned a short-circuit
capability for coordinatio tective devices.

6.104.2 Con

The device under i@ ed complete on its own support or on an equivalent
support. A deviot ge may be influenced by any enclosure in which it is
mounted shall ke test e type of enclosure as that in which it will be installed.
Air-break s intended for open mounting or to be mounted with other apparatus in an
enclosure ensions with respect to the volume of the contactor shall, for the

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 mmZ2 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.

The operation voltage at the coil shall be 100 %.
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