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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMECHANICAL CONTACTORS
FOR HOUSEHOLD AND SIMILAR PURPOSES

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con

nprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote inter
co-dperation on all questions concerning standardization in the electrical and electronic fields. To, this'ée

ina
Pub)

dition to other activities, IEC publishes International Standards, Technical Specifications, Technieal H

preparation is entrusted to technical committees; any IEC National Committee interested in the subject dg
may| participate in this preparatory work. International, governmental and non-governmental(organizations|
with| the IEC also participate in this preparation. IEC collaborates closely with the International Organizg

Sta

The
con
inte

IEC

dardization (ISO) in accordance with conditions determined by agreement between-the two organizg

formal decisions or agreements of IEC on technical matters express, as nearly as‘possible, an inter
Eensus of opinion on the relevant subjects since each technical committee, has representation
ested IEC National Committees.

Committees in that sense. While all reasonable efforts are made to ensufe that the technical content

Pub)
mis

ications is accurate, IEC cannot be held responsible for the .way in which they are used or
nterpretation by any end user.

In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
trangparently to the maximum extent possible in their national‘and regional publications. Any divergence |

any

IEC
ass

IEC Publication and the corresponding national or regiotal publication shall be clearly indicated in th

itself does not provide any attestation of conformity.“Independent certification bodies provide co
pssment services and, in some areas, access {0 lEC marks of conformity. IEC is not responsible

serices carried out by independent certification bodies.

All ysers should ensure that they have the latest-edition of this publication.

No

iability shall attach to IEC or its directors,” employees, servants or agents including individual exp4g

members of its technical committees and(lEC National Committees for any personal injury, property dar
othdgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp
Pub)

bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
ications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicd

indi
IEC
patg

Epensable for the correctiapplication of this publication.
draws attention to (the "possibility that the implementation of this document may involve the us

respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s
may| be requiredto\implement this document. However, implementers are cautioned that this may not re]

the
sha

atest informyation, which may be obtained from the patent database available at https://patents.iec.
| not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the ch
made . i . :

wherever a change has been made. Additions are in green text, deletions

strikethrough red text.

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publjcation(s)’].

ational
nd and
eports,
Their
alt with
liaising
tion for
tions.

hational
rom all

Publications have the form of recommendations for international use ‘and are accepted by IEC National

of IEC
for any

cations
etween
E |atter.

formity
for any

rts and
hage or
ps) and
er IEC

tions is

b of (a)

nt(s). IEC takes nlo position concerning the evidence, validity or applicability of any claimed patent fights in

, which
present
ch. IEC

hnges
1argin

are in
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IEC 61095 has been prepared by subcommittee 121A: Low-voltage switchgear and controlgear,
of IEC technical committee 121: Switchgear and controlgear and their assemblies for low
voltage, in conjunction with subcommittee 23E: Circuit-breakers and similar equipment for
household use, of IEC technical committee 23: Electrical accessories. It is an International
Standard.

This third edition cancels and replaces the second edition published in 2009. This edition
constitutes a technical revision.

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

a) adgition of requirements for screwless terminals;

b) adfition of requirements for the switching of LED lamps. Contactors for domesti¢/and similar
applications can be used for controlling lighting loads which is increasingly using LED lamp
teg¢hnology. A specific category for contactors is created: AC-7d. Requirements and tests
ar¢ added to cover this market development, mainly for making .and breaking and
cohventional operational performance;

c) adfition of requirements for contactors with electronically centrolled electrompgnet.
Hqgusehold contactors with electronically controlled electromagnet are available for|years
on|the market. To fully cover such device, requirements and tests are added, dealing fnainly
with operating limits, behaviour in abnormal conditions, bréakdown of components| EMC
tegts, etc.

d) Embedded software. More and more contactors ape.incorporating electronic circuits with
enmbedded software. A reference is provided to guide’the design of the software.

The tgxt of this document is based on the following.documents:

Draft Report on voting

121A/566/FDIS 121A/573/RVD

Full information on the voting for'its approval can be found in the report on voting indicated in
the ablove table.

The language used for thedevelopment of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISOYIEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.chhanembers_experts/refdocs. The main document types developed by IHC are
descriped in_greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged unptil the
stability date indicated on the TEC website under websiore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This document gives requirements for contactors household and similar purposes, including
contactors for distribution control in buildings.

Contactors for such purposes have particular requirements which include test sequences and
sampling plans to facilitate testing.

Contactors according to this document are limited in the range of operational currents and
operational voltages to values appropriate to the applications. Such contactors are for use in
circuits_of limited prospective short-circuit fault current for which they-need to-be are co-
ordindted with an appropriate short-circuit protective device to provide suitable co-ordination.

This document defines in a single document the specific utilization category for a desfribed
applicption and states the relevant requirements. As far as possible, it is_(nh-line with the
requirements contained in IEC 60947-4-1.

This document also applies to contactors which are components of\an appliance, linless
otherwise stated in the standard covering the relevant appliance.
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ELECTROMECHANICAL CONTACTORS
FOR HOUSEHOLD AND SIMILAR PURPOSES

1 Scope

This document applies to electromechanical air break contactors for household and similar
purposes provided with main contacts intended to be connected to circuits the rated voltage of

which

does not exceed 440 \L AC (hnfwnnn phqenc) with rated npnrafinnnl currents les

s than

or equ
and A
equal

al to 63 A for utilization category AC-7a, and 32 A for utilization categories AC-7b,
C-7d (expressed in rated power), and rated conditional short-circuit current less t
to 6 KA.

AC-7c
han or

NOTE
utilizati

Speciflic requirements apply to contactors equipped with screwless-type terminals.

This d

— Co
— Se
— CO

- au
This d

1) thg
2) the
a)
b)
c)
d)

e)

ocument does not apply to

htactors complying with IEC 60947-4-1;

miconductor contactors;

ntactors designed for special applications;

Kiliary contacts of contactors. Thesé are dealt with in [IEC 60947-5-1.

ocument states

characteristics of contactors.

conditions with which.contactors-shall comply with reference to:

their operation and-behaviour;

their dielectric-properties;

the degrees of protection provided by their enclosures, where applicable;
their_construction;

theirelectromagnetic compatibility characteristics.

Today, most LED lamp manufacturers provide information in Watt. So, the main contactor characteiistic for
n category AC-7d is expressed in Watt to be directly applicable to thg gorfesponding LED lamp load|

3) th

ds to

be

adopted for these tests.

4) the test sequences and the number of samples.

5) the information to be given with contactors or in the manufacturer's literature.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 60028:1925, International standard of resistance for copper
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THotanpgtroiio

IEC 6([068-2-78:20042012, Environmental testing — Part 2-78: Tests — Test Cab:Damqg

stead)

IEC 6
identi

IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC 60112:20032020, Method for the determination of the proof and the comparative tr

indice

state

heat,

073:2002, Basic and safety principles for man-machine interface, marking and

jication — Coding principles for indicators and actuators

5 of solid insulating materials

hcking

IEC 60417-DB:2007", Graphical symbols for wuse on equipment, available at

https:

IEC 6
identi

IEC 6
identi

www.graphical-symbelsTinfo/equipment

445:20062021,-'Basic and safety principles for man-machine interface, markin
ication — Identification of equipment terminals, conductor terminations and conduc|

g and
fors

447:2004," Basic and safety principles for man-machine interface, marking and

ication= Actuating principles

IEC 60529:1989 I')pgrnpe of protection provided hy enclosures ‘/IP (‘ndn)

IEC 60529:1989/AMD1:1999
IEC 60529:1989/AMD2:2013

IEC 60664-1:20072020,

systems — Part 1: Principles, requirements and tests

Insulation coordination for equipment within low-voltage supply

IEC 60695-2-10:20002021, Fire hazard testing — Part 2-10: Glowing/hot-wire based test

metho

ds — Glow-wire apparatus and common test procedure
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IEC 60695-2-11:20002021, Fire hazard testing — Part 2-11: Glowing/hot-wire based test
methods — Glow-wire flammability test method for end products (GWEPT)

IEC 60695-11-10:48992013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal
and vertical flame test methods

IEC 60947-4-1:20002018, Low-voltage switchgear and controlgear — Part 4-1: Contactors and
motor-starters — Electromechanical contactors and motor-starters

Amandmant 4 (20092)
A e g e Ttz o=y

Amengment 2 (2005)

IEC 60947-5-1:20032016, Low-voltage switchgear and controlgear — Part 5-1;cCohtrol |circuit
devicgs and switching elements — Electromechanical control circuit devices

IEC 6[1000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing’ and measurgement
technigues — Electrostatic discharge immunity test

IEC 6[1000-4-3, Electromagnetic compatibility (EMC) — Part 4-3..) Testing and measurnement
technigues — Radiated, radio-frequency, electromagnetic fieldNnmunity test

IEC 6[1000-4-4, Electromagnetic compatibility (EMC) ~Yart 4-4: Testing and measurement
technigues — Electrical fast transient/burst immunity test

IEC 6[1000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
technigues — Surge immunity test

IEC 6[1000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurgement
technigues — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 6]1000-4-11, Electromagnetie compatibility (EMC) — Part 4-11: Testing and measunement
technipues — Voltage dips, c/short interruptions and voltage variations immunity tegts for
equipment with input current up to 16 A per phase

IEC 6]1000-4-34, Elegtramagnetic compatibility (EMC) — Part 4-34: Testing and measunement
technipues — Voltage’ dips, short interruptions and voltage variations immunity tedts for
equipment with iapat current more than 16 A per phase

IEC 61140:20812016, Protection against electric shock — Common aspects for installatign and
equipment

Amengment 1-(2004)

IEC 61180:2016, High-voltage test techniques for low-voltage equipment — Definitions, test and
procedure requirements, test equipment

CISPR 14-1:2020, Electromagnetic compatibility — Requirements for household appliances,
electric tools and similar apparatus — Part 1: Emission

ISO 7000:20042019, Graphical symbols for use on equipment —Index-and-synopsis Registered
symbols

ISO 2039-2:1987, Plastics — Determination of hardness — Part 2: Rockwell hardness
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1 General terms

3.11
overcurrent
current exceeding the rated current

[SOURCE: IEC 60050-441:1984, 441-11-06]

3.1.2
short{circuit
accidgntal or intentional conductive path between two or more‘conductive parts forcipg the
electric potential differences between these conductive parts, to.be equal to or close to zero

[SOURCE: IEC 60050-151:2001, 151-12-04]

3.1.3
shorticircuit current
overcyrrent resulting from a short circuit due {e:@ fault or an incorrect connection in an dlectric
circuit

[SOURCE: IEC 60050-441:1984, 441-14-07]

3.1.4
overlgad
operaling conditions in an electrically undamaged circuit, which cause an overcurrent

[SOURCE: IEC 60050-44'1:1984, 441-11-08]

3.1.5
overlgad current
overcurrentoccurring in an electrically undamaged circuit

3.1.6
ambient air temperature

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

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

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

3.1.7

conductive part

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

[SOURCE: IEC 60050-441:1984, 441-11-09]
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3.1.8

exposed conductive part

conductive part which can readily be touched and which is not normally alive, but which may
become alive under fault conditions

Note 1 to entry: Typical exposed conductive parts are walls of enclosures, operating handles, etc.
[SOURCE: IEC 60050-441:1984, 441-11-10]
3.1.9

electric shock
physiqglagical e

live part
condugtor or conductive part intended to be energized in normal operatjen,) including a neutral
condugtor, but by convention not a PEN conductor or PEM conductor, 6r\PEL conductor

Note 1 fo entry: This concept does not necessarily imply a risk of electric shock.

[SOURCE: IEC 60050-826:2022, 826-12-08, modified — Rewording of the definitioh and
additign of a Note 1 to entry.]

3.1.11
prote¢tive conductor (identification: PE)
conduptor provided for purposes of safety

EXAMPLE Protection against electric shock.

Note 1 [o entry: In an electrical installation, the ‘conductor identified PE is normally also considered as prptective
earthing conductor.

[SOURCE: IEC 60050-826:2022,-826-13-22, modified — Rewording of the definition, addition of
a new|example and a new Naotext to entry.]

3.1.12
neutral conductor
condugtor electrically~connected to the neutral point and capable of contributing fo the
distribution of elegtric energy

[SOURCE: &€ 60050-826:2021, 826-14-07]

3.1.1
PEN conductor

conductor combining the functions of both a protective earthing conductor and a neutral
conductor

[SOURCE: IEC 60050-826:2022, 826-13-25]

3.1.14

PEM conductor

conductor combining the functions of both a protective earthing conductor and a mid-point
conductor

[SOURCE: IEC 60050-826:2022, 826-13-26]
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3.1.15
PEL conductor
conductor combining the functions of both a protective earthing conductor and a line conductor

[SOURCE: IEC 60050-826:2022, 826-13-27]

3.1.16

enclosure

part providing a specified degree of protection of equipment against certain external influences
and a specified degree of protection against approach to or contact with live parts and moving
parts

Note 1 fo entry: This definition is similar to IEC 60050-441:1984, 441-13-01, which applies to assemblies:

[SOURCE: IEC 60050-441:1984, 441-13-01, modified — Rewording of the defipjtion and new
Note 1 to entry.]

3.1.17
integnal enclosure
encloqure which forms an integral part of the equipment

3.1.18
utilizdtion category
<switghing device or fuse> combination of specified requirements related to the condifion in
which [the switching device or the fuse fulfils its purpos€,’selected to represent a characferistic
group |of practical applications

Note 1 [o entry: The specified requirements-may can concern e.g. the values of making capacities (if applicable),
breakinpg capacities and other characteristics, the assoegiated circuits and the relevant conditions of yse and
behaviqur.

[SOURCE: IEC 60050-441:1984, 441-17<49]

3.2 |Switching devices

3.21
switching device
devicq designed to makewer break the current in one or more electric circuits

Note 1 o entry: A switching device-may can perform one or both of these operations.

[SOURCE: IEG-60050-441:1984, 441-14-01, modified — Addition of a Note 1 to entry.]

3.2.2
mechanical switching device
switching device designed to close and open one or more electric circuits by means of separable
contacts

Note 1 to entry: Any mechanical switching device-may can be designated according to the medium in which its
contacts open and close, e.g. air, SFG, oil.

[SOURCE: IEC 60050-441:1984, 441-14-02]
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3.2.3
semic

onductor switching device

switching device designed to make and/or break the current in an electric circuit by means of

the co

ntrolled conductivity of a semiconductor

Note 1 to entry: This definition differs from IEC 60050-441:1984, 441-14-03 since a semiconductor switching device
is also designed for breaking the current.

[SOURCE: IEC 60050-441:1984, 441-14-03, modified — Addition of “and/or break” and new

Note 1

3.24

to entry.]

fuse
devicHq
opens

for a qufficient time

that, by the fusing of one or more of its specially designed and proportioned compo
the circuit in which it is inserted by breaking the current when this exceeds a@iven

hents,
value

Note 1 jo entry: The fuse comprises all the parts that form the complete device

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

3.2.5

circuit-breaker

mechadnical switching device, capable of making, carrying and breaking currents under normal
circuit| conditions and also making, carrying for a specified time and breaking currents|under
specifled abnormal circuit conditions such as those of.short circuit

[SOURCE: IEC 60050-441:1984, 441-14-20, modified — “Duration” replaced with “time”.]

3.2.6

{mechanical} contactor

contagtor

mechanical switching device having_only one position of rest, operated otherwise than by|hand,
capabje of making, carrying and.breaking currents under normal circuit conditions indluding
operaling overload conditions

Note 1 fo entry: The term "opetated otherwise than by hand" means that the device is intended to be controlled and
kept in fworking position from_one or more external supplies.
NOTE4—n—French—a—contactorthemain—contacts—ef-which—are—closed—in—theposition—-ofrestis—usually—caled
Note 2 fo entry: (Ayhousehold contactor can have a handle as additional means for operation. In some countries,
contactprs can_be-controlled by a signal from the energy supplier during off-peak hours. An end user is allpwed to
open orl closg'manually the contactor if necessary.

Note 3 fo'entry: A contactor is usually intended to operate frequently.

[SOURCE: IEC 60050-441:1984, 441-14-33, modified — Addition of Notes to entry.]

3.2.7

electromagnetic contactor
contactor, in which the force for closing the normally open main contacts or opening the

norma

Ily closed main contacts is provided by an electromagnet

Note 1 to entry: The electromagnet can be electronically controlled.

3.2.8

electronically controlled electromagnet
electromagnet in which the coil is controlled by a circuit with active electronic elements
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3.2.9

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 can be mechanical, electromagnetic, pneumatic,
etc.

Note 2 to entry: Because of the latching, the latched contactor actually acquires a second position of rest and,
according to 3.2.6 is not, strictly speaking, a contactor. However, since the latched contactor in both its utilization
and its design is more closely related to contactors in general than to any other classification of switching device, it
is considered proper to require that it complies with the specifications for contactors wherever they are appropriate.

[SOURCE: TEC 60050-44T1:1984, 44T-14-34]

3.21

semigonductor contactor
solid state contactor
devicqg which performs the function of a contactor by utilizing a semiconductor’switching flevice

Note 1 fo entry: A semiconductor contactor-may can also contain mechanical switching’ devices.

3.2.11
pilot switch
non-manual control switch actuated in response to specified conditions of an actuating quiantity

Note 1 fo entry: The actuating quantity-may can be pressure, temperature, velocity, liquid level, elapsed time, etc.

[SOURCE: IEC 60050-441:1984, 441-14-48]

3.2.12
push-putton
contrgl switch having an actuator intended to be operated by force exerted by a part |of the
human body, usually the finger or palm-of the hand, and having stored energy (spring) return

[SOURCE: IEC 60050-441:1984,441-14-53]

3.2.13
short{circuit protective'device
SCPD
devicq intended to protect a circuit or parts of a circuit against short-circuit currents by
interrypting them

3.21
surgejarrester
devicq designed to protect the electrical apparatus from high transient overvoltages and {o limit
the duration and frequently the amplitude of the follow-on current

[SOURCE: IEC 60050-614:2016, 614-03-51, modified — Addition of “to protect the electrical
apparatus from high transient overvoltages and”.]


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

IEC 61095:2023 RLV © IEC 2023 -19 -

3.3

3.3.1
pole

Parts of switching devices

<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 1 to entry: A switching device is called single-pole if it has only one pole. If it has more than one pole
can be called multipole (two-pole, three-pole, etc.) provided the poles are or can be coupled in such a manner as to

operate

[SOURGEHEG-6080650-4444084- 4441504

3.3.2
main
<switg
is des

[SOUR

3.3.3

control circuit

<switg
which
the d¢

[SOUH

3.3.4

auxiliary circuit

<switd
includ

Note 1
such, th

[SOUH

3.3.5
conta
<mecl
they t
or, in

together.

, it-may

circuit
gned to close or open

RCE: IEC 60050-441:1984, 441-15-02]

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

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

hing device> all the conductive_parts of a switching device which are intended
bd in a circuit other than the main circuit and the control circuits of the device

o entry: Some auxiliary circuits-fulfil supplementary functions such as signalling, interlocking, etc.,
ey-may can be part of the cantrol circuit of another switching device.

RCE: IEC 60050-44111984, 441-15-04]

ct
anical swijtching device> conductive parts designed to establish circuit continuity|
puch and-which, due to their relative motion during an operation, open or close a
he ¢ase of hinged or sliding contacts, maintain circuit continuity

hing device> all the conductive parts of a switching device included in the circuit which it

jevice
pth, of

to be

and, as

when
circuit

[SOURCE: IEC 60050-441:1984, 441-15-05]

3.3.6

contact
contact (piece}
one of the conductive parts forming a contact

[SOURCE: IEC 60050-441:1984, 441-15-06]
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3.3.7

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

3.3.8

auxiliary contact
contagt included in an auxiliary circuit and mechanically operated by the switching devic

(1)

[SOURCE: IEC 60050-441:1984, 441-15-10]

3.3.9
auxiligry switch
<mechanical switching device> switch containing one or more control and/or auxiliary cgntacts
mechanically operated by a switching device

[SOURCE: IEC 60050-441:1984, 441-15-11]

3.3.10
"a" cgntact

make |contact
contragl or auxiliary contact which is closed’'when the main contacts of the mechanical switching

devicq are closed and open when they, are open
[SOURCE: IEC 60050-441:1984,441-15-12]

3.3.11
"b" cgntact

break|contact
contrgl or auxiliary..contact which is open when the main contacts of the mechanical switching
devicqg are closéd-and closed when they are open

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

3.3.12

release

<mechanical switching device> device, mechanically connected to a mechanical switching
device, which releases the holding means and permits the opening or the closing of the
switching device

Note 1 to entry: A release can have instantaneous, time-delay, etc. operation.

[SOURCE: IEC 60050-441:1984, 441-15-17]

3.3.13

actuating system

<mechanical switching device> whole of the operating means of a mechanical switching device
which transmits the actuating force to the contact pieces
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Note 1 to entry: The operating means of an actuating system-may can be mechanical, electromagnetic, hydraulic,
pneumatic, thermal, etc.

3.3.14
actuator
part of the actuating system to which an external actuating force is applied

Note 1 to entry: The actuator-may can take the form of a handle, knob, push-button, roller, plunger, etc.

[SOURCE: IEC 60050-441:1984, 441-15-22]

3.3.15

positiF‘l‘l‘l‘h‘dTC‘ﬂ‘l’l‘h‘g‘d’é‘VE‘é
part of a mechanical switching device which indicates whether it is in the open, closJad, or,

where|appropriate, earthed position

[SOURCE: IEC 60050-441:1984, 441-15-25]

3.3.16
terminal
conduftive part of a device provided for electrical connection to external circuits

3.3.17
screw-type terminal
terminfal intended for the connection and disconnection of«Conductors or for the interconnlection
of twolor more conductors, the connection being mades directly or indirectly, by means of 4crews
or nutg of any kind

less-type terminal
terminfal intended for the connection and disconnection of conductors or for the interconnlection
of twd or more conductors, the connection being made, directly or indirectly, by means of
springls, wedges, eccentrics or cones;etc.

3.3.1
univefsal terminal
terminfal for the connection_and disconnection of all types of conductors (solid, strandgd and
flexiblg)

[SOURCE: IEC 60998-2-2:2002, 3.101.1, modified — "(rigid and flexible)" replaced with "(solid,
stranded and flgxible)".]

3.3.2
non-universal terminal
termi i
solid conductors only or solid and stranded conductors only)

ample,

[SOURCE: IEC 60998-2-2:2002, 3.101.2, modified — "rigid [solid and stranded]" replaced with
"solid and stranded".]

3.3.21

push-wire terminal

non-universal terminal in which the connection is made by pushing in solid or stranded
conductors

[SOURCE: IEC 60998-2-2:2002, 3.101.3, modified — "rigid (solid or stranded)" replaced with
"solid or stranded".]
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3.3.22
thread-forming tapping screw
tapping screw having an uninterrupted thread

Note 1 to entry: It is not a function of this thread to remove material from the hole.
Note 2 to entry: An example of a thread-forming tapping screw is shown in Figure 1.

3.3.23
thread-cutting tapping screw
tapping screw having an interrupted thread

Note 1 fo entry: The thread is intended to remove material from the hole.
Note 2 o entry: An example of a thread-cutting tapping screw is shown in Figure 2.

3.3.24
clamping unit
part of a terminal necessary for the mechanical clamping and the electrical ‘€onnection|of the
conduftor(s)

3.3.Zjp

unprejpared conductor
conduptor which has been cut and the insulation of which has*béen removed for insertign into
a terninal

Note 1 fo entry: A conductor, the shape of which is arranged fordntreduction into a terminal or the strands ¢f which
are twigted to consolidate the end is considered to be an unprepared conductor.

3.3.26
prepared conductor
condy e

Cler

a conductor the end of which is fittedwith an attachment such as eyelet, sleeve or cable|lug
[SOURCE: IEC 60050-442:1998,5442-01-27]

3.3.27
solid ponductor
condugtor consisting‘ef a single wire

Note 1 fo entry: (THe cross-section of the solid conductor can be circular or shaped.

Note 2 fo entfy,n Solid conductor is defined as class 1 conductor in IEC 60228, or by IEC TR 60344, or eqpivalent
AWG/k¢mif,

[SOURCE: IEC 60050-461:2008, 461-01-06, modified — In Note 1 to entry, "may" changed to
"can", and Note 2 to entry has been added.]

3.3.28
stranded conductor
conductor consisting of a number of wires, all or some of which are wound in a helix

Note 1 to entry: Stranded conductor is defined as class 2 conductor in [IEC 60228, or by IEC TR 60344, or equivalent
AWG/kemil.

[SOURCE: IEC 60050-151:2001, 151-12-36, modified — Note 1 to entry has been added.]
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3.3.29

rigid conductor

solid or stranded conductor having wires of such diameters, or so assembled, that the conductor
is not suitable for use in a flexible cable.

[SOURCE: IEC 60947-1:2020, 3.5.31]

3.3.30

flexible conductor

stranded conductor having wires of diameters small enough and so assembled that the
conductor is suitable for use in a flexible cable

Note 1 fo entry: Flexible conductor is defined as class 5 or class 6 conductor in IEC 60228, or by IEC TR~6(}344, or
equivalgnt AWG/kcmil.

[SOURCE: IEC 60050-461:2008, 461-01-11, modified — Note 1 to entry has beén-added|]

3.4 |Operation of switching devices

3.41
operation
<mechanical switching device> transfer of the moving contact(s) from one position|to an
adjacent position

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

Note 2 [o entry: If distinction is necessary, an operation in the electrical sense, e.g. make or break, is refé¢rred to
as a sw|tching operation, and an operation in the mechanical sense, e.g. close or open, is referred to as a meghanical
operati¢n.

[SOURCE: IEC 60050-441:1984, 441-16-01]

3.4.2
operating cycle
<mechanical switching device> sugcession of operations from one position to another and back
to theffirst position through all othér positions, if any

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

3.4.3
operafing sequence
<mechanical switching device> succession of specified operations with specified time infervals

[SOURCEC IEC 60050-441:1984, 441-16-03]

3.4.4

closing operation

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

[SOURCE: IEC 60050-441:1984, 441-16-08]
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opening operation
<mechanical switching device> operation by which the device is brought from the closed
position to the open position

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

3.4.6

closed position
<mechanical switching device> position in which the predetermined continuity of the main circuit

of the

[SOUR

3.4.7
open
<mech

device is secured

RCE: IEC 60050-441:1984, 441-16-22]

position

anical switching device> position in which the predetermined dielectriciwithstand v

pltage

electric

" with

of the

le the

requirements are satisfied between open contacts in the main circuit of the‘device

Note 1 fo entry: This definition differs from IEC 60050-441:1984, 441-16-23 to_meet the requirements of d
properties.

[SOURCE: IEC 60050-441:1984, 441-16-23, modified — Replacement of “clearance
“dielegtric withstand voltage requirements are satisfied”.]

3.4.8

positipn of rest

<contactor> position which the moving elements of the contactor take up wh
electrgmagnet or its compressed-air device is(hot energized

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

3.4.9

inching

jogging

energizing a motor or solenojd repeatedly for short periods to obtain small movements
driven| mechanism

3.4.10

pluggfng

stoppipg or reversing a motor rapidly by reversing the motor primary connections wh
motorl|is running

3.5 |Characteristic quantities

3.5.1

nominal value
value of a quantity used to designate and identify a component, device, equipment, or system

Note 1 to entry: The nominal value is generally a rounded value.

[SOURCE: IEC 60050-151:2001, 151-16-09]

3.5.2

limiting value
in a specification of a component, device, equipment, or system, the greatest or smallest
admissible value of a quantity

[SOURCE: IEC 60050-151:2001, 151-16-10]
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3.5.3
rated

value

value of a quantity used for specification purposes, established for a specified set of operating

condit

ions of a component, device, equipment, or system

[SOURCE: IEC 60050-151:2001, 151-16-08]

3.5.4

rating

set of rated values and operating conditions
[SOURGEHEC608504542004154+464H
3.5.5

prosplective current

<of a
circuit
imped

Note 1
relevan

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

3.5.6

prosp

peak

Note 1

one pol

[SOURCE: IEC 60050-441:1984, 444-17-02]

3.5.7

maximum prospective peak current

<AC dircuit> prospective_peak current when initiation of the current takes place at the instant

which

gnce

to entry: The method to be used to evaluate and to express the prospéetive current is specifie
publications.

lective peak current
alue of a prospective current during the transient period following initiation

circuit and with respect to a switching device or a fuse> current that wauld flow|in the
if each pole of the switching device or the fuse were replaced by a conductor of negligible

in the

o entry: The definition assumes that the currentis@ade by an ideal switching device, i.e. with instan{faneous
transitign from infinite to zero impedance. For circuitS.where the current can follow several different patps, e.g.
polyphgse circuits, it further assumes that the currentis made simultaneously in all poles, even if only the cdrrent in

B is considered.

leads to the highest possible value

Note 1 [o entry: Fortalmultipole device in a polyphase circuit, the maximum prospective peak current refers to a
single gole only.

[SOURCE;IE€ 60050-441:1984, 441-17-04]

3.5.8

breaking current

<switching device or fuse> current in a pole of a switching device or in a fuse at the instant of

initiati

on of the arc during a breaking process

Note 1 to entry: For AC the current is expressed as the symmetrical RMS value of the AC component.

[SOURCE: IEC 60050-441:1984, 441-17-07, modified — Addition of a new Note 1 to entry.]

3.5.9
break

ing capacity

<switching device or fuse> value of prospective current that a switching device or a fuse is

capab

Note 1 to entry:

le of breaking at a stated voltage under prescribed conditions of use and behaviour

standard.

The voltage to be stated and the conditions to be prescribed are dealt with in the relevant product
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Note 2 to entry: For AC, the current is expressed as the symmetrical RMS value of the AC component.

Note 3 to entry: For short-circuit breaking capacity, see 3.5.11.

[SOURCE: IEC 60050-441:1984, 441-17-08, modified — Addition of Notes 2 and 3 to entry.]

3.5.10

making capacity

<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 product
standarg-

Note 2 fo entry: For short-circuit making capacity, see 3.5.12.

[SOURCE: IEC 60050-441:1984, 441-17-09, modified — Addition of a new Note\2to entrjy.]

3.5.11
short{circuit breaking capacity
breaking capacity for which the prescribed conditions include a short*circuit at the termipals of
the switching device

[SOURCE: IEC 60050-441:1984, 441-17-11]

3.5.12
short{circuit making capacity
makinp capacity for which prescribed conditions ingclude a short circuit at the terminals|of the
switchiing device

[SOURCE: IEC 60050-441:1984, 441-17-1Q]

3.5.13
joule |ntegral
2t
integral of the square of the current over a given time interval

[SOURCE: IEC 80050-441:1984, 441-18-23, modified — Deletion of Notes to entry.]

3.5.1
cut-ofiff current
let-th nt

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

3.5.15

applied voltage

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

Note 1 to entry: This definition applies to a single-pole device. For a multipole device. it is the phase-to-phase
voltage across the supply terminals of the device.
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[SOURCE: IEC 60050-441:1984, 441-17-24, modified — New Note 1 to entry.]

3.5.16

recovery voltage

voltage which appears across the terminals of a pole of a switching device or a fuse after the
breaking of the current

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

Note 2 to entry: This definition applies to a single-pole device. For a multipole device it is the phase-to-phase

+ T ol PP
voltage across e Ssuppry-termmarsortneaevice:

[SOURCE: IEC 60050-441:1984, 441-17-25, modified — New Note 2 to entry.]

3.5.17
transient recovery voltage
TRV
recovery voltage during the time in which it has a significant transient character

Note 1 {jo entry: The transient voltage-may can be oscillatory or non-oscillatoryor a combination of these depending
on the ¢haracteristics of the circuit, the switching device or the fuse. It includes-the voltage shift of the neufral of a
polyphdgse circuit.

[SOURCE: IEC 60050-441:1984, 441-17-26, modified —Replacement in the note of “anpd the
switchiing device” with the “switching device or the fusel.]

3.5.18
power-frequency recovery voltage
recovery voltage after the transient voltage phenomena have subsided

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

3.5.1

DC stpady-state recovery voltage
recovegry voltage in a DC c¢ircuit after the transient voltage phenomena have subsided,
expressed by the mean value where ripple is present

[SOURCE: IEC 60050-441:1984, 441-17-28]

3.5.2

cleargnce
distante between two conductive parts along a string stretched the shortest way between these
conduftive parts

[SOURCE: IEC 60050-441:1984, 441-17-31]

3.5.21
creepage distance
shortest distance along the surface of an insulating material between two conductive parts

Note 1 to entry: A joint between two pieces of insulating material is considered part of the surface.

3.5.22

working voltage

highest RMS value of the AC voltage or the highest value of the DC voltage which-may can
occur (locally) across any insulation at rated supply voltage, transients being disregarded, in
open circuit conditions or under normal operating conditions
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3.5.23

impulse withstand voltage

highest peak value of an impulse voltage, of prescribed form and polarity, which does not cause
breakdown under specified conditions of test

3.5.24

power-frequency withstand voltage

RMS value of a power-frequency sinusoidal voltage which does not cause breakdown under
specified conditions of test

3.5.25

pollu"uu
any agdition of foreign matter, solid, liquid or gaseous (ionized gases) that-may cah|affect
dielecfric strength or surface resistivity

3.5.2

pollution degree
<envionmental conditions> conventional number based on the ameunt of conductjve or
hygrogcopic dust, ionized gas or salt and on the relative humidityyand its frequency of
occurilence, resulting in hygroscopic absorption or condensation, of moisture lead|ng to
reducfion in dielectric strength and/or surface resistivity

Note 1 {o entry: The pollution degree of the micro-environment to which equipment is exposed-may can be different
from that of the macro-environment where the equipment is located because of protection offered by means puch as
an enclpsure or internal heating to prevent absorption or condensatien{of moisture.

Note 2 jo entry: For the purposes of this document, the pollution‘degree is that of the micro-environment.

3.5.27
microrenvironment
<clearfance or creepage distance> ambignt conditions which surround the cleararjce or
creepage distance under consideration

Note 1 [to entry: The micro-environment of'\the creepage distance or clearance and not the environmenf of the
equipmgnt determines the effect on thesinsulation. The micro-environment-may can be better or worse than the
environment of the equipment. It includ€syall factors influencing the insulation such as climatic and electromagnetic
conditigns, generation of pollution, etc.

3.5.28
overvpltage category
<in a|circuit or within an electrical system> conventional number based on limitihg (or
contrdlling) the values of prospective transient overvoltages occurring in a circuit (or within an
electrical system/having different nominal voltages) and depending on the means employed to
influence the.avervoltages

Note 1 fo @ntry: In an electrical system, the transition from one overvoltage category to one of a lower catggory is
obtainef through appropriate means complying with interface requirements. such as an overvoltage protectivg device
or a series-shunt impedance arrangement capable of dissipating, absorbing, or diverting the energy in the associated
surge current, to lower the transient overvoltage value to that of the desired lower overvoltage category.

3.5.29

co-ordination of insulation

correlation of insulating characteristics of electrical equipment with the expected overvoltages
and the characteristics of overvoltage protective devices on the one hand, and with the
expected micro-environment and the pollution protective means on the other hand

3.5.30

homogeneous field

uniform field

electric field which has an essentially constant voltage gradient between electrodes, such as
that between two spheres where the radius of each sphere is greater than the distance between
them
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3.5.31
inhomogeneous field
non-uniform field

electric field which does not have an essentially constant voltage gradient between electrodes

3.5.32
tracking

progressive formation of conducting paths which are produced on the surface of a solid
insulating material, due to the combined effects of electric stress and electrolytic contamination

on that surface

3.5.33
com[:Lrative tracking index
CTI

numellical value of the maximum voltage in volts at which a material withstands»50 droq

test sg@lution without tracking

Note 1 jo entry: The value of each test voltage and the CTl-sheuld-be are divisible by 25}

Note 2 jo entry: This definition is based on 3.5 of IEC 60112:20032020.
4 Classification

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

5 Characteristics of contactors

5.1 |Summary of characteristics

The characteristics shall be stated in the following terms, where such terms are applicab

— type of contactor (see 5.2);

— rated and limiting values for main circuits (see 5.3);

— utilization category (see 5(4);

— coptrol circuits (see 5.5);

— aukiliary circuits (s€e)5.6);

— cotordination with:short-circuit protective devices (see 5.7).

5.2 [Type ofcontactor

5.2.1 General

The f Howina chall ha ctatad (enn Alen Clanicn Q).
oW g—otramr o C—otmatCo—oCeTarsO—omausStC—O

5.2.2 Number of poles

5.2.3 Method of control

— automatic (by pilot switch or sequence control);

— non-automatic (e.g. by hand operation or by push-buttons);
— semi-automatic (i.e. partly automatic, partly non-automatic).

5.3 Rated and limiting values for main circuits

5.3.1 General

s of a

The rated values established for a contactor shall be stated in accordance with 5.3.2 to 5.4 and

5.7 it netbe noecceny o otelblinn olldioe nted voluns
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Rated voltages

5.3.21 General

A contactor is defined by the rated voltages given in 5.3.2.2 t0 5.3.2.4.

5.3.2.2 Rated operational voltage (U,)

A rated operational voltage of a contactor is a value which, combined with a rated operational
current, determines the application of the contactor and to which the relevant tests and the
utilization categories are referred.

For a
acrosq

For a

NOTE 1
operati

NOTE 2
breakin

NOTE 3
(see 3.

5.3.2.

single-pole contactor, the rated operational voltage is generally stated as the.v
the pole.

multipole contactor, it is generally stated as the voltage between phases,

A contactor-may can be assigned a number of combinations of rated operational voltages an|
nal currents or powers for different duties and utilization categories.

A contactor-may can be assigned a number of rated operational voltages and associated mak
p capacities for different duties and utilization categories.

Attention is drawn to the fact that the operational voltage—riay can differ from the working
.22) within a contactor.

B Rated insulation voltage (U;)

The rated insulation voltage of a contactor is the)value of voltage to which dielectrig

voltag

In no
insula

NOTE
is cons

5.3.2.4

The p
capab
of the

The rg
stated

e and creepage distances are referred.

case shall the maximum value of theirated operational voltage exceed that of the
ion voltage.

For contactors without a specified rated insulation voltage, the highest value of the rated operational
dered to be the rated insulation voltage.

| Rated impulse withstand voltage (Uimp)

bak value of an impulse voltage of prescribed form and polarity which the conta
e of withstanding without failure under specified conditions of test and to which the
clearances-are referred.

ted impulse withstand voltage of a contactor shall be equal to or higher than the
for the transient overvoltages occurring in the circuit in which the contactor is fittg

pltage

d rated

ng and

voltage

tests

rated

voltage

Ctor is
alues

alues

NOTE

5.3.3

Preferred values of rated impulse withstand voltage are given in Table 16.

Currents or powers

5.3.3.1 General

A contactor is defined by the currents given in 5.3.3.2 t0 5.3.3.4.

5.3.3.2 Conventional free air thermal current (Iy,)

The conventional free air thermal current is the maximum value of test current to be used for

tempe

rature-rise tests of an unenclosed contactor in free air (see 9.3.3.3).
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The value of the conventional free air thermal current shall be at least equal to the maximum
value of the rated operational current (see 5.3.3.4) of the unenclosed contactor in eight-hour
duty (see 5.3.5.2).

Free air is understood to be air in normal indoor conditions, reasonably free from draughts and
external radiation.

NOTE 1 This current is not a rating and is not mandatorily marked on the contactor.

NOTE 2 An unenclosed contactor is a contactor supplied by the manufacturer without an enclosure or a contactor
supplied by the manufacturer with an integral enclosure which is not normally intended to be the sole contactor
protective enclosure. An unenclosed contactor is characterised by IP0O.

5.3.3.3 Conventional enclosed thermal current (1y,.)

The cpnventional enclosed thermal current is the value of current stated by theymanufgcturer
to be|used for the temperature-rise tests of the contactor when mounted |in a spé¢cified
enclogqure. Such tests shall be in accordance with 9.3.3.3 and are mandatory)if‘the contalctor is
descriped as an enclosed contactor in the manufacturer's catalogues and@oermally intended for
use with one or more enclosures of specified type and size (see Note 2-0f 5.3.3.2).

The value of the conventional enclosed thermal current shall be at |east equal to the maximum
value pf the rated operational current (see 5.3.3.4) of the enclosed contactor in eight-hoyr duty
(see §.3.5.2).

If the ¢ontactor is normally intended for use in unspecified enclosures, the test is not manfdatory
if the [test for conventional free air thermal current\{(/;;,) has been made. In this case, the

manufacturer shall be prepared to give guidancecon'the value of the enclosed thermal durrent
or the|derating factor.

NOTE 1 This current is not a rating and is not mandatorily marked on the contactor.

NOTE 3 An enclosed contactor is a contactor normally intended for use with a specified type and size of er|closure
or intended for use with more than one type_afienclosure.

5.3.3.4 Rated operational currents (I,) or rated-operational powers

A ratef operational current 6f a contactor is stated by the manufacturer and takes into a¢count
the rdted operational voltage (see 5.3.2.2), the conventional free air or enclosed thermal
current, the rated frequency (see 5.3.4), the rated duty (see 5.3.5), the utilization calegory
(see 5.4) and the type-of protective enclosure, if any.

In the| case of a contactor for the direct switching of individual motors or LED lamps, the
indication ofsa*rated operational current-may can be replaced or supplemented by an indjcation
of the|maximum rated power-cutput, at the rated operational voltage considered, of thetmeteor
load fprwhich the contactor is intended. The manufacturer shall be prepared to state the
relationship assumed between the operational current and the-eperatioral power.

5.3.4 Rated frequency

The supply frequency for which a contactor is designed and to which the other characteristic
values correspond.

NOTE The same contactor-may can be assigned a number or a range of rated frequencies.
5.3.5 Rated duties
5.3.5.1 General

The rated duties considered as normal are given in 5.3.5.2 to 5.3.5.5.
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5.3.5.2 Eight-hour duty (continuous duty)

A duty in which the main contacts of a contactor remain closed while carrying a steady current
long enough for the contactor to reach thermal equilibrium but not for more than eight hours
without interruption.

NOTE 1 This is the basic duty on which the conventional thermal currents 7, and [,  of the contactor are
determined.

NOTE 2 Interruption means breaking the current by operating the contactor.

5.3.5.3 Intermittent periodic duty or intermittent duty

A duty|with on-load periods, during which the main contacts of a contactor remain closed} ||1aving
a defipite relation to off-load periods, both periods being too short to allow the eonta¢tor to
reach fthermal equilibrium.

Internittent duty is characterized by the value of the current, the duration(of-the current flow
and by the on-load factor which is the ratio of the in-service period to theventire period| often
expressed as a percentage.

Accordling to the number of operating cycles which they are capable of carrying out pen hour,
contagtors are divided into the following preferred classes:

— clgss 1: 1 operating cycle per hout;

— clgss 3: 3 operating cycles-per hour;
— clgss 12: 12 operating cycles per hour;
— clgss 30: 30 operating cyeles per hour;
— clgss 120: 120 operating cycles per hour;
— clgss 300: 300 operating cycles per hour;
— clgss 1 200: 1200 operating cycles per hour.

A contactor intended for intermittent duty-may can be designated by the characteristics of
intermfittent duty.

EXAMPLE An intermittent duty‘\comprising a current flow of 32 A for 2 min within every 5 min-may can be stated as:
32 A, class 12, 40 %.

5.3.5. Temporary duty

Duty inh which/the main contacts of a contactor remain closed for periods insufficient td allow
the cdntactersto reach thermal equilibrium, the on-load periods being separated by off-load
periods of(sufficient duration to restore equality of temperature with the cooling medium.

5.3.5.5 Periodic duty

A type of duty in which operation, whether at constant or variable load, is regularly repeated.

5.3.6 Normal load and overload characteristics
5.3.6.1 General

This subclause gives general requirements concerning ratings under normal load and overload
conditions.

Detailed requirements are given in 8.2.4.
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5.3.6.2 Ability to withstand motor switching overload currents

A contactor intended for switching motors shall be capable of withstanding the thermal stresses
due to starting and accelerating a motor to normal speed and due to operating overloads.

Requirements to meet these conditions are given in 8.2.4.4.

5.3.6.3 Rated making capacity

Requirements for the various utilization categories (see 5.4) are given in 8.2.4.2. The rated

making and breaking capacities are only valid when the contactor is operated in accordance
with the rnnlnirnmnnfc of8211and 8212

5.3.6.4 Rated breaking capacity

Requirements for the various utilization categories (see 5.4) are given in 8.21472. The| rated
making and breaking capacities are only valid when the contactor is operated in accondance
with the requirements of 8.2.1.1 and 8.2.1.2.

5.3.6.% Conventional operational performance

Specified as a series of making and breaking operations in 8.24.3-

5.3.7 Rated conditional short-circuit current

The rated conditional short-circuit current of a contactor is the value of prospective qurrent
stated| by the manufacturer, that the contactor, pretected by a short-circuit protective flevice
specifled by the manufacturer, can withstand satisfactorily for the operating time of this gevice
under|the test conditions specified in 9.3.4.

The details of the specified short-circuit, protective device shall be stated by the manufagturer.

NOTE |The rated conditional short-circuit current is expressed by the RMS value of the AC component.
5.4 |Utilization category
5.4.1 General

The ufilization category.of a contactor defines the intended application and is characterized by
one ol more of the follewing service conditions:

— cufrent(s), expressed as multiple(s) of the rated operational current;
— voltage(s)»expressed as multiple(s) of the rated operational voltage;

— power-factor.

The standard utilization categories are given in Table 1.

Each utilization category is characterized by the values of the currents, voltages, power-factors
and other data of Table 7 and Table 9 and by the test conditions specified in this document.

It is therefore unnecessary to specify separately the rated making and breaking capacities as
these values depend directly on the utilization category as shown in Table 7.

Unless otherwise stated, contactors of utilization category AC-7b are designed on the basis of
the starting characteristics of the motors compatible with the making capacities of Table 7.
When the starting current of a motor, with stalled rotor, exceeds these values, the operational
current should be decreased accordingly.
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5.4.2 Assignment of utilization categories based on the results of tests

A contactor which has been tested for one utilization category or at any combination of
parameters (such as highest operational voltage and current, etc.) can be assigned another
utilization category without testing provided that the test currents, voltages, power-factors,
number of operating cycles, ON and OFF times given in Table 7 and Table 9 and the test circuit
for the assigned utilization category are not more severe than those at which the contactor has
been tested and the temperature-rise has been verified at a current not less than the highest
assigned rated operational current in continuous duty.

Table 1 — Utilization categories

Ukilization categories ? Typical-applications loads
AC-7a Slightly inductive-leads
AC-7b Motor loads-?
AC-7c Switching of compensated electric discharge lamp contral©
AC-7d LED lamp

a8 Coptactors-may can have other utilization categories, in which case they shall eomply with the requirempnts of
IEG 60947-4-1 for such categories.

b Thé AC-7b category-may can be used for occasional inching (jogging).or, plugging for limited time ppriods;
dufling such limited time periods the number of operations should not.exceed 5/min or more than 10 i a 10-
minute period.

¢ This category is similar to a capacitive switching category AC-6b~as defined in IEC 60947-4-1 for the swjtching
of ¢apacitor banks, the characteristic being very dependent of) the capacitance value of the lamp circuif

5.5 [Control circuits

The characteristics of control circuits are;
— ki
— rafed frequency;

rnd of current;

— rated control circuit voltage ¥, (nature and frequency);

— rated control supply voltage Ug (nature and frequency), where applicable;
— sultability to be connected to SELV circuits.

NOTE |A distinction_has*been made above between the control circuit voltage, which would appear across|the "a"
contactp (see 3.3.10)<in the control circuit, and the control supply voltage, which is the voltage applied to the input

terminals of the control circuit of the contactor and which-may can be different from the control circuit voltage owing
to the presence-of built-in transformers, rectifiers, resistors, etc.

The ratéd,control circuit voltage and rated frequency, if any, are the values on whi¢h the
operatrmm-mmmmtenﬁmﬁﬁlewcmW =Ti isti ireui ;

5.6 Auxiliary circuits

The characteristics of auxiliary circuits are the number and kind of contacts ("a" contact, "b"
contact, etc.) in each of these circuits and their ratings according to IEC 60947-5-1.

The characteristics of auxiliary contacts and switches shall comply with the requirements of
IEC 60947-5-1.

5.7 Co-ordination with short-circuit protective devices

Contactors are characterized by the type, ratings and characteristics of the short-circuit
protective devices (SCPD) to be used to provide adequate protection of the contactor against
short-circuit currents. Requirements are given in 8.2.5.
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6 Product information

6.1  Nature of information
6.1.1 General
The information given in 6.1.2 to 6.1.3 shall be given by the manufacturer.

6.1.2 Identification

a) the manufacturer's name or trade mark;

b) tyrn dneignafinn or serial number:

c) number of this document-if-the-manufacturerclaims-compliance.

6.1.3 Characteristics, basic rated values and utilization
c) rafed operational voltages (see 5.3.2.2);

d) utilization category and rated operational currents (or rated powers), atithe'rated operational

vo[tage (see 5.3.3.4 and 5.4);
e) value of the rated frequency/frequencies, e.g.: 50 Hz or 50 Hz/60-Hz;
f) rafed duty with indication of the class of intermittent duty, if any (see 5.3.5).

Assocjated values:

g) rafed making and breaking capacities. These indications—may can be replaced,

applicable, by the indication of the utilization category (see Table 7);
Safety and installation:

h) rated insulation voltage (see 5.3.2.3);
i) raI
4 KV;
j) IP|code, in case of an enclosed contactor (see 8.1.11);
k) pollution degree (see 7.1.4:2);

[) rated conditional short-cifcuit current (see 5.3.7) and the type, current ratin

characteristics of the«associated SCPD;
m) vagant
For ngn-universalks¢rewless terminals:
— | "s" or "soR for terminals declared for solid conductors;
— | "r" fexterminals declared for solid and stranded conductors;

— | $¥for terminals declared for flexible conductors.

where

d impulse withstand voltage (see §.3.2.4), the marking of Ui is not required if equal to

j and

Control circuits (see 5.5):

The following information concerning control circuits shall be placed either on the coil or on the

contactor:

n) rated control circuit voltage (U,), nature of current and rated frequency;

o) if necessary, nature of current, rated frequency and rated control supply voltage (Uy);

For contactors, the control circuit of which is intended to be connected to a SELV supply:

p) suitability of the control circuit to be connected to a SELV supply, the main circuit being

supplied with a voltage having a value greater than that of the SELV circuit.
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q) In case the control circuit is supplied by another means than the main power supply (e.g.,
control circuit connected to a SELV supply), additional characteristics or the reference type
should be provided for selection criteria of the power supply unit.

Auxiliary circuits:
r) ratings of auxiliary circuits (see 5.6).
6.2 Marking

Markings shall be indelible and easily legible.

Markifig of the manutacturer s name or trademark and type designation or serial nunjber is
mandatory on the contactor, preferably on the nameplate if any, to enable complete datqg to be
obtained from the manufacturer.

NOTE {1 Inthe USA and Canada, the rated operational voltage U_-may can be marked as follows”

a) on pequipment for use on three-phase — four-wire systems, by both the value of phase:to-€arth voltage and that
of phase-to-phase voltage, e.g. 277/480 V;

b) on pquipment for use on three-phase — three-wire systems, by the value of phase-to-phase voltage, e.g| 480 V.
The fdllowing information shall be marked and visible after mounting:

— dinection of movement of the actuator (see 8.1.5.3), if applicable;
— indication of the position of the actuator (see also 8,146.1 and 8.1.6.2);
f hi it ‘ w . .
The fdllowing information shall be marked and visible after wiring, before installation of ¢overs
or lids
— forqminiaturized contactors, symbol, colour code or letter code;
— terminal identification and marking {see 8.1.7.4);
— IP|code and class of protection against electric shock, when applicable (marked preferably
on|the contactor as far as possible).

Markings shall not be placed on screws, removable washers or other removable parts.
Data ynder k) shall be indicated on the enclosure, if any.
Data ynder c) shallbe-indicated marked on the-nameplate product.

Data ynderR); if relevant, shall be indicated on the nameplate, or marked on the contagtor or,
if the gpace’available is not sufficient, on the smallest package unit or in technical inforation
provided\With the product or in the manufacturer's published literature. In the case of a’lr;;roup
of terminals located together, a single marking on the device is acceptable. An appropriate
marking indicating the length of insulation to be removed before insertion of the conductor into
the terminal shall be shown on the contactor.

Data under d) to j), 1), m) and o) to s) shall be included on the nameplate, or on the contactor,
or in the manufacturer's published literature.

The manufacturer’s published literature can be provided digitally for example using an
electronically readable identifier on the equipment or its packaging (see IEC 63365).

The marking of terminals shall be in accordance with Annex A of this document.

NOTE 2 Additional utilization categories according to IEC 60947-4-1-may can also be marked (see footnote a to
Table 1).
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6.3

Instructions for installation, operation and maintenance

The ¢
its intq

Inform

devicH.

Maintg¢nance is unusual for contactors intended for household applicatidds:

7 N

7.1
7.1.1

Conta
standg

7.1.2

The a
does 1

The Ig

Ambignt air temperaturesis that existing in the vicinity of the contactor if supplied W

enclog

Conta

tropical countries) or below —5 °C shall either be specially designed or be used according
informia

niactor shall be installed In accordance with all specifications given in 6.1, congi
nded use.

ation shall be provided if the control circuit is to be protected by a short gircuit prof

brmal service, mounting and transport conditions

Normal service conditions
General

ctors complying with this document shall becapable of operating under the fol
rd conditions.

Ambient air temperature

mbient air temperature does not~exceed +40 °C and its average over a period g
ot exceed +35 °C.

wer limit of the ambient air temperature is -5 °C.

ure, or in the vicinity of the enclosure if supplied with an enclosure.

tiop.given in the manufacturer's catalogue.

dering

ective

owing

f 24 h

ithout

ctors intended to be used in ambient air temperatures above +40 °C (particularly in

to the

7.1.3
The al

L_Altitude

titude of the site of installation does not exceed 2 000 m.

For installations at higher altitudes than 2000 m,-it-is—necessaryto—take-into—-account-the
reduction-of the-dielectric-strength-and-the cooling-effects-of the-air instruction shall be provided

in the

contactor documentation.
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7.1.4 Atmospheric conditions
7.1.41 Humidity
The relative humidity of the air does not exceed 50 % at a maximum temperature of +40 °C.

Higher relative humidity-may can be permitted at lower temperatures, e.g. 90 % at +20 °C.

NOTE The pollution degrees given in 7.1.4.2 define the environmental conditions more precisely.

7.1.4.2 Pollution degree

The pcl)llution degree (see 3.5.26) refers to the environmental conditions for which the carntactor
is intepded.

NOTE |The micro-environment of the creepage distance or clearance and not the environmentsof the cgntactor
determipes the effect on the insulation. The micro-environment-may can be better or worse than‘the environment of
the confactor. It includes all the factors influencing the insulation, such as climatic and eléctromagnetic conditions,
generatjion of pollution, etc.

For cgntactors intended for use within an enclosure or provided witli-an integral enclosufe, the
pollutipn degree of the environment in the enclosure is applicable.

For the purposes of evaluating clearances and creepage distances, the following four degrees
of pollution of the micro-environment are established (th€ cléarances and creepage disfances
being jaccording to the different pollution degrees givern.in Table 17 and Table 18)

Pollution degree 1:
No pollution or only dry, non-conductive pollution occurs.
Pollutfon degree 2:

Normally, only non-conductive-\pollution occurs. Occasionally, however, a temporary
conduftivity caused by condensation-may can be expected.

Pollution degree 3:

Condgctive pollution occurs, or dry, non-conductive pollution occurs which becomes conductive
due tg condensation.

Pollution degree 4:

The pellution-generates persistent conductivity caused,forinstance by conductive dusi or by

rain or snow.
Standard pollution degree of household and similar applications:

Contactors for household and similar applications are generally for use in a pollution degree 2
environment.

7.1.5 Normal electromagnetic environmental conditions

The normal electromagnetic environmental conditions are those which relate to low-voltage
public networks such as residential, commercial and light industrial locations/installations.
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7.2 Conditions during transport and storage

The conditions during transport and storage, e.g. temperature and humidity, are those defined
in 7.1, except that, unless otherwise specified, the following temperature range applies during
transport and storage: between —25 °C and +55 °C and, for short periods not exceeding 24 h,
up to +70 °C.

7.3 Mounting

The contactor shall be mounted in accordance with the manufacturer's instructions.

8 Cpnstructional and perrormance requirements

8.1 Constructional requirements
8.1.1 General

The dontactor with its enclosure, if any, whether integral or not, shall be designed and
constructed to withstand the stresses occurring during installation and normal use and, in
additign, shall provide a specified degree of resistance to abnormalcheat and fire.

NOTE |An enclosed contactor is a contactor mounted in an enclosure, desighed and dimensioned to contpin one
contactpr only.

Protedtion against hazards caused by the electronic cirelits shall be maintained under npormal
and sipgle fault conditions, as specified in this documen.

8.1.2 Materials
8.1.2. General

The syitability of materials used is verifiedby making the following tests on the contactor gnd/or,
if not practicable, on parts taken from.it.

— registance to ageing (see 8.1.2.2)
— registance to humidity (see 8.1.2.3)
— registance to heat (see 8.1.2.4)

— registance to abnprmal heat and fire (see 8.1.2.5)
— registance to rusting (see 8.1.2.6)

As far as resiStance to heat, abnormal heat and fire hazard are concerned, priority shall be
given fo testss-made on the contactor or on a suitable part taken from the contactor.

However, in certain cases, tests on materials-may can be used, for practical reasons, |as an
alternative to tests on the contactor.

8.1.2.2 Resistance to ageing

Contactors shall be resistant to ageing.

In general, it is only necessary to test contactors having (or supplied with) enclosures or parts
of p.v.c. or similar thermoplastic material and parts of rubber such as sealing rings and gaskets.

Compliance is checked by inspection and, if necessary, by a test according to 9.2.2.1.
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8.1.2.3 Resistance to humidity

The contactor shall be protected against the effects of humidity which-may can occur in normal
service.

Compliance shall be verified by the test specified in 9.2.2.2.

8.1.2.4 Resistance to heat

All parts of enclosed, partially enclosed and unenclosed contactors intended to prevent access

to live parts shall not be adversely affected by the highest temperature likely to be reached
during-normal service

Compliance shall be verified by the tests specified in 9.2.2.3.1 and 9.2.2.3.2.

8.1.2.% Resistance to abnormal heat and fire

Parts of insulating material which might be exposed to thermal stresses due to electrical effects,
the deterioration of which might impair the safety of the contactor,(shall not be adversely
affect¢d by abnormal heat or fire.

Compliance shall be verified by the test specified in 9.2.2.4.

If a tept has to be made at more than one place on the{same sample, care shall be taken to
ensure that any deterioration caused by previous tesis does not affect the test to be made.
Small|parts with surface dimensions not exceeding 14 mm x 14 mm are not subjected [to the
test.

8.1.2.6 Resistance to rusting

Ferroys parts of the contactor including‘®nclosures and covers, but excluding pole fages of
electromagnets, shall be protected against rusting.

Compliance shall be verified by the test specified in 9.2.2.5.

8.1.3 Strength of screws:or nuts other than those on terminals which are intendpd
to be operated-during installation or maintenance

Screwps or nuts intended to be operated during installation or maintenance, as recommgnded
by the| manufacturer, shall withstand the mechanical stresses occurring in normal servicé.

Thread-forming tapping screws and thread-cutting tapping screws intended only for mechanical
assenbly-may can be used provided they are supplied together with the piece in which they are
intended.to be inserted.

An example of a thread-forming tapping screw is shown in Figure 1. An example of a
thread-cutting tapping screw is shown in Figure 2. In addition, thread-cutting tapping screws
intended to be operated by the installer shall be captive with the relevant part of the accessory.

Screws or nuts which transmit contact pressure shall be in engagement with metal threads.

For electrical connections, no contact pressure shall be transmitted through insulating material
other than ceramic or other material with characteristics not less suitable and compensated for
any possible shrinkage or yielding.

Compliance shall be verified by inspection and by the test of 9.2.3.
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8.1.4
8.1.5

Vacant

Actuator

8.1.5.1 General

The requirements of 8.1.5.2 and 8.1.5.3 apply to contactors provided with a manually operated

actuat

or.

8.1.5.2 Insulation

The actuator of the contactor shall be insulated from the live parts for the rated insulation

voltag

Moreo

— if fhe activator is made of metal, it shall be capable of being satisfactority, eonnecteg

prq
— ifi
ac

rafed insulation voltage.

8.1.5.1

The d
IEC 6
Specia
there

8.1.5.¢
Actuat

panelg
mechg

8.1.6
8.1.6.

When
positig

NOTE

This ig

E and, IT applicable, the rated impulse withstand voltage.

ver:

tective conductor unless it is provided with additional reliable insulation;

cessible in the event of insulation failure shall also be insulated-from live parts f

B Direction of movement
irection of operation for actuators of devices shall normally—eenferm—te compl

| applications or alternative mounting positions{ they shall be clearly marked sug
s no doubt as to the "I" and "O" positions and-\the direction of the operation.

| Mounting
ors mounted on removable panels@r opening doors shall be so designed that wh

are replaced or the doors closed) the actuator will engage correctly with the assg
nism.

Indication of the OFFand ON positions
Indicating means

a contactor is (provided with means for indicating the closed and open positions,
ns shall be_unambiguous and clearly indicated.

In the case of enclosed contactors, the indication-may-ermay-net can be visible from the outside.

done’by means of a position indicating device (see 3.3.15).

d to a

is made of or covered by insulating material, any internal metal partwhich might bécome

or the

y with

447. Where devices cannot-ecenferm—to comply with these requirements, e.g. due to

h that

en the
ciated

these

If symbols are used, they shall indicate the closed and open positions respectively, in
accordance with IEC 60417:

60417-1EC-5007
| ON (power)

(2002-10)

60417-1EC-5008
O OFF (power)
(2002-10)
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For contactors operated by means of two push-buttons, only the push-button designated for the
opening operation shall be red or marked with the symbol "O".

Red colour shall not be used for any other push-button.

The colours of other push-buttons, illuminated push-buttons and indicator lights shall be in
accordance with IEC 60073.

8.1.6.2 Indication by the actuator

When the actuator is used to indicate the position of the contacts, it shall automatically take up
or staj in, when released, the position corresponding to that ol the moving contacts, jn this
case, the actuator shall have two distinct rest positions corresponding to those of the-moving
contagts, but for automatic opening, a third distinct position of the actuator-may cande-provided.

8.1.7 Terminals
8.1.7. Constructional requirements

All paifts of terminals which maintain contact and carry current shall be 6f metal having adgquate
mechanical strength.

Terminal connections shall be such that the force to contmiect the conductors—may dan be
connefted applied by-means—of screws,-springs screwless-type or other equivalent mepns to
ensur¢ that the necessary contact pressure is maintainéd.

Terminals shall be so constructed that the conductors can be clamped between siitable
surfaces without any significant damage either to conductors or terminals.

Terminals shall not allow the conductors to.be displaced or be displaced themselves in a manner
detrimental to the operation of the contactor and the insulation voltage shall not be reduced
below|the rated values.

Screw|ess terminals shall be sd.designed and constructed that each conductor is clamped
individqually.

Screw]ess-type clampipg Units, unless otherwise specified by the manufacturer, shall accept
solid, ptranded and flexible conductors.

On scfewless-tyye-clamping unit, the connection or disconnection of conductors shall bel made
as follpws:

— on|udiversal clamping units by the use of a general-purpose tool or a convenient device,
integeal with the clamping unit to open it for the insertion or withdrawal of the conduciors;

— on push-wire clamping units by simple insertion. For the disconnection of the conductors an
operation other than a pull only on the conductor shall be necessary. The use of a general-
purpose tool or of a convenient device, integral with the clamping unit is allowed in order to
"open" it and to assist the insertion or the withdrawal of the conductor.

Examples of screwless terminals are given in Figure 23.

The requirements of this subclause shall be verified by the tests of 9.2.5.3, 9.2.5.4, 9.2.5.5,
9.2.5.7 and 9.2.5.8 as applicable.

NOTE North American countries have particular requirements for terminals suitable for aluminium conductors and
marking to identify the use of aluminium conductors.
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8.1.7.2 Connecting capacity

The manufacturer shall state the type (rigid — solid or stranded — or flexible), the minimum and
the maximum cross-sections of conductors for which the terminal is suitable and, if applicable,
the number of conductors simultaneously connectable to the terminal. However, the maximum
cross-section shall not be smaller than that stated in 9.3.3.3 for the temperature-rise test and
the terminal shall be suitable for conductors of the same type (rigid — solid or stranded — or
flexible) at least two sizes smaller, as given in the appropriate column of Table 2.

Standard values of cross-sections of round copper conductors (both metric and AWG/MCM
sizes) are shown in Table 2 which also gives the approximate relationship between ISO metric
and AWG/MCM sizes.

Table 2 — Standard cross-sections of round copper conductors
AWG/MCM
ISO
cross-sections Equivalent
Sizes cross-sections
mm? mm?
0,2 24 0,205
- 22 0,324
0,5 20 0,519
0,75 18 0,82
1 — —
1,5 16 1,3
2,5 14 2,1
4 12 3,3
6 10 5,3
10 8 8,4
16 6 13,3
25 4 21,2
35 2 33,6
NOTE The dash,”when it appears, counts as a size when considering connecting
capacity.
8.1.7.3 Connection
Terminals'for connection to external conductors shall be readily accessible during installation.

Clamping screws and nuts shall not serve to fix any other component although they-may can
hold the terminals in place or prevent them from turning.

8.1.7.4 Terminal identification and marking

Terminals shall be clearly and permanently identified in accordance with IEC 60445.

Terminals intended exclusively for the neutral conductor shall be identified by the letter "N", in
accordance with IEC 60445.

The protective earth terminal shall be identified in accordance with 8.1.9.3.

Additional requirements for terminal identification and marking are given in Annex A.
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Additional requirements for contactors provided with a neutral pole

When a contactor is provided with a pole intended only for connecting the neutral, this pole
shall be clearly identified to that effect by the letter "N" (see 8.1.7.4).

A swit

ched neutral pole shall not break before and shall not make after the other poles.

The value of the conventional thermal current shall be identical for all poles.

8.1.9

Provisions for earthing

8.1.9.t—Comstructiomat requirements

The e
other
conne

Kposed conductive parts (e.g. chassis, framework and fixed parts of metal enelo
than those which cannot constitute a danger shall be electrically interconnecte
cted to a protective earth terminal for connection to an earth electrode 61 to0 an e

protedtive conductor.

This requirement can be met by the normal structural parts providing adequate ele

contin

Exposled conductive parts are not considered to constitute a dafger if they cannot be to

on lar

je areas or grasped with the hand or if they are of small size (approximately 50

50 mnp) or are so located as to exclude any contact with live-parts.

Examxles of these are screws, rivets, nameplates, ‘transformer cores, electromagnet

certai

parts of releases, irrespective of their size.

8.1.9.2 Protective earth terminal

The p
the co

otective earth terminal shall be readily accessible and so placed that the connec
htactor to the earth electrode or.to'the protective conductor is maintained when the|

or any| other removable part is removed.

The p

In the
if nec

otective earth terminal(shall be suitably protected against corrosion.

case of contactors.with conductive structures, enclosures, etc., means shall be pr
bssary, to ensure” electrical continuity between the exposed conductive parts

contagtors and the ‘metal sheathing of connecting conductors.

The p
conne
in add

rotective_earth terminal shall have no other function, except when it is intended
ctedto.a PEN conductor. In that case, it shall also have the function of a neutral te
tion'to meeting the requirements applicable to the protective earth terminal.

sures)
d and
ternal

ctrical

Uity and applies whether the contactor is used on its own or incorporated in an assémbly.

uched
mm X

s and

ion of
cover

pvided
pof the

to be
Frminal

8.1.9.3 Protective earth terminal marking and identification

The protective earth terminal shall be clearly and permanently identified by its marking.

The identification shall be achieved by colour (green-yellow mark) or by the notation PE, or
PEN as applicable, in accordance with Clause 7 of IEC 60445:20062021, or, in the case of
PEN, by a graphical symbol for use on contactors.

The graphical symbol to be used is symbol:

60417-1EC-5019 (2006-08) @ Protective earth (ground) of IEC 60417.
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NOTE The symbol = (60417-IEC-5017 (2006-08)) previously recommended is progressively superseded by the
preferred symbol 60417-IEC-5019 given above.

8.1.10 Enclosures
8.1.10.1 General

The requirements of 8.1.10.2 and 8.1.10.3 are applicable only to enclosures supplied or
intended to be used with the contactor.

8.1.10.2 Design

The enclosure shall be so designed that when it is opened and other protective means; |f any,
have been removed, all parts requiring access for installation and maintenance, as)prescribed
by thel manufacturer, are readily accessible.

Sufficient space shall be provided inside the enclosure for the accommodation of external
conduftors from their point of entry into the enclosure to the terminals/io ensure adgquate
conneftion.

The fixed parts of a metal enclosure shall be electrically connected to the other exposed
conduftive parts of the contactor and connected to a terminal which enables them to be efrthed
or connected to a protective conductor.

Under| no circumstances shall a removable metal party'of the enclosure be insulated frgm the
part carrying the earth terminal when the removable.\part is in place.

The rgmovable parts of the enclosure shall be fitmly secured to the fixed parts by a devic¢ such
that tHey cannot be accidentally loosened or‘detached owing to the effects of operation|of the
contagtor or its vibrations.

For enclosures having a degree of protection IP1X up to and including IP4X, sufficient|[space
shall e provided for establishing.a.drain-hole; : i
of IEC160947-1. Subclause 11.3\of IEC 60529:1989 applies with the following addition:

Drain pnd ventilating holgS afe treated as normal openings.
Enclogures shall have-adequate mechanical strength (see 8.1.12).

Furthgrmore, it'shall not be possible to remove any cover of the enclosure without the uge of a
tool.

An integrdl enclosure is considered to be a non-removable part.

If the enclosure is used for mounting push-buttons, it shall not be possible to remove the buttons
from the outside of the enclosure.

8.1.10.3 Insulation
If, in order to prevent accidental contact between a metallic enclosure and live parts, the

enclosure is partly or completely lined with insulating material, this lining shall be securely fixed
to the enclosure.

Compliance shall be verified by inspection.
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Degrees of protection of enclosed contactors

IEC 60529 defines degrees of protection for enclosed equipment and guidance for the
application of that standard to contactors is under consideration.

8.1.12

Resistance to impact

The external parts of enclosed, partially enclosed, and parts of unenclosed contactors, shall
withstand impacts which might be expected in normal service.

Compliance shall be verified by the test specified in 9.2.6.

8.1.1
The c

Comp

Durability of markings

ntactor shall be provided with a nameplate marked in a durable manner.

iance shall be verified by the test specified in 9.2.7.

8.1.14 Fault and abnormal conditions

This ¢
docuni
diodegq

The p
condit

ause applies to contactors incorporating electronic circuits only. For the purpose
ent, "electronic circuit" excludes circuits in which all cofigenents are passive (ing
, resistors, varistors, capacitors, surge suppressors, inductors).

oduct shall be designed to avoid operating modes) or sequences that can cause
on or component failure leading to a hazard, unl€ss other measures to prevent the |

are prpvided by the installation and are described ih'the installation information providg

the prpduct. The requirements in this clause also apply to abnormal operating conditid
applicpble.

Circuif analysis or testing shall be perforfaed to determine whether or not failure of a par
compgnent (including insulation systems) would result in hazard.

This gnalysis shall include situatiohs where a failure of the component or the insulation
and sypplementary) would resuft’in:

— an

— af

impact on the riske@f*electric shock

isk of degradation-resulting in emission of flame, burning particles or molten metal.

The apalysis or testing shall include the effect of short-circuit and open-circuit conditions

compd

nent. Testing is necessary unless analysis can conclusively show that, in short-

and open cireuit conditions, no shock and fire hazard will result from failure of the compq

Comp

pf this
luding

b fault
azard
d with
ns as

ticular

(basic

of the
circuit
nent.

iawce shall be checked by test of 9.2.8.

Contactors already tested according to Clauses 101 and 102 of IEC 60669-2-1:2021 are
deemed to fulfil the requirements of 8.1.14 and therefore, 9.2.8 is covered.

Components evaluated for their reliability according to relevant product standards are
considered to meet these requirements and do not need any further investigation, if tested

under

8.2
8.2.1

conditions that fulfil the conditions for which the product is designed.

Performance requirements

Operating conditions

8.2.1.1 General

The contactor shall be operated in accordance with the manufacturer's instructions.
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The moving contacts of multipole contactors intended to make and break together shall be so
mechanically coupled that all poles make and break substantially together (however, for
switched neutral pole, see 8.1.8) whether operated manually or automatically.

8.2.1.2 Limits of operation

Contactors shall close satisfactorily at any value between 85 % and 110 % of their rated control
supply voltage Ug. Where a range is declared, 85 % shall apply to the lower value and 110 %

to the higher.

The limits between which contactors shall drop out and open fully are 75 % to 20 % of their
rated 5 i ; Q i value

and 7% % to the lower.

The lifnits between which a contactor with an electronically controlled electromagnet shall drop
out anid open fully are 75 % to 20 % of their rated control supply voltage Ug, 0075 % to 1D % of

their rated control supply voltage Uy if specified by the manufacturer. In thgtcase, the contactor
shall, |n addition, be submitted to the capacitive drop out test as follows:

A capacitor C shall be inserted in series in the supply circuit” {/, the total length pf the
connefting conductors being <3 m.

The cé@pacitor is short-circuited by a switch of negligibleSimpedance. The supply voltag¢ shall
then be adjusted to 110 % Us.

It shal| be verified that the equipment drops out whien the switch is operated to the open pgsition.
The value of the capacitor shall be
C=3(Q+ 200000/ (fx U)

where| C is expressed in nF; fGs'the minimum rated frequency expressed in Hz; U [is the
maximum value of Ug expressegd in V.

For eample, for a coil fafed 12...24 V — 50 Hz, the capacitor value is 196 nF (calculationfmade

with g max). The testyvoltage is the highest value of the declared rated supply voltage|range
U

s*

NOTE |The vatue of the capacitor simulates a typical control wiring of 100 m long cable of 1,5 mm?2 (0,3 nf/m that
is 30 nf forl 100 m) connected to a static output having a 1,3 mA leakage current (200 000 in the fofmula =

107 x1,3%1073 .
2XTT

Limits for closing are applicable after the coils have reached a stable temperature
corresponding to indefinite application of 100 % Uy in an ambient temperature of +40 °C.

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

The limits apply at declared frequency, if any.
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Temperature-rise

8.2.2.1 General

The temperature-rises of the several parts of the contactor measured during a test carried out
under the conditions specified in 9.3.3.3 shall not exceed the limiting values stated in Table 3

and in

In the

8.2.2.2 and 8.2.2.3.

case of an electronically controlled electromaanet  coil temperature measuri
J ~J 7 T

g by

variati
therm

NOTE 1
conditig

NOTE 3
temper

8.2.2.]

The tg

pn of resistance can be impracticable; in such a case, other methods are permitte
bcouples, calculation or other suitable methods.

Temperature-rises in normal service-may can differ from the test values, depending on’ the ins
ns and the size of connected conductors.

Table 3 — Temperature-rise limits for insulated coilsCin-air

Classes Temperature-rise limits
of insulating (measured by resistance
materials variation)
K
Coils ifzair
A 85
E 100
B 110
F 135
H 160
NOTE The insulation classification is that given in
IEC 60085.

The temperature-rise, limits given in Table 3 and in Table 5 are applicable only if the amb
ture remains within the_limits -5 °C, + 40 °C.

p Terminals

mperature=rise of terminals shall not exceed the values stated in Table 4.

d, e.g.

allation

ent air
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Table 4 — Temperature-rise limits of terminals

Temperature-rise limits
Terminal materials

K a
Bare copper 60
Bare brass 65
Tin-plated copper or brass 65
Silver- or nickel-plated copper or brass 702
Other metals b

®—The terminal temperature-rise nmit of 70 K 1S _based on the connection of PVC
cables.

The use in service of connected conductors significantly smaller than those listed
in Table 15 could result in higher terminal and internal part temperatures and such
conductors should not be used without the manufacturer's consent since higher
temperatures could lead to contactor failure.

Temperature-rise limits to be based on service experience or life tests\but not to
exceed 65 K.

8.2.2.3 Accessible parts

The tgmperature-rise of accessible parts shall not exceed the values stated in Table 5.

Table 5 — Temperature-rise limits’of accessible parts

Accessible parts Temperature-rise limits 2
K

Manual operating means:

Metallic 15

Nop-metallic 25
Parts intended to be touched but not hand-held:

Metallic 30

Nop-metallic 40
Parts which need not be touched for normal operation:

Metallic 40

Nop-metallic 50
Parts ot intended/to be touched during normal operation
Exteriqrs ofieniclosures adjacent to cable entries:

Metallic 40

Non-metallic 50

a8 Different values-may can be prescribed for different test conditions and for devices of small dimensions but not
exceeding by more than 10 K the values of this table.

8.2.2.4 Ambient air temperature

The temperature-rise limits given in Table 4 and Table 5 are applicable only if the ambient air
temperature remains within the limits given in 7.1.2.
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8.2.2.5 Main circuit

The main circuit of a contactor shall be capable of carrying without the temperature-rises
exceeding the limits specified in 8.2.2.2 when tested in accordance with 9.3.3.3.4:

— for a contactor intended for continuous duty: its conventional thermal current (see 5.3.3.2
and/or 5.3.3.3);

— for a contactor intended for intermittent or temporary duty: the relevant rated operational
current (see 5.3.3.4).

8.2.2.6 Control circuits

tempefrature-rise tests specified in 9.3.3.3.5 to be made without the temperature-rise.exceeding

The c;FntroI circuits of a contactor shall permit the rated duty according to 5.3.5 and alpo the
the i

its specified in Table 3, Table 4 and Table 5.

8.2.2.7 Windings of coils and electromagnets
8.2.2.7T1 Eight-hour duty (continuous duty) windings

With the maximum value of current according to 8.2.2.5 flowing thteugh the main circdit, the
windings of the coils shall withstand under continuous load and™at the rated frequency their
rated |control supply voltage without the temperature-rise exceeding the limits specified in
Table [3 and 8.2.2.3.

NOTE |Depending on the technology, e.g. for some kinds of elecfronically controlled electromagnets, the|control
supply yoltage cannot be directly applied on the coil winding whef/cdhnected as in normal service.

8.2.2.7.2 Intermittent duty windings

With no current flowing through the main circuit, the windings of the coils shall withstand,|at the
rated frequency, their rated control supply_voltage applied as detailed in Table 6, according to
their intermittent duty class, without the&otemperature-rise exceeding the limits specified in
Table|3 and 8.2.2.3.

NOTE |Depending on the technology, €.¢. for some kinds of electronically controlled electromagnets, the|control
supply yoltage cannot be directly applied on the coil winding when connected as in normal service.

Table 6 — Intermittent duty test cycle data

Intermittent One close-open Interval of time during
operating cycle which the supply to the
duty-classes A AP
every control coil is maintained
1 3600s
3 1200s
12 300 s

"ON" time shall normally
30 120 s correspond to the on-load factor
specified by the manufacturer
300 12's

1200 3s

8.2.2.7.3 Specially rated (short-time and periodic duty) windings

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

Auxiliary circuits of a contactor including auxiliary switches shall be capable of carrying their
conventional thermal current without the temperature-rise exceeding the limits specified in

Table

NOTE
circuit,

8.2.2

4 and Table 5 when tested in accordance with 9.3.3.3.7.

If an auxiliary circuit forms an integral part of the contactor, it suffices to test it at the same time as t
but at its actual service current.

9 Other parts

he main

The temperature rises obtained during the test shall not cause damage to current- carrymg parts

er shall

demonstrate compliance either by reference to the msulatron temperature mdex (detefqmined

for ex?

8.2.3
8.2.3.
The d

a) Th
co
b) Th

NO
vol

Thle

thg
at

c) Thle requirements of this sub¢lause shall be verified by the tests of 9.3.3.4.

8.2.3.1
a) Ma
1)

2)

mple by the methods of IEC 60216 (all parts) or by compliance with IEC 60085

Dielectric properties
General
electric properties are based on basic safety publications IEC.60664-1 and IEC 61

e following requirements provide the means of achieving,co-ordination of insulatig
htactor with the conditions within the installation.
e contactor shall be capable of withstanding:

the rated impulse withstand voltage (see 5.3.2.4 in accordance with the overy|
category given in Annex F;

the power-frequency withstand voltage.

TE The correlation between the nominal voltage of the supply system and the rated impulse w
age of the contactor is given in Annex F.

rated impulse withstand voltage.for a given rated operational voltage shall be n
n that corresponding in Annex E to the nominal voltage of the supply system of the
the point where the contactor’is“to be used, and the appropriate overvoltage categ

p Impulse withstand voltage
in circuit
Clearances [froem live parts to parts intended to be earthed and between poles

voltage:

subjected to the impulse voltage specified in item a) 1).

140.

n of a

pltage

thstand

pt less

circuit
ory.

shall

withstand.thetest voltage given in Table 16 appropriate to the rated impulse withstand

Solid-imsulation of contactor associated with clearances item a) 1) above shfall be

b) A viliary and control circuits

1) For auxiliary and control circuits which operate directly from the main circuit at the rated
operational voltage, clearances from live parts to parts intended to be earthed and
between poles shall withstand the test voltage given in Table 16 appropriate to the

2)

impulse withstand voltage of the main circuit. See also 8.2.3.2, item a) 2).

Auxiliary and control circuits which do not operate directly from the main circuit-may can
have an overvoltage withstand capacity different from that of the main circuit. Clearances
and associated solid insulation of such circuits, whether AC or DC, shall withstand the

appropriate voltage in accordance with Annex F.
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8.2.3.3 Power-frequency withstand voltage of the main, auxiliary and control circuits

a) Power-frequency dielectric tests are used in the following cases:
— dielectric tests as type tests for the verification of solid insulation;

— dielectric withstand verification, as a criterion of failure, after switching or short-

type tests;
— routine tests.
b) Type tests of dielectric properties

circuit

The tests of dielectric properties, as type tests, shall be made in accordance with 9.3.3.4.

c) Verification of dielectric withstand after switching or short-circuit tests

Thee verification of dielectric withstand after switching and short-circuit tests as a-g¢r
of [failure, is always made at power-frequency voltage in accordance withyitemn
9.3.3.4.1.

d) Verification of dielectric withstand during routine tests

Tepts to detect faults in materials and workmanship are made at power-frequency vq
in pccordance with item b) of 9.3.3.4.2.

8.2.3. Clearances

terion
d) of

ltage,

Cleargnces shall be sufficient to enable the equipment to withstand the rated impulse witlstand

voltage, according to 8.2.3.2.

Cleargnces shall be higher than the values given in Table 17, for case B (homogeneous
(see 3.5.30) and verified by a sampling test according to 9.3.3.4.3. This test is not reqy
the clgarances, related to the rated impulse withstand voltage and pollution degree, are
than the values given in Table 17 for case A (inhomogeneous field).

The method of measuring clearances is given in Annex E.

8.2.3.5 Creepage distances

a) Dimensioning

For pollution degrees 1 and\2, creepage distances shall be not less than the asso
clearances selected according to 8.2.3.4. For pollution degree 3, the creepage distance
be noflless than the cagse A clearances (Table 17) to reduce the risk of disruptive discharyg
to overvoltages, even ifthe clearances are smaller than the values of case A as permi
8.2.3.4.

The mlethod ef.measuring creepage distances is given in Annex E.

field)
ired if
higher

ciated
5 shall
e due
ted in

to the

Creeppge€ distances shall correspond to a pollution degree as specified in 7.1.4.2 and
corre . . ) X . . .

Material groups are classified as follows, according to the range of values of the comparative

tracking index (CTI) (see 3.5.33):

— Material group 1 600 < CTI

— Material group 11 400 < CTI < 600
— Material group Illa 175 < CTI < 400
— Material group Illb 100 < CTI < 175

NOTE The CTI values refer to the values obtained in accordance with IEC 60112, method with Solution A,
insulating material used.

for the
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b) Use of ribs

A creepage distance can be reduced to 0,8 of the relevant value of Table 18 by using ribs of
2 mm minimum height, irrespective of the number of ribs. The minimum base of the rib is
determined by mechanical requirements (see E.2).

8.2.3.6 Solid insulation

Solid insulation shall be verified by either power-frequency tests, in accordance with item c) of
9.3.3.4.1, or DC tests if AC tests cannot be applied.

Dimensioningrules for solid insulation and DC test voltages are under consideration
~J ~J

8.2.3.7 Spacing between separate circuits

For d|mensioning clearances, creepage distances and solid insulation between separate
circuitg, the highest voltage ratings shall be used (rated impulse withstand voltage for
clearajnces and associated solid insulation and rated insulation voltage arworking voltgge for
creepage distances).

8.2.3.8 Requirements for contactor with protective separation

Requifements for contactor with protective separation are given'in Annex I.

8.24 Normal load and overload performance requirements
8.2.4. General

Requifements concerning normal load and overlead characteristics according to 5.3.6 arg given
in 8.24.2, 8.2.4.3 and 8.2.4.4 below.

8.24.2 Making and breaking capacities

Contaptors shall be capable of making and breaking currents without failure undér the
conditjons stated in Table 7 for.the'required utilization categories and the number of operations
indicajed as specified in 9.3.3.5.

The values of off-time and on-time given in Table 7 and Table 8 shall not be exceeded.
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Table 7 — Making and breaking capacities. Making and breaking conditions
corresponding to the utilization categories

Making and breaking conditions
Categories 111, Pt/P Ulu, Cos ¢ On-time 2 Off-time b:):r:rztta{n(;f
cycles
s s
AC-7a 1,5 1,05 0,80 0,05 b 50
AC-7b 8,0 1,05 0,45 0,05 b 50
AC-7eS 15 105 gggc 005 b =20
AC-fd ¢ 1,58 1,05 d 0,05 10s 90
I is the current made and broken, expressed in RMS symmetrical values, but it is understood that the|actual

peak value in the making operation-may can assume a higher value than the symmetrical peak valde;

I, is the rated operational current;

Pt is the power corresponding to Ipeak and /2t test values (See Table 20)
P is the rated power;

U, is the power frequency recovery voltage;

U, is the rated operational voltage;

Cos ¢ | is the power factor of the test circuit.

28 Tinhe-may can be less than 0,05 s provided that contacts are allowed to become properly seated befpre re-
opgning.

b Seg Table 8.
¢ Th¢ test shall be done on a specific test circuit (se&(9.3.3.5.2, item d) 2)).
4 The test shall be done on a specific test circuit«ee 9.3.3.5.2, item d) 3)).

¢ Pt $hall be calculated with a ratio 1,5 (with-a\tolerance of + 0,2) to correspond to a value of Table 20.

Table 8 — Relationship between current broken I, and off-time
for the verification of rated making and breaking capacities

Current broken /_ Off-time
A s
I,=100 10

100 < 7, < 200 20
200 < I, =300 30

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

8.2.4.3 Conventional operational performance

Tests concerning the operational performance of a contactor are intended to verify that the
contactor is capable of making, carrying and breaking without failure the currents flowing in its
main circuit under conditions corresponding to the specified utilization category, where relevant.

Contactors shall be capable of making and breaking currents without failure under the
conventional conditions stated in Table 9 for the required utilization categories and the number
of operations indicated as specified in 9.3.3.6.
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Table 9 — Conventional operational performance. Making and breaking conditions

corresponding to the utilization categories

I, is the rated operational current;

Pt is the power corresponding to 1peak

P is the rated power;

U, is the power frequency recovery voltage;
U, is the rated operational voltage;

Cos ¢ | is the power factor of the test circuit.

and /?t test values (See Table 20)

Making and breaking conditions
Categories Number of
101, Pt/P UJu, Cos ¢ On-time 2 Off-time operating
cycles
s ]
AC-72 1,0 1,05 0,80 0,05 b 30 000
AC-7P d c 0,45 0,05 b 30 000
AC-TE 10 105 ggge 005 b 30 000
AC-Yd f 1 1,05 f 0,05 10 s 30 §00
1, is the current made and broken, expressed in RMS symmetrical values, but it is understood, that the|factual

peak value in the making operation-may can assume a higher value than the symmetrical peak valde;

[

d _ ) _ .
I /1e = 6,0 for making and Ic/Ie = 1,0 for breaking.

¢ Ur/Ue = 1,0 for making and Ur/Ue = 0,17 for breaking.

b Thése OFF times shall be not greater than the values_specified in Table 8.

€ Th¢ test shall be done on a specific test circuit (see 9.3.3.5.2, item d) 2)).

f Th¢ test shall be done on a specific ¥ést circuit (see 9.3.3.5.2, item d) 3)).

28 Tinhe-may can be less than 0,05 s provided that contacts dre allowed to become properly seated befpre re-
opgning.

8.2.4.4

Ability to withstand overload currents

Contaptors with utilization category AC-7b shall withstand the overload currents giyen in
Table [10 as specified'in 9.3.5.

Table 10 — Overload current withstand requirements

Test current

Duration of test

8.2.5

8 x I, max/AC-7b

10 s

Dot ! o »
! AR T

Co-ordination with short-circuit protective devices

The rated conditional short-circuit current of contactors backed up by short-circuit protective
device(s) (SCPDs) shall be verified by short-circuit tests as specified in 9.3.4. These tests shall

be made:

a) at the appropriate value of prospective current shown in Table 24 (test current /) and

b) at the rated conditional short-circuit current 7, if higher than test current 1.
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The rating of the SCPD shall be adequate for any given rated operational current, rated
operational voltage and the corresponding utilization category.

Test conditions are given in 9.3.4.3.

Co-ordination requires that, under short-circuit conditions, the contactor shall cause no danger
to persons or installations. It is permissible that it is not suitable for further use.

NOTE Use of an SCPD not in compliance with the manufacturer's recommendations-may can invalidate the co-
ordination.

8.3 EMC Electromagnetic compatibility
8.3.1 General

Contaftors not incorporating electronic circuits are not sensitive to @glectromdgnetic
disturlhbances and do not generate significant disturbances in normal servigce\¢onditionf, and
therefpre no EMC tests are required.

For the purpose of this document, "electronic circuit" excludes circujts\i which all compenents
are pgssive (including diodes, resistors, varistors, capacitors, surgelsuppressors, inductprs).

8.3.2 Immunity

The behaviour of electromechanical contactors for houséhold and similar purposes in chse of
voltage amplitude variations is specified in 8.2.1.2.

Contaftor incorporating electronic circuits-shall have a satisfactory immunity to electromé&gnetic
disturthances.

For the appropriate tests, to verify'the compliance with these requirements, see 9.4.2.

8.3.3 Emission

Contactors for household and similar purposes which do not incorporate electronic circuits can
only generate electromagnetic disturbances during switching operations. The duration of the
disturbances is of the order of milliseconds.

Provisionally, until further study is carried out, the frequency and the level of these emissions
are considered as part of the normal electromagnetic environment of electromechanical
contactors for household and similar purposes, and no electromagnetic emission tests are
necessary.

Harmonic tests are not required for contactor incorporating electronically controlled
electromagnet because no electronic are used on the main circuit.

The high-frequency (greater than 9 kHz) continuous emissions from equipment incorporating
electronic switching circuits shall not exceed the limits specified in 9.4.3.
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8.4 Embedded software

Guidance for the development of embedded software for switchgear and controlgear including
secure coding is provided by IEC TR 63201, especially by establishing:

— a software management plan according to Clause 5 of IEC TR 63201:2019;
— a design lifecycle management according to Clause 7 of IEC TR 63201:2019.

9 Tests

9.1 Types of test

9.1.1 General

Tests [shall be made to prove compliance with the requirements laid down in this.document. If
relevant, tests-may can be carried out in sequences, see test sequences in Annex B.

9.1.2 Type tests

Type flests are intended to verify compliance of the contactor's design with this document| They
comprjse the verification of:

a) termperature-rise limits (see 9.3.3.3);
b) di
c) rated making and breaking capacities (see 9.3.3.5);

glectric properties (see 9.3.3.4);

d) copventional operational performance (see 9.3.3.6);

e) operation and operating limits (see 9.3.3.1 and 9.3.3.2);
f) overload current withstand capability (se€.9.3.5);

g) performance under short-circuit conditions (see 9.3.4);
h) magchanical properties of terminals (See 9.2.5);

i) deprees of protection of enclosed contactors (see 9.2.4);
j) registance to ageing (see9.2:2.1);

k) registance to humidity (see 9.2.2.2);

[) registance to heat (see 9.2.2.3);

m) registance to abnormal heat and fire (see 9.2.2.4);

n) registance torusting (see 9.2.2.5);

0) registanceto tracking (see 9.2.2.6);

p) scfews.or nuts other than those on terminals which are intended to be operated Huring
ingtallation or maintenance (see 9.2.3);

q) resistance to impact (see 9.2.6);

r) durability of marking (see 9.2.7);

s) Breakdown of components (see 9.2.8);
t) Tests for EMC (see 9.4).

If relevant, type tests are grouped in test sequences.
Test sequences, number of samples and results to be obtained are indicated in Annex B.

Unless otherwise specified, each test (or test sequence) is performed on a new sample in clean
condition.
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Unless otherwise specified, the contactors are tested at an ambient air temperature of
25°C + 10 °C.

9.1.3 Routine tests

Routine tests are intended to detect faults in materials and workmanship and to ascertain proper
functioning of the contactor. They shall be made on each individual contactor under the same
or equivalent conditions as those specified for type tests (see 9.3.6.1).

Routine tests for contactors comprise:

— oOpgrationand npnrnfing limits (enn 936 9);

— diglectric tests (see 9.3.6.3).
9.1.4 Sampling tests for clearance verification

Sampling tests for clearance verification are made according to 9.3.3.4.3. Sampling plangs and
test plocedures are under consideration.

9.2 |Compliance with constructional requirements
9.2.1 General

Verifigation of compliance with the constructional requireménts stated in 8.1 concerns, for
example:

— the materials;

— the contactor;

— the degree of protection of enclosed contactors;
— th¢ mechanical properties of terminals;

— theg actuator;

— the position indicating device (s€€-3.3.15).

9.2.2 Materials
9.2.2. Test of resistance to ageing

Contaptors incorporating separate gaskets, screwed glands, membranes and | parts
manufactured fromtrubber, p.v.c. or similar thermoplastic materials are subjected to a tefst in a
heatinlg cabinet with*an atmosphere having the composition and pressure of the ambient gir and
ventilgted by matural circulation, gaskets, glands and membranes being suspended freely.

The telmperature in the cabinet is 70 °C + 2 °C.

The samples shall be kept in the cabinet for seven days (168 h). The use of an electrically
heated cabinet is recommended. Natural air circulation-may can be provided by holes in the
walls of the cabinet.

After treatment, the samples shall be removed from the cabinet and kept at room temperature
and relative humidity between 45 % and 55 % for at least four days (96 h).

The samples shall show, with normal or corrected vision without further magnification, neither
surface crack nor shrinkage impairing their further use, nor shall the material have become
sticky or greasy, this being judged as follows:

— with the forefinger wrapped in a dry piece of rough cloth the sample shall be pressed with a
force of 5 N.

The force of 5 N can be obtained in the following way:
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the sample is placed on one of the pans of a balance and the other pan is loaded with a
mass equal to the mass of the sample plus 500 g. Equilibrium is then restored by pressing
the sample with the forefinger wrapped in a dry piece of rough cloth.

No trace of the cloth shall remain on the sample and the material of the sample shall not stick
to the cloth.

9.2.2.2 Test of resistance to humidity

The contactor resistance to humidity shall be verified by test Ca: damp heat, steady state of
IEC 60068-2-78 under the following test conditions:

Inlet qpenings, if any, shall be left open; if knock-outs are provided, one of them.shall be
opened. Parts which can be removed without the aid of a tool shall be removed and\subjected
to the [humidity treatment with the main parts: spring lids shall be open during this treatment.

Beforg being placed in the test chamber, the samples shall be stored at room-temperatlire for

at leagt 4 h before the test. The test duration shall be four days.

After this period, the contactor is removed from the test chambegr, ‘the removed parts are
reinstalled and the lid closed. The contactor is then submitted ta™gq dielectric test as spgcified

in 9.3/3.4.1, item c).

9.2.2.3 Test of resistance to heat

9.2.2.3.1 Tests on contactor

a)

b)

c)

Parts of insulating material, if any, necessary te_retain in position current-carrying pants and
parts of the earthing circuit shall be subjected-to a ball pressure test at 125 °C + 2 °C, ¢xcept
thgt insulating parts of an enclosure necessary to retain in position the earthing termjinal, if
any, shall be tested as specified in item:b) hereafter.

ThE ball-pressure apparatus is shown.in Figure 3.

Thee surface of the part to be tested shall be placed in a horizontal position and supported
byla steel plate of at least 5 mm:thickness and a steel ball of 5 mm diameter shall be prlessed
agpinst this surface with a-ferce of 20 N.

Thr test shall be made in,a heating cabinet at a temperature of 125 °C + 2 °C.
e

Affer 1 h, the ball shall’be removed from the sample which shall then be cooled within 10 s
to ppproximately room temperature by immersion in cold water.

The diameter_efithe impression caused by the ball shall be measured and shall not gxceed
2 hm.

When itdissnot possible to make the test on the complete sample, the test shall be garried
ouf on'a’suitable part of it of at least 2 mm thickness.

NOTE Trethickmessof 2 mmTcam beobtaimed oy Ubillg severdl 1ayers.

External parts of insulating material not necessary to retain in position current-carrying parts
and parts of the earthing circuit even though they-may can be in contact with them, shall be
subjected to a ball-pressure test in accordance with item a) above, except that the test is
made at a temperature of 70 °C £ 2 °C or 40 °C £ 2 °C plus the highest temperature-rise
determined for the relevant part during the temperature-rise test, whichever is the higher.

Before being placed in the heating cabinet, the contactor under test shall be stored at room
temperature for at least 4 h before the test.

The contactor shall be kept for the time sufficient to reach thermal equilibrium, but not less
than 1 hour in the heating cabinet at a temperature of 100 °C £ 2 °C.

The sample shall then be allowed to cool to approximately room temperature.

The standard test finger (see Figure 10) shall be applied to the external surfaces which are
accessible during normal service with a force not exceeding 5 N, and there shall be no
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access to live parts when the contactor is mounted as in normal use. After the test, markings
shall still be legible.

9.2.2.3.2 Tests on materials

A sample of the material, of at least 2 mm thickness, is subjected to the test(s) of 9.2.2.3.1, a)
and/or b).

NOTE The manufacturer-may can provide data from the insulating material manufacturer (or other reliable source)
to demonstrate compliance with these requirements.

9.2.2.4 Tests of resistance to abnormal heat and fire

9.2.2.41 Tests on parts of the contactor

The tgst to be performed for the verification of resistance to abnormal heat and fire\is the glow-
wire tg@st, which simulates the thermal stresses produced by sources of heat orcignition in order
to simplate fire hazard.

The glow-wire test shall be made according to IEC 60695-2-10 and IE€-60695-2-11 under the
following conditions:

— for parts of insulating material, necessary to retain in position.current-carrying parts py the
tegt made at a temperature of 850 °C, for the purpose of this‘test a protective condugtor, if
any, is not considered as a current-carrying part,

— fon parts of insulating material not necessary to retainin position current-carrying pants and
parts of the earthing circuit, if any, even though they-may can be in contact with them, by
the test made at a temperature of 650 °C.

9.2.2.4.2 Tests on materials

Suitable specimens of the material shall be:subjected to the following tests:

NOTE |[The manufacturer-may can provide data from the insulating material manufacturer (or other reliable [source)
to demgnstrate compliance with the requirements of 8.1.2.5.
a) Flammability classification test, in accordance with IEC 60695-11-10.

b) Hgt wire ignition (HWI) test/as described in Annex G.
9.2.2.% Test of resjistance to rusting

All grgase shall beemoved from the parts to be tested, by immersion and agitation for {0 min
in a cald chemical‘degreaser such as refined petrol.

at a tgmperature of 20 °C £ 5 °C.

The perrts shall then be immersed for 10 min in a 10 % solution of ammonium chloride in| water

Without drying, but after shaking off any drops, the parts shall then be placed for 10 min in a
box containing air saturated with moisture at a temperature of 20 °C £ 5 °C.

After the parts have been dried for 10 min in a heating cabinet at a temperature of
100 °C £ 5 °C, their surface shall show no signs of rust.

Traces of rust on sharp edges and any yellowish film removable by rubbing shall be ignored.

For small springs and the like, and for inaccessible parts exposed to abrasion, a layer of grease
may can provide sufficient protection against rusting.

Such parts shall only be subjected to the test if there is doubt about the effectiveness of the
grease film, the test shall then be made without previous removal of the grease.
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NOTE A revision of this test is under consideration.
9.2.2.6 Test of resistance to tracking

This test shall be made on a suitable part taken from the contactor or, if agreed for practical
reasons, on a suitable specimen of the insulating material, according to IEC 60112, Solution A.

9.2.3 Test on screws or nuts other than those on terminals which are intended to be
operated during installation or maintenance

The screws or nuts shall be tightened and loosened:

10 ' o H 4 idklo tlo ol £ Lads 4 H |
- LUTTTT S WITCTT T TTTyaytTITicIiTie Wit a trimrcalu Ut imtouratinry Trratcriar,

— 5 tjmes in all other cases.

Screws or nuts in engagement with a thread of insulating material shall be completely refnoved
and rginserted each time.

The tgst shall be made with a suitable screwdriver or spanner, applying\a torque as given in
Table |11 or as specified by the manufacturer.

The s¢rews or nuts shall be tightened without jerks.

When|a screw has a hexagonal head with a slot for tightening with a screwdriver and| when
Table |11 is used and the values in columns Il and Il are-different, the test shall be made|twice:

— firgt applying to the hexagonal head, the torque specified in column Ill by means [of the
spanner,

— then, on a new sample, applying the torgue specified in column Il by means pf the
scfewdriver.

If the Yalues in columns Il and Il are the\same, only the test with the screwdriver shall be made.

During the test, the screwed connéections shall not work loose and there shall be no dﬂnage,
such @s breakage of screws_or.damage to the head slots, threads, washers or stirrups, or
damage to enclosures and covers, that will impair the further use of the contactor.

9.2.4 Verification of the degrees of protection of enclosed contactors

See Ahnex H.

9.2.5 Mechanical properties of terminals

9.2.5. General

This subclause does not apply to aluminium terminals or to terminals for the connection of
aluminium conductors.

9.2.5.2 General conditions for tests

Unless otherwise stated by the manufacturer, each test shall be made on terminals in a clean
and new condition.

When tests are made with round copper conductors, the copper shall be according to
IEC 60028.
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Tests of mechanical strength of terminals

IEC 61095:2023 RLV © IEC 2023

Tests shall be made with the appropriate type of conductor having the maximum cross-sectional

area.

The conductor shall be connected and disconnected five times.

For screw-type terminals, the tightening torque shall be in accordance with Table 11 or 110 %

of the torque specified by the manufacturer, whichever is the greater.

The test shall be conducted on two separate clamping units.

When

valueg

specif
If the

Each

tighteing test.

During
such 3
impair

T

a screw has a hexagonal head with means for tightening with a screwdriver a
in columns Il and Il are different, the test is made twice, first applying to the"hexagonal
head the torque specified in column Ill, and then, on another set of samples, applying the
ed in column Il by means of a screwdriver.

alues in columns Il and Ill are the same, only the test with the screwdriver is mad

fime the clamping screw or nut is loosened, a new conductor shall be used fo

the test, clamping units and terminals shall not work Ioose and there shall be no da
s breakage of screws or damage to the head slotsy threads, washers or stirrups that will
the further use of the screwed connections.

nd the

orque

each

mage,

able 11 — Tightening torques for the verification of the mechanical strength gf
screw-typeterminals
Diameter of thread Tightening torque
mm Nm.
Metric
standard Range(of diameter 1 ]|
values
2,5 <2,8 0,2 0,4 0,4
3,0 >2,8"up to and including 3,0 0,25 0,5 0,5
- >3,0 up to and including 3,2 0,3 0,6 0,6
3,6 >3,2 up to and including 3,6 0,4 0,8 0,8
4 >3,6 up to and including 4,1 0,7 1,2 1,2
4,5 >4,1 up to and including 4,7 0,8 1,8 1,8
5 >4,7 up to and including 5,3 0,8 2,0 2,0
6 >5,3 up to and including 6,0 1,2 2,5 3,0
8 >6,0 up to and including 8,0 2,5 3,5 6,0
10 >8,0 up to and including 10,0 - 4,0 10,0
Column | applies to screws without heads which, when tightened, do not protrude
from the hole, and to other screws which cannot be tightened by means
of a screwdriver with a blade wider than the root diameter of the screw.
Column Il  applies to nuts and screws which are tightened by means of a
screwdriver.
Column Il applies to nuts and screws which can be tightened by means other than
a screwdriver.
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9.2.5.4
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Tests for damage to and accidental loosening of conductors (flexion test)

The test applies to terminals for the connection of unprepared round copper conductors, of
number, cross-section and type (flexible and/or rigid [stranded and/or solid]), specified by the
manufacturer.

The following tests shall be carried out using two new samples with:

a) the maximum number of conductors of the smallest cross-section connected to the terminal;

b) the maximum number of conductors of the largest cross-section connected to the terminal;

c) the maximum number of conductors of the smallest and largest cross-sections connected to

the

Termi
shall g

Termi
simult

For sd
one c(

The t¢
shall |
than t
in acc
shall §

terminal.

nals intended for connection of either flexible or rigid (solid and/or stranded) cond
e tested with each type of conductor with different sets of samples.

hals intended for connection of both flexible and rigid (solid and/or stranded) cond
Aneously shall be tested as stated in ¢) above.

nductor according to a), b) and c) if applicable.

st should be carried out with suitable test equipment. The specified number of cond
e connected to the terminal. The length of the test{conductors should be 75 mm
ne height H specified in Table 12. The clamping)serews shall be tightened with a
brdance with Table 11 or with the torque specified by the manufacturer. The device
e secured as shown in Figure 4.

rewless terminal of several clamping-units, each clamping-ufit shall be equippe

uctors

uctors

d with

uctors
onger
orque
tested

Tgble 12 — Test values for flexion and pull-out tests for round copper conductors

Conductor o?i;:;itiirg Height Mass Pulling
cross-section hole 2 H*13 mm force
mm?2 AWG/MCM mm mm kg N
0,2 24 6,4 260 0,3 10
- 22 6,4 260 0,3 20
0,5 20 6,4 260 0,3 30
0,75 18 6,4 260 0,4 30
1,0 - 6,4 260 0,4 35
1,5 16 6,4 260 0,4 40
2,5 14 9,5 279 0,7 50
470 12 95 279 659 60
6,0 10 9,5 279 1,4 80
10 8 9,5 279 2,0 90
16 4 12,7 298 2,9 100
25 6 12,7 298 4,5 135
- 3 14,3 318 5,9 156
35 2 14,3 318 6,8 190
2 If a bushing with the hole diameter given is not adequate to accommodate the
conductor without binding, a bushing having the next larger hole-may can be used.

Each conductor is subjected to circular motions according to the following procedure:
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The end of the conductor under test shall be passed through an appropriate size bushing in a
platen positioned at a height H below the contactor terminal, as given in Table 12. The other
conductors shall be bent in order not to influence the result of the test. The bushing shall be
positioned in the horizontal platen concentric with the conductor. The bushing shall be moved
so that its centre-line describes a circle of 75 mm diameter about its centre in the horizontal
plane at 10 r.p.m. £ 2 r.p.m. The distance between the mouth of the terminal and the upper
surface of the bushing shall be within 13 mm of the height A# in Table 12. The bushing-is-te shall
be lubricated to prevent binding, twisting or rotation of the insulated conductor. A mass as
specified in Table 12 is to be suspended from the end of the conductor. The test shall consist
of 135 continuous revolutions.

During-the test the conductor shall neither slip out of the terminal nor break near the cl ping
unit.

Immediately after the flexion test, each conductor under test shall be submitted*in the test
equipment to the test of 9.2.5.5 (pull-out test).

9.2.5.% Pull-out test for round copper conductors

Following the test of 9.2.5.4, the pulling force given in Table 12 shallbeapplied to the conductor
tested|in accordance with 9.2.5.4.

The cllamping screws shall not be tightened again for this test.
The fdrce shall be applied without jerks for 1 min, in thé direction of the axis of the cond{ictor.

During the test, the conductor shall neither slip out.of the terminal nor break near the clamping
unit.

9.2.5.6 Test for insertability of unprepared round copper conductors having
the maximum specified cross-section

9.2.5.6.1 Test procedure

The tgst shall be carried out with the gauges specified in Table 13. The measuring secjion of
the gquge shall be able to penetrate into the terminal aperture under the weight of the gauge
to the|full depth of the terminal (see also Note to Table 13).
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Table 13 — Maximum conductor cross-sections and corresponding gauges

Conductor cross-sections Gauges (see Figure 5)
. Rigid . . Permissible
FIZXIthe conductors Formk.and Diameter ngth deviations
conductors (solid or stranded) marking a for a and b
mm?2 mm?2 mm Mm mm
1,5 1,5 A1 2,4 1,5
0
2,5 2,5 A2 2,8 2,0 0,05
2,5 4 A3 2,8 2,4
! 6 Ad 3,6 3,1
0
6 10 A5 4,3 4,0 008
10 16 B6 5,3 -
16 25 B7 6,9 -
p 0
45 35 B8 8,7 - ~0,07
35 50 B9 10,0 -

NOTE| For conductor cross-sections other than those given in the table, an unprepared conductor of apprppriate
cross-$ection-may can be used as the gauge, the force of insertion being not greater than 5 N.

Alternftively, the test can be carried out by inserting théslargest conductor of type and rated
cross-section among those recommended by the japufacturer. The stripped end pf the
conduptor shall be able to enter completely withinthe clamping unit aperture, without ise of
undue] force.

NOTE |The manufacturer can specify the test method:
9.2.5.6.2 Construction of gauges

The construction of the gauges is shéwn in Figure 5.

Details of dimensions a and b and their permissible deviations are shown in Table 13.
The measuring section of the gauge shall be made from gauge steel.

9.2.5.7 Electrical-performance of screwless-type clamping units

The e|ectrical perfermance of screwless-type clamping units is verified by the following test,
which|is made-0fiat least 6 new samples of each design which have not been used fpr any
other fest.

NOTE |ASample can include either one pole or two clamping units.

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

A suitable test arrangement is shown in Figure 24. If the measurement points cannot be
positioned within the 10 mm to the point of contact, the voltage difference between the ideal
and the actual measuring points shall be deducted from the voltage drop measured. This voltage
difference within the part of the conductor shall be determined with a suitable measurement
method on one sample at a stabilised temperature. The measurement methods and the results
shall be documented in the test report.

The device sample can be provided with holes or equivalent arrangements which provide
measurement access points for the voltage drop on the terminal.
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The test is made with new copper conductors having the minimum and the maximum cross-
section area:

— universal clamping units shall be tested with rigid (solid or stranded) and flexible conductor;
— non universal clamping units for solid only shall be tested with solid conductor;

— non universal clamping units for rigid shall be tested with both solid and stranded conductor;
— non universal clamping units for flexible only shall be tested with flexible conductor.

A conductor having the minimum cross-section area is connected, as in normal use, to each of

3 samples and a conductor having the maximum cross-section area is connected, as in normal
use, to each of the 3 other samples. This for each type of conductors, as applicable.

The clamping units are loaded for 1 h with the rated operational current. Q}/

The control circuit is loaded at Ug. Q({,b

When|screwless terminals are used for the control circuit, they can be t@f@& during the test on
the load circuit, if applicable. N

©

Immediately after this period and with the same current rowingﬁ?}b voltage drop acros$ each
clamp|ng unit is measured as near as possible to the area ofsg act on the clamping un

—

®)
In no ¢ase shall the voltage drop exceed 15 mV. QQ

9.2.5.8 Ageing test for screwless-type clams\®g units

The s¢rewless-type clamping units already s’g@cted to the determination of the voltage|drops

specifled in 9.2.5.7, are placed in a heatin binet, which is initially kept at a temperafure of

20 °Clx 2 °C. é

R\

During the test, a current equal te\'@e rated operational current passes through terminals,

excep} during the cooling period. N~
’\\O

The control circuit is loaded.atUs.

The cpnductor of 1 rc)@connected in series between two terminals to be tested as shpwn in

Figurg 25. @

The device @%Te can be provided with holes or equivalent arrangements which pfovide
measyre %access points for the voltage drop on the terminal.

The w Xa lostarrangomeont including the conduciare chall nol bo moved until oll the pllowing
voltage drop tests have been completed.

The clamping units are then subjected to 192 temperature cycles, each cycle having a duration
of approximately 1 h, as follows:

The air temperature in the cabinet is raised in approximately 20 min to 40 °C.

It is maintained within £5 °C of this value for approximately 10 min. The clamping units are then
allowed to cool down, during approximately 20 min to a temperature of approximately 30 °C,
forced cooling being allowed.

They are kept at this temperature for approximately 10 min and, if necessary, for measuring the
voltage drop, allowed to cool down further, to a temperature of 20 °C + 2 °C.
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The voltage drop is measured using the current and, test arrangement previously specified in
9.2.5.7 after the 24th temperature cycle and after the 192 temperature cycles are completed.

The allowable voltage drop shall not exceed the smaller of the two following values:

— either 22,5 mV,

— or 1,5 times the value measured after the 24th cycle.

The temperature in the heating cabinet is measured at a distance of at least 50 mm from the
specimens.

After {AiS test an Inspection by the naked eye, with normal or corrected vision and, without
additignal magnification, shall show no changes obviously preventing further use,~sdch as
crackyd, deformations or the like.

9.2.6 Test of resistance to impact
9.2.6. Test procedure
Unendlosed contactors, exposed parts of partially enclosed contactars, covers and cover [plates

of contactors shall be tested with the pendulum hammer test apparatus (see 9.2.6.2.1) jwith a
shock|energy of 0,5 J.

Enclogures designed and dimensioned to contain a contactor shall be tested with the gphere
test apparatus (see 9.2.6.2.2) with a shock energy of 2{J

The ambient air temperature shall be 25 °C £+ 10 C;

The sample with cover, or the enclosure, if any;.shall be fixed as in normal use or placed ajgainst
a rigid support.

Cable|entries which are not providedywith knock-outs shall be left open. If they are provided
with kpock-outs, two of them shall be’opened.

Beforg applying the blows, fixing screws of bases, covers and the like shall be tightened|with a
torqug equal to two thirds ‘ef that specified in Table 11.

The samples are subjected to ten blows, which are evenly distributed over the sample.
The bllows are not.applied to knock-outs, fragile parts such as windows, pilot lights, etc.

In genleral, five-of the blows are applied as follows:

— fonflush-type contactors, one blow in the centre, one at each extremity of the area oVer the
re\;cac ;II thc b:U\Jl\, Glld thc Uthcl tV\lU appl\JA;nlat;vcly |||;dvvay thVVUUII thc PIUV;UUO IOWS,

preferably on the ridge, if any, the sample being moved horizontally;

— for other contactors and for mounting boxes, one blow in the centre, one at each side of the
sample after it has been turned as far as possible, but not through more than 60°, about a
vertical axis, and the other two approximatively midway between the previous blows,
preferably on the ridge, if any.

The remaining blows are then applied in the same way, after the sample has been turned
through 90° about its axis perpendicular to the plywood.

After the test, the sample shall show no damage within the meaning of this document.

In particular, covers which when broken make live parts accessible or impair the further use of
the contactor, operating means, and linings and barriers of insulating materials and the like,
shall not show such damage.
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In case of doubt, it is verified that removal and replacement of external parts, such as
enclosures and covers, is possible without these parts or their lining being damaged.

Damage to the appearance, for example surface cracks, small dents which do not reduce the
clearances or creepage distances below the values specified in 8.2.3.4 and 8.2.3.5, and small
chips which do not adversely affect the protection against electric shock shall be neglected.

9.2.6.2 Test apparatus

9.2.6.2.1 Pendulum hammer test apparatus (0,5 J test)

The test apparatus shown in Figllrn 6, Figllrn 7 and Figllrn 8 shall be used

The désign of the test apparatus shall be such that:

— thg sample can be moved horizontally and turned about an axis perpendicular,to the sprface
of the plywood;

— the plywood can be turned about a vertical axis.

The striking element, having a mass of 0,25 kg, shall be allowed to fallFMrom a height of 3,20 m
on to gurfaces which are exposed when the contactor is mounted as in normal conditions jof use
so tha} the point of impact lies in the vertical plane through the akisof the pivot of the pengulum.

The height of fall shall be the vertical distance between theposition of a checking poin{ when
the pgndulum is released and the position of that point@tthe moment of impact. The checking
point ghall be marked on the surface of the striking efement where the line through the ppint of
intersection of the axis of the steel tube of the pendislum and that of the striking element, and
perpendicular to the plane through both axes, meets the surface.

The he¢ad of the striking element shall havela hemispherical face of radius 10 mm and shall be
of polyamide having a Rockwell hardness’,of R 100. The striking element is rigidly fixed|to the
lower [end of a steel tube with an external diameter of 9 mm and a wall thickness of 0,6 mm,
which|shall be pivoted at its upper end in such a way that it swings only in a vertical plane.

The axis of the pivot shall be(® 800 mm £ 1 mm, above the axis of the striking element.

For dgtermining the Rockwell hardness of the polyamide of the head of the striking elgment,
the following conditions-shall apply:

— digmeter of thetball: 12,7 mm £ 0,002 5 mm,
— initial load( 100 N £ 2 N,

— overload; 500 N+ 2,5N.

Additions C k of
given in ISO 2039 2 Surface mountmg contactors shaII be mounted on a sheet of pIywood
8 mm thick and 175 mm square, secured at its top and bottom edges to a rigid bracket, which
shall be part of the mounting support as shown in Figure 7.

The mounting support shall have a mass of 10 kg £ 1 kg and shall be mounted on a rigid frame
by means of pivots.

9.2.6.2.2 Sphere test apparatus (2 J test) (see Figure 9)

The impact shall be produced by dropping or swinging a steel sphere 50 mm in diameter and
weighing 0,5 kg from a height of 0,4 m as shown in Figure 9.

H indicates the vertical distance the sphere-must shall travel to produce the desired impact.
The sphere is to contact the test sample when the wire is in the vertical position.
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The w

ire shall have a negligible mass in comparison with the sphere.

The supporting surface shall consist of a layer of tongue-and-groove oak flooring mounted on
two layers of 19 mm plywood.

The oak flooring shall be nominally 19 mm thick. The assembly shall rest on a concrete floor.
An equivalent non-resilient supporting surface-may can be used.

The backing support shall consist of 19 mm plywood over a rigid surface of concrete.

An eq

ivalent non-resilient backing support-may can be used

9.2.7

Comp

Test of durability of marking

the marking by hand for 15 s with a piece of cloth soaked with water and again for 15 s

piece

Petrol

pbf cloth soaked with petroleum spirit.

bum spirit used in the test should consist of aliphatic solvent hexane with a con

aromatics of maximum 0,1 % by volume, a kauri butanol value of-29; an initial boiling p

appro
0,68 g

After t

and these shall show no curling.

The marking shall also remain easily legible after all the tests of this document.

Markir

9.2.8
9.2.8.

The b
tested

NOTE

The tsg

— wh
ov

g made by impression, moulding, pressing or engraving is not subjected to this te

Breakdown of components

General

with the product opgrating with the load creating the more severe condition.

A possible lossyof'wain function can be applied.
st is notrequired:

en gireuit analysis indicates that no other component or portion of the circuit
bridaded as a result of open- or short-circuit failure mode of another component;

iance with the requirements of 8.1.13 is checked by inspection, also by)lightly réibbing

with a

ent of
pint of

imately 65 °C, a dry-point of approximately 69 °C and‘a density of approximately
cm3.
his test the marking shall be easily legible. It shall'not be easily possible to remove|labels

L2
—

eakdown of a component, identified as a result of the circuit analysis of 8.1.14, shall be

vill be

- fo

components In CIrCUlts supplied DYy Iimited energy sources In complianc

IEC 60947-4-1:2018, 8.1.14;

power semiconductor devices when equivalent testing is accomplished during
short-circuit tests;

— on

with

— for components that have previously been positively evaluated considering their failure
modes and the circuit conditions in which the component is used within the device.

9.2.8.2 Breakdown of components test

Each identified component shall be subjected to a breakdown of components test in open- and

or sho

NOTE 1

rt-circuit failure modes, whichever is most severe.

The breakdown of components test can be done only with those circuits of the device that can affect the
result of the test being fully energized and in operation.
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During this test, there shall be no emission of flame or molten metal, nor ignition of cotton. The
fusible element shall not open.

Components, such as capacitors or diodes, are short- or open-circuited. For device without a
dedicated enclosure, an outer metal enclosure or a wire mesh cage (with surrounded cotton on
the cage) that is 1,5 times the size of the device (or different, according to manufacturer
declarations) shall be provided to simulate the potential grounded parts around the device. In
case of dedicated enclosure, the cotton shall be placed over all openings. The outer dedicated
enclosure or wire mesh cage (when provided) and any grounded or exposed dead metal part
shall be connected through a fusible element F, according to subclause 9.3.3.5.2 g), to the
supply circuit.

NOTE 4 Explanations about enclosed equipment are given in 5.3.3.2 NOTE 2 (unenclosed contactor)-and|5.3.3.3
NOTE 4 (enclosed contactor).

9.3 |[Compliance with performance requirements
9.3.1 Test sequences

The s¢quence of tests and the corresponding samples are indicated infAnnex B.

9.3.2 General test conditions
9.3.2. General requirements

The contactors to be tested shall agree in all their essential details with the design of the type
which|they represent.

Unles$ otherwise stated in the relevant test clauses, the tests shall be made with the same kind
of curfent (and, at the rated frequency and with.the same number of phases) as in the intended
servicp.

If, for [convenience of testing, it appears desirable to increase the severity of a test (¢.g. to
adopt|a higher rate of operation in*order to reduce the duration of the test), this-may ¢an be
done ¢nly with the consent of the-manufacturer.

The cogntactor under test shall be mounted complete on its own support or an equivalent spipport
and cpnnected as in normal service, in accordance with the manufacturer's instructions and
under|the ambient conditions stated in 7.1.

Encloged contactors shall be mounted complete and any opening normally closed in service
shall e closedfor tests. Contactors intended for use in an individual enclosure shall be fested
in the [smallest of such enclosures stated by the manufacturer.

NOTE |Anjindividual enclosure is an enclosure designed and dimensioned to contain one contactor only.

Contactors not intended to be used in an individual enclosure shall be tested in free air. In this
case, unless otherwise specified in the relevant test clauses of this document, for tests
concerning making and breaking capacities and performance under short-circuit conditions, a
wire mesh shall be placed at all points of the contactor likely to be a source of external
phenomena capable of producing a breakdown, in accordance with the arrangements and
distances specified by the manufacturer. Details, including distances from the contactor under
test to the wire-mesh, shall be stated in the test report.

Maintenance or replacement of parts is not permitted, unless otherwise specified in this
document.

The contactor-may can be operated without load prior to beginning a test.
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For the tests, the actuating system, if any, shall be operated as for the intended use in service
stated by the manufacturer and at the rated values of control quantities (such as voltage),
unless otherwise specified in this document.

9.3.2.2 Test quantities
9.3.2.2.1 Values of test quantities

All the tests shall be made with the values of test quantities corresponding to the ratings
assigned by the manufacturer, in accordance with the relevant tables and data of this document.

9.3.2.

The tgst recorded in the test report shall be within the tolerances given in Table44, linless
otherwise specified in the relevant subclauses. However, with the agreeméent ¢f the
manufacturer, the tests-may can be made under more severe conditions than those spegified.

Table 14 — Tolerances on test quantities

Tests under no load,

All tests normal load and overload Tests under.s.hort-circuit
conditions conditions
— curfent: 5 % — power factor: +0,5 — power factor: 0
© o P - P L 005

— volfage: +g %

(including power frequency recovery

: \ ~ .
voltage) frequency: £5.% frequency +5 %

NOTE[1 Where maximum and/or minimum operating«/imits are stated in this document, the above toleranges do
not apply.

NOTE[2 By-agreement-betweenmanufacturefiand-user—Tests made at 50 Hz-may-be-accepted are vilid for

operatlon at 60 Hz and vice-versa.

9.3.2.2.3 Recovery voltage
a) Power-frequency recoevery voltage

For all breaking(capacity and short-circuit breaking capacity tests, the value pf the
power-frequency. recovery voltage shall be 1,05 times the value of the rated operational
voltage.

NOITE 1 Jhe~value of 1,05 times the rated operational voltage for the power-frequency recovery vojtage is
degmed(tojcover the effects of the variations of the system voltage under normal service conditions.

NO[LE\2__This may require that The applied voltage can possibly be increased but the prospective peakimaking
current-should is not preferably be exceeded without the consent of the manufacturer.

NOTE 3 The upper limit of the power-frequency recovery voltage-may can be increased with the approval of
the manufacturer (see 9.3.2.2.2).

b) Transient recovery voltage
Transient recovery voltages, where required in this document, are determined according to
9.3.3.5.3.

9.3.2.3 Evaluation of test results

The behaviour of the contactor during the tests and its condition after the tests are specified in
the relevant test clauses of this document.
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9.3.24 Test reports

Written reports on type tests proving compliance with this document shall be made available by
the manufacturer. The details of test arrangements such as type and size of the enclosure, if
any, size of conductors, distance from the live parts to the enclosure or to parts normally earthed
in service, method of operation of the actuating system, etc., shall be given in the test report.

Test values and parameters shall form part of the test report.

9.3.3 Performance under no load, normal load and overload conditions

9.3.3.]_Q.puaﬁnn
It shall be verified that contactors operate according to the requirements of 8.2.1.1.

9.3.3.2 Operating limits

Contaftors shall be tested to verify the performance according to the requirements giyen in
8.2.1.2.

9.3.3.3 Temperature-rise
9.3.3.3.1 Ambient air temperature

The ambient air temperature shall be recorded during the’ last quarter of the test period by at
least two temperature sensing means, e.g. thermometers)or thermocouples, equally distrjbuted
around the contactor at about half its height and at a distance of about 1 m from the conjactor.
The t¢gmperature sensing means shall be protectéd against air currents, heat radiatign and
indicafing errors due to rapid temperature changes.

During the tests, the ambient air temperature shall be between +10 °C and +40 °C and n¢t vary
by mofe than 10 K.

9.3.3.3.2 Measurement of the temperature of parts
For pgrts other than coils, the temperature of the different parts shall be measured by sditable

tempefrature sensing means .at those points most likely to attain the maximum tempertature;
these points shall be stated'in the test report.

The tgmperature sensing means shall not significantly affect the temperature-rise.

Good thermal'conductivity between the temperature sensing means and the surface of the part
under [test,shall be ensured.

For el.,utuunagnct cots—the—method of |||caouu;||y tre tUIII'JUIGtUIU by vartatton—of+esistance
shall generally be used. Other methods are permitted only if it is impracticable to use the
resistance method.

The temperature of the coils before beginning the test shall not differ from that of the
surrounding medium by more than 3 K.

For copper conductors, the value of the hot temperature T,-may can be obtained from the value

of the cold temperature T, as a function of the ratio of the hot resistance R, to the cold
resistance R, by the following formula:

R
T, = EZ (T4 + 234,5) — 234,5
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where

T, and T, are expressed in degrees Celsius.

The test shall be made for a time sufficient for the temperature-rise to reach a steady-state
value, but not exceeding 8 h. It is assumed that a steady-state is reached when the variation
does not exceed 1 K per hour.

9.3.3.3.3 Temperature-rise of a part

The temperature-rise of a part is the difference between the temperature of that part measured
in accordance with 9.3.3.3.2 and the ambient air temperature measured in accordance with
9.3.3.3°1

9.3.3.3.4 Temperature-rise of the main circuit

The contactor shall be mounted as specified in 9.3.2.1 and shall be protected@gainst abrormal
externfal heating or cooling.

The main circuit shall be loaded as stated in 8.2.2.5.

All auiiliary circuits which normally carry current shall be lpaded at their maximum| rated
operalional current (see 5.6) and the control circuits shall be energized at their rated voltage.

Contaftors having an integral enclosure and contactors-Only intended for use with a spgcified
type of enclosure shall be tested in their enclosure forthe conventional thermal current tgst. No
opening giving false ventilation shall be allowed.

Contaftors intended for use with more than ong“type of enclosure shall be tested either|in the
smallgst enclosure stated by the manufacturerto be suitable or tested without an encloqure. If
tested|without an enclosure the manufacturer shall be prepared to state a value of conventional
encloded thermal current (see 5.3.3.3).

For tepts with multiphase currents;-the current shall be balanced in each phase within|[£5 %,
and the average of these currents’shall be not less than the appropriate test current.

Unles$ otherwise specifiedsin this document, the temperature-rise test of the main circuit is
made jat one or both of(the conventional thermal currents, as defined in 5.3.3.2 and 5.3.3{3 and
may chn be made at'any convenient voltage.

When|the heat-exchange between the main circuit, the control circuit and the auxiliary dircuits
may cpn be.of significance, the temperature-rise tests stated in 9.3.3.3.4, 9.3.3.3.5, 9.3.3.3.6
and 913.3.8.7" shall be made simultaneously.

In the case of multipole contactors, the test-may can be carried out but, subject to the
manufacturer's agreement, with single-phase current with all poles connected in series.

At the end of the test, the temperature-rise of the different parts of the main circuit shall not
exceed the values given in Table 4 and Table 5.

The following test connection arrangements shall be used:
a) The connections shall be single-core, p.v.c.-insulated, copper conductors with cross-
sections as given in Table 15.

b) The connections shall be in free air and spaced at approximately the distance existing
between the terminals.

c) For single-phase or multi-phase tests, the minimum length of any temporary connection from
a terminal to another terminal or to the test supply or to a star point shall be 1 m.
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Table 15 — Test copper conductors

9.3.3.

The tg

The t¢
rated

Circui

8.5

Range of test current 2 Conductor size ¢
A mm?2 AWG/MCM
0 8 1,0 18
8 12 1,5 16
12 15 2,5 14
15 20 2,5 12
20 25 4,0 10
25 32 60 +6
32 50 10 8
50 65 16 6
65 85 25 4
The value of the test current shall be greater than the first value in the first column
and less than or equal to the second value in that column.
For convenience of testing and with the manufacturer's consent, smaller
conductors than those given for a stated test current-may can be-used.
The table gives alternative sizes for conductors in the metric and AWG/MCM
systems.

Temperature-rise of control circuits

mperature-rise of control circuits shall be measured during the test of 9.3.3.3.4.

mperature-rise tests of control circuits 'shall be made with the specified current and

requency. Control circuits shall be tested at their rated voltage.

s intended for continuous operation shall be tested for a sufficient time f

tempefrature-rise to reach a steady-state value.

At the
not ex

9.3.3.

8.6

end of these tests the temperature-rise of the different parts of the control circuit
ceed the values spegified in 8.2.2.6.

Temperature-rise of coils of electromagnets

Coils §nd electromagnets shall be tested according to the conditions given in 8.2.2.7.

They 3

hall’be tested for a sufficient time for the temperature-rise to reach a steady-state

at the

pr the

5 shall

value.

The temperature shall be measured when thermal equilibriumis reached in both the main circuit
and the coil of the electromagnet.

Coils and electromagnets of contactors shall be tested as follows:

a) Electromagnets of contactors intended for a duty period of 8 h (continuous duty) shall be
subjected only to the test prescribed in 8.2.2.7.1, with the corresponding rated current
flowing through the main circuit for the duration of the test. The temperature-rise shall be
measured during the test of 9.3.3.3.4.

b) Electromagnets of contactors intended for intermittent duty shall be subjected to the test as
stated above, and also to the test prescribed in 8.2.2.7.2 dealing with their duty class, with
no current flowing through the main circuit.

c) Specially rated (short-time and periodic duty) windings shall be tested as stated in 8.2.2.7.3
without current in the main circuit.
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At the

end of these tests the temperature-rise of the different parts shall not exceed the values

specified in 8.2.2.7.

9.3.3.3.7 Temperature-rise of auxiliary circuits

The temperature-rise tests of auxiliary circuits shall be made during the test of 9.3.3.3.4 under

the sa

me conditions as those specified in 9.3.3.3.5 but-may can be carried out at any convenient

voltage.

At the

end of these tests the temperature-rise of the auxiliary circuits shall not exceed the values

specified in 8.2.2.8.

9.3.3.
9.3.3.

a) Ggqgneral conditions for withstand voltage tests

Th

If {
all
in

Dielectric properties

A Type tests

contactor to be tested shall comply with the general requirements(ef-9.3.2.1.

he contactor is to be used without an enclosure, it shall be mounted on a metal plate and
exposed conductive parts (frame, etc.) intended to be connected to the protectivg earth
hormal service shall be connected to that plate.

When the base of the contactor is of insulating material, metallic parts shall be placed at all

of
an

An
int
co
of
op
be
foi

Fo
dig

NO|

the fixing points in accordance with the conditions of normal installation of the contactor
d these parts shall be considered as part of the fratme of the contactor.

y actuator of insulating material and any integral non-metallic enclosure of corntactor
ended to be used without an additional enclgsure shall be covered by a metal fgil and
hnected to the frame or the mounting plate<:The foil shall only be applied to thosg parts
surface which can be touched with thé’standard test finger (see Figure 10) Huring
eration or adjustment of the contactor. [f.the insulation part of an integral enclosure ¢annot
touched by the standard test fingerdue to the presence of an additional enclosyre, no
shall be required.

r the dielectric test betweefi) phases, all circuits between these phases can be
connected for the test.

[TE 1 The purpose of this téstg'is to check the functional insulation only.

Wihere the control circiit normally connected to the main circuit is disconnected, the mpethod

us
b) Ve
1)

bd to maintain the~nain contacts closed shall be indicated in the test report.
rification of impulse withstand voltage

General

The centactor shall comply with the requirements stated in 8.2.3.2.

The_ verification of the insulation is made by a test at the rated impulse withstand vgltage.

2)

Clearances equal to or larger than the values of case A of Table 17-may can be verified
by measurement, according to the method described in Annex E.

Test voltage
The test voltage shall be that specified in 8.2.3.2.

For contactor incorporating overvoltage suppressing means, the energy content of the
test current shall not exceed the energy rating of the overvoltage suppressing means.
The latter shall be suitable for the application.

NOTE 2 Such ratings are under consideration.

The test equipment shall be calibrated to produce a 1,2/50 ys waveform as defined in
IEC 61180. The output is then connected to the contactor to be tested and the impulse
applied five times for each polarity at intervals of 1 s minimum. The influence of the
contactor under test on the waveshape, if any, is ignored.
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Application of test voltage

With the contactor mounted and prepared as specified in item 1) above, the testv
is applied as follows:

oltage

i) between all the terminals of the main circuit connected together (including the control

and auxiliary circuits connected to the main circuit) and the enclosure or mo
plate, with the contacts in all normal positions of operation;

ii) between each pole of the main circuit and the other poles connected together

unting

and to

the enclosure or mounting plate, with the contacts in all normal positions of operation;

iii) between each control and auxiliary circuit not normally connected to the main
and:

circuit

— the main circuit,

— the other circuits,

— the exposed conductive parts,

— the enclosure or mounting plate,

which, wherever appropriate,-may can be connected together;
Acceptance criteria
There shall be no unintentional disruptive discharge during the tests.

NOTE 3 An exception is an intentional disruptive discharge, fer”example by transient ove
suppressing means.

NOTE 4 The term "disruptive discharge" related to phenomena associated with the failure of in
under electrical stress, in which the discharge completely bridges the insulation under test, redu
voltage between the electrodes to zero or nearly to zero.

NOTE 5 The term "sparkover" is used when a disruptive discharge occurs in a gaseous or liquid di

NOTE 6 The term "flashover" is used when, a\disruptive discharge occurs over the surface of a d
in a gaseous or liquid medium.

NOTE 7 The term "puncture" is used when a disruptive discharge occurs through a solid dielectric

NOTE 8 A disruptive discharge in a solid dielectric produces permanent loss of dielectric streng
liquid or gaseous dielectric, the(loss-may can be only temporary.

wer-frequency withstand. verification of solid insulation
General

temporary overvoltages.

The valdes' of Table 19 are deemed to cover the ability to withstand tem
overvoltages (see Footnote a of Table 19).

Test yoltage

voltage

Eulation
ing the

plectric.

electric

th; in a

This test applies’ to the verification of solid insulation and the ability to withstand

borary

The test voltage shall have a practically sinusoidal waveform and a frequency be

tween

45 Hz and 65 Hz. The high-voltage transformer used for the test shall be so designed
that, when the output terminals are short-circuited after the output voltage has been
adjusted to the appropriate test voltage, the output current shall be at least 200 mA.

The overcurrent relay shall not trip when the output current is less than 100 mA.

The value of the test voltage shall be as follows:

i) for the main circuit, and for the control and auxiliary circuits, in accordance with

Table 19. The uncertainty of measurement of the test voltage shall not exceed

3 %.

ii) if an alternating test voltage cannot be applied, for example due to EMC filter
components, a direct test voltage-may can be used having the value of Table 19,
third column. The uncertainty of measurement of the test voltage shall not exceed

13 %.
The test voltage applied shall be within +3 %.
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3)

Application of test voltage

For the dielectric test between phases, all circuits between these phases-may can be

disconnected for the test.

NOTE 9 The purpose of this test is to check the basic and supplementary insulation only.

For the dielectric test between phase and earth, all circuits shall be connected.

NOTE 10 The purpose of this test is to check both basic and supplementary insulation, and the ability to

withstand temporary overvoltages.

The test voltage shall be applied to for 5 s in accordance with items b) 3) i), b) 3)
b) 3) iii) above.

ii) and

4)

d) P9
1)

2)

3)

4)

e) Ve
un
f) Ve

Acceptance criteria

During the test, no flashover, breakdown of insulation either internally (pungctd
externally (tracking) or any other manifestation of disruptive discharge shalkocc
glow discharge shall be ignored. Components connected between phase)and ear
can be damaged during the tests but such failure shall not result in a cendition that
lead to a hazardous situation.

NOTE 11 The voltage levels to earth are based on IEC 60664-1 under worst case condition
generally do not occur in practice.

wer-frequency withstand verification after switching tests
General

The test should be performed on the contactor,whilst it remains mounted f
switching tests. If this is not practicable, it-may ¢an be disconnected and remove
the test circuit, although measures shall be taken to ensure that this does not inf
the result of the test.

Test voltage

The requirements of item c) 2) above shall apply except that the value of the test v
shall be 2 U, with a minimum of 1 090 V RMS or 1 415 V DC if an AC voltage test

be applied. The value of U, referred to is that at which switching tests have
performed.

Application of test voltage

The requirements of item c) 3) above shall apply. The application of the met
according to 9.3.3.4.1; item a), is not required.

Acceptance critéria

The requirements of item c) 4) above shall apply.
rification 6fF-DC withstand voltage

der censideration.

rification of creepage distances

re) or
r. Any

h-may
would

which

br the
H from
uence

pltage
annot

been

| foil,

Th

I 4 4 ol ad lo ot I oo H H ol 4 PR
STUTITOL LITTUAYT UlolaliLTo DTLWCTTIT PliTadostTos, UTLWETIT CITUUTL CUTTUUTLLUTS at Ul

ferent

voltages and live and exposed conductive parts shall be measured. The measured creepage
distance with respect to material group and pollution degree shall comply with the
requirements of 8.2.3.5.

9.3.3.4.2 Routine tests
a) Impulse withstand voltage

The tests shall be performed in accordance with item b) of 9.3.3.4.1. The test voltage shall
be not less than 30 % of the rated impulse withstand voltage (without altitude correction
factor) or 2 U; whichever is the higher.
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b) Power-frequency withstand voltage

1)

Test voltage

The test apparatus shall be the same as that stated in item c¢) 2) of 9.3.3.4.1 except that

the overcurrent trip should be set at 25 mA.

However, at the discretion of the manufacturer for safety reasons, test apparatu
lower power or trip setting-may can be used, but the short-circuit current of th

s of a
e test

apparatus shall be at least eight times the nominal trip setting of the overcurrent relay,
for example for a transformer with a short-circuit current of 40 mA, the maximum trip
setting of the overcurrent relay shall be 5 mA £ 1 mA.
NOTE 1 The capacitance of the contactor-may can be taken into account.
The RMS value of the test voltage shall be 2 U, with a minimum of 1 000 V RMS.
NOTE 2 In the case of multiple values, U, refers to the highest value marked on the contactor or given in
the manufacturer's documentation.
2) | Application of test voltage
The requirements of item c) 3) of 9.3.3.4.1 shall apply, except _that'the duration |of the
test voltage shall be 1 s only.
However, as an alternative, a simplified test procedure—fay can be used if it is
considered to subject the insulation to an equivalent dielectric stress.
3) | Acceptance criteria
The overcurrent relay shall not trip.
c) Cgmbined impulse voltage and power-frequency withstand voltage
The tests of items a) and b) above-may can“be replaced by a single power-frequency
wifhstand test where the peak value of the sinusoidal wave corresponds to the value |stated
in Jtems a) or b), whichever is the higher.
d) Inpo case the application of the metal-foil according to 9.3.3.4.1, item a) is required.
9.3.3.4.3 Sampling tests for verification of clearances
a) Ggneral
These tests are intended-to verify the maintaining of the design conformity regprding
clgarances and are only-applicable to contactor with clearances smaller than |those
cofresponding to Tablex17, case A.
b) Tept voltage
Thie test voltage shall be that corresponding to the rated impulse withstand voltage.
c) Application-of test voltage
Thie requirements of item b) 3) of 9.3.3.4.1 shall apply, except that the metal foil-reed shall
not be'applied to the actuator or the enclosure.
d) Aceepianscecriera
No disruptive discharge shall occur.
9.3.34.4 Tests for contactor with protective separation

Tests for contactor with protective separation are given in Annex I.
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Table 16 — Impulse test voltages and corresponding altitudes

_Rated U1’2,50, impulse
impulse
withstand kV
voltage
U
imp Sea 200 m 500 m 1000 m 2000 m
level
kV
0,33 0,36 0,36 0,35 0,34 0,33
0,5 0,54 0,54 0,53 0,52 0,5
0,8 0,95 0,9 0,9 0,85 0,8
1,5 1,8 1,7 1,7 1,6 1.5
2,5 2,9 2,8 2,8 2,7 2,5
4 4,9 4,8 4,7 4.4 4
6 7,4 7,2 7 6,7 6
8 9,8 9,6 9,3 9 8
Table 17 — Minimum clearances in air,
Rated impulse Minimum clearances
withstand voltage mfo
Uimp Case A Case B
Inhomogeneous-field Homogeneous-field
conditions ideal conditions
(see 3.5.31) (see 3.5.30)
Pollution degree Pollution degree
kV
1 2 3 1 2 3 4
D,33 0,01 0,01
0,5 0,04 0,2 0,04 0,2
0,8 0,1 0,8 0,1 0,8 16
1,5 0,5 95 1,6 0,3 0,3
2,5 1,5 1,5 1,5 0,6 0,6
4 3 3 3 3 1,2 1,2 1,2
6 515 5,5 5,5 5,5 2 2 2 2
8 8 8 8 8 3 3 3 3
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Table 18 — Minimum creepage distances

Rated insulation voltage AC test voltage DC test voltage @ P
U, RMS
\Y \Y \Y
U; <60 1000 1415
60 < U, = 300 1500 2120
300 < U; = 440 1640 2 320

a  Test voltages based on 6.4.5, 51" paragraph of IEC 60664-1:20072020.

b

A direct current test voltage-may can be used only if an alternating test voltage
cannot be applied. See also item c) 2) ii) of 9.3.3.4.1.

Rated Creepage distances for equipment subject to long-term stress
insulation
voltage of mm
equipment Pollution degree Pollution degree Pollution degree Pollution degree
or working
voltage 1f | 2f | 1 2 3 4
AC, RMS
or DC Material group Material group Material group Material group
Ve b c b |2 1 Illla | llib | 1 Ila | llib | | Ila | lllb
10 0,025 | 0,04 0,08 0,4 0,4 0,4 1 1 1 1,6 [1,6 (1,6
12,5 0,025 | 0,04 0,09 0,47 0,42 | 0,32 T,05 | 1,05 | 1,05 T6 | 1,6 | 1.6
16 0,025 | 0,04 0,1 0,45 (0,45 | 0,45 1.1 1,1 1.1 1,6 [1,6.416
20 0,025 | 0,04 0,11 0,48 (0,48 | 0,48 1,2 1,2 1,2 1,6 [4,6n (1,6
25 0,025 | 0,04 0,125 | 0,5 0,5 0,5 1,25 (1,25 | 1,25 1A 4,7 | 1,7
32 0,025 | 0,04 0,14 0,53 0,53 | 0,53 1,3 1,3 1,3 18 (1,8 (1,8
40 0,025 | 0,04 0,16 0,56 |0,8 1,1 1,4 1,6 1,8 1,9 (2,4 | 3
50 0,025 | 0,04 0,18 0,6 0,85 1,2 1,5 1,7 159 2 25 (3,2
63 0,04 0,063 |0,2 0,63 |0,9 1,25 1,6 1,8 2 21 12,6 |3,4] |d
80 0,063 | 0,1 0,22 0,67 |0,95 1,3 1,7 1,9 2,1 22 (2,8 |36
100 0,1 0,16 0,25 0,71 1 1,4 1,8 2 2,2 24 (3,0 |38
125 0,16 0,25 0,28 0,75 [1,05 1,5 1,9 2,1 2,4 25 (32 |4
160 0,25 0,4 0,32 0,8 1.1 1,6 2 2,2 2,5 32 | 4 5
200 0,4 0,63 0,42 1 1,4 2 2,5 2,8 3,2 4 5 6,3
250 0,56 1 0,56 1,25 (1,8 2;5 3,2 3,6 4 5 6,3 | 8
320 0,75 1,6 0,75 1,6 2,2 3,2 4 14,5 5 6,3 | 8 10
400 1 2 1 2 2,8 4 5 5,6 6,3 8 10 |12,
Majterial group | or material groups I, I3, Illb where likelihood to track is reduced due to the conditjons of
IEQ 60664-1.
b Maerial groups I, II, Illa, llib.
Matterial groups |, I, Illa.
Values of creepage distances in this area have not been established. Material group Illb is in genefal not
redommended for application in pollution degree 4.
¢ As|an exception, for rated insulation voltages 127, 208, 415 and 440 V, creepage distances corresponfling to
theg lower values)125 V, 200 V, 400 V respectively-may can be used.
The values.given in these two columns apply to creepage distances of printed wiring materials.
Tabte—t9—Pietectric } ¥ ' tedi fati Hage
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9.3.3.5 Making and breaking capacities

9.3.3.5.1 General test conditions

Tests

for verification of making and breaking capacities shall be made according to the general

test conditions stated in 9.3.2.1.

Four-pole contactors shall be tested as three-pole contactors with the unused pole, which in
the case of contactors provided with a neutral pole is the neutral pole, connected to the frame.
One test on three adjacent poles is sufficient.

failure

\C-7a,
and AC-7d. For the test of utilization category AC-7b, it shall be 110 %-0f/Ug for hglf the
r of operating cycles and 85 % of Ug for the other half.

Conngctions to the main circuit shall be similar to those intended to bewused when the contactor
is in service. If necessary, or for convenience, the control and auxiliafy circuits, and in particular
the cofil of the contactor,-may can be supplied by an independent_source. Such a sourc¢ shall

delive

9.3.3.

 the same kind of current and the same voltage as specified for service conditiong.

b.2 Test circuit

a) Figure 11, Figure 12, Figure 13 and Figure 14 give diagrams of the circuits to be uged for

the tests concerning:

b) Th
10

c) Th
d) 1)

2)

A tetailed diagram of the circuit-used for the test shall be given in the test report.

single-pole contactors on single-phase A€ (Figure 11);
two-pole contactors on single-phase AC (Figure 12);

three-pole contactors or three single-phase contactors on three-phase AC (Figurg 13);
four-pole contactors on three-phase four wire AC (Figure 14).

prospective current at the supply terminals of the contactor shall be not les$ than
times the test current.

ke test circuit comptises the supply source, the contactor D under test and the load ¢ircuit.
Utilization categories AC-7a and AC-7b:

The load-circuit shall consist of resistors and air-cored reactors in series. Airtcored
reactors~in any phase shall be shunted by resistors taking approximately 0,6 % |of the
current.through the reactor.

However, where a transient recovery voltage is specified, instead of the 0,6 %|shunt
resistors, parallel resistors and capacitors shall be included across the loafl, the
complete, load circuit being as shown in Figure 16.

Utilization category AC-7c:
The diagram of the circuit is given under

Figure 22. The prospective short-circuit current of the supply shall be between 3 kA and
4 kA at cos ¢ = 0,90 £ 0,05.

The load circuit shall consist of resistors and air-cored reactors in series and capacitors
in parallel.

The line resistor R4 consists in a twin-core cable of 2 x 12,5 m in length with wires cross-
section appropriate to the rated current.
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The load circuit consists of:
— acompensated capacitor value Cp of 10 uF (-0 pyF; +2 pF) per A.

Ex: for 10 A, C, = 100 pF; for 20 A, €, = 200 pF.

The capacitors shall be connected with 2,5 mm?2 conductors having the shortest

possible length;

— an inductor, X, and a resistor, R, adjusted to give to the load circuit (comprising Cp,
R and X) the power factor and the test current according to Table 7 and Table 9.

Utilization category AC-7d:

The dingram of the circuit is gi\/pn under Figum 26

The calculations are based on the following parameters in order to have the“re

values for inrush current and /2t:

— a prospective short-circuit current (RMS) of the supply of 3 kA @t-tos ¢
(lagging);

— aresistance R3 equal to 0,25 Q and an inductance L equal tof20r yH simulati
twin-core cable in the test

The load shall be in accordance with Figure 26. The values f@rjthe maximum peak
and the maximum 72t of the inrush current are given in Tafle 20.

NOTE 1 R2 is the total series resistance in the lamp circuit including the ESR (equivalent series res
value of the capacitor.

The values of R2 and C in load B shall be chos€h‘in order to reach the values (3
for /,eq¢ and I’t as given in Table 20 when_tde switching contact closes at 90
phase-angle.

The value of R4 shall be chosen to regdch the rated power as given in Table
Table 20.

Huired

= 0,9

ng the

value

stance)

E 5 %)

o+5o

7 and

The values of R2 and C given in_Fable 21 are for information only. The circuit shall be

adjusted to reach the I ., and #4f values of Table 20.

pea
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Table 20 — Values for 1

peak

— 83 —

and 72t depending on the type of distribution system

Rated power

peak
A

Distribution system:

It
A2s

Distribution system:

Ipeak

A

Distribution system:

’t
A2s

Distribution system:

W 220/380, 230/400 220/380, 120/208 120/208
240/415 230/400 127/220 127/220
240/415
15 22 0,08 69 0,56
222 31 0,18 90 1
30 41 0,3 109 1.9
45 2 58 0,6 140 3,5
60 73 1,2 162 5,9
100 108 2,8 200 11,5
150 142 5,5 231 18,5
200 170 9 248 24,5
250 192 13 255 30
300 209 16,5 260 35
350 223 20,5 262 39
400 235 24,5 263 43
520 2 250 29 280 53
600 2 260 32 290 59
NOTE|1 For values not given in the Table, the test\alues are determined by interpolation.

NOTE[R Above values are in-line with IEC 60669-2-1.

a8 Intgrmediate values for making and_breaking capacity test when other existing values can’t be used.|These
valpes are based on Figure BB.4 of /EC 60669-2-1:2021.
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Table 21 — Calculated circuit parameters

Rated Power R2(Q) C (uF) R2 (Q) C (uF)
W 230V 230V 120V 120V
15 13 20 1,36 70
22 9 33 0,9 105
30 6,5 40 0,65 140
45 4,5 68 0.33 220
60 3,25 80 0,28 280
150 1,25 180 0,11 640
200 0,95 240 0,10 830
250 0,8 310 0,10 1000
300 0,7 355 0,11 1250
350 0,64 420 0,13 1500
400 0,59 480 0,13% 1660
520 0,29 590 0,135 1900
600 0,22 680 0135 2200

NOTE For values not given in the table, the values are recalculated.

Thie loads shall be adjusted to obtain, at the specified voltage:

— | the value of current, power-factor and power frequency recovery voltage specified in
Table 7;

— | when specified, the oscillatory frequency of the transient recovery voltage and theg value
of the factor vy.
Thie factor v is the ratio of the value U, of the highest peak of the transient recovery vppltage
to [the instantaneous value. Uy, at the instant of current zero, of the component [of the
re¢overy voltage at powerfrequency (see Figure 15).

Thie test circuit shall be_earthed at one unique point and the position of this point shall be
stdted in the test report.

Allf parts of the contactor normally earthed in service, including the enclosure or the sdreens,
shall be insulated‘from earth and connected as indicated in Figure 11, Figure 12, Figurg 13 or
Figure 14.

This conpection shall comprise a fusible element F consisting of a copper wire 0,8 mm in
digmeter and at least 50 mm long, or an equivalent fusible element, for the detection|of the
fayltéurrent.

The prospective fault current in the fusible-element circuit shall be 1 500 A £ 10 %, except
as stated in NOTE 3 and NOTE 4. If necessary, a resistor limiting the current to that value
shall be used.

NOTE 2 A copper wire of 0,8 mm in diameter will melt at 1 500 A in approximately half a cycle at a frequency
between 45 Hz to 67 Hz.

NOTE 3 The prospective fault current-may can be less than 1 500 A, with a smaller diameter copper wire (see
Note 4) corresponding to the same melting time as in NOTE 2.

NOTE 4 In the case of a supply having an artificial neutral, a lower prospective fault current-may can be
accepted, subject to the agreement of the manufacturer, with a smaller diameter copper wire (see NOTE 5)
corresponding to the same melting time as in NOTE 2.

NOTE 5 The relationship between the prospective fault current in the fusible element circuit and the diameter
of the copper wire-should-be is in accordance with the Table 22 below:
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Table 22 — relationship between the prospective fault current in
the fusible element circuit and the diameter of the copper wire

Diameter of Prospective fault current
copper wire in the fusible
element circuit

Mm A

0,1 50

0,2 150

0,3 300

04 500

0,5 800

0,8 1500

9.3.3.5.3 Characteristics of transient recovery voltage

The fgllowing requirements apply to contactors of utilization category,AC-7b.

To simulate the conditions in circuits including individual motor.Jloads (inductive loads$), the
oscillgtory frequency of the transient recovery voltage of the load. eircuit shall be adjusted|to the
value:

f=2000x/7,02x U, <28+ 10 %

where
f s the oscillatory frequency, in kilohertz;
1, s the breaking current, in amperes;

s the rated operational voltage-of the equipment, in volts.

The fgctor y shall be adjusted to.the value:

y=1,110,05.

The value of reactance’necessary for the test-may can be obtained by coupling several refactors
in parallel on condition that the transient recovery voltage can still be considered as having only
one ogcillatory~frequency. This is generally the case when the reactors have practically the
same fime-constant.

The Idad.terminals of the contactor shall be connected as closely as possible to the terminals
of the adjusted load circuit. The adjustment should be made with these connections in place.

Adjustment of the transient recovery voltage shall be made on the whole load circuit and, in
particular, the earth point shall not be moved between the adjustment and the test.

A procedure for adjusting the load circuit is given in Annex C.

9.3.3.54 Rated making and breaking capacities
a) Rated making and breaking capacities of contactors

The contactor shall make and break the current corresponding to its utilization category and
for the number of operating cycles given in Table 7.

b) Behaviour of the contactor during and condition after the making and breaking capacity
tests.
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During the tests within the limits of the specified making and breaking capacities of 9.3.3.5 and
the verification of conventional operational performance of 9.3.3.6.2, there shall be no
permanent arcing, no flash-over between poles, no blowing of the fusible element in the earth
circuit (see 9.3.3.5.2) and no welding of the contacts.

After the tests, the dielectric properties of the contactor shall be verified by a dielectric test as
specified in 9.3.3.4.1, item d).

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

9.3.3.6 Operational performance capability

9.3.3.15.1 General

Tests poncerning the verification of conventional operational performance are intended tq verify
that a|contactor is capable of fulfilling the requirements given in Table 9.

Conndctions to the main circuit shall be similar to those intended to be used'when the cortactor
is in service.

The tefst circuit given in 9.3.3.5.2 is applicable and the load is to be tuned according to 9.3]3.5.3.
The control voltage shall be 100 % of the rated control supply‘voltage.

9.3.3.6.2 Conventional operational performance of contactors

The contactor shall make and break the current cerresponding to its utilization category gnd for
the number of operating cycles given in Table 9:

9.3.3.6.3 Behaviour of the contactorduring and condition after the conventional
operational performance tests

The requirement of 9.3.3.5.4, item b), should be fulfilled and the dielectric properties |of the
contagtor shall be verified by a dielectric test as specified in 9.3.3.4.1, item d).

9.3.4 Performance under short-circuit conditions
9.3.4. General

This spbclause specifies test conditions for verification of compliance with the requiremgnts of
8.2.5.|Specificrequirements regarding test procedure, test sequence, condition of contactor
after the testare given in 9.3.4.2 and 9.3.4.3.

9.3.4.2 General conditions for short-circuit tests

9.3.4.21 General requirements for short-circuit tests

The general requirements of 9.3.2.1 apply. The contactor shall be operated under the conditions
specified in 8.2.1. It shall be verified that the contactor operates correctly on no-load when it is
operated under the above conditions.
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9.3.4.2.2 Test circuit

a)

c)

d)

Figure 17, Figure 18, Figure 19 and Figure 20 give diagrams of the circuits to be used for
the tests concerning:

— single-pole contactors on single-phase AC (Figure 17);

— two-pole contactors on single-phase AC (Figure 18);

— three-pole contactors on three-phase AC (Figure 19);

— four-pole contactors on three-phase four wire AC (Figure 20).

A detailed diagram of the circuit used for the test shall be given in the test report.

The supply S feeds a circuit including resistors R,, reactors X and the contactor D under
tegt.

In|all cases the supply shall have sufficient power to permit the verification pf the
characteristics given by the manufacturer.

Thie resistance and reactance of the test circuit shall be adjustable to satisfy the spé¢cified
teqt conditions. The reactors X shall be air-cored. They shall be connected in serigs with
the resistors R4, and their value shall be obtained by series coupling_efindividual reactors;

parallel connecting of reactors is permitted when these reactors have practically thel same
time-constant.

Since the transient recovery voltage characteristics of the dest circuits including large air-
cofed reactors are not representative of usual service caonditions, the air-cored reagtor in
earh phase shall be shunted by a resistor taking approxifmately 0,6 % of the current through

th¢ reactor—alesselherwiconorecd bebveonmanuinsireranduser,

In [each test circuit (Figure 17, Figure 18, Figure 19 and Figure 20), the resistons and
reactances are inserted between the supply source S and the contactor D under teqt. The
pogitions of the closing device A and the current sensing devices (I4, 15, I3)-may dan be

different. The connection of the contactor;Ghder test to the test circuit shall be stated|in the
tegt report.

When tests are made with current e€ss than the rated value, the additional impedances
required shall normally be inserted on the load side of the contactor between it anpd the
shprt-circuit; they-may can, however, be inserted on the line side, in which case thi$ shall
be|stated in the test report.

Thie test circuit diagram shall conform to the figures, otherwise modifications shall be|noted
in fhe test repest:

There shall'be one and only one point of the test circuit which is earthed; this-may ¢an be
the short-eircuit link of the test circuit or the neutral point of the supply or any| other
copvenient point, but the method of earthing shall be stated in the test report.

All parts of the contactor nnrm::lly earthed in service, inr\lnding the enclosure or the screens,

shall be insulated from earth and connected to a point, as indicated in Figure 17, Figure 18,
Figure 19 and Figure 20.

This connection shall comprise a fusible element F consisting of a copper wire 0,8 mm in
diameter and at least 50 mm long, or of an equivalent fusible element for the detection of
the fault current.

The prospective fault current in the fusible-element circuit shall be 1 500 A £ 10 %, except
as stated in Note 2 and Note 3. If necessary, a resistor limiting the current to that value shall
be used.

NOTE 1 A copper wire of 0,8 mm in diameter will melt at 1 500 A in approximately half a cycle at a frequency
between 45 Hz to 67 Hz.

NOTE 2 The prospective fault current-may can be less than 1 500 A, with a smaller diameter copper wire (see
Note 4) corresponding to the same melting time as in Note 1.
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NOTE 3 In the case of a supply having an artificial neutral, a lower prospective fault current-may can be
accepted, subject to the agreement of the manufacturer, with a smaller diameter copper wire (see Note 4)
corresponding to the same melting time as in Note 1.

NOTE 4 The relationship between the prospective fault current in the fusible element circuit and the diameter
of the copper wire-should-be is in accordance with the Table 22.

9.3.4.2.3 Power-factor of the test circuit

The power-factor of each phase of the test circuit should be determined according to an
established method which shall be stated in the test report.

Two examples are given in Annex D.

The ppwer-factor of a polyphase circuit is considered as the mean value of the power-Jactors
of each phase.

The power-factor shall be in accordance with Table 23.

The difference between the mean value and the maximum and minim@m-values of the gower-
factors in the different phases shall remain within +0,05.

Table 23 — Values of power-factors corresponding to test currents
and ratio n between peak and RMS values of current

Test current Power-factor n
A
1<1500 0,95 1,41
1500<7<3000 09 1,42
3000 <7<4500 0,8 1,47
4500<7<6000 0,7 1,53

9.3.4.24 Calibration of the test circuit
The calibration of the test circuit is carried out by placing temporary connections B of nedligible

impedpnce as close asireasonably possible to the terminals provided for connecting the
equipment under test:

Resisfors R, and reactors X are adjusted so as to obtain, at the applied voltage, a currenf equal
to the|rated short-circuit breaking capacity as well as the power-factor indicated in 9.3.4]2.3.

In order"{o determine the short-circuit making capacity of the contactor under test frgm the
calibrgim—wcﬁhm—#ivnemm—w—calﬂmﬂeﬁhe—cmﬁﬁ—mﬁhat the

prospective making current is achieved in one of the phases.

NOTE The applied voltage is the open circuit voltage necessary to produce the specified power frequency recovery
voltage (but see also Note 1 of 9.3.2.2.3).

The test circuit is energized simultaneously in all poles and the current curve is recorded for a
duration of at least 0,1 s.

9.3.4.2.5 Test procedure

After calibration of the test circuit in accordance with 9.3.4.2.4, the temporary connections are
replaced by the contactor under test, and its connecting cables, if any.
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The contactor and its associated SCPD shall be mounted and connected as in normal use. They
shall be connected to the circuit using a maximum of 2,4 m of cable (corresponding to the
operational current) for each main circuit.

Three phase tests are considered to cover single-phase applications.

9.3.4.2.6 Interpretation of records
a) Determination of the applied voltage and power-frequency recovery voltage

The applied voltage and the power-frequency recovery voltage are determined from the
record corresponding to the break test made with the contactor under test and evaluated as

i ieated in Eianira 21
indieated-nigure24-

Thie voltage on the supply side shall be measured during the first complete cycle affer arc
extinction in all poles and after high frequency phenomena have subsided (seefFigure 21).

b) Dgtermination of the prospective breaking current

Thfs determination is made by comparing the current curves recorded during the calibration
of the circuit with those recorded during the break test of the contactor(see Figure 2[1).

Thie AC component of the prospective breaking current is taken as'being equal to th¢ RMS
value of the AC component of the calibration current at the instahtywhich correspondsjto the
separation of the arcing contacts (value corresponding to A2/2\/E of Figure 21, item a)). The

prdspective breaking current shall be the average of the prospective currents in all phases;
the prospective current in any phase shall not vary from(the average by more than 1D % of
the average.

c) Dgtermination of the prospective peak making current
Thie prospective peak making current is determined from the calibration record and itg value
shall be taken as being that corresponding te»4, of Figure 21, item a). In the case of afthree-
phpse test it shall be taken as the highest.of the three 4, values obtained from the rgcord.

NOTE For tests on single-pole contactors, the-prospective peak making current determined from the caljbration
recprd-may can differ from the value of the actual making current corresponding to the test, depending on the
insfant of making.

9.3.4.3 Conditional short-circuit current
9.3.4.3.1 General

The contactor and the '‘associated SCPD shall be subjected to the tests given in 9.3.4.3(2 and
9.3.4.8.3. The tests shall be so conducted that conditions of maximum /, and of maximpm U,

are covered.

For a magnetically operated contactor, the magnet shall be held closed by a separate el€gctrical
supply at the specified control voltage. The SCPD used shall be as stated in 8.2.5. If the [SCPD
is a circuit-breaker with an adjustable current setting, the test shall be made with the gircuit-
breaker adjusted to the maximum setting.

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

A new sample-may can be used for each operation of the test sequences at prospective currents
I, and [,.
q

9.3.4.3.2 Test at the prospective current I,

The circuit shall be adjusted to the prospective test current corresponding to the rated
operational current /, according to Table 24.
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The contactor and the associated SCPD shall then be connected to the circuit. The following
sequence of operations shall be performed:

1) One breaking operation of the SCPD shall be performed with SCPD and the contactor closed

pri

or to the test.

2) One breaking operation of the SCPD shall be performed by closing the contactor on to the
short-circuit.

Table 24 — Value of the prospective test current according
to the rated operational current

The p

9.3.4.

Rated operational | Prospective current
current
I, 1
A kA
0<7,<16 1
16 <1, < 63 3

pwer factor shall be according to Table 23 of 9.3.4.2.3.

3.3 Test at the rated conditional short-circuit Iq

This tgst is done if the current 7 is higher than the cufrent /,.

The ¢
short-

If the
possilk

Circuit current.

S5CPD is a fuse and the test currentis within the current-limiting range of the fuse t
le, the fuse shall be selected toypermit the maximum let through peak current I, a

The contactor and the associated”"SCPD shall then be connected to the circuit.

The fg

1) On
pr
2) Orn
sh

llowing sequence of\operations shall be performed:

e breaking operation of the SCPD shall be performed with SCPD and the contactor
or to the test.

e breaking-operation of the SCPD shall be performed by closing the contactor on
pri-cireuit:

B.4 Results to be obtained

rcuit shall be adjusted to the prospective, short-circuit Iy equal to the rated conditional

hen, if
nd 2t.

closed

to the

9.3.4.

The contactor shall be considered to have passed the tests at the prospective current /. and,

where

applicable, the prospective current I if the following conditions are met:

A The fault current has been successfully interrupted by the SCPD and the fuse or fuse
element or solid connection between the enclosure and supply shall not have melted.

B The door or cover of the enclosure has not been blown open, and it is possible to open the
door or cover. Deformation of enclosure is considered acceptable provided that the degree

of

protection by the enclosure is not less than IP2X.

C There is no damage to the conductors or terminals and no conductor has been separated

fro

m the terminals.

D There is no cracking or breaking of an insulating base to the extent that the integrity of
mounting of a live part is impaired.
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E There has been no discharge of parts beyond the enclosure. Damage to the contactor is
acceptable and the contactor-may can be unsuitable for further use.

9.3.5 Overload current withstand capability

For the test, the contactor shall be mounted, wired and operated as specified in 9.3.2.

All poles of the contactor are simultaneously subjected to one test with the overload current
and duration values stated in 8.2.4.4. The test is performed at any convenient voltage and it
starts with the contactor at room temperature.

After the test the contactor shall be Qllhefnnfially inthe same condition as hefore the test. This

is verified by visual inspection.

NOTE |The At value (Joule integral) calculated from this test cannot be used to estimate the performance of the
contactpr under short-circuit conditions.

9.3.6 Routine tests
9.3.6. General

Routine tests are tests to which each individual contactor i§,subjected during on after
manufacture to ascertain whether it complies with the stated requirements.

Routine tests shall be carried out under the same or equivalent conditions to those spgcified
for type tests in the relevant parts of 9.1.2. However, the)limits of operation in 9.3.3.2-m#&y can

be verffied at the prevailing ambient air temperature-but-a-correction-may-be-necessary-tg-allow
for-thg-normal-ambient-conditions with a correctign\f'needed.

9.3.6.2 Operation and operating limits

Tests jare carried out to verify operation-within the limits specified in 8.2.1.2.
NOTE-In these tests it is not necessary to reach thermal equilibrium.

9.3.6.3 Dielectric tests

Subclause 9.3.3.4.2 applies.

9.4 Tests for EMC
9.4.1 General

No tegts atejrequired for equipment not incorporating electronic circuits (see 8.3.1).

The test sample shall be in the open or closed position, whichever is the worse, and shall be
supplied with the rated control circuit supply voltage.

9.4.2 Immunity
9.4.2.1 General

The tests of Table 25 are required.

If, during the EMC tests, conductors are to be connected to the test sample, the cross-section
and the type of the conductors are optional but shall be in accordance with the manufacturer's
literature.

Where a range of contactors comprise similar control electronics, within similar frame sizes, it
is only necessary to test a single representative sample.
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The product shall perform according to the performance criteria given in Table 26.

After the tests, the operating limits of 9.3.3.2 shall be verified at ambient temperature.

Table 25 — Tests for EMC — Immunity

Type of test Reference test Minimum test level required Performance
standard criterion
Electrostatic discharges IEC 61000-4-2 Air discharge 8 kV B
Contact discharge 4 kV
Radioffregteney H=6-646606—4-3 80-Hz—to—1+-060-MHz=—3+m A
lect tic field
electpmagnetic fie 1,4 GHz to 6 GHz — 3V/m é
80 % AM (1 kHz) AQ‘
Fast tfansient IEC 61000-4-4 +-1kV QEI/D
Tr/Th 5/50 ns k2 )
Repetition frequency 100 kHz ,\(b
Surge IEC 61000-4-5 1,2/50 (8/20) Tr/Td ys Q)'\\‘) B
2 kV (line-to-earth) C)
1KV (line-to-line) \<(/
Radiolfrequency common | IEC 61000-4-6 0,15 MHz to 80 MHZ)" A
mode 3V
80 % AM QQ?)
AN
Power-frequency IEC 61095 Cover 9.3.4 Short-circuit test /
magné¢tic field o
G
Voltade dips @ for7, <16 A O*@f the rated control supply voltage | B
IEC 61000-4-11 .$S during 0,5 cycle
for/ > 16 A A‘\ | 0 % of the rated control supply voltage | B
e .
IEC 61000-4-@ Us during 1 cycle
70 % of the rated control supply (¢}
. voltage U, during 25/30 cycles
\\Q ge U g y
C) (50/60 Hz)
Voltade interruptions 2 " 0 % of the rated control supply voltage | C
(\® U, during 250/300 cycles (50/60 Hz)

o
a8  Thjs equipment is 'nl@r)ently sensitive to voltage dips and short time interruptions on the control supply;
of 8.2.1.2 and this is verified by the operating limits tests given in 9.3.3.2.

redqct within the li

t shall

o

C)% Table 26 — Specific acceptance criteria for immunity tests

\\v/

Acceptance criteria

Item A

B

c

During the test referring
to this criterion

the contactor shall remain
in the expected position

contacts position can
change

self-recoverable

contacts position can
change

(not self-recoverable)

9.4.2.2 Electrostatic discharge

The point to which discharges shall be applied is selected by an exploration of the accessible
surfaces of the contactor, when installed as for normal use.
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Surge

Where three-phase equipment employs an identical circuit configuration for each phase then
tests are required on only one phase.

9.4.3 Emission

9.4.3.1

Conducted radio-frequency emission tests

A description of the test, the test method and the test set-up are given in CISPR 14-1:2020,
5.1, 5.2 and 5.4.

The efnission shall not exceed the levels given in Table 27. A

9.4.3.2

Y
Table 27 — Terminal disturbance voltage limits for conducted(bQ‘

radio-frequency emission (for mains ports) "[,
)
Frequency band Limits 6~V
MHz dB(uV) A
N
0,15t0 0,5 66 to 56 quasi-peak Q)
56 to 46 averageo
IS vl
0,5t0 5,0 56 quasi-peak \\
46 averagQ
5 to 30 60 qu &{%ak
50 &erage
5\\1
NOTE Limits are in accordance with CIS@ 4-1 for mains ports Table 5.
(Wa\

-
N

Radiated radio-freq uency@gfssion tests

A desgription of the test, the tes@Qhod and the test set-up are given in CISPR 14-1}2020,

5.1, 5]2 and 5.4.

S

Tests jpre required where the control and auxiliary circuits contain components with fundaental

switching frequencies @er than 9 kHz, for example switch-mode power supplies, etc.

The emission sha@ot exceed the levels given in Table 28.

O
4/0

Table 28 — Radiated emission test limits

\Q/ Frequency range Limits?
MHz Quasi-peak dB (pV)
at10 m at3m
30 to 230 30 40
230 to 1 000 37 47

a8 Tests can be carried out at 3 m distance only to small equipment (equipment,
either positioned on a tabletop or standing on the floor which, including its cables
fits in a cylindrical test volume of 1,2 m in diameter and 1,5 m above the ground
plane).
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IEC

Figure 1 — Thread-forming tapping screw

ol

,__
= 4R &

|
I

IEC

Figure 2 — Thread-cutting tapping screw

Spherical

IEC 494/08

Sample

SR 2,5
IEC

Figure 3 — Ball-pressure test apparatus (see 9.2.2.3.1)
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Dimensions in millimetres

|
I
@ Clamping unit

= ' <
N
\\\\ N
v
Platen
]
Bushing hole

Mass

IEC

Figure 4 — Test equipment.for flexion test (see 9.2.5.4)

Dimensions in millimetres

IEC

Form A Form B

Figure 5 — Gauges of form A and form B (see 9.2.5.6)
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Dimensions in millimetres

i b Y
J i\
IHN
M4 o1 |10 5 _13
- 0
of W el N 1
. Q
K120 2

220
210
‘

215
M4
ik
I
|

[
2113

=l ° RS
212 @
57,5
@ IEC
Key:
1 Polyamide

2, 3, 4,5 Steel Fe 360

Figure 6 — Pendulum for mechanical impact test apparatus (striking element)
(see 9.2.6.2.1)



https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

IEC 61095:2023 RLV © IEC 2023 - 97 -

Dimensions in millimetres

i—l Sheet of plywood
i ‘ 45°
— g A}\;
e e l =
I f J /\>\
I
| |
I
| | 7ZNK,
I ! o
g o | ! ¥ ° 8 -
| ——— +
© B = 3
|
I
|
I
|
I
! 7
1 M~
________ 1,_ S —— m
| 45°
A . 35 12
—= Pivot
175 21 WA
2200

IEC

Figure 7 — Mounting support for samplesfor mechanical impact test
(see 9.2.6.2.1)
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Dimensions in millimetres

Frame

\
1000 %1

J%Sample

Mounting support IEC

Figure 8 — Pendulum hammer test apparatus (see 9.2.6.2.1)

Sphere staft
positioh

//
/
Shere impact /
position fto
T
i
= i /2
I 78
-8
AN /U
=)
4
Test ’ Test
sample 7 sample Sphere impact
position
Rigid supporting surface / Rigid supporting surface /
S S S S S S S S S S 7. S S S S S S S SSS SS A

IEC

NOTE H =1 300 mm.

For the ball pendulum impact test, the sphere-must shall contact the test sample when the cord is in the vertical
position as shown.

Figure 9 — Sphere test apparatus (see 9.2.6.2.2)
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— 99 —

Handle
L 75
3
+
wn
\ [ ;
\ [
Guard /
Insulating
material
o
x
j‘éi L i
Stop face =N
P ) f
/.»zu ( W \
Joints Chamfer
12 altedges T )
\+1~ | L J o
A i L ;A \j A 3
! G W{B 1#‘ 1. ts
N
Lo m= b A I I O |
/ st
R2 + 0,05 R4 + 0,05 =
Cylindrical Spherical
Section A-A %
N..
o
+
Section B-B ‘%» I

\

/

BN
[
55

IEC 1272/05
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Dimensions in millimetres

1
4
i - =
/
1 /. » ] [ |
A /
2 o
6
o
3
A 4
\a —
A ‘égmz L) )73
3 a__ |1 7 :]
: —Ter g
! = R Y = 14°
T N
Y v v v gl =y B S

N
(10>;
\

A
A

¢

w

|
20402

)
>/
A
IEC
Key:

1 handglée 2 guard 3 stop face
4 joints 5 R2 £ 0,05 Cylindrica 6 insulating material
7 chamfer all edges 8 R4 £+ 0,05 Spherical

Material: metal, except where otherwise specified
Linear dimensions in millimetres
Tolerances on dimensions without specific tolerance:
on angles: 0/-10'
on linear dimensions:
up to 25 mm: 0/-0,05
over 25 mm: +0,2

Both joints shall permit movement in the same plane and the same direction through an angle of 90° with a 0 to +10°
tolerance.

Figure 10 — Jointed test finger (according to IEC 60529:1989, Figure 1)
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Fi

S
I—%
0 o)
S08
Ik
[
) Urt L] S = Supply
U1, = Voltage sensors
U2
F = Fusible element (see9:813.5.2, g))
- Z = Load circuit (see-Figure 16)
|
i —'—'{-'—’T R, = Fault current limiting resistor
| |
#2 ]! x} | :D D = Contactorunder test
: i : (including.connecting cables)
o _j'é'_' B = Temporary connections for calibratid
T 1 = /Curfent sensor
T =/ Earth — One earthing point only
(load side or supply side)
z
I :>
L
- IEC

jure 11 — Diagram of the test circuit for the verification of making and breaki
capacities of a single-pole contactor on single-phase AC

=}
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S = Supply

U1,U2 U3 = Voltage sensors

=

the test

\% = Voltage measuring device
N = Neutral of supply (or artificial neutrg
™ ™ F = Fusible element (seg '9.873.5.2. g))
— e Lo —. |
! i I z = Load circuit (see{Figure 16)
|
U2 & i U3 \> i I'D R, = Fault current limiting resistor
|
| |
I I _._'r._.l D = Contactorunder test
I'B I'B (includingi connecting cables)
- -
B = Temporary connections for calibrat
I 1 =, Current sensors
z Z T = Earth — One earthing point only
(load side or supply side)
ORESO
]
L
= IEC
NOTE 1 U, 1-may can, alternatively, be connected between phase and neutral.
NOTEZ4—In the case of equipment intended for use in phase-earthed systems or if this diagram is used for
of the njeutral and adjacent pole'of a 4-pole equipment, F shall be connected to one phase of the supply.
NOTE 342 In the USA and Canada, F shall be connected:
— to ¢ne phase ofithe supply for equipment marked with a single value of U,
— to the neutral for equipment marked with a twin voltage for U, (see Note 1 of 6.2).
Figure'12 — Diagram of the test circuit for the verification of making and breaki

capacities oT a two-pole contactor on single-phase AU
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S
4 A A
o o) o} o N
O
I
3)
R S = Suppl
Uy Up2 U3 J H - PPy
() () () Ut U2 us Voltage sensors
U4, Ub, Ub
\% = Voltage measuring pfevice
N = Neutral of supply (of
artificial neutral)
*— *— [ S
I N O A ] I _.4'._.,_7 F = Fusible element (sge
! ! b 943y3.5.2. g))
I I ol
U4 \0 | US x | U \o ! ID V4 = Lload circuit (see
! ! ! | Figure 16)
[ _'TE'_'_ ''''''' _'—{E_'_ _______ _T_B_ R, = Fault current limitirlg
PO - - resistor
D = Contactor under test
(including connectipg
cables)
z z z ,
B = Temporary connectigns for
calibration
J{) JEC) Ji() Iy, 1y, I = Current sensors
T = Earth — One earthing
point only
—— (load side or supply side)

IEC

NOTE 1 U1, U,2, U3-may can, alterndtively, be connected between phase and neutral.

NOTEZ—In the case of equipment intended for use in phase-earthed systems or if this diagram is used for the test
of the njeutral and adjacent pole'of a 4-pole equipment, F shall be connected to one phase of the supply.

NOTE 32 In the USA and Canhada, F shall be connected:
— to ¢ne phase of the\supply for equipment marked with a single value of U,.
— to the neutralforequipment marked with a twin voltage for U, (see Note 1 of 6.2).

Figure 13 — Diagram of the test circuit for the verification of making
and breaking capacities of a three-pole contactor
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S
r A N\
o o o O N
0—@—4-
S = Supply
R Uu1,U2, U3
Ut U2 U3 U4, U5, U6 = Voltage sensors
(note) (note) (note) T
V = Voltage measpring
device
N = Neutrakof sugply (or
artifiCial neutrpl)
F = Fusible elemgnt
[ [ [
B B B (see 9.3.3.5.9. g))
- _._.:_._._ ....... _._.ll_._,_ ,,,,,,, _._.{_ ........... ———
i [ [ | | ! 4 = Load circuit (fee
! i )
s || x i U5 \O i U6 \O i i D Figure 16)
[ | ! ! : R, = Fault current
L._._._T ..... A — - == _— Foq— e — ||m|t|ng resistor
'B 'B 'B
- - - D = Contactor under
test
(including
connecting cgbles)
V4 V4 V4 B = Temporary
connections for
calibration
<l1—<) <l3<> <li<> 1y 1y, Iy = Current sensg¢rs
Cq Co T = Earth — One
earthing poin{ only
— T (load side or supply
IEC side)

NOTE Ur1, Ur2, Ur34qqay can, alternatively, be connected between phase and neutral.

Figure 14 <Diagram of the test circuit for the verification of making
and breaking capacities of a four-pole contactor
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Current
Time
Voltage
A /P;Pv\
A e
7
7
s/
- /s
) SA //
/
//
A pd )
N
Time

Figu

Instant of current zero

re 15 — Schematic illustration of the recovery voltage‘across contacts of the

IEC

phase to clear (see 9.3.3.5.2, e)) under ideal’'conditions

first
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S
o1 02 03
______________________ ey
| |
i & x) x) I'D
i i
i !
______________________________________________ i
1
Q_ C S = Supply
6 Yo D = Contactor under test
3
| oa—] C = Phase adjustment _selgctor
switch
B = Diode
\/ @
— A = Recorder
5 R, = Resistor
R,
J R |:| R |:| [ a G = "“High-frequency generptor
] C C C
1 P ::p ::p R = Load circuit resistor
X = Load circuit reactor (slee
9.3.3.5.2 d))
Rp|:| X Rp|:| X RPU R, = Resistors in parallel
G Cp = Capacitors in parallel
1, 15, 13 = Current sensors

OB O ORENC

The rel

IEC

htive positions of the high-frequency generator (G) and of the diode (B) shall be as shown.

Figure 46— Diagram of a load circuit adjustment method
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S
{—A—\
S = Supply
U1,U2 = Voltage sensors
r X (note) . )
F \% = Voltage measuring device
i . ;
A = Closing device
R, = Adjustable resistor
RL
Ur F = Fusible element (see 9.3.4,2.2.d))
& X = Adjustable reactor
A (note) R, = Fault current limiting résistor
D = Contactor undentest
(including conpecting cables)
*—
- ____'l_v__ . B = Temporapy'connection for calibration
| :
i : : I = Current sensor
U | i \o )
: : i T = Earth — One earthing point only
H—- _,_:_,_‘_! (load side or supply side)
LB r ={ Shunt resistor (see 9.3.4.2.2 b))
I4 i )
L
- IEC
NOTE [Adjustable loads X and R,_may can be located either on the high voltage side or on the low voltage

the sup

Figy

ply circuit, the closing device A being located on the low voltage side.

re 17 — Diagram of the test circuit for the verification of short-circuit making
breaking capacities of a single-pole contactor on single-phase AC

side of

and


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

- 108 — IEC 61095:2023 RLV © IEC 2023

o N
S = Supply
r [[]F® vt u2U3 = voltage sensors
“4)
B \% = Voltage measuring device
A = Closing device
Ru
R, = Adjustable resistor
N = Neutral of supply (erartificial neural)
F = Fusible element’(see 9.3.4.2.2 d))
X = Adjustable reactor
- - R. = Fault_cufrent limiting resistor
I I
i e et A I B Sa— D = Cgdntactor under test
i I I i (ineluding connecting cables)
u2|| i b lus i 1D : ibrdsi

i I I I B = “~Temporary connection for calibrgtion

| | | |

e P Iy 1, = Current sensors

| B | B
- 'S T = Earth — One earthing point only
(load side or supply side)
I1 C) /2< > r = Shunt resistor (see 9.3.4.2.2 b))

IEC

NOTE 1 Adjustable loads X and\R,-may can be located either on the high voltage side or on the low voltgqge side
of the supply circuit, the closing*device A being located on the low voltage side.

NOTE 4 U, 1-may can,falternatively, be connected between phase and neutral.

NOTE3—In the ¢ase of equipment intended for use in phase-earthed systems or if this diagram is used for the test
of the njeutral and*adjacent pole of a 4-pole equipment, F shall be connected to one phase of the supply.

NOTE 43 {Jn'the USA and Canada, F shall be connected:

t N £ Ll L £ H 4 leael o H } } £ 14
- 0 ofre—praseor e Stppry rorequtpmentmarket whma sihgrevarteoro

e’

— to the neutral for equipment marked with a twin voltage for U, (see NOTE 1 to 6.2).

Figure 18 — Diagram of the test circuit for the verification of short-circuit making and
breaking capacities of a two-pole contactor on single-phase AC
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S
e A )
o N
S = Supply
U1,U2 U3 = Voltage sensors
r"‘ F (3) U4, U5, UB
L V = Voltage measuring
device
RL A = Closing device
Un U2 U3
2) 2) 2) Ry = Adjustableresistor
X} \0 A1) N = Neuttal of supply (dr
artificial neutral)
F =\JFusible element (s¢e
9.3.4.2.2 d))
A [ ke *—
L L ! X = Adjustable reactor
— et e i —do g o
i I I I i R, = Fault current limiting
Usa | | \O L lus & 'l us \0 0D resistor
| | | | |
i : : : ! D = Contactor under tept
[ARRPRRY RE R E— ] I g — 1 f : f
TB TB H B (including connectipg
- - - cables)
B = Temporary connectfion
for calibration
I : I C /3C
] > > > I1, 12, I3 = Current sensors
T = Earth — One earthing
1T point only
= IEC (load side or supply side)
r = Shunt resistor (seg
9.3.4.2.2 b))
NOTE 1 Adjustable-Jeads X and R,-may can be located either on the high voltage side or on the low voltdge side
of the supply circuit,"the closing device A being located on the low voltage side.
NOTE 4 U7 U,2, U3-may can, alternatively, be connected between phase and neutral.
NOTE4_In"the case of equipment intended for use in phase-earthed systems or if this diagram is used for khe test

of the neutral and adjacent pole of a 4-pole equipment, F shall be connected to one phase of the supply.

NOTE 43

In the USA and Canada, F shall be connected:

to one phase of the supply for equipment marked with a single value of U,

to the neutral for equipment marked with a twin voltage for U, (see NOTE 1 to 6.2).

Figure 19 — Diagram of the test circuit for the verification of short-circuit making and

breaking capacities of a three-pole contactor
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S
r A A}
o N
S = Supply
U1,U2 U3 = Voltage sensors
I_—‘ F U4, U5, Usb
L \% = Voltage measuting
device
R Ry = Adjustableiresistpr
Ur U2 U3
(2) (2) (2) N = Neutral.of supply
\o \o \> A1) F = _Fusible element (see
913.4.2.2 d))
X =) Adjustable reactqr
f - f - f - R. = Faqlt current limifing
I I I resistor
———e Lo, Lot I N [ Ll — e
' | | | i A = Closing device
U4 | ! Ll us I | us ! i D
: | | | i D = Contactor under fest
i : : : i (including connegting
— _Té_ e _Té__ ....... __lr_B ............... Cables)
*- *- *-- B = Temporary conndction
for calibration
11 :) I2 C) I3 C) Iy, by, Iy = Current sensors
Cs 2 Cs T = Earth — One earthing
3) (3) (3 point only
T (load side or supply
= IEC side)
r = Shunt resistor (s¢e
9.3.4.2.2 b))

NOTE {1 Adjustable-Jéads X and R,-may can be located either on the high voltage side or on the low voltgdge side
of the supply circuit,"the closing device A being located on the low voltage side.

NOTE 4 U7 U,2, U3-may can, alternatively, be connected between phase and neutral.

ections

Figure 20 — Diagram of the test circuit for the verification of short-circuit
making and breaking capacities of a four-pole contactor
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a) = Calibration of circuit
A4, = Prospective peak making current
Current
4, = Prospetc(t'i?vlass".ymlme;rical breaking
curren value
242
B, = Applied voltage (RMS. value)
SN | NS | A M |
i Voltage i
i : b) = O or CO operation
|
i I
| |
i I B = Supply_voltage (RMS. value)
| | 2
|
! ! 242
' I
|
| |
|
i |
|
f |
Current :
|
|
|
|
|
|
|
|
|
|
/ -
I Voltage
|
i
|
i
\\ i
\ CO operation
O joperation
IEC
Making[capaeity (peak value) = 4,* Breaking capacity (RMS value) = A
22
NOTE The amplitude of the voltage trace, after initiation of the test current, varies according to the relative

positions of the closing device, the adjustable impedances, the voltage sensors and according to the test circuit
diagram.

NOTE 2 It is assumed that the instant of making is the same for calibration and test.
* See 9.3.4.2.6 b).

Figure 21 — Example of short-circuit making and breaking test record in the case
of a single-pole contactor on single-phase AC
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Specimen mmT ]
o o —t o] ——O o—
I
Il .
L™ I
R
e R4
— | |
o } } o] O
Twin-core cable Load A
1EC” 074/09
Key
E =Fuse
R-Ri R =Resistors
X =lnductor
Sp = Capacitor

Contactor undertest ™7~~~ "
o -

Supply

 — 1
I |
=

R1

!
15 } } e} o

Twin-core cable Load A
IEC

Key

F = Fude elemehi™see 9.3.3.5.2 g)

R, = Fqult etirrent limiting resistor

R, = Twincore cable resistor
R = Resistor of load circuit

X = Inductor

Cp = Capacitor

Figure 22 — Diagram of the test circuit for making and breaking verification
for utilization category AC-7c
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Q_@' |

%O (c) Screwless-type terminal with actuating element

Figure 23 — Example of screwless-type clamping units
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Current carrying part ~ Clamping force Wire

Measuring point B

Measuring point A

IEC 61095:2023 RLV © IEC 2023

Dimensions in millimetres

gure 24 — Voltage drop measurement at contact point of the

«p
o

&
Q\

N7
N

> L=1m
N
.\O

dgure 25 — Connecting

.

O
D
\<</C)

@bing terminfpl
Q

N\
@(/b@

IEC

mples for ageing test for screwless-type clamping unlits
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IEC 6

Key

F = Fus
R, = F3
R; = Re
L =Ind
R, R,
C=Ca

1095:2023 RLV © IEC 2023 - 115 -
Contactor
under test
o O —0
R2 N N
C
Supply ® Ry
—
- Ry L N AN
o o b O
Load B (b
IEC
S
e element (see 9.3.3.5.2 g) ch
ult current limiting resistor Q)'\
sistor simulating twin-core cable Q/C)
ctance simulating twin-core cable Os\\

E Resistors of load circuit

N
acitor QQ

Figure 26 — Diagram of the test circuit aking and breaking verification
for utilization gategory AC-7d
S\Q
R\
xO
&
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Annex A
(normative)

Terminal marking and distinctive number

General

The purpose of identifying terminals of contactors is to provide information regarding the
function of each terminal, or its location with respect to other terminals, or for other use.

A.2

A.21

A.21.
by A1

A.2.1.
A3, A

EXAMP

A.2.1.
A2 an

Terminal marking of impedances (alphanumerical)

Coils

1 The two terminals of a coil for an electromagnetically operated drive shall be n
and A2.

P For a coil with tappings, the terminals of the tappings are marked in sequentia
, etc.

LE

2
> >
w N

A1 A2
3

5

3 For a coil having twoe-windings, the terminals of the first winding shall be mark
I of the second winding B1, B2.

A.2.2

arked

order

ed A1,

Electromagnetic releases

A.2.2.

1 Shunt release

The two terminals of a shunt release shall be marked C1 and C2.

NOTE For a device with two shunt releases (for example with different ratings), the terminals of the second release
should-be are marked preferably C3 and C4.
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A.2.2.2 Under-voltage release

The two terminals of a coil intended to be used exclusively as an under-voltage release shall
be marked D1 and D2.

NOTE |For a device with two shunt releases (for example with different ratings), the terminals of the second|release
should-pe are marked preferably D3 and D4.

A.2.3 Interlocking electromagnets

The two terminals of an interlocking electromagnet shall be marked E1 and/E2!

E1 E2

A.2.4 Indicating light devices

The two terminals of an indicating light device shall be marked X1 and X2.

EXAMPLLE

X1 X2

X1

NOTE |The’term "indicating light devices" includes any incorporated resistor or transformer.

A.3 Terminal marking of contact elements for contactors with two positions
(numerical)

A.3.1 Contact elements for main circuits (main contact elements)

The terminals of main switching elements are identified by single figure numbers.

Each terminal marked by an odd number is associated with that terminal marked by the following
even number.
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EXAMPLES

N UREUNIR
A ARNINP

Two main contact elements Five main contact elements

When a contactor has more than five main contact elements, alphanumerical marking shall be

chose

A.3.2
A.3.2.

n, according to IEC 60445.
Contact elements for auxiliary circuit (auxiliary contact elements)
U General

The tgrminals of auxiliary contact elements are identified by two-figure numbers:

— the
— the

A.3.2.

A.3.2.
and 4

The tg
4.

NOTE

figure of the units is a function number;

figure of the tens is a sequence number.

] Function number

to make-contact elements.

The definitions %ef break-contact element and make-contact element are given in IEC 60050-441.

2.1 Function numbers 1 and 2 are allocated to break-contact elements and funcffons 3

2 and

xiliary
ontact

A.3.2.R.2 Auxiliary contact elements with special functions, such as time-delayed aJ
contagt elements, are identified by the function numbers 5 and 6, 7 and 8 for break-c
elements and make-contact elements respectively.
EXAMPLES
w0
Break-contact delayed on closing
©

Make-

contact delayed on closing
[ce]
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The terminals of change-over contact elements with special functions are marked by the
function numbers 5, 6 and 8.

EXAMPLE

Change-over contact delayed in both directions

A.3.2.3 Sequence number

A.3.2.E.1 Terminals belonging to the same contact elements are marked with_the|same
sequenpce numbers.

All conptact elements having the same function shall have different sequence fiumbers.

T o &€
NG ”;7 ) 2| :@:,2 a@
N ar ANV

A.3.2.B.2 The sequence number-may. egah be omitted from the terminals only if additional
informiation provided by the manufacturer or the user clearly gives such a number.

EXAMPLES

11

21

12
22
12
A4
2
24

EXAMPLES
S O
14 22
ok NG "
| \ | \ | |
4° 4° 14 12
Device Device Diagram

NOTE The dots shown in the examples of A.3.2 are merely used to show the relationship and-de are not-reed-te
be necessarily used in practice.
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A.4 Distinctive number

A device with a fixed number of make-contact elements and break-contact elements-may can
be allocated a two-figure distinctive number.

The first figure indicates the number of make-contact elements and the second figure the
number of break-contact elements.

N |
Distinctive number 31 \3 \ _ \
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Annex B
(normative)

Test sequences and number of samples

B.1 Test sequences

The tests are made according to Table B.1, where the tests in each sequence are carried out
in the order indicated.

Table B.1 — Test sequences
seq-lt-lisr:ces Subclauses Tests or inspections
9.3.3.3 Temperature-rise
A 9.3.3.2 Operating limits
9.3.3.5 e e e
Rated-Making and breaking capacities*
B 9.3.3.4 Dielectric properties @7°
9.3.3.6 Conventional-Operational performance capability
9.2.2.2 Test of resistance to hamidity
C 9.3.5 Ability to withstand“overload currents
9.2.2.5 Test of resistance\to rusting
9.2.7 Test of durability of marking
D 9.2.6 Test of resistance to impact
9.3.3.4 Verjfieation of clearances when necessary and
verification of creepage distances
9.2.5 Mechanical properties of terminals
923 Screws, nuts,-current carrying parts
Test on screws or nuts other than those on terminals
which are intended to be operated during installation
E 9.2.2.3 or maintenance
9.2.2.4 Test of resistance to heat
9.2.2.6 Tests of resistance to abnormal heat and fire-hazard
Test of resistance to tracking P
9.2.2.1 Test of resistance to ageing
F 9.2.4 Verification of the degrees of protection of enclosed
contactors
S 934 Performancetnder-short=circuitconditions
H 9.2.8 Breakdown of components, if applicable
| 9.4 Tests for EMC, if applicable
2 Dielectric withstand test only, without measurement of clearances and creepage
distances.
b In case where no tests on specimen of insulating materials are available.
e .



https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

-122 - IEC 61095:2023 RLV © IEC 2023

B.2 Number of samples

The number of samples to be submitted to the different test sequences are those indicated in
the following Table B.2. Contactors in clean, new condition shall be used for each sequence,
unless under specific agreement.

The samples required for a test sequence are submitted to all the tests of this test sequence
and the requirements are met if all the tests are satisfied.

If only one of the samples does not satisfy a test in a given test sequence due to an assembly
or manufacturing fault, which is not representative of the design, that test and any preceding
ones Which-may can have influenced the results of the test, shall be repeated on another full
set ofjsamples. Requirements are met if all the repeated tests are satisfied.

Table B.2 — Number of samples to be tested

Test Number
sequences of samples
A 3
B 3
Cc 1
D 1
E 1
F 1
G 4a
H /b
| 3¢
28 One sample-may¢an be used for each operation if
necessary (see\9.3.4.3).
b Number of samples defined by the analysis
¢ A set\of three new samples may be used for each
EMC)test
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Annex C
(normative)

Description of a method for adjusting the load circuit

To adjust the load circuit to obtain the characteristics prescribed in 9.3.3.5.3 several methods
may can be applicable in practice. One of them is described below.

The principle is illustrated in Figure 16.

The osclllatory Trequency j of the transient recovery voltage and the value Ol the TaCto

essen
valueg

be malde by energizing the load circuit from an AC power supply, the voltage and-freque
which{may can be different from those of the supply source utilized for the testof/the con
The cifcuit is interrupted at a current zero by a diode, and the oscillations of the,recovery v,

are ob
with th

To permit reliable measurements to be made, the load circuit(is) energized by mean

high-f

generator is chosen equal to:

a) 2k
b) 4K

Conng
- a
im
4

— an
co
cu

Due td

and, aft the instant oficurrent zero, the applied voltage across the load circuit will be at it

value.
on the
a prag

The a

ially determined by the natural frequency and the damping of the load circuit. Sinee

served on the screen of a cathode-ray oscilloscope, the sweep of which is synchr
e frequency of the power supply (see Figure C.1).

equency generator G giving a voltage suitable for the{diode. The frequency

Hz for test currents up to and including 1 000 A;
Hz for test currents higher than 1 000 A.

cted in series with the generator are:

dropping resistor having a resistance ‘value R, high with respect to the load

bedance (R, =2 10 Z, where Z = 3/R? + (wL)? and where o is 2m x 2 000 s~1 o
00 s~ for cases a) and b) respéctively;

instantaneously blocking-;switching diode B; switching diodes commonly us
mputers such as diffused,junction silicon switching diodes of not over 1 A forward
rent are suitable for thisTapplication.

the value of frequency of the generator G, the load circuit is practically purely ind
To ensure that the components of the load circuit are suitable, it-must shall be ch

screen that-the curve of the transient voltage at its initiation (point A in Figure C.
tically horizontal tangent.

ctual value of the factor y is the ratio U44/U,,; Uy4 is read on the screen, Uy, i

y are
these

are independent of the voltage and frequency applied to the circuit, the adjustment can

ncy of
actor.
pltage
bnized

5 of a
of the

circuit

2T X

ed in
rated

uctive
5 peak
ecked
1) has

5 read

betwe
energi

en the ordinate of point A and the ordinate of the irace when the load circuit is no
zed by the generator (see Figure C.1).

onger

When observing the transient voltage in the load circuit with no resistor RID or capacitor Cp in

parallel, one reads on the screen the natural oscillatory frequency of the load circuit. Care
should be taken that the capacitance of the oscilloscope or of its connecting leads does not
influence the resonant frequency of the load circuit.

If that natural frequency exceeds the upper limit of the required value f, the suitable values of
frequency and factor y can be obtained by connecting in parallel capacitors Cp and resistors RID

of app

ropriate values. The resistors Rp shall be practically non-inductive.
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It is recommended that, as a first step, each of the three phases of the load circuit be adjusted
separately. The adjustment is then completed by successively connecting, in each possible
combination, the high-frequency generator to one phase in series with the other two in parallel
as shown in Figure 16; the adjustment is refined if necessary so that the specified values of
and y are obtained in each combination.

NOTE 1 A higher value of frequency obtained from the generator G facilitates the observation on the screen and
improves the resolution.

NOTE 2 Other methods of determining frequency and factor y (such as the impression of a square-wave current on
the load circuit)-may can also be used.

Instant of current zera

Unenergized trace

A IEC

Figure C.1 — Determination of theractual value of the factor y
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D.1

Annex D
(normative)

Determination of short-circuit power-factor

General

There is no method by which the short-circuit power-factor can be determined with precision,
but for the purpose of this document, the determination of the power-factor of the test circuit
may can be made by one of the following methods.

NOTE

D.2

The a
curren
follows:

1)

2)

To|

Other methods for determining the short-circuit power-factor are under consideration.
Method | — Determination from DC component

ngle p-may can be determined from the curve of the DC component of the asymm
t wave between the instant of the short-circuit and the instant 6f\contact separa

b

determine the time-constant L/R from the formula for the/D€ component.

Thie formula for the DC component is:

—— e—Rt/L
ig = 1go

ere
is the value of the DC component at.the’instant ¢;

is the value of the DC componentiat the instant taken as time origin;

Y is the time-constant of the circuit, in seconds;

is the time, in seconds, taken from the initial instant;
is the base of Napierian:togarithms.

e time-constant L/R can be determined by:

measuring the value of /y, at the instant of short-circuit and the value of iy at a
instant ¢ beforé ¢ontact separation,

determining:the value of e~RL by dividing iy by 74,

determining the value of —y corresponding to the ratio id/Ido, from a table of val
e X

Th
To

trical
on as

hother

les of

e value ytrepresents R/l ~from which R/l is ghtained

determine the angle ¢ from: ¢ = arc tg (oL/R)

where o is 2 n times the actual frequency.

This method should not be used when the currents are measured by current transformers,
except if suitable precautions are taken to eliminate errors due to:

the time-constant of the transformer and its burden in relation to that of the primary circuit;

magnetic saturation which can result from the transient flux conditions combined with

po

ssible remanence.
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D.3 Method Il — Determination with pilot generator

When a pilot generator is used on the same shaft as the test generator, the voltage of the pilot
generator on the oscillogram-may can be compared in phase first with the voltage of the test
generator and then with the current of the test generator.

The difference between the phase angles between pilot generator voltage and main generator
voltage on the one hand, and pilot generator voltage and test generator current on the other
hand, gives the phase angle between the voltage and current of the test generator, from which
the power-factor can be determined.
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Annex E
(normative)

Measurement of creepage distances and clearances

E.1 Basic principles

The widths X of grooves specified in Figure E.2 to Figure E.12 basically apply to all examples
as a function of pollution degree as given in Table E.1:

Talyle E.1 — Minimum values of width of grooves according to the pollution degrges

Pollution Minimum values
degrees of width X of grooves

mm
0,25
1,0
1,5
2,5

-

A~ 0N

If the pssociated clearance is less than 3 mm, the minimdm groove width-may can be reduced
to onet-third of this clearance.

The methods of measuring creepage distances and' clearances are indicated in the following
Figurg E.2 to Figure E.12. These examples domot differentiate between gaps and groopjes or
betwekn types of insulation.

Furthgrmore:
— any corner is assumed to be bridged with an insulating link of X mm width moved into the
mqst unfavourable position (see Figure E.4);

— when the distance across.the top of a groove is X mm or more, a creepage distance is
magasured along the cantours of the groove (see Figure E.3);

— crgepage distances and clearances measured between parts moving in relation tq each
other are measured when these parts are in their most unfavourable positions.

E.2 | Use ofribs

Because’ of-their influence on contamination and their better drying-out effect, ribs degrease
considerably the formation of leakage current. Creepage distances can therefore be redujced to
0,8 times the required value, provided the minimum height of the ribs is 2 mm.
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A Minimum height

of 2 mm

Minimum width of base according
to mechanical requirements

IEC.
<X'mm
2 e
IECN, 1496/05
. . . : .
Condiye screepage-distance path-includes aﬁ g Freepage distance and clearance a_ e-fpeasured

IEC 1497/05
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o

INTE
SUTON JlS
S

IEC 1498/05
X o of the croovg but ‘short circuits” tho ttom—of
)
=== Clearance e Crespagedistance 1

ety R T
SIS
S I I

R T e
SRR

<X'mm <X'mm

TEC TOUU/UD
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>X'mm =X mm

IEC 1501/05

>X'mm <X mm
[ -

b e R T o i i i

IEC 1502/05

IEC 1503/05
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ZA T
——

IEC 1504/05

Cri

Clearance

IEC 1505/05

i
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o
5%

2
S5

2
S5

IEC 077/09

C’ Floating part

SHeTPagtuiotaice o atoo

CTEaTaNCE 15 tHe SIS tanoe
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o

1=

o

o] (‘reepage distance
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A Minimum height

of 2 mm

f

>

—
-4

Minimum width of base according

g

to mechanical requirements

Figure E.1 — Measurement of ribs

IEC

|

Conditlon: This creepage distance path

depth with a width less than X mm.

Y

includes a Rule:
parallel- or converging-sided groove of any

Figure E.2 — Creepage distance example 1

IEC

Creepage distance and clearance are mgasured
directly across the groove as shown.

2X'mm

Conditlon: This creepage” distance path includes a
parallel-siged" groove of any depth and a
width egudat to or more than X mm.

Figure E.3 — Creepage distance example 2

IEC

Rule: Clearance is the "line-of-sight" digtance.
Creepage distance path follows the corjtour of

the groove.

Condition: This creepage distance path includes a V- Rule:

shaped groove with a width greater than
X mm.

IEC

Clearance is the "line-of-sight" distance.
Creepage distance path follows the contour
of the groove but "short-circuits" the bottom
of the groove by X mm link.

Figure E.4 — Creepage distance example 3
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Clearance

1

%

35

DoSe%e
SORRRIRRLE
SRR

2535

%

55

Rule:

Condition: This creepage distance path includes a rib.

IEC 61095:2023 RLV © IEC 2023

Creepage distance

IEC

Clearance is the shortest air path over the top
of the rib. Creepage path follows the contour

<X'mm _

Y
A

Figure E.5 — Creepage distance example 4

et L
O tre 1o,

A<Xmm

y
1

—— e

Conditlon: This creepage distance path
uncemented joint with grooves
X mm wide on each side.

less than

includes @R “Rule:

Figure E.6*>-Creepage distance example 5

IEC

Creepage distance and clearance path] is the
"line-of-sight" distance shown.

2X'mm

|
\i

Condition: This creepage distance path
uncemented joint with grooves equal to or
more than X mm wide on each side.

includes an Rule:

IEC

Clearance is the "line-of-sight" distance.
Creepage distance path follows the contour of
the grooves.

Figure E.7 — Creepage distance example 6

Clearance

Creepage distance
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22X mm _<Xmm

A
\
\i
A

IEC

Condition: This creepage distance path includes an Rule: Clearance and creepage distance paths are
uncemented joint with a groove on one side as shown.

less than X mm wide and the groove on the

other side equal to or more than X mm wide.

Figure E.8 — distance example 7

IEC

Conditlon: Creepage distance through uncemented joint Rtle” Clearance is the shortest direct air path over
is less than creepage distance over barrier. the top of the barrier.

Figure E.9 — Creéepage distance example 8

_ 2Xmm

e 1

y

2X mm

|
»
-

/"\J\'/ §

.
uJ

IEC

Condition: Gap between head of screw and wall of Rule: Clearance and creepage distance paths are
recess wide enough to be taken into account. as shown.

Figure E.10 — Creepage distance example 9

______ Clearance Creepage distance
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IEC

Conditjon: Gap between head of screw and wall of Rule: Measurement~of creepage distance i from
recess too narrow to be taken into account. screw tg wall when the distance is equal to
X mm.

Figure E.11 — Creepage distance example 10

------ R R R R RS T
OO aat o setetetodaterosateserosatetetoles
ERRRIEILLIRIILLKS

LERILIRIHSS

IEC

Clearance is the distance = d + D Creepage distance is also =d + D

Figure E.12 — Creepage distance example 11

______ Clearance Creepage distance
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Annex F
(normative)

Correlation between the nominal voltage of the supply system and
the rated impulse withstand voltage of a contactor

This annex is intended to give the necessary information concerning the choice of a contactor
for use in a circuit within an electrical system or part thereof.

Table F.1 provides examples of the correlation between supply system voltages and the

corresponding ratedmputse withstanmd-vottage of @ contactor-

The values of rated impulse withstand voltage given in Table F.1 are based on the performance
charagteristics of surge arresters.

It shodld also be recognized that control of overvoltages with respect to the:values in Tahle F.1
can also be achieved by conditions in the supply system such as the éxistence of a siitable
impedpance or cable feed.

In sugh cases where the control of overvoltages is achieved.‘by means other than|surge
arresters, guidance for the correlation between the nominal 'supply system voltage and the
equipment rated impulse withstand voltage is given in IEC 60364-4-44.
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Annex G
(normative)

Hot wire ignition test

G.1 Five samples of each material shall be tested. The samples shall be 150 mm long by
13 mm wide and of uniform thickness representing the thinnest section of the part.

Edges shall be free from burrs, fins, etc.

G.2 A 250 mm = 5 mm length of nichrome wire (80 % nickel, 20 % chromium, iren free)
approximately 0,5 mm diameter and having a cold resistance of approximately 5,28.Q/m shall
be us¢d. The wire shall be connected in a straight length to a variable source of power|which
is adjusted to cause a power dissipation of 0,26 W/mm in the wire for a period,of 8 s tq 12 s.
After ¢ooling, the wire shall be wrapped around a sample to form five complete turns spaced
6 mm fapart.

G.3 The wrapped sample shall be supported in a horizontal positiontand the ends of thie wire
connepted to the variable power source which is again adjusted to dissipate 0,26 W/mm]in the
wire (g$ee Figure G.1).

\

\
IEC

Figure G.1 — Test fixture for hot wire ignition test

G.4 Htart thetest by energizing the circuit so that a current is passed through the heatgr wire
yieldirlg a linear power density of 0,26 W/mm.

G.5 Continue heating until the test specimen ignites. When ignition occurs, shut off power and
record time to ignite. Discontinue the test if ignition does not occur within 120 s.

For specimens that melt through the wire without ignition, discontinue the test when the
specimen is no longer in intimate contact with all five turns of the heater wire.

G.6 The test shall be repeated on the remaining samples.

G.7 The hot wire ignition time of the material shall be recorded as the average ignition time of
the specimens tested.
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Annex H
(normative)

Degrees of protection of enclosed contactor

Guide to the use of Annex H

Where an IP code is stated by the manufacturer for a contactor with integral enclosure or for

an enclose

[EC 6@520-498Q/AMND-0013 apnly with the folowing————————

NOTE
underst
https:/

Claus
an en

Claus

pnd the. IP  code,
www.iec.ch/ip-ratings.

es and subclauses of IEC 60529 applicable to a contactor with iftegral enclosure
losed contactor are explicitly detailed in this annex.

corregpond to those of IEC 60529.

graphical representation of IP ratings can be seen on JECN\ webgi

d contactor, the requirements of IEC 60529:1989, IEC 60529:1989/AMD1:1999 and

and to

b and subclause numbers of this annex are sometimés discontinuous becaus¢ they

H.1 | Scope and object

This annex applies to the degrees of protection of'a contactor with integral enclosure and of an
encloded contactor at rated voltages not exceeding 440 V AC hereafter referred to as "dgvice".
Claus¢ 1 of IEC 60529:1989 and IEC%©0529:1989/AMD1:1999 apply with the additional
requirements of this annex.

H.3 | Terms and definitions

Clausg¢ 3 of IEC 60529:1989 applies except that "enclosure" (3.1) is replaced by the follpwing,
Note 1 and Note 2 remaining as they are.

"A pant providing a.specified degree of protection of device against certain external inflyences
and a|(specified‘degree of protection against approach to or contact with live parts and moving

parts.’

[[EC 60050-441:1984, 441-13-01, modified — The definition was slightly modified.]

NOTE This definition given in 3.1.16 of this document is similar to IEC 60050-441:1984, 441-13-01 which applies

to asse

H.4

mblies.

Designation

Clause 4 of IEC 60529:1989 applies except for letters H, M, S and W.

H.5

Degrees of protection against access to hazardous parts and against
ingress of solid foreign objects indicated by the first characteristic
numeral

Clause 5 of IEC 60529:1989, |IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013

apply.
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H.6 Degrees of protection against ingress of water indicated by the second
characteristic numeral

Clause 6 of IEC 60529:1989 and IEC 60529:1989/AMD2:2013 apply.

H.7 Degrees of protection against access to hazardous parts indicated by the
additional letter

Clause 7 of IEC 60529:1989 applies.

H.8 |Supplementary letters

Clausé 8 of IEC 60529:1989 applies except for letters H, M and S.

H.9 |Examples of designations with IP Code

Clausg¢ 9 of IEC 60529:1989 applies.

H.10 | Marking
Clausé 10 of IEC 60529:1989 applies with the followinghaddition.

If the |P Code is designated for one mounting position only, it shall be indicated by the symbol
of 1SQ 7000-0623 (2014-06) placed next to thedP Code specifying this position of the device,

e.g. vertical:

H.11 [ General requirements for tests

H.11.1 Subclause 114.1 of IEC 60529:1989 applies
H.11.2 Subclause.11.2 of IEC 60529:1989 applies with the following additions

All teslts are made in the unenergized state.

Certaip devices (e.g. exposed faces of push-buttons) can be verified by inspection.

The temperature of the test sample shall not deviate from the actual ambient temperature by
more than 5 K.

Where device is mounted in an empty enclosure which already has an IP Code (see 11.5 of
IEC 60529:1989) the following requirements apply.
a) For IP1X to IP4X and additional letters A to D.

This shall be verified by inspection and compliance with the enclosure manufacturer's
instructions.

b) For IP6X dust test.

This shall be verified by inspection and compliance with the enclosure manufacturer's
instructions.
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r IP5X dust test and IPX1 to IPX8 water tests.

Testing of the enclosed device is only required where the ingress of dust or water-may can
impair the operation of the device.

NoFE—IP5X dust and IPX1 to IPX8 water tests allow the ingress of a certain amount of dust and
water provided that there are no harmful effects. Every internal device configuration should,
therefore, be separately considered.

H.11.3 Subclause 11.3 of IEC 60529:1989 applies with the following addition

Drain and ventilating holes are treated as normal openings.

H.11.4
H.11.§

H.12

Claus

H.13

Claus

H.13.4
The fd

Enclog

Subclause 11.4 of IEC 60529:1989 applies

Where an empty enclosure is used as a component of an enclosed device
of IEC 60529:1989 applies

Tests for protection against access to hazardous parts.indicated by t
first characteristic numeral

b 12 of IEC 60529:1989 applies except for 12.3.2.

Tests for protection against ingress of solid foreign objects indicated
the first characteristic numeral

e 13 of IEC 60529:1989 and IEC 60529:1989/AMD1:1999 apply except for:

Dust test for first characteristicnumerals 5 and 6

llowing text to be added:

ed device having a degree-of protection IP5X shall be tested according to catego

13.4 of IEC 60529:1989 and |[EE:60529:1989/AMD1:1999.

Enclog

ed device having a-degree of protection IP6X shall be tested according to catego

13.4 of IEC 60529:1989._and IEC 60529:1989/AMD1:1999.

NOTE
satisfad

H.13.§

For enclosed™device according to this document, a degree of protection IP5X is generally
tory.

.2 (Acceptance conditions for first characteristic numeral 5

The fa

by

ry 2 of

'y 1 of

leemed

llowing text to be added:

Where dust deposits could raise doubts as to the correct functioning and safety of device, a
preconditioning and a dielectric test shall be conducted as follows:

The preconditioning, after the dust test, shall be verified by test Cab: damp heat, steady state,
according to IEC 60068-2-78, under the following test conditions.

The device shall be prepared so that the dust deposits are subject to the test by leaving open

the lid

and/or removing parts, where possible without the aid of tool.

Before being placed in the test chamber the device shall be stored at room temperature for at
least 4 h before the test.

The test duration shall be 24 consecutive hours.
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After this period, the device is to be removed from the test chamber within 15 min and submitted
to a power-frequency dielectric test for 1 min, the value being 2 U, max with a minimum of
1 000 V. The application of the test voltage and the acceptance criteria shall be as specified in
9.3.3.4, item b) 3) and item b) 4).

H.14 Tests for protection against water indicated by the second characteristic

H.14.1
H.14.2

H.14.3

The device is then submitted to a power-frequency dielectric test for 1 min, thewalue bein

max. V
shall g

numeral

Subclause 14.1 of IEC 60529:1989 and IEC 60529:1989/AMD2:2013 apply

Subclause 14.3 of IEC 60529:1989 and IEC 60529:1989/AMD2:2013 apply W
the following addition

vith a minimum of 1 000 V. The application of the test voltage and thejyacceptance d
e as specified in 9.3.3.4.1, item b) 3) and item b) 4).

ith

g 2 Uy
riteria

H.15 | Tests for protection against access to hazardous parts indicated by the
additional letter
Claus¢ 15 of IEC 60529:1989, IEC 60529:1989/AMD171999 and IEC 60529:1989/AMDZ2:2013
apply.
H.4a—FIRST-NUMERAL
Protection against ingress of solid objects _'
P Requirements Examples % :
0 lemetiaden E Flemsesinend
E . ‘ 50 ) -
1 allowed>Gontact with-hazardous-parts-not H Backof-hand
. ’ . 5‘\\||:|I||||||:‘:
2 o pe.eItate__e 25 ; diameter sphere-rot £ -
adequate clearance from-hazardous-parts £
The access probe-of 2,5-mm-diameter shall-not
3 [y ] éf Fool
l_i
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p . instl fuli ¢
P Preseriptions Examples from-water
o No-protection _% Non-protected
bbbbbbbbbbe
bbbbbbbbhbh
14 Protecied against verticaly 1amng orops ot bbb bbb
water—Limited-ingresspermitied usé o
bob Y
v by
Protected-against-vertically-falling-drops-ef water "p“ﬂh,‘ v . o
2 | | withenclosure tilied 45* from the-vertical _""n?i"f vertical
Limited-ingress permitted ™ ¢
L 3
b 4
. .;‘h““““‘
Protected against sprays to 60° from the vertical. (Yo
Vb ‘o
LYy *
,
‘»‘““‘((
. ‘: 1'_._
4 _etee_tedag_a_stn_uate Spras e_d o2 = 5 - B R m = ER e
w
s F_ inst iets of 9—? ....ﬁ
permitted directions
[
4
. F_ { .. . ¢ Limi +++ 5. . . ;
ingress-permitted hessions
[}
. P ) " T . ) )
Bl et
e P ) . T . ) ) )
el
IEC 080/09
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Annex |
(normative)

Requirements and tests for equipment with protective separation

1.1 General

This annex applies to a device one or more circuits of which being able to be used in SELV
(PELV) circuit (the device by itself-may-net cannot be Class Ill, see 7.5 of IEC 61140:20042016).

The purpose of this annex is to harmonize as far as practicable all rules and requirgments
applicpble to low voltage switchgear and controlgear having a protective separation-bgtween
parts intended to be used in SELV (PELV) circuits and others, in order to obtain.uniforgity of
requirements and tests and to avoid the need for testing to different standards.

1.2 Terms and definitions

.2.1
functional insulation
insulation between conductive parts which is necessary only. for the proper functioning|of the
equiprent

1.2.2
basiclinsulation
insulation of hazardous live parts which provides basic protection against electric shock

Note 1 fo entry: The term basic insulation does not\apply to insulation used exclusively for functional purposes.
(See 1.3.1)

1.2.3
supplpmentary insulation
indepgndent insulation applied-.ini*addition to basic insulation in order to provide profection
againgt electric shock in the évent of a failure of basic insulation

1.2.4
double insulation
insulation comprisifg.both basic insulation and supplementary insulation

1.2.5
reinforced-insulation
insulatiofy of hazardous live parts which provides a degree of protection against electric[shock
equivdlent to double insulation

Note 1 to entry: Reinforced insulation-may can comprise several layers which cannot be tested singly as basic or
supplementary insulation.

1.2.6

protective separation

<electrically> separation of one electric circuit from another by means of:

— double insulation, or

— basic insulation and electrically protective screening, or

— reinforced insulation

[SOURCE: IEC 60050-195:2021, 195-06-19, modified — Replacement of “basic protection and

fault protection” with “double insulation, or basic insulation and electrically protective screening,
or reinforced insulation”.]
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circuit
cal circuit in which the voltage cannot exceed ELV:

— under normal conditions, and

— under single-fault conditions, including earth faults in other circuits

Note 1 to entry:

1.2.8
PELV
electri

circuit
al circuit in which the voltage cannot exceed ELV:

Definition adapted from the definition of SELV system given in 3.26.1 of IEC 61140:20042016.

— un

— un
Note 1

1.2.9

limita
proteg
fault ¢

1.2.10
prote«
compq
to ens|

1.3

1.3.1

The o

der normal conditions, and

Her single-fault conditions, except earth faults in other circuits

o entry: Definition adapted from the definition of PELV system given in 3.26.2 of IEG,'61140:20042

lion of steady-state touch current and charge
tion against electric shock by circuit or equipment design sUch that under norm

ttive impedance device

ure that steady-state touch current and charge are limited to non-hazardous levels

Requirements

General

nly method considered in this*document to achieve the protective separation is bas

doublg (or reinforced) insulation~between SELV (PELV) circuit(s) and other circuits.

compq
requir
Figursg

The e
contro
distan

Partia

nent is connected between-the separated circuits, that component shall comply w
bments for protective impedance devices according to 5.3.4 of IEC 61140:2004201
1.1).

fects of electrical arcs normally produced in the breaking chambers of switchgea

ces and nospecific verification is required.

discharge effects are not taken into consideration.

bl and

pnditions the steady-state touch current and charge are limited to non-hazardous levels

nent or assembly of components the impedancé.and construction of which are sidich as

ed on
If any
th the
b (see

's and

Igears on insulation are deemed to be taken into account in the dimensioning of cregpage

1.3.2
1.3.2.1

Dielectric requirements

Creepages

It shall be verified that the creepage distances between SELV (PELV) circuit and other circuits
are equal or higher than twice those given for basic insulation in Table 18 and corresponding

to the

NOTE

voltage of the circuit having the highest rated voltage value.

This requirement follows the principles given in IEC 60664-1.

The creepage distances shall be verified in accordance with 1.4.2.1.
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1.3.2.2

Clearances

The clearances between SELV (PELV) circuit and other circuits of the device shall be
dimensioned to withstand the rated impulse voltage as determined in accordance with Annex F
relevant to the basic insulation for the specific utilisation class but one step higher in the series
value (or a value equal to 160 % of the voltage value required for the basic insulation) following
the principles given in 5.2.5 of IEC 60664-1:2007. The test conditions are given in 1.4.2.2.

1.3.3

Construction requirements

Construction measures should be taken regarding:

-  ms
— the

— ris
Wi

considg

1.4

1.4.1

Subclause 1.4.3 gives examples of constructional risks which have- /to be take
eration.
Tests
General
tests are normally conducted as type tests. Where the constructional design ¢

These

ensure without doubt that the insulation intended for protective separation cannot be im

by the
tests 4

Tests

as majn circuit, control and auxiliary cireuits.

Tests

1.4.2
1.4.2.1

Condi

1.4.2.2

1.4.2.2.

terials employed regarding aging;
rmal stresses or mechanical risks of failure which will impair insulation betwgen’ ci

ks of electrical contact between different circuits in case of accidental disconnec
ing.

effects of product conditions, the manufactirer-may can also conduct all or parts of
s routine tests.

verification shall be made betweendthe SELV (PELV) circuit and each other circuits

shall be done in all operating conditions of the device: open, close, trip positions.

Dielectric tests
Creepages.verification

ions of measuring are those given in 9.3.3.4 and Annex E.

Clearances verification

1 Condition of the device for test

rcuits;
ion of

h into

annot
paired
these

, such

Tests shall be made on devices mounted as for service, including internal wiring and in a clean
and dry condition.

1.4.2.2.2 Application of the test voltage

For each circuit of the device under test, external terminals shall be connected together.

1.4.2.2.3 Impulse test voltage

It shall be an impulse test voltage having a 1,2/50 ys wave form as described in 9.3.3.4, the
value of which being chosen as defined in 1.3.2.2.
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1.4.2.2.4 Test

Clearances are verified by application of the test voltage of 1.4.2.2.3. The test sh

all be

conducted for a minimum of five impulses of each polarity with an interval of at least 1 s between

pulses in accordance with in 9.3.3.4.1.

Application of test voltage-may can be avoided where clearances are equal or higher than
given in Table 17 for the determined test voltage value.

1.4.2.2.5 Results to be obtained
Whenﬁmmmmmmmmm
or flashover.

1.4.3 Examples of constructional measures

those

hcture

Measures should be taken that a single mechanical fault — e.g. a bent solder pin, a defached

solderjng point or a broken winding (coil), a loosened and fallen screw~'should not ha
result Jof impairing the insulation to such a degree that it no longer fulfils the requiremg

ve the
nts of

the balsic insulation; the design, however, should not consider that two or more of these ¢vents

will agpear simultaneously.

Examples of constructional measures:

— sufficient mechanical stability;

— mgchanical barriers;

— enjployment of captive screws;

— impregnation or casting of components;
— ingerting pins into an insulating sleeve;

— to pvoid sharp-edges in the vicinity-of'conductors.

> SELV/PELV

IEC

Key

D double (or reinforced) insulation between circuits (including SELV/PELV circuit)
R component complying with protective impedance devices requirements

S basic insulation

Figure 1.1 — Example of application with component connected
between separated circuits
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMECHANICAL CONTACTORS
FOR HOUSEHOLD AND SIMILAR PURPOSES
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technical committee 121: Switchgear and controlgear and their assemblies f
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voltage, in conjunction with subcommittee 23E: Circuit-breakers and similar equipment for
household use, of IEC technical committee 23: Electrical accessories. It is an International
Standard.

This third edition cancels and replaces the second edition published in 2009. This edition
constitutes a technical revision.

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

a) addition of requirements for screwless terminals;

b) addition of requirements for the switching of LED lamps. Contactors for domestic and similar
applications can be used for controlling lighting loads which is increasingly using LED lamp
technology. A specific category for contactors is created: AC-7d. Requirements and tests
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are added to cover this market development, mainly for making and breaking and
conventional operational performance;

c) addition of requirements for contactors with electronically controlled electromagnet.
Household contactors with electronically controlled electromagnet are available for years
on the market. To fully cover such device, requirements and tests are added, dealing mainly
with operating limits, behaviour in abnormal conditions, breakdown of components, EMC
tests, etc.

d) Embedded software. More and more contactors are incorporating electronic circuits with
embedded software. A reference is provided to guide the design of the software.

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

Draft Report on voting
121A/566/FDIS 121A/573/RVD

Full information on the voting for its approval can be found in the report en yoting indicgted in
the above table.

The lgnguage used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main doeument types developed by IHC are
descriped in greater detail at www.iec.ch/publications;

The committee has decided that the contents of this document will remain unchanged until the
stabilify date indicated on the IEC website under webstore.iec.ch in the data related [to the
speciflc document. At this date, the document-will be

e re¢onfirmed,
e wifhdrawn, or

e reyised.
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INTRODUCTION

This document gives requirements for contactors household and similar purposes, including
contactors for distribution control in buildings.

Contactors for such purposes have particular requirements which include test sequences and
sampling plans to facilitate testing.

Contactors according to this document are limited in the range of operational currents and
operational voltages to values appropriate to the applications. Such contactors are for use in
circuits_of limited prospective short-circuit fault current for which they are co-ordinated with an
appropriate short-circuit protective device to provide suitable co-ordination.

This document defines in a single document the specific utilization category for a desfribed
applicption and states the relevant requirements. As far as possible, it is_(h-ine with the
requirements contained in IEC 60947-4-1.

This document also applies to contactors which are components of\an appliance, linless
otherwise stated in the standard covering the relevant appliance.
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ELECTROMECHANICAL CONTACTORS
FOR HOUSEHOLD AND SIMILAR PURPOSES

1 Scope

This document applies to electromechanical air break contactors for household and similar
purposes provided with main contacts intended to be connected to circuits the rated voltage of

which

or equ

and ALC-7d (expressed in rated power), and rated conditional short-circuit current less t
equal fo 6 KA.

NOTE

Speciflic requirements apply to contactors equipped with screwless-typeiterminals.

This document does not apply to

— CO
— Se
- CO

- au
This d

1) the
2) thd
a)
b)
c)
d)
e)

3) the
be

4) the

htactors complying with IEC 60947-4-1;

miconductor contactors;

htactors designed for special applications;

Kiliary contacts of contactors. These are dealtwith in IEC 60947-5-1.

ocument states

characteristics of contactors.

conditions with which contacters comply with reference to:

their operation and behaviour;

their dielectric properties;

the degrees of protection provided by their enclosures, where applicable;
their constructian;

their electromagnetic compatibility characteristics.

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

test sequences and the number of samples.

does not exceed 440 V. AC (hnfwnnn phqcnc) with rated operational currents less than

al to 63 A for utilization category AC-7a, and 32 A for utilization categories AC-7b, AC-7c
han or

Today, most LED lamp manufacturers provide information in Watt. So, the main contactor charactetjistic for
utilizatipn category AC-7d is expressed in Watt to be directly applicable to the corresponding.EED lamp load|.

pds to

5) thg

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

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 60028:1925, International standard of resistance for copper

IEC 60068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady

state
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IEC 60073:2002, Basic and safety principles for man-machine interface, marking and
identification — Coding principles for indicators and actuators

IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC 60112:2020, Method for the determination of the proof and the comparative tracking indices
of solid insulating materials

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

IEC 60445:2021, Basic and safety principles for man-machine interface, marking and
identifjcation — Identification of equipment terminals, conductor terminations and conducfors

IEC 60447:2004, Basic and safety principles for man-machine interface,| marking and
identiffcation — Actuating principles

IEC 6(0529:1989, Degrees of protection provided by enclosures (IP Code)
IEC 6(0529:1989/AMD1:1999
IEC 6(0529:1989/AMD2:2013

IEC 6(0664-1:2020, Insulation coordination for equipment within low-voltage supply systems —
Part 1} Principles, requirements and tests

IEC 6(0695-2-10:2021, Fire hazard testing — Part 2-10% Glowing/hot-wire based test methods —
Glow-Wwire apparatus and common test procedure

IEC 60695-2-11:2021, Fire hazard testing — Rart 2-11: Glowing/hot-wire based test methods —
Glow-wire flammability test method for endproducts (GWEPT)

IEC 60695-11-10:2013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and
vertical flame test methods

IEC 60947-4-1:2018, Low-voltage switchgear and controlgear — Part 4-1: Contactors and motor-
startefs — Electromechanital ‘contactors and motor-starters

IEC 60947-5-1:2016,\Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices
and switching elements — Electromechanical control circuit devices

IEC 6[1000-4=2;" Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
technigue$ —+ Electrostatic discharge immunity test

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3 : Testing and measurement
techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement
techniques — Immunity to conducted disturbances, induced by radio-frequency fields
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IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests for
equipment with input current up to 16 A per phase

IEC 61000-4-34, Electromagnetic compatibility (EMC) — Part 4-34: Testing and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests for
equipment with input current more than 16 A per phase

IEC 61140:2016, Protection against electric shock — Common aspects for installation and
equipment

IEC 61180:2016, High-voltage test techniques for low-voltage equipment — Definitions, {¢

proce

CISPH
electr

ISO 7

ISO 2

ure requirements, test equipment

14-1:2020, Electromagnetic compatibility — Requirements for household appli
C tools and similar apparatus — Part 1: Emission

D00:2019, Graphical symbols for use on equipment — Registered-symbols

D39-2:1987, Plastics — Determination of hardness — Part 2:(Rockwell hardness

3 Terms and definitions

For th

ISO a
addre

e |E
e |S

3.1

3.1.1
overc
curren

[SOUR

3.1.2
short/

e purposes of this document, the following terms’and definitions apply.

nd IEC maintain terminology databases, for use in standardization at the fol
bses:

C Electropedia: available at https://www.electropedia.org/

D Online browsing platform: available at https://www.iso.org/obp

General terms

Lirrent
t exceeding the rated current

RCE: IEC 60050-441:1984, 441-11-06]

circuit

accidqg

ntal’or intentional conductive path between two or more conductive parts forci

st and

Ices,

owing

ng the

electric potential difterences between these conductive parts to be equal 10 or close 10 Z

[SOURCE: IEC 60050-151:2001, 151-12-04]

3.1.3

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

circuit

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

ero
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3.1.4
overload
operating conditions in an electrically undamaged circuit, which cause an overcurrent

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

3.1.5
overload current
overcurrent occurring in an electrically undamaged circuit

3.1.6
ambignt air temperature rln
plete

temperature, determined under prescribed conditions, of the air surrounding the co

switchiing device or fuse

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

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

3.1.7
conductive part
part which is capable of conducting current although it may not necessarily be used for cgrrying
servicg current

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

3.1.8
exposed conductive part
condugtive part which can readily be touched and which is not normally alive, but which may
become alive under fault conditions

Note 1 jo entry: Typical exposed conductive-parts are walls of enclosures, operating handles, etc.

[SOURCE: IEC 60050-441:1984,-441-11-10]

3.1.9
electrjc shock
physiglogical effect resulting from an electric current through a human or livestock

[SOURCE: IEC60050-826:2022, 826-12-01]

3.1.10
live part
conductor or conductive part intended to be energized in normal operation, including a neutral
conductor, but by convention not a PEN conductor or PEM conductor or PEL conductor

Note 1 to entry: This concept does not necessarily imply a risk of electric shock.

[SOURCE: IEC 60050-826:2022, 826-12-08, modified — Rewording of the definition and
addition of a Note 1 to entry.]
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3.1.11
protective conductor (identification: PE)
conductor provided for purposes of safety

EXAMPLE Protection against electric shock.

Note 1 to entry: In an electrical installation, the conductor identified PE is normally also considered as protective
earthing conductor.

[SOURCE: IEC 60050-826:2022, 826-13-22, modified — Rewording of the definition, addition of
a new example and a new Note 1 to entry.]

3.1.1
neutral conductor
condugtor electrically connected to the neutral point and capable of contribyting {o the
distribution of electric energy

[SOURCE: IEC 60050-826:2021, 826-14-07]

3.11
PEN gonductor
condugtor combining the functions of both a protective earthing conductor and a neutral
condutor

[SOURCE: IEC 60050-826:2022, 826-13-25]

3.1.1
PEM g¢onductor
condugtor combining the functions of both a-protective earthing conductor and a mig-point
conduftor

[SOURCE: IEC 60050-826:2022, 826-13-26]

3.11
PEL clonductor
condugtor combining the functions of both a protective earthing conductor and a line confductor

[SOURCE: IEC 60050-826:2022, 826-13-27]

3.11
enclogure
part providing*a specified degree of protection of equipment against certain external infldences
and a|(specified degree of protection against approach to or contact with live parts and moving
parts T

Note 1 to entry: This definition is similar to IEC 60050-441:1984, 441-13-01, which applies to assemblies.

[SOURCE: IEC 60050-441:1984, 441-13-01, modified — Rewording of the definition and new
Note 1 to entry.]

3.1.17
integral enclosure
enclosure which forms an integral part of the equipment
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3.1.18

utilization category

<switching device or fuse> combination of specified requirements related to the condition in
which the switching device or the fuse fulfils its purpose, selected to represent a characteristic
group of practical applications

Note 1 to entry: The specified requirements can concern e.g. the values of making capacities (if applicable),
breaking capacities and other characteristics, the associated circuits and the relevant conditions of use and
behaviour.

[SOURCE: IEC 60050-441:1984, 441-17-19]

3.2 [Switching devices

3.21
switching device
devicq designed to make or break the current in one or more electric circuits

Note 1 fo entry: A switching device can perform one or both of these operations.

[SOURCE: IEC 60050-441:1984, 441-14-01, modified — Addition ofa Note 1 to entry.]

3.2.2
mechanical switching device
switchling device designed to close and open one or more gleetric circuits by means of sepprable
contagts

Note 1 fo entry: Any mechanical switching device can be designated according to the medium in which its dontacts
open ard close, e.g. air, SF, oil.

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

3.2.3
semidonductor switching device
switchiing device designed to make-and/or break the current in an electric circuit by mepns of
the controlled conductivity of assemiconductor

Note 1 {o entry: This definition differs from IEC 60050-441:1984, 441-14-03 since a semiconductor switching device
is also flesigned for breaking-the current.

[SOURCE: IEC 600502441:1984, 441-14-03, modified — Addition of “and/or break” anfd new
Note 1 to entry.]

3.24
fuse
devicq that, by the fusing of one or more of its specially designed and proportioned compohents,
opens the circuit in which it is inserted by breaking the current when this exceeds a given value
for a sufficient time

Note 1 to entry: The fuse comprises all the parts that form the complete device

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

3.2.5

circuit-breaker

mechanical switching device, capable of making, carrying and breaking currents under normal
circuit conditions and also making, carrying for a specified time and breaking currents under
specified abnormal circuit conditions such as those of short circuit

[SOURCE: IEC 60050-441:1984, 441-14-20, modified — “Duration” replaced with “time”.]
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3.2.6

mechanical contactor

contactor

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

Note 1 to entry: The term "operated otherwise than by hand" means that the device is intended to be controlled and
kept in working position from one or more external supplies.

Note 2 to entry: A household contactor can have a handle as additional means for operation. In some countries,
contactors can be controlled by a signal from the energy supplier during off-peak hours. An end user is allowed to
open orclose manually the contactor if necessary

Note 3 fo entry: A contactor is usually intended to operate frequently.

[SOURCE: IEC 60050-441:1984, 441-14-33, modified — Addition of Notes to entny.]

3.2.7
electromagnetic contactor
contagtor, in which the force for closing the normally open main ,contacts or openifpg the
normdlly closed main contacts is provided by an electromagnet

Note 1 jo entry: The electromagnet can be electronically controlled.

3.2.8
electrpnically controlled electromagnet
electromagnet in which the coil is controlled by a circuit with active electronic elements

3.2.9
latchgd contactor
contagtor, the moving elements of which are“prevented by means of a latching arrangement
from returning to the position of rest wheprthe operating means are de-energized

Note 1 fjo entry: The latching, and the release’of the latching, can be mechanical, electromagnetic, pneumgtic, etc.

Note 2 fo entry: Because of the latehing, the latched contactor actually acquires a second position of rgst and,
accordipg to 3.2.6 is not, strictly speaking, a contactor. However, since the latched contactor in both its ut|lization
and its design is more closely related to contactors in general than to any other classification of switching dgvice, it
is considered proper to require_that it complies with the specifications for contactors wherever they are apprppriate.

[SOURCE: IEC 60050-441:1984, 441-14-34]

3.2.10
semidonductor contactor
solid state contactor

devicqd which performs the function of a contactor by utilizing a semiconductor switching flevice

Note 1 to entry: A semiconductor contactor can also contain mechanical switching devices.

3.2.11
pilot switch
non-manual control switch actuated in response to specified conditions of an actuating quantity

Note 1 to entry: The actuating quantity can be pressure, temperature, velocity, liquid level, elapsed time, etc.

[SOURCE: IEC 60050-441:1984, 441-14-48]


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

- 18 — IEC 61095:2023 © IEC 2023

3.2.12

push-button

control switch having an actuator intended to be operated by force exerted by a part of the
human body, usually the finger or palm of the hand, and having stored energy (spring) return

[SOURCE: IEC 60050-441:1984, 441-14-53]

3.2.13
short-circuit protective device
SCPD
device intended to protect a circuit or parts of a circuit against short-circuit currents by
interry ptilly them

3.21
surge|arrester
devicqd designed to protect the electrical apparatus from high transient overvoltages and {o limit
the duration and frequently the amplitude of the follow-on current

[SOURCE: IEC 60050-614:2016, 614-03-51, modified — Addition of)\{to protect the elgctrical
apparatus from high transient overvoltages and”.]

3.3 [Parts of switching devices

3.3.1
pole
<switghing device> portion of a switching device associated exclusively with one elecfrically
separated conducting path of its main circuit and\excluding those portions which proyide a
meang for mounting and operating all poles toggther

Note 1 fo entry: A switching device is called singlespole if it has only one pole. If it has more than one pol¢, it can
be callgd multipole (two-pole, three-pole, etc.) provided the poles are or can be coupled in such a manngr as to
operatel together.

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

3.3.2
main gircuit
<switdhing device> all the.conductive parts of a switching device included in the circuit which it
is des|gned to close or open

[SOURCE: IEC.60050-441:1984, 441-15-02]

3.3.3

control'circuit
<switct i i frreiret itetr evice

which are included in a circuit used for the closing operation or opening operation, or both, of
the device

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

3.3.4

auxiliary circuit

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

[SOURCE: IEC 60050-441:1984, 441-15-04]
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3.3.5

contact

<mechanical switching device> conductive parts designed to establish circuit continuity when
they touch and which, due to their relative motion during an operation, open or close a circuit
or, in the case of hinged or sliding contacts, maintain circuit continuity

[SOURCE: IEC 60050-441:1984, 441-15-05]

3.3.6
contact
contact piece

4L L b b £ - N N
one ortneconauctve parts Tormmg—a contact

[SOURCE: IEC 60050-441:1984, 441-15-06]

3.3.7
main gontact
contagt 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 60050-441:1984, 441-15-07]

3.3.8
auxiliary contact
contagt included in an auxiliary circuit and mechanically*operated by the switching devic

D

[SOURCE: IEC 60050-441:1984, 441-15-10]

3.3.9
auxiliary switch
<mechanical switching device> switch containing one or more control and/or auxiliary cgntacts
mechanically operated by a switching-device

[SOURCE: IEC 60050-441:1984y"441-15-11]

3.3.10
"a" cqntact

make |contact
contrgl or auxiliary~contact which is closed when the main contacts of the mechanical switching

devicqg are closed and open when they are open

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

3.3.11

"b" contact

break contact

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

[SOURCE: IEC 60050-441:1984, 441-15-13]
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3.3.12

release

<mechanical switching device> device, mechanically connected to a mechanical switching
device, which releases the holding means and permits the opening or the closing of the
switching device

Note 1 to entry: A release can have instantaneous, time-delay, etc. operation.

[SOURCE: IEC 60050-441:1984, 441-15-17]

3.3.13

actuating system
<mechanical switching device> whole of the operating means of a mechanical switching flevice

which [transmits the actuating force to the contact pieces

Note 1 [to entry: The operating means of an actuating system can be mechanical, electromagnetic, hydraulic,
pneumdtic, thermal, etc.

3.3.14
actuator
part of the actuating system to which an external actuating force is @pplied

Note 1 fo entry: The actuator can take the form of a handle, knob, push-buttén; roller, plunger, etc.

[SOURCE: IEC 60050-441:1984, 441-15-22]

3.31

positipn indicating device
part of a mechanical switching device which indicates whether it is in the open, closed, or,
where|appropriate, earthed position

[SOURCE: IEC 60050-441:1984, 441-15:25]

3.3.1
terminal
conduftive part of a device provided for electrical connection to external circuits

crews

terminal intended for the connection and disconnection of conductors or for the interconnection
of two or more conductors, the connection being made, directly or indirectly, by means of
springs, wedges, eccentrics or cones, etc.

3.3.19

universal terminal

terminal for the connection and disconnection of all types of conductors (solid, stranded and
flexible)

[SOURCE: IEC 60998-2-2:2002, 3.101.1, modified — "(rigid and flexible)" replaced with "(solid,
stranded and flexible)".]
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3.3.20
non-universal terminal

terminal for the connection and disconnection of a certain kind of conductor only (for example,

solid conductors only or solid and stranded conductors only)

[SOURCE: IEC 60998-2-2:2002, 3.101.2, modified — "rigid [solid and stranded]" replace
"solid and stranded".]

3.3.21
push-wire terminal

d with

non-universal terminal in which the connection is made by pushing in solid or stranded

condugtors

[SOURCE: IEC 60998-2-2:2002, 3.101.3, modified — "rigid (solid or stranded)" réplace
"solid jor stranded".]

3.3.2
thread-forming tapping screw
tapping screw having an uninterrupted thread

Note 1 jo entry: It is not a function of this thread to remove material from the haole.

Note 2 fo entry: An example of a thread-forming tapping screw is shown_ih Figure 1.

3.3.23
thread-cutting tapping screw
tapping screw having an interrupted thread

Note 1 jo entry: The thread is intended to remove material/from the hole.

Note 2 o entry: An example of a thread-cutting tapping screw is shown in Figure 2.

3.3.24
clamping unit

part of a terminal necessary for the mechanical clamping and the electrical connection
conduftor(s)

3.3.2

unprejpared conductor
conduptor which has‘béen cut and the insulation of which has been removed for insertiq
a terminal

Note 1 fo entry..\A’conductor, the shape of which is arranged for introduction into a terminal or the strands ¢
are twidted t0 consolidate the end is considered to be an unprepared conductor.

d with

of the

n into

f which

3.3.2

prepared conductor
a conductor the end of which is fitted with an attachment such as eyelet, sleeve or cable

[SOURCE: IEC 60050-442:1998, 442-01-27]

lug
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3.3.27
solid conductor
conductor consisting of a single wire

Note 1 to entry: The cross-section of the solid conductor can be circular or shaped.

Note 2 to entry: Solid conductor is defined as class 1 conductor in IEC 60228, or by IEC TR 60344, or equivalent
AWG/kcmil.

[SOURCE: IEC 60050-461:2008, 461-01-06, modified — In Note 1 to entry, "may" changed to
"can", and Note 2 to entry has been added.]

3.3.2
stranded conductor
conduptor consisting of a number of wires, all or some of which are wound in a helix

Note 1 {o entry: Stranded conductor is defined as class 2 conductorin IEC 60228, or by IEC TR'60344, or eqpivalent
AWG/k¢mil.

[SOURCE: IEC 60050-151:2001, 151-12-36, modified — Note 1 to entry~has been added

—

3.3.2

rigid ¢gonductor
solid dr stranded conductor having wires of such diameters, of:so assembled, that the conductor
is not puitable for use in a flexible cable.

[SOURCE: IEC 60947-1:2020, 3.5.31]

3.3.3

flexible conductor
stranded conductor having wires of diameters small enough and so assembled thht the
conduftor is suitable for use in a flexible @€able

Note 1 fo entry: Flexible conductor is defined”as class 5 or class 6 conductor in IEC 60228, or by IEC TR 60344, or
equivalent AWG/kcmil.

[SOURCE: IEC 60050-461:2008, 461-01-11, modified — Note 1 to entry has been added|]

3.4 |Operation of switching devices

3.41
operation
<mechanical, switching device> transfer of the moving contact(s) from one position|to an
adjacent poSsition

Note 1 to_entry: For a circuit-breaker, this can be a closing operation or an opening operation

Note 2 to entry: |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.

[SOURCE: IEC 60050-441:1984, 441-16-01]
3.4.2
operating cycle

<mechanical switching device> succession of operations from one position to another and back
to the first position through all other positions, if any

[SOURCE: IEC 60050-441:1984, 441-16-02]
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3.4.3
operating sequence
<mechanical switching device> succession of specified operations with specified time intervals

[SOURCE: IEC 60050-441:1984, 441-16-03]

3.44

closing operation

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

[SOURCE: [EC 60050-441:1984, 441-16-08]

3.45
openipg operation
<mechanical switching device> operation by which the device is brought\from the ¢losed
positign to the open position

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

3.4.6
closed position
<mechanical switching device> position in which the predetermined continuity of the main|circuit
of the|device is secured

[SOURCE: IEC 60050-441:1984, 441-16-22]

3.4.7
open position
<mechanical switching device> position-in“which the predetermined dielectric withstand vpltage
requirements are satisfied between open contacts in the main circuit of the device

Note 1 fo entry: This definition differs from IEC 60050-441:1984, 441-16-23 to meet the requirements of d|electric
properties.

[SOURCE: IEC 60050-444:1984, 441-16-23, modified — Replacement of “clearancel with
“dielegtric withstand voltage requirements are satisfied”.]

3.4.8
positipn of rest
<contactor> .position which the moving elements of the contactor take up when its
electromagnet or its compressed-air device is not energized

SOU CE- O OO0 A444-4Q004 444 46241
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3.4.9

inching

jogging

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

3.4.10

plugging

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

3.5.1
nominal value
value of a quantity used to designate and identify a component, device, equipment, or system

Note 1 to entry: The nominal value is generally a rounded value.

[SOURCE: IEC 60050-151:2001, 151-16-09]

3.5.2

limiting value
in a slpecification of a component, device, equipment, or system, the greatest or_smallest
admispible value of a quantity

[SOURCE: IEC 60050-151:2001, 151-16-10]

3.5.3
rated value
value pf a quantity used for specification purposes, established for a.specified set of opgrating
conditjons of a component, device, equipment, or system

[SOURCE: IEC 60050-151:2001, 151-16-08]

3.5.4
rating
set of [rated values and operating conditions

[SOURCE: IEC 60050-151:2001, 151-16-11]

3.5.5
prosplective current
<of a kircuit and with respect to a switching device or a fuse> current that would flow|in the
circuit|if each pole of the switching'device or the fuse were replaced by a conductor of nedligible
impedpnce

Note 1 fo entry: The method.forbe used to evaluate and to express the prospective current is specified in the
relevanf publications.

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

3.5.6
prosplective.peak current
peak Valleof a prospective current during the transient period following initiation

Note 1 to entry: The definition assumes that the current is made by an ideal switching device, i.e. with instantaneous
transition from infinite to zero impedance. For circuits where the current can follow several different paths, e.g.
polyphase circuits, it further assumes that the current is made simultaneously in all poles, even if only the current in
one pole is considered.

[SOURCE: IEC 60050-441:1984, 441-17-02]

3.5.7

maximum prospective peak current

<AC circuit> prospective peak current when initiation of the current takes place at the instant
which leads to the highest possible value

Note 1 to entry: For a multipole device in a polyphase circuit, the maximum prospective peak current refers to a
single pole only.

[SOURCE: IEC 60050-441:1984, 441-17-04]
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3.5.8

breaking current

<switching device or 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

Note 1 to entry: For AC the current is expressed as the symmetrical RMS value of the AC component.

[SOURCE: IEC 60050-441:1984, 441-17-07, modified — Addition of a new Note 1 to entry.]

3.5.9
breaking capacity

<switcwwmmwwmm%use is
capable of breaking at a stated voltage under prescribed conditions of use and behavioyr

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

Note 2 jo entry: For AC, the current is expressed as the symmetrical RMS value of the AC.component.

Note 3 fo entry: For short-circuit breaking capacity, see 3.5.11.

[SOURCE: IEC 60050-441:1984, 441-17-08, modified — Addition of‘\Notes 2 and 3 to entyy.]

3.5.10
making capacity
<switghing device> value of prospective making curreni'that a switching device is capgble of
makinp at a stated voltage under prescribed conditions'ef use and behaviour

Note 1 o entry: The voltage to be stated and the conditions te be prescribed are dealt with in the relevant product
standard.

Note 2 jo entry: For short-circuit making capacity, sée 3.5.12.

[SOURCE: IEC 60050-441:1984, 441-17-09, modified — Addition of a new Note 2 to entry.]

3.5.11
short{circuit breaking capacity
breaking capacity for which the’prescribed conditions include a short-circuit at the termipals of
the switching device

[SOURCE: IEC 60050-441:1984, 441-17-11]

3.5.1

short{circuit:mmaking capacity
makinp capacity for which prescribed conditions include a short circuit at the terminals|of the
switching.device

[SOURCE: IEC 60050-441:1984, 441-17-10]

3.5.13

joule integral

2t

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

t
m:j‘ 2dt
t

0

[SOURCE: IEC 60050-441:1984, 441-18-23, modified — Deletion of Notes to entry.]
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f current

let-through 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 60050-441:1984, 441-17-12]

3.5.15

applidd voltage

<switg
just bg

Note 1
voltage

[SOUH

3.5.16

voltag
breaki

Note 1
voltage
voltage

Note 2
voltage

[SOUR

3.5.17

transient recovery voltage

TRV

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

recovEry voltage

hing device> voltage which exists across the terminals of a pole of a switching
fore the making of the current

fo entry: This definition applies to a single-pole device. For a multipole device. it-is_the phase-t
across the supply terminals of the device.

RCE: IEC 60050-441:1984, 441-17-24, modified — New Note 1 to entry.]

which appears across the terminals of a pole of a switching device or a fuse af
g of the current

o entry: This voltage can be considered in two successive intervals of time, one during which a t
exists, followed by a second one during which the power frequency voltage or the steady-state r
alone exists.

to entry: This definition applies to a single-pole*device. For a multipole device it is the phase-t
across the supply terminals of the device.

RCE: IEC 60050-441:1984, 441-17-25, modified — New Note 2 to entry.]

Note 1
the ch

polyphgse circuit.

[SOURCE: IEC60050-441:1984, 441-17-26, modified — Replacement in the note of “a
switching device” with the “switching device or the fuse”.]

o entry: The transient voltage can be oscillatory or non-oscillatory or a combination of these depen
racteristics of.the, circuit, the switching device or the fuse. It includes the voltage shift of the neuf

Hevice

-phase

er the

ansient
bcovery

-phase

ding on
ral of a

nd the

3.5.18
power-frequency recovery voltage
recovery voltage after the transient voltage phenomena have subsided

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

3.5.19

DC steady-state recovery voltage
recovery voltage in a DC circuit after the transient voltage phenomena have subsided,
expressed by the mean value where ripple is present

[SOURCE: IEC 60050-441:1984, 441-17-28]
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3.5.20

clearance

distance between two conductive parts along a string stretched the shortest way between these
conductive parts

[SOURCE: IEC 60050-441:1984, 441-17-31]

3.5.21
creepage distance
shortest distance along the surface of an insulating material between two conductive parts

Note 1 fo entry: A joint between Iwo pieces of insulating material is considered part of the surface.

3.5.22
workinhg voltage
highegt RMS value of the AC voltage or the highest value of the DC voltage-which can|occur
(locally) across any insulation at rated supply voltage, transients being disregarded, il open
circuit|conditions or under normal operating conditions

3.5.23
impu{e withstand voltage

highegt peak value of an impulse voltage, of prescribed form and-polarity, which does not|cause
breakdlown under specified conditions of test

3.5.24
power-frequency withstand voltage
RMS value of a power-frequency sinusoidal voltage*which does not cause breakdown|under
specifled conditions of test

3.5.25
pollutjon
any addition of foreign matter, solid, liguid or gaseous (ionized gases) that can affect didlectric
strength or surface resistivity

3.5.2

pollution degree
<envionmental conditions> conventional number based on the amount of conductjve or
hygroscopic dust, ionized gas or salt and on the relative humidity and its frequepcy of
occurilence, resulting-/in hygroscopic absorption or condensation of moisture lead|ng to
reduciion in dielegtric strength and/or surface resistivity

Note 1 {o entry..\The pollution degree of the micro-environment to which equipment is exposed can be differ¢gnt from
that of the mfacro-environment where the equipment is located because of protection offered by means such as an
enclosyredor jnternal heating to prevent absorption or condensation of moisture.

Note 2 to entry: For the purposes of this document, the pollution degree is that of the micro-environment.

3.5.27

micro-environment

<clearance or creepage distance> ambient conditions which surround the clearance or
creepage distance under consideration

Note 1 to entry: The micro-environment of the creepage distance or clearance and not the environment of the
equipment determines the effect on the insulation. The micro-environment can be better or worse than the
environment of the equipment. It includes all factors influencing the insulation such as climatic and electromagnetic
conditions, generation of pollution, etc.
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3.5.28

overvoltage category

<in a circuit or within an electrical system> conventional number based on limiting (or
controlling) the values of prospective transient overvoltages occurring in a circuit (or within an
electrical system having different nominal voltages) and depending on the means employed to
influence the overvoltages

Note 1 to entry: In an electrical system, the transition from one overvoltage category to one of a lower category is
obtained through appropriate means complying with interface requirements, such as an overvoltage protective device
or a series-shunt impedance arrangement capable of dissipating, absorbing, or diverting the energy in the associated
surge current, to lower the transient overvoltage value to that of the desired lower overvoltage category.

3.5.29
co-ordination of insulation
correlation of insulating characteristics of electrical equipment with the expected overvdltages
and the characteristics of overvoltage protective devices on the one hand,.and with the
expected micro-environment and the pollution protective means on the other hand

3.5.30
homopgeneous field
unifoym field

electric field which has an essentially constant voltage gradient between electrodes, sdich as
that between two spheres where the radius of each sphere is gr€ater than the distance bgtween
them

3.5.31
inhomogeneous field
non-uniform field

electric field which does not have an essentially constant voltage gradient between elecfrodes

3.5.32
tracking
progrgssive formation of conducting paths which are produced on the surface of g solid
insulajing material, due to the combined effects of electric stress and electrolytic contamination
on that surface

3.5.33
comparative tracking index
CTI

numerical value of the )maximum voltage in volts at which a material withstands 50 dropgs of a
test sglution withaut\tracking

Note 1 fo entry:\\Fhe value of each test voltage and the CTI are divisible by 25.

Note 2 fo €ntry: This definition is based on 3.5 of IEC 60112:2020.

4 Classification

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

5 Characteristics of contactors

5.1 Summary of characteristics
The characteristics shall be stated in the following terms, where such terms are applicable:

— type of contactor (see 5.2);
— rated and limiting values for main circuits (see 5.3);
— utilization category (see 5.4);
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— control circuits (see 5.5);
— auxiliary circuits (see 5.6);
— co-ordination with short-circuit protective devices (see 5.7).

5.2 Type of contactor
5.21 General

The following shall be stated (see also Clause 6):

5.2.2 Number of poles

5.2.3 Method of control
— aufomatic (by pilot switch or sequence control);
— nop-automatic (e.g. by hand operation or by push-buttons);

— semi-automatic (i.e. partly automatic, partly non-automatic).
5.3 |Rated and limiting values for main circuits
5.3.1 General

The rdted values established for a contactor shall be stated in ac¢ordance with 5.3.2 to 5|4 and
5.7.

5.3.2 Rated voltages

5.3.2. General

A confactor is defined by the rated voltages given in 5.3.2.2 t0 5.3.2.4.
5.3.2.2 Rated operational voltage (¥7,)

A ratefd operational voltage of a contactor is a value which, combined with a rated operational

current, determines the application of the contactor and to which the relevant tests apd the
utilizagion categories are refetred.

For a|single-pole contactor, the rated operational voltage is generally stated as the vpltage
acrosg the pole.

For a multipole_eontactor, it is generally stated as the voltage between phases.

NOTE 1 A contactor can be assigned a number of combinations of rated operational voltages and rated opefational
currentg of powers for different duties and utilization categories.

NOTE 2 A contactor can be assigned a number of rated operational voltages and associated making and breaking
capacities for different duties and utilization categories.

NOTE 3 Attention is drawn to the fact that the operational voltage can differ from the working voltage (see 3.5.22)
within a contactor.

5.3.2.3 Rated insulation voltage (U;)

The rated insulation voltage of a contactor is the value of voltage to which dielectric tests
voltage and creepage distances are referred.

In no case shall the maximum value of the rated operational voltage exceed that of the rated
insulation voltage.

NOTE For contactors without a specified rated insulation voltage, the highest value of the rated operational voltage
is considered to be the rated insulation voltage.
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5.3.2.4 Rated impulse withstand voltage (Uimp)
The peak value of an impulse voltage of prescribed form and polarity which the contactor is

capable of withstanding without failure under specified conditions of test and to which the values
of the clearances are referred.

The rated impulse withstand voltage of a contactor shall be equal to or higher than the values
stated for the transient overvoltages occurring in the circuit in which the contactor is fitted.

NOTE Preferred values of rated impulse withstand voltage are given in Table 16.

5.3.3 —Cuwrrents orpowers
5.3.3. General

A confactor is defined by the currents given in 5.3.3.2 t0 5.3.3.4.

5.3.3.2 Conventional free air thermal current (Iy,)

The conventional free air thermal current is the maximum value of tést'current to be uged for
tempefrature-rise tests of an unenclosed contactor in free air (see.9.3.3.3).

The value of the conventional free air thermal current shall be“at least equal to the makximum
value [of the rated operational current (see 5.3.3.4) of the Gnenclosed contactor in eight-hour
duty ($ee 5.3.5.2).

Free gir is understood to be air in normal indoor conditions, reasonably free from draughfts and
external radiation.

NOTE 1 This current is not a rating and is not mandatorily marked on the contactor.

NOTE 4 An unenclosed contactor is a contactor supplied by the manufacturer without an enclosure or a cgntactor
supplie¢l by the manufacturer with an integral enclosure which is not normally intended to be the sole c¢ntactor
protective enclosure. An unenclosed contactor‘is characterised by IP00O.

5.3.3.3 Conventional enclosed thermal current (1y,.)

The cpnventional enclosgd.thermal current is the value of current stated by the manufgcturer
to be|used for the temperature-rise tests of the contactor when mounted in a spé¢cified
enclogqure. Such test$ shall be in accordance with 9.3.3.3 and are mandatory if the contalctor is
descriped as an enclosed contactor in the manufacturer's catalogues and normally intended for
use with one ordnore enclosures of specified type and size (see Note 2 of 5.3.3.2).

value pfihe rated operational current (see 5.3.3.4) of the enclosed contactor in eight-hoyr duty
(see 5:-3-5-2)-

The v‘}lue of'the conventional enclosed thermal current shall be at least equal to the maximum

If the contactor is normally intended for use in unspecified enclosures, the test is not mandatory
if the test for conventional free air thermal current (/;;,) has been made. In this case, the

manufacturer shall be prepared to give guidance on the value of the enclosed thermal current
or the derating factor.

NOTE 1 This current is not a rating and is not mandatorily marked on the contactor.

NOTE 2 An enclosed contactor is a contactor normally intended for use with a specified type and size of enclosure
or intended for use with more than one type of enclosure.
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5.3.3.4 Rated operational currents (1) or rated powers

A rated operational current of a contactor is stated by the manufacturer and takes into account
the rated operational voltage (see 5.3.2.2), the conventional free air or enclosed thermal
current, the rated frequency (see 5.3.4), the rated duty (see 5.3.5), the utilization category

(see 5

.4) and the type of protective enclosure, if any.

In the case of a contactor for the direct switching of individual motors or LED lamps, the
indication of a rated operational current can be replaced or supplemented by an indication of
the maximum rated power, at the rated operational voltage considered, of the load for which
the contactor is intended. The manufacturer shall be prepared to state the relationship assumed

betwe

nthe onerational current and the nower
1 g

5.3.4

The s
valueg

NOTE
5.3.5
5.3.5.

The r4g

5.3.5.]

A duty
long &
witho(

NOTE 1
determi

NOTE 3
5.3.5.

A duty
a defi
reach

Interm
and b

Rated frequency

correspond.

The same contactor can be assigned a number or a range of rated frequencies.
Rated duties
General

ted duties considered as normal are given in 5.3.5(2 t0 5.3.5.5.

p Eight-hour duty (continuous duty)

in which the main contacts of a contactor,remain closed while carrying a steady
nough for the contactor to reach therm@l equilibrium but not for more than eight
t interruption.

This is the basic duty on which the“conventional thermal currents 7, and I,  of the contag
hed.

Interruption means breaking\thie current by operating the contactor.

] Intermittent periodic duty or intermittent duty

hite relation o eff-load periods, both periods being too short to allow the conta
thermal equilibrium.

the-on-load factor which is the ratio of the in-service period to the entire period

expre

ipply frequency for which a contactor is designed and to which the other,characferistic

urrent
hours

tor are

with on-load periads, during which the main contacts of a contactor remain closed, having

ttor to

ittent<duty is characterized by the value of the current, the duration of the current flow

often

sed as a percentage.

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

— class 1: 1 operating cycle per hour;

— class 3: 3 operating cycles per hour;
— class 12: 12 operating cycles per hour;
— class 30: 30 operating cycles per hour;
— class 120: 120 operating cycles per hour;
— class 300: 300 operating cycles per hour;

— class 1 200: 1200 operating cycles per hour.


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

-32 - IEC 61095:2023 © IEC 2023

A contactor intended for intermittent duty can be designated by the characteristics of
intermittent duty.

EXAMPLE An intermittent duty comprising a current flow of 32 A for 2 min within every 5 min can be stated as:
32 A, class 12, 40 %.

5.3.54 Temporary duty

Duty in which the main contacts of a contactor remain closed for periods insufficient to allow
the contactor to reach thermal equilibrium, the on-load periods being separated by off-load
periods of sufficient duration to restore equality of temperature with the cooling medium.

5.3.5.% Periodic duty

A typd of duty in which operation, whether at constant or variable load, is regularly_repeated.

5.3.6 Normal load and overload characteristics
5.3.6. General

This subclause gives general requirements concerning ratings under-noermal load and ovgrload
conditjons.

Detailgd requirements are given in 8.2.4.

5.3.6.2 Ability to withstand motor switching overload currents

A conflactor intended for switching motors shall be capable of withstanding the thermal stfesses
due tg starting and accelerating a motor to normal*speed and due to operating overloadg.

Requifements to meet these conditions arevgiven in 8.2.4.4.

5.3.6.3 Rated making capacity

Requifements for the various utilization categories (see 5.4) are given in 8.2.4.2. Thel rated
makinp and breaking capacities-are only valid when the contactor is operated in accondance
with the requirements of 8.2.1.1 and 8.2.1.2.

5.3.6.4 Rated breaking capacity

Requirements forthe various utilization categories (see 5.4) are given in 8.2.4.2. The| rated
makinp and breaking capacities are only valid when the contactor is operated in accondance
with the requirements of 8.2.1.1 and 8.2.1.2.

5.3.6.% Conventional operational performance

Specified as a series of making and breaking operations in 8.2.4.3.

5.3.7 Rated conditional short-circuit current

The rated conditional short-circuit current of a contactor is the value of prospective current
stated by the manufacturer, that the contactor, protected by a short-circuit protective device
specified by the manufacturer, can withstand satisfactorily for the operating time of this device
under the test conditions specified in 9.3.4.

The details of the specified short-circuit protective device shall be stated by the manufacturer.

NOTE The rated conditional short-circuit current is expressed by the RMS value of the AC component.
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5.4

5.4.1

Utilization category

General

The utilization category of a contactor defines the intended application and is characterized by
one or more of the following service conditions:

— current(s), expressed as multiple(s) of the rated operational current;

— voltage(s), expressed as multiple(s) of the rated operational voltage;

— power-factor.

The standard utilization r‘afngnrine are gi\/nn in Table 1

Each
and o

It is th

these

Unles
the st
When

curren

5.4.2

her data of Table 7 and Table 9 and by the test conditions specified in thisydocum

values depend directly on the utilization category as shown in Tabl€.7.

t should be decreased accordingly.

Assignment of utilization categories based,on the results of tests

A cornt
paramleters (such as highest operational voltage "‘and current, etc.) can be assigned a

utiliza

number of operating cycles, ON and OFF times given in Table 7 and Table 9 and the test

tilization category is characterized by the values of the currents, voltages, power-factors

bnt.

erefore unnecessary to specify separately the rated making and breaking capacifies as

5 otherwise stated, contactors of utilization category AC-7b aré)designed on the basis of
arting characteristics of the motors compatible with the making capacities of Table 7.
the starting current of a motor, with stalled rotor, exceeds/these values, the operational

actor which has been tested for one utilization category or at any combinafjon of

hother

ion category without testing provided\that the test currents, voltages, power-factors,

circuit

for thg assigned utilization category are-not more severe than those at which the contactpr has
been {ested and the temperature-rise has been verified at a current not less than the highest
assigried rated operational current in‘\eontinuous duty.
Table 1 — Utilization categories
Utilization categories 2 Typical loads

AC-7a Slightly inductive

AC-7b Motor P

AC-T7c Switching of compensated electric discharge lamp control ©

AC-7d LED lamp
a8 Coptactors can have other utilization categories, in which case they shall comply with the requiremgnts of

IEC60947-4-T for such categories.

The AC-7b category can be used for occasional inching (jogging) or plugging for limited time periods; during
such limited time periods the number of operations should not exceed 5/min or more than 10 in a 10-minute
period.

¢ This category is similar to a capacitive switching category AC-6b as defined in IEC 60947-4-1 for the switching
of capacitor banks, the characteristic being very dependent on the capacitance value of the lamp circuit.
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Control circuits

The characteristics of control circuits are:

— kind of current;

— rat

— rat

— rat

ed frequency;
ed control circuit voltage U, (nature and frequency);

ed control supply voltage Ug (nature and frequency), where applicable;

— suitability to be connected to SELV circuits.

NOTE

contact
termina
the pre

b (see 3.3.10) in the control circuit, and the control supply voltage, which is the voltage applied 4ot
s of the control circuit of the contactor and which can be different from the control circuit volfage g
ence of built-in transformers, rectifiers, resistors, etc.

The rated control circuit voltage and rated frequency, if any, are the valuesson whi

operat

5.6

The ¢
contaq

The ¢
IEC 6

5.7
Conta

proteg
short-

6 P

6.1
6.1.1

ing and temperature-rise characteristics of the control circuit are based.

Auxiliary circuits

t, etc.) in each of these circuits and their ratings according-to IEC 60947-5-1.

haracteristics of auxiliary contacts and switches shall comply with the requirems
947-5-1.

Co-ordination with short-circuit protectiverdevices

ctors are characterized by the typejxratings and characteristics of the short-

Circuit currents. Requirements are.given in 8.2.5.

roduct information

Nature of information

General

The information given in 6.1.2 to 6.1.3 shall be given by the manufacturer.

6.1.2
a) the

Identification

manufacturer's name or trade mark;

the "a
e input
wing to

th the

naracteristics of auxiliary circuits are the number and kind of contacts ("a" contagt, "b"

nts of

circuit

tive devices (SCPD) to be used to provide adequate protection of the contactor against

b) tyg

e 'designation or serial number:;

c) number of this document.

6.1.3
d) rat

Characteristics, basic rated values and utilization
ed operational voltages (see 5.3.2.2);

e) utilization category and rated operational currents (or rated powers), at the rated operational
voltage (see 5.3.3.4 and 5.4);

f) value of the rated frequency/frequencies, e.g.: 50 Hz or 50 Hz/60 Hz;

g) rat

ed duty with indication of the class of intermittent duty, if any (see 5.3.5).

Associated values:

h) rated making and breaking capacities. These indications can be replaced, where applicable,

by

the indication of the utilization category (see Table 7);


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

IEC 61095:2023 © IEC 2023 - 35 -

Safety and installation:

i) rated insulation voltage (see 5.3.2.3);

j) rated impulse withstand voltage (see 5.3.2.4), the marking of Ui, is not required if equal to
4 kV;

k) IP code, in case of an enclosed contactor (see 8.1.11);
[) pollution degree (see 7.1.4.2);

m) rated conditional short-circuit current (see 5.3.7) and the type, current rating and
characteristics of the associated SCPD;

n) For non-universal screwless terminals:

— | "s" or "sol" for terminals declared for solid conductors;
— | "r" for terminals declared for solid and stranded conductors;

— | "f" for terminals declared for flexible conductors.

Contral circuits (see 5.5):

The fgllowing information concerning control circuits shall be placed-either on the coil or pn the
contagtor:

o) rated control circuit voltage (U,), nature of current and rated\frequency;
p) if necessary, nature of current, rated frequency and rated control supply voltage (Ug);
For cgntactors, the control circuit of which is intendeddo be connected to a SELV supply|:

q) suftability of the control circuit to be connected to a SELV supply, the main circuit|being
supplied with a voltage having a value greater than that of the SELV circuit.

r) In[case the control circuit is supplied byzanother means than the main power supply (e.g.,
coptrol circuit connected to a SELV supply), additional characteristics or the reference type
shpuld be provided for selection criteria of the power supply unit.

Auxiligry circuits:
s) rafings of auxiliary circuits-(see 5.6).
6.2 |Marking

Markings shall be indelible and easily legible.

Marking of the manufacturer's name or trademark and type designation or serial nuniber is
mand:]\etory onthe contactor, preferably on the nameplate if any, to enable complete datg to be

obtained/from the manufacturer.

NOTE 1 In the USA and Canada, the rated operational voltage U, can be marked as follows:

a) on equipment for use on three-phase — four-wire systems, by both the value of phase-to-earth voltage and that
of phase-to-phase voltage, e.g. 277/480 V;

b) on equipment for use on three-phase — three-wire systems, by the value of phase-to-phase voltage, e.g. 480 V.
The following information shall be marked and visible after mounting:

— direction of movement of the actuator (see 8.1.5.3), if applicable;
— indication of the position of the actuator (see also 8.1.6.1 and 8.1.6.2);


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

- 36 - IEC 61095:2023 © IEC 2023

The following information shall be marked and visible after wiring, before installation of covers

or lids

— for miniaturized contactors, symbol, colour code or letter code;

- ter

minal identification and marking (see 8.1.7.4);

— IP code and class of protection against electric shock, when applicable (marked preferably

on

the contactor as far as possible).

Markings shall not be placed on screws, removable washers or other removable parts.

Data under k) shall be indicated on the enclosure, if any.

Data

Data
if the

provid
of ter
markir
the te

Data U
orint

The n

nder c¢) shall be marked on the product.

nder n), if relevant, shall be indicated on the nameplate, or marked on.the“contag

d with the product or in the manufacturer's published literature. Inthe case of a
inals located together, a single marking on the device is acceptable. An apprd
g indicating the length of insulation to be removed before insertion of the conduct
minal shall be shown on the contactor.

nder d) to j), I), m) and o) to s) shall be included on the hameplate, or on the con
he manufacturer's published literature.

nanufacturer’s published literature can be provided digitally for example usi

electrgnically readable identifier on the equipment or:its packaging (see IEC 63365).

The m

NOTE 4

Table 1).

6.3

The ¢
its intq

Inform

devicq.

Maintg

arking of terminals shall be in accordance with Annex A of this document.

Additional utilization categories according to IEC 60947-4-1 can also be marked (see footn

Instructions for installation, operation and maintenance

pbntactor shall be installed in accordance with all specifications given in 6.1, consi
nded use.

ation shall be provided if the control circuit is to be protected by a short circuit prof

nancess-unusual for contactors intended for household applications.

7 N

7.1
7.1.1

tor or,

Epace available is not sufficient, on the smallest package unit or in technical inforfnation

group
priate
Dr into

actor,

ng an

te a to

dering

ective

. : : I liti

Normal service conditions

General

Contactors complying with this document shall be capable of operating under the following
standard conditions.

7.1.2

Ambient air temperature

The ambient air temperature does not exceed +40 °C and its average over a period of 24 h
does not exceed +35 °C.

The lo

wer limit of the ambient air temperature is -5 °C.
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Ambient air temperature is that existing in the vicinity of the contactor if supplied without
enclosure, or in the vicinity of the enclosure if supplied with an enclosure.

Contactors intended to be used in ambient air temperatures above +40 °C (particularly in
tropical countries) or below —5 °C shall either be specially designed or be used according to the

inform

7.1.3
The al

ation given in the manufacturer's catalogue.

Altitude

titude of the site of installation does not exceed 2 000 m.

For in
docuni

71.4
7.1.4.

The rqg
Highe

NOTE
7.1.4.]
The p
is inte

NOTE

determi
contact
generat

For ca
polluti

For th
of poll
being

Pollut
No po

Pollut

Ftaltations at higher aiitudes than 2000 m, instruction shall be provided in the co
entation.

Atmospheric conditions
Humidity

lative humidity of the air does not exceed 50 % at a maximum(temperature of +
relative humidity can be permitted at lower temperatures, e.g..90 % at +20 °C.

The pollution degrees given in 7.1.4.2 define the environmental conditions more precisely.
p Pollution degree

pllution degree (see 3.5.26) refers to the environmental conditions for which the cor
hded.

The micro-environment of the creepage distancésor clearance and not the environment of the c
hes the effect on the insulation. The micro-envitenment can be better or worse than the environmer
pr. It includes all the factors influencing thelinsulation, such as climatic and electromagnetic con
ion of pollution, etc.

ntactors intended for use withiman enclosure or provided with an integral enclosu
bn degree of the environment in the enclosure is applicable.

b purposes of evaluating-clearances and creepage distances, the following four dg
ution of the micro-ehvironment are established (the clearances and creepage disf
according to the different pollution degrees given in Table 17 and Table 18)

on degree *:
lution.of-only dry, non-conductive pollution occurs.

on’degree 2:

tactor

10 °C.

tactor

ntactor
t of the
ditions,

e, the

grees
ances

Normally, only non-conductive pollution occurs. Occasionally, however, a temporary
conductivity caused by condensation can be expected.

Pollution degree 3:

Conductive pollution occurs, or dry, non-conductive pollution occurs which becomes conductive
due to condensation.

Pollution degree 4:

The pollution generates persistent conductivity caused, for instance, by conductive dust or by
rain or snow.


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

- 38 - IEC 61095:2023 © IEC 2023

Standard pollution degree of household and similar applications:

Contactors for household and similar applications are generally for use in a pollution degree 2
environment.

7.1.5 Normal electromagnetic environmental conditions

The normal electromagnetic environmental conditions are those which relate to low-voltage
public networks such as residential, commercial and light industrial locations/installations.

7.2 Conditions during transport and storage

The ccl)nditions during transport and storage, e.g. temperature and humidity, are those dlefined
in 7.1) except that, unless otherwise specified, the following temperature range applie's during
transplort and storage: between —25 °C and +55 °C and, for short periods not exceeding 24 h,
up to +70 °C.

7.3 [Mounting

The contactor shall be mounted in accordance with the manufacturer!s-instructions.

8 Constructional and performance requirements

8.1 Constructional requirements
8.1.1 General

The dontactor with its enclosure, if any, whether integral or not, shall be designed and
constructed to withstand the stresses occurring during installation and normal use and, in
additign, shall provide a specified degree ofiresistance to abnormal heat and fire.

NOTE |An enclosed contactor is a contactop-mounted in an enclosure, designed and dimensioned to contpin one
contactpr only.

Protedtion against hazards caused by the electronic circuits shall be maintained under normal
and sipgle fault conditions, as-specified in this document.

8.1.2 Materials
8.1.2. General

The syitability\of materials used is verified by making the following tests on the contactor gnd/or,
if not practicable, on parts taken from it.

— resgistance to ageing (see 8.1.2.2)
— resistance to humidity (see 8.1.2.3)
— resistance to heat (see 8.1.2.4)
— resistance to abnormal heat and fire (see 8.1.2.5)
— resistance to rusting (see 8.1.2.6)

As far as resistance to heat, abnormal heat and fire hazard are concerned, priority shall be
given to tests made on the contactor or on a suitable part taken from the contactor.

However, in certain cases, tests on materials can be used, for practical reasons, as an
alternative to tests on the contactor.
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8.1.2.2 Resistance to ageing

Contactors shall be resistant to ageing.

In general, it is only necessary to test contactors having (or supplied with) enclosures or parts
of p.v.c. or similar thermoplastic material and parts of rubber such as sealing rings and gaskets.

Compliance is checked by inspection and, if necessary, by a test according to 9.2.2.1.

8.1.2.3 Resistance to humidity
The cprmtactorstattbeprotected—agaimstthe—effectsof humidity which—camoccor—mmormal

service.
Compliance shall be verified by the test specified in 9.2.2.2.

8.1.2.4 Resistance to heat

All pafts of enclosed, partially enclosed and unenclosed contactors intended to prevent gccess
to live| parts shall not be adversely affected by the highest tempetature likely to be relached
during normal service.

Compliance shall be verified by the tests specified in 9.2.2.3x\* and 9.2.2.3.2.

8.1.2.% Resistance to abnormal heat and fire

Parts of insulating material which might be exposed 10 thermal stresses due to electrical effects,
the degterioration of which might impair the safety of the contactor, shall not be adversely
affected by abnormal heat or fire.

Compliance shall be verified by the test\specified in 9.2.2.4.

If a tept has to be made at moresthan one place on the same sample, care shall be taken to
ensure that any deterioration_caused by previous tests does not affect the test to be made.
Small|parts with surface dimensions not exceeding 14 mm x 14 mm are not subjected [to the
test.

8.1.2.6 Resistance)to rusting

Ferroys parts of the contactor including enclosures and covers, but excluding pole fages of
electrgmagnets,)shall be protected against rusting.

Compliahce shall be verified by the test specified in 9.2.2.5.

8.1.3 Strength of screws or nuts other than those on terminals which are intended
to be operated during installation or maintenance

Screws or nuts intended to be operated during installation or maintenance, as recommended
by the manufacturer, shall withstand the mechanical stresses occurring in normal service.

Thread-forming tapping screws and thread-cutting tapping screws intended only for mechanical
assembly can be used provided they are supplied together with the piece in which they are
intended to be inserted.

An example of a thread-forming tapping screw is shown in Figure 1. An example of a
thread-cutting tapping screw is shown in Figure 2. In addition, thread-cutting tapping screws
intended to be operated by the installer shall be captive with the relevant part of the accessory.
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Screws or nuts which transmit contact pressure shall be in engagement with metal threads.

For electrical connections, no contact pressure shall be transmitted through insulating material
other than ceramic or other material with characteristics not less suitable and compensated for
any possible shrinkage or yielding.

Compliance shall be verified by inspection and by the test of 9.2.3.

8.1.4
8.1.5

Vacant

Actuator

8.1.5.
The rqg

General

quirements of 8.1.5.2 and 8.1.5.3 apply to contactors provided with a manually op

actuator.

8.1.5.1

The a
voltag

Moreo

p Insulation

e and, if applicable, the rated impulse withstand voltage.

ver:

— if fhe activator is made of metal, it shall be capable~0f being satisfactorily connectg

prd
- ifi
ac

tective conductor unless it is provided with additional reliable insulation;

cessible in the event of insulation failure_shall also be insulated from live parts

rated insulation voltage.

8.1.5.

B Direction of movement

brated

ctuator of the contactor shall be insulated from the live parisi\for the rated insdilation

d to a

is made of or covered by insulating material,~any internal metal part which might b$come

or the

The direction of operation for actuators, of devices shall normally comply with IEC 60447. Where
devicgs cannot comply with these requirements, e.g. due to special applications or altennative
mounting positions, they shall bé_clearly marked such that there is no doubt as to the '{I" and
"O" pgsitions and the direction of the operation.

8.1.5.4 Mounting

Actuafors mountedton removable panels or opening doors shall be so designed that when the
panelg are replaced or the doors closed, the actuator will engage correctly with the assofciated
mechgnism.

8.1.6 | <ndication of the OFF and ON positions

8.1.6.1 Indicating means

When a contactor is provided with means for indicating the closed and open positions, these
positions shall be unambiguous and clearly indicated.

NOTE

In the case of enclosed contactors, the indication can be visible from the outside.

This is done by means of a position indicating device (see 3.3.15).

If symbols are used, they shall indicate the closed and open positions respectively, in
accordance with IEC 60417:
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Forc

60417-IEC-5007
| ON (power)

(2002-10)

60417-1EC-5008
O OFF (power)
(2002-10)

openir
Red ¢

The ¢
accord

8.1.6.1

When
or sta
case,
contaq

8.1.7

8.1.7.

All paifts of terminals which maintain conta¢tand carry current shall be of metal having adg

mech4

Termi
screw
pressy

Termi
surfac

Termi
detrim)
below

y in, when released, the position corresponding to that of the moving contacts;
ts, but for automatic opening, a third distinct position of the actuator can be provig
Terminals

Constructional requirements

nical strength.

5, screwless-type or other” equivalent means to ensure that the necessary ¢
re is maintained.

es without any'significant damage either to conductors or terminals.

nals shalnot allow the conductors to be displaced or be displaced themselves in a m
ental 4osthe operation of the contactor and the insulation voltage shall not be re
the rated values.

ntactors npnra’rnd hy means of two Imlqh-hnﬂnnq nnly the Innqh-huﬂnn dncignnmd or the
g operation shall be red or marked with the symbol "O".

blour shall not be used for any other push-button.

blours of other push-buttons, illuminated push-buttons and indicator Jights shall| be in
ance with [EC 60073.

p Indication by the actuator

the actuator is used to indicate the position of the contactsy it shall automatically take up

n this

the actuator shall have two distinct rest positions gorresponding to those of the moving

ed.

quate

nal connections shall be such-that the force to connect the conductors can be applied by

ontact

nals shall be so_constructed that the conductors can be clamped between suyitable

anner
duced

Screwless terminals shall be so designed and constructed that each conductor is clamped
individually.

Screwless-type clamping units, unless otherwise specified by the manufacturer, shall accept
solid, stranded and flexible conductors.

On screwless-type clamping unit, the connection or disconnection of conductors shall be made
as follows:

— on universal clamping units by the use of a general-purpose tool or a convenient device,
integral with the clamping unit to open it for the insertion or withdrawal of the conductors;
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— on push-wire clamping units by simple insertion. For the disconnection of the conductors an
operation other than a pull only on the conductor shall be necessary. The use of a general-
purpose tool or of a convenient device, integral with the clamping unit is allowed in order to
"open" it and to assist the insertion or the withdrawal of the conductor.

Examples of screwless terminals are given in Figure 23

The requirements of this subclause shall be verified by the tests of 9.2.5.3, 9.2.5.4, 9.2.5.5,
9.2.5.7 and 9.2.5.8 as applicable.

NOTE North American countries have particular requirements for terminals suitable for aluminium conductors and
marking to identify the use of aluminium conductors.

8.1.7.
The

Connecting capacity

anufacturer shall state the type (rigid — solid or stranded — or flexible), theminimu

the maximum cross-sections of conductors for which the terminal is suitable and; if appl
the number of conductors simultaneously connectable to the terminal. However, the ma

Cross-
the te
flexibl

Stand
sizes)
and A

section shall not be smaller than that stated in 9.3.3.3 for the tempe@rature-rise te
'minal shall be suitable for conductors of the same type (rigid £\solid or strande
b) at least two sizes smaller, as given in the appropriate column of Table 2.

are shown in Table 2 which also gives the approximaté.relationship between ISO
NG/MCM sizes.

Table 2 — Standard cross-sections of found copper conductors

m and
cable,
imum
5t and
d — or

brd values of cross-sections of round copper conductors A(both metric and AWG/MCM

metric

AWG/MCM
ISO
cross-sections Equivalent
Sizes cross-sections
mm? mm2
0,2 24 0,205
- 22 0,324
0,5 20 0,519
0,75 18 0,82
1 - -
1,5 16 1,3
2,5 14 21
4 12 3,3
6 10 5,3
10 8 8,4
16 6 13,3
25 4 21,2
35 2 33,6
NOTE The dash, when it appears, counts as a size when considering connecting
capacity.

8.1.7.3 Connection

Terminals for connection to external conductors shall be readily accessible during installation.

Clamping screws and nuts shall not serve to fix any other component although they can hold
the terminals in place or prevent them from turning.
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8.1.7.4 Terminal identification and marking

Terminals shall be clearly and permanently identified in accordance with IEC 60445.

Terminals intended exclusively for the neutral conductor shall be identified by the letter "N", in
accordance with IEC 60445.

The protective earth terminal shall be identified in accordance with 8.1.9.3.

Additional requirements for terminal identification and marking are given in Annex A.

8.1.8 Additional requirements for contactors provided with a neutral pole

When|a contactor is provided with a pole intended only for connecting the neutrak-"this pole
shall Qe clearly identified to that effect by the letter "N" (see 8.1.7.4).

A switched neutral pole shall not break before and shall not make after the:ather poles.
The value of the conventional thermal current shall be identical for all*poles.

8.1.9 Provisions for earthing
8.1.9. Constructional requirements

The ekposed conductive parts (e.g. chassis, framework/and fixed parts of metal enclopures)
other than those which cannot constitute a danger shall be electrically interconnectgd and
connepted to a protective earth terminal for connection to an earth electrode or to an ex)ternal
protegtive conductor.

This nequirement can be met by the norimal structural parts providing adequate elegctrical
continpity and applies whether the contagtor is used on its own or incorporated in an ass¢mbly.

Exposjed conductive parts are not.considered to constitute a danger if they cannot be tojuched
on large areas or grasped with:the hand or if they are of small size (approximately 50|mm x
50 mnp) or are so located as to.exclude any contact with live parts.

Examxles of these aré “screws, rivets, nameplates, transformer cores, electromagnefs and
certain parts of releases, irrespective of their size.

8.1.9.2 Protective earth terminal

The pfotective earth terminal shall be readily accessible and so placed that the connection of
the contactor to the earth electrode or to the protective conductor is maintained when the|cover

or anyetherremovablepartisremoved
y-eteteovab+epatiseoVea-

The protective earth terminal shall be suitably protected against corrosion.

In the case of contactors with conductive structures, enclosures, etc., means shall be provided
if necessary, to ensure electrical continuity between the exposed conductive parts of the
contactors and the metal sheathing of connecting conductors.

The protective earth terminal shall have no other function, except when it is intended to be
connected to a PEN conductor. In that case, it shall also have the function of a neutral terminal
in addition to meeting the requirements applicable to the protective earth terminal.
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8.1.9.3 Protective earth terminal marking and identification

The protective earth terminal shall be clearly and permanently identified by its marking.

The identification shall be achieved by colour (green-yellow mark) or by the notation PE, or
PEN as applicable, in accordance with Clause 7 of IEC 60445:2021, or, in the case of PEN, by
a graphical symbol for use on contactors.

The graphical symbol to be used is symbol:

NOTE

8.1.10 Enclosures

8.1.10.1 General

The r
intend

8.1.10.2 Design

The e

have been removed, all parts requiring access for.installation and maintenance, as pres|
by thel manufacturer, are readily accessible.

Sufficient space shall be provided inside-the enclosure for the accommodation of ey

condu
conne

The fi

conduftive parts of the contactor and connected to a terminal which enables them to be e
or connected to a protective conductor.

Under| no circumstances shall a removable metal part of the enclosure be insulated frg
part carrying the earth terminal when the removable part is in place.

The rgmovable-parts of the enclosure shall be firmly secured to the fixed parts by a devic
that tHey, cannot be accidentally loosened or detached owing to the effects of operation
contagtor/or its vibrations.

1

preferrgd symbol 60417-IEC-5019 given above.

The symbol (60417-1IEC-5017 (2006-08)) previously recommended is progressively-supersede

led to be used with the contactor.

nclosure shall be so designed that when it is.-opened and other protective means,

ctors from their point of entry inte~the enclosure to the terminals to ensure ade
ction.

by the

bquirements of 8.1.10.2 and 8.1.10.3 are applicable only/to enclosures suppljed or

f any,
cribed

ternal
quate

ed parts of a metal enclosure shall be electrically connected to the other exposed

Arthed

m the

b such
of the

For enclosures having a degree of protection IP1X up to and including IP4X, sufficient space
shall be provided for establishing a drain-hole. Subclause 11.3 of IEC 60529:1989 applies with
the following addition:

Drain

and ventilating holes are treated as normal openings.

Enclosures shall have adequate mechanical strength (see 8.1.12).

Furthermore, it shall not be possible to remove any cover of the enclosure without the use of a

tool.

An integral enclosure is considered to be a non-removable part.
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If the enclosure is used for mounting push-buttons, it shall not be possible to remove the buttons
from the outside of the enclosure.

8.1.10.3 Insulation
If, in order to prevent accidental contact between a metallic enclosure and live parts, the

enclosure is partly or completely lined with insulating material, this lining shall be securely fixed
to the enclosure.

Compliance shall be verified by inspection.

8.1.111) Degrees of protection of enclosed contactors

IEC 60529 defines degrees of protection for enclosed equipment and guidarice” for the
applicgtion of that standard to contactors is under consideration.

8.1.12 Resistance to impact

The ekternal parts of enclosed, partially enclosed, and parts of unenclosed contactors| shall
withstand impacts which might be expected in normal service.

Compliance shall be verified by the test specified in 9.2.6.

8.1.13 Durability of markings

The contactor shall be provided with a nameplate marked in a durable manner.
Compliance shall be verified by the test specified in 9.2.7.

8.1.14 Fault and abnormal conditions

This clause applies to contactors incerporating electronic circuits only. For the purpose pf this
docunent, "electronic circuit" excludes circuits in which all components are passive (indluding
diodeg, resistors, varistors, capacitors, surge suppressors, inductors).

The pfoduct shall be designed to avoid operating modes or sequences that can cause p fault
conditjon or componentAfailure leading to a hazard, unless other measures to prevent the hazard
are prpvided by the installation and are described in the installation information provided with
the prpduct. The requirements in this clause also apply to abnormal operating conditigns as
applicgble.

Circuif analysis or testing shall be performed to determine whether or not failure of a particular
compagnent(including insulation systems) would result in hazard.

This analysis shall include situations where a failure of the component or the insulation (basic
and supplementary) would result in:

— an impact on the risk of electric shock
— arisk of degradation resulting in emission of flame, burning particles or molten metal.

The analysis or testing shall include the effect of short-circuit and open-circuit conditions of the
component. Testing is necessary unless analysis can conclusively show that, in short-circuit
and open circuit conditions, no shock and fire hazard will result from failure of the component.

Compliance shall be checked by test of 9.2.8.

Contactors already tested according to Clauses 101 and 102 of IEC 60669-2-1:2021 are
deemed to fulfil the requirements of 8.1.14 and therefore, 9.2.8 is covered.
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Components evaluated for their reliability according to relevant product standards are
considered to meet these requirements and do not need any further investigation, if tested
under conditions that fulfil the conditions for which the product is designed.

8.2 Performance requirements
8.2.1 Operating conditions
8.2.1.1 General

The contactor shall be operated in accordance with the manufacturer's instructions.

mechdnically coupled that all poles make and break substantially together (however, for

The qoving contacts of multipole contactors intended to make and break together shalllbe so
switc

ed neutral pole, see 8.1.8) whether operated manually or automatically.

8.2.1.2 Limits of operation

Contagtors shall close satisfactorily at any value between 85 % and 110.9%) of their rated ¢ontrol
supply voltage Ug. Where a range is declared, 85 % shall apply to thelower value and [110 %

to the|higher.

The lipnits between which contactors shall drop out and opén fully are 75 % to 20 % df their
rated ¢ontrol supply voltage Ug. Where a range is declared, 20 % shall apply to the highef value

and 7% % to the lower.
The lipnits between which a contactor with an electrenically controlled electromagnet shall drop
out anid open fully are 75 % to 20 % of their rated control supply voltage Ug, or 75 % to 1D % of

their rated control supply voltage Uy if specified by the manufacturer. In that case, the contactor
shall, |n addition, be submitted to the capacitive drop out test as follows:

A caplacitor C shall be inserted in(series in the supply circuit U, the total length pf the
connepting conductors being <3 mx

The capacitor is short-circuited by a switch of negligible impedance. The supply voltag¢ shall
then be adjusted to 110 %\Us.

It shal| be verified thatthe equipment drops out when the switch is operated to the open pgsition.

The value ofthe' capacitor shall be

C =30 +£200 000/ (fx U)

where C is expressed in nF; f is the minimum rated frequency expressed in Hz; U is the
maximum value of Ug expressed in V.

For example, for a coil rated 12...24 V — 50 Hz, the capacitor value is 196 nF (calculation made

with Ug max). The test voltage is the highest value of the declared rated supply voltage range
U,

s-

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

109><1,3><10‘3)
2XTT
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Limits for closing are applicable after the coils have reached a stable temperature
corresponding to indefinite application of 100 % Ug in an ambient temperature of +40 °C.

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

The limits apply at declared frequency, if any.

8.2.2
8.2.21

Temperature-rise

General

The tgmperature-rises of the several parts of the contactor measured during a test carri
under|the conditions specified in 9.3.3.3 shall not exceed the limiting values stated-in T
and in|8.2.2.2 and 8.2.2.3.

In the

variatipn of resistance can be impracticable; in such a case, other methods are permitte
thermcouples, calculation or other suitable methods.

NOTE 1

and the|size of connected conductors.

NOTE 4

temperature remains within the limits -5 °C, + 40 °C.

8.2.2.2

case of an electronically controlled electromagnet, coil temperpature measuri

Temperature-rises in normal service can differ from the test values, depending on the installation co

Table 3 — Temperature-rise limits for insulated coils in air

Classes Temperature-rise limits
of insulating (measured by resistance
materials variation)
K
Coils in air
A 85
E 100
B 110
F 135
H 160
NOTE The insulation classification is that given in
IEC 60085.

The temperature-rise limits given in Table 3 and in Table 5 are applicable only if the amb

ed out

able 3

ng by
d, e.g.

hditions

ent air

Terminals

The temperature-rise of terminals shall not exceed the values stated in Table 4.
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Table 4 — Temperature-rise limits of terminals

Temperature-rise limits
Terminal materials

K a
Bare copper 60
Bare brass 65
Tin-plated copper or brass 65
Silver- or nickel-plated copper or brass 702
Other metals b

®—The terminal temperature-rise nmit of 70 K 1S _based on the connection of PVC
cables.

The use in service of connected conductors significantly smaller than those listed
in Table 15 could result in higher terminal and internal part temperatures and such
conductors should not be used without the manufacturer's consent since higher
temperatures could lead to contactor failure.

Temperature-rise limits to be based on service experience or life tests\but not to
exceed 65 K.

8.2.2.3 Accessible parts

The tgmperature-rise of accessible parts shall not exceed the values stated in Table 5.

Table 5 — Temperature-rise limits’of accessible parts

Accessible parts Temperature-rise limits 2
K

Manual operating means:

Metallic 15

Nop-metallic 25
Parts intended to be touched but not hand-held:

Metallic 30

Nop-metallic 40
Parts which need not be touched for normal operation:

Metallic 40

Nop-metallic 50
Parts ot intended/to be touched during normal operation
Exteriqrs ofieniclosures adjacent to cable entries:

Metallic 40

Non-metallic 50

a8 Different values can be prescribed for different test conditions and for devices of small dimensions but not
exceeding by more than 10 K the values of this table.

8.2.2.4 Ambient air temperature

The temperature-rise limits given in Table 4 and Table 5 are applicable only if the ambient air
temperature remains within the limits given in 7.1.2.
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8.2.2.5 Main circuit

The main circuit of a contactor shall be capable of carrying without the temperature-rises
exceeding the limits specified in 8.2.2.2 when tested in accordance with 9.3.3.3.4:

— for a contactor intended for continuous duty: its conventional thermal current (see 5.3.3.2
and/or 5.3.3.3);

— for a contactor intended for intermittent or temporary duty: the relevant rated operational
current (see 5.3.3.4).

8.2.2.6 Control circuits

tempefrature-rise tests specified in 9.3.3.3.5 to be made without the temperature-rise.exceeding

The c;Fntrol circuits of a contactor shall permit the rated duty according to 5.3.5 and alpo the
the i

its specified in Table 3, Table 4 and Table 5.

8.2.2.7 Windings of coils and electromagnets
8.2.2.7T1 Eight-hour duty (continuous duty) windings

With the maximum value of current according to 8.2.2.5 flowing thteugh the main circdit, the
windings of the coils shall withstand under continuous load and™at the rated frequency their
rated |control supply voltage without the temperature-rise exceeding the limits specified in
Table [3 and 8.2.2.3.

NOTE |Depending on the technology, e.g. for some kinds of electronically controlled electromagnets, the|control
supply yoltage cannot be directly applied on the coil winding whefi,connected as in normal service.

8.2.2.7.2 Intermittent duty windings

With no current flowing through the main circuit, the windings of the coils shall withstand,|at the
rated frequency, their rated control supply.voltage applied as detailed in Table 6, according to
their intermittent duty class, without the&otemperature-rise exceeding the limits specified in
Table|3 and 8.2.2.3.

NOTE |Depending on the technology; €.g. for some kinds of electronically controlled electromagnets, the|control
supply yoltage cannot be directly applied on the coil winding when connected as in normal service.

Table 6 — Intermittent duty test cycle data

Intermittent One close-open Interval of time during
operating cycle which the supply to the
duty-classes A AP
every control coil is maintained
1 3600s
3 1200s
12 300 s

"ON" time shall normally
30 120 s correspond to the on-load factor
specified by the manufacturer
300 12's

1200 3s

8.2.2.7.3 Specially rated (short-time and periodic duty) windings

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

Auxiliary circuits of a contactor including auxiliary switches shall be capable of carrying their
conventional thermal current without the temperature-rise exceeding the limits specified in
Table 4 and Table 5 when tested in accordance with 9.3.3.3.7.

NOTE If an auxiliary circuit forms an integral part of the contactor, it suffices to test it at the same time as the main
circuit, but at its actual service current.

8.2.2.9 Other parts

The temperature rises obtained during the test shall not cause damage to current- carrymg parts

ja er shall
demonstrate compliance either by reference to the msulatron temperature mdex (detefqmined
for example by the methods of IEC 60216 (all parts) or by compliance with IEC 60085«

8.2.3 Dielectric properties

8.2.3. General

The dielectric properties are based on basic safety publications IEC.60664-1 and IEC 61140.

a) The following requirements provide the means of achieving,co-ordination of insulatign of a
coptactor with the conditions within the installation.

b) The contactor shall be capable of withstanding:

— | the rated impulse withstand voltage (see 5.3,2.4 in accordance with the overvpltage
category given in Annex F;

— | the power-frequency withstand voltage.

NOTE The correlation between the nominal voltage of the supply system and the rated impulse withstand
volfage of the contactor is given in Annex F.

Thee rated impulse withstand voltage.for a given rated operational voltage shall be n¢t less
than that corresponding in Annex E to the nominal voltage of the supply system of the[circuit
at the point where the contactoriis-to be used, and the appropriate overvoltage catedory.

c) Thle requirements of this sub¢lause shall be verified by the tests of 9.3.3.4.

8.2.3.2 Impulse withstand voltage
a) Main circuit

1) | Clearances .frem live parts to parts intended to be earthed and between poleg shall

withstand.thetest voltage given in Table 16 appropriate to the rated impulse withstand
voltage:

2)| Solid-insulation of contactor associated with clearances item a) 1) above shiall be
subjected to the impulse voltage specified in item a) 1).

b) A viliary and control circuits

1) For auxiliary and control circuits which operate directly from the main circuit at the rated
operational voltage, clearances from live parts to parts intended to be earthed and
between poles shall withstand the test voltage given in Table 16 appropriate to the
impulse withstand voltage of the main circuit. See also 8.2.3.2, item a) 2).

2) Auxiliary and control circuits which do not operate directly from the main circuit can have
an overvoltage withstand capacity different from that of the main circuit. Clearances and
associated solid insulation of such circuits, whether AC or DC, shall withstand the
appropriate voltage in accordance with Annex F.
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8.2.3.3 Power-frequency withstand voltage of the main, auxiliary and control circuits

a) Power-frequency dielectric tests are used in the following cases:
— dielectric tests as type tests for the verification of solid insulation;

— dielectric withstand verification, as a criterion of failure, after switching or short-
type tests;

— routine tests.
b) Type tests of dielectric properties

circuit

The tests of dielectric properties, as type tests, shall be made in accordance with 9.3.3.4.

c) Verification of dielectric withstand after switching or short-circuit tests

Thie verification of dielectric withstand after switching and short-circuit tests as a-.¢r
of [failure, is always made at power-frequency voltage in accordance withyitemn
9.3.3.4.1.

d) Verification of dielectric withstand during routine tests

Tepts to detect faults in materials and workmanship are made at power-frequency vq
in pccordance with item b) of 9.3.3.4.2.

8.2.3. Clearances

terion
d) of

Itage,

Cleargnces shall be sufficient to enable the equipment to withstand the rated impulse witlhstand

voltage, according to 8.2.3.2.

Cleargnces shall be higher than the values given in Table 17, for case B (homogeneous
(see 3.5.30) and verified by a sampling test according to 9.3.3.4.3. This test is not reqy
the clgarances, related to the rated impulse withstand voltage and pollution degree, are
than the values given in Table 17 for case A (inhomogeneous field).

The method of measuring clearances is given in Annex E.

8.2.3.% Creepage distances
a) Di

mensioning

For pollution degrees 1 and\2, creepage distances shall be not less than the asso
clearances selected according to 8.2.3.4. For pollution degree 3, the creepage distance
be noflless than the cagse A’ clearances (Table 17) to reduce the risk of disruptive discharyg
to overvoltages, even if-the clearances are smaller than the values of case A as permi
8.2.3.4.

The mlethod ef.measuring creepage distances is given in Annex E.

field)
ired if
higher

ciated
5 shall
e due
ted in

to the

Creeppge distances shall correspond to a pollution degree as specified in 7.1.4.2 and
corre . . ) X . . .

Material groups are classified as follows, according to the range of values of the comparative

tracking index (CTI) (see 3.5.33):

— Material group 1 600 < CTI

— Material group 11 400 < CTIl < 600
— Material group llla 175 < CTI < 400
— Material group Illb 100 < CTI < 175

NOTE The CTI values refer to the values obtained in accordance with IEC 60112, method with Solution A,

insulating material used.

for the
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b) Use of ribs

A creepage distance can be reduced to 0,8 of the relevant value of Table 18 by using ribs of
2 mm minimum height, irrespective of the number of ribs. The minimum base of the rib is
determined by mechanical requirements (see E.2).

8.2.3.6 Solid insulation

Solid insulation shall be verified by either power-frequency tests, in accordance with item c) of
9.3.3.4.1, or DC tests if AC tests cannot be applied.

Dimensioningrules for solid insulation and DC test voltages are under consideration
~J ~J

8.2.3.7 Spacing between separate circuits

For d|mensioning clearances, creepage distances and solid insulation between separate
circuitg, the highest voltage ratings shall be used (rated impulse withstand voltage for
clearajnces and associated solid insulation and rated insulation voltage arworking voltgge for
creepage distances).

8.2.3.8 Requirements for contactor with protective separation

Requifements for contactor with protective separation are given'in Annex I.

8.24 Normal load and overload performance requirements
8.2.4. General

Requifements concerning normal load and overlead characteristics according to 5.3.6 arg given
in 8.24.2, 8.2.4.3 and 8.2.4.4 below.

8.24.2 Making and breaking capacities

Contaptors shall be capable of making and breaking currents without failure under the
conditjons stated in Table 7 for.the'required utilization categories and the number of operations
indicajed as specified in 9.3.3.5.

The values of off-time and on-time given in Table 7 and Table 8 shall not be exceeded.
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Table 7 — Making and breaking capacities. Making and breaking conditions
corresponding to the utilization categories

peak value in the making operation can assume a higher value than the symmetrical peak-walue;

Making and breaking conditions
Categories 101, PuP U,lu, Cos ¢ On-time 2 Off-time b:):r:rzttairn(;f
cycles
s s
AC-7a 1,5 1,05 0,80 0,05 b 50
AC-7b 8,0 1,05 0,45 0,05 b 50
AC-Ze-S 15 105 c 005 b 50
AC-fd ¢ 1,58 1,05 d 0,05 10s g0
I is the current made and broken, expressed in RMS symmetrical values, but it is understood that the|actual

I, is the rated operational current;

Pt is the power corresponding to 1peak and /%t test values (See Table 20)

P is the rated power;

U, is the power frequency recovery voltage;

U, is the rated operational voltage;

Cos ¢ | is the power factor of the test circuit.

2 Tinpe can be less than 0,05 s provided that contacts are allow&d\to become properly seated before re-ogening.
b Seg Table 8.

¢ Th¢ test shall be done on a specific test circuit (see 9:3.3.5.2, item d) 2)).

4 The test shall be done on a specific test circuit (s€e.9.3.3.5.2, item d) 3)).

¢ Pt $hall be calculated with a ratio 1,5 (with a_tolerance of + 0,2) to correspond to a value of Table 20.

Table 8 — Relationship between current broken I, and off-time
for the verification of rated making and breaking capacities

Current broken /_ Off-time
A s
I,=100 10

100 < 7, < 200 20
200 <1, < 300 30

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

8.2.4.3 Conventional operational performance

Tests concerning the operational performance of a contactor are intended to verify that the
contactor is capable of making, carrying and breaking without failure the currents flowing in its
main circuit under conditions corresponding to the specified utilization category, where relevant.

Contactors shall be capable of making and breaking currents without failure under the
conventional conditions stated in Table 9 for the required utilization categories and the number
of operations indicated as specified in 9.3.3.6.
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Table 9 — Conventional operational performance. Making and breaking conditions

corresponding to the utilization categories

IEC 61095:2023 © IEC 2023

Cos ¢ | is the power factor of the test circuit.

I, is the rated operational current;

Pt is the power corresponding to 1peak and 72t test values (See Table 20)
P is the rated power;

U, is the power frequency recovery voltage;

U, is the rated operational voltage;

peak value in the making operation can assume a higher value than the symmetrical peakvalue;

Making and breaking conditions
Categories 1.1, Pt/P U,lu, Cos ¢ On-time 2 Off-time "cl)::]rt:irn(;f
cycles
s s
AC-72 1,0 1,05 0,80 0,05 b 30 000
AC-7b d c 0,45 0,05 b 30 000
AC-TT 456 465 665 5 36900
AC-Td f 1 1,05 f 0,05 10 s 30°000
1, is the current made and broken, expressed in RMS symmetrical values, but it is understood that thefactual

d 7 /1, = 6,0 for making and 7 /I, = 1,0 for breaking

b These OFF times shall be not greater than the values specified in Table 8.

¢ Ur/Ue = 1,0 for making and Ur/Ue = 0,17 for breaking.

€ Th¢ test shall be done on a specific test circuit’(see 9.3.3.5.2, item d) 2)).

f Th¢ test shall be done on a specific test citcuit (see 9.3.3.5.2, item d) 3)).

a8 Time can be less than 0,05 s provided that contacts are allowed'to become properly seated before re-oj

ening.

8.2.4.4

Ability to withstand overload currents

Contaptors with utilization category AC-7b shall withstand the overload currents giyen
Table [10 as specified.in 9.3.5.

Table 10 — Overload current withstand requirements

Test current

Duration of test

8 x I, max/AC-7b

10 s

8.2.5 Co-ordination with short-circuit protective devices

in

The rated conditional short-circuit current of contactors backed up by short-circuit protective
device(s) (SCPDs) shall be verified by short-circuit tests as specified in 9.3.4. These tests shall

be made:

a) at the appropriate value of prospective current shown in Table 24 (test current /) and

b) at the rated conditional short-circuit current 7, if higher than test current /.

The rating of the SCPD shall be adequate for any given rated operational current, rated
operational voltage and the corresponding utilization category.
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Test conditions are given in 9.3.4.3.

Co-ordination requires that, under short-circuit conditions, the contactor shall cause no danger
to persons or installations. It is permissible that it is not suitable for further use.

NOTE Use of an SCPD not in compliance with the manufacturer's recommendations can invalidate the co-
ordination.

8.3 EMC Electromagnetic compatibility
8.3.1 General

Contafl_l—l_l_l—l—l_l_l_v_lﬁors not Incorporating electronic circuits _are not sensitiive 1o electromagnetic
disturbances and do not generate significant disturbances in normal service condijtiong, and

therefpre no EMC tests are required.

For the purpose of this document, "electronic circuit" excludes circuits in whi¢hyall compgnents
are pgssive (including diodes, resistors, varistors, capacitors, surge suppressors, inductprs).

8.3.2 Immunity

The behaviour of electromechanical contactors for household andJsimilar purposes in chse of
voltage amplitude variations is specified in 8.2.1.2.

Contaftor incorporating electronic circuits shall have a satisfactory immunity to electromdgnetic
disturlhances.

For the appropriate tests, to verify the compliance with these requirements, see 9.4.2.

8.3.3 Emission

Contaftors for household and similar purposes which do not incorporate electronic circuits can
only generate electromagnetic disturbances during switching operations. The duration |of the
disturbances is of the order of milliseconds.

Provigionally, until further study is carried out, the frequency and the level of these emigssions
are considered as part_of the normal electromagnetic environment of electromecHhanical
contagtors for househpldvand similar purposes, and no electromagnetic emission teslts are
necesgary.

Harmgnic tests¢are not required for contactor incorporating electronically controlled
electromagnet.because no electronic are used on the main circuit.

The h|ghéfrequency (greater than 9 kHz) continuous emissions from equipment incorpgrating
electromic switching circuits shattmotexceed the timits specifiedm 94-3-

8.4 Embedded software

Guidance for the development of embedded software for switchgear and controlgear including
secure coding is provided by IEC TR 63201, especially by establishing:

— a software management plan according to Clause 5 of IEC TR 63201:2019;
— a design lifecycle management according to Clause 7 of IEC TR 63201:2019.
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9 Tests

9.1 Types of test
9.1.1 General

Tests shall be made to prove compliance with the requirements laid down in this document. If
relevant, tests can be carried out in sequences, see test sequences in Annex B.

9.1.2 Type tests

Type tests are intended to \/prif\ll (‘nmlnlinnm:\ of the contactor's dnqign with this document They
comprjise the verification of:

a) temperature-rise limits (see 9.3.3.3);
b) di
c) rated making and breaking capacities (see 9.3.3.5);

glectric properties (see 9.3.3.4);

d) copventional operational performance (see 9.3.3.6);

e) opegration and operating limits (see 9.3.3.1 and 9.3.3.2);
f) overload current withstand capability (see 9.3.5);

g) pefformance under short-circuit conditions (see 9.3.4);
h) mechanical properties of terminals (see 9.2.5);

i) deprees of protection of enclosed contactors (see/9:2.4);
j) registance to ageing (see 9.2.2.1);

k) registance to humidity (see 9.2.2.2);

[) registance to heat (see 9.2.2.3);

m) registance to abnormal heat and fire (See 9.2.2.4);

n) registance to rusting (see 9.2.2.5);

o) registance to tracking (see 9.2/2.6);

p) scfews or nuts other than those on terminals which are intended to be operated Huring
indtallation or maintenance(see 9.2.3);

q) registance to impact(see 9.2.6);

r) durability of marking (see 9.2.7);

s) Breakdown of,components (see 9.2.8);
t) Tests for EMC (see 9.4).

If releyant,-type tests are grouped in test sequences.

Test sequences, number of samples and results to be obtained are indicated in Annex B.

Unless otherwise specified, each test (or test sequence) is performed on a new sample in clean
condition.

Unless otherwise specified, the contactors are tested at an ambient air temperature of
25°C £ 10 °C.

9.1.3 Routine tests

Routine tests are intended to detect faults in materials and workmanship and to ascertain proper
functioning of the contactor. They shall be made on each individual contactor under the same
or equivalent conditions as those specified for type tests (see 9.3.6.1).
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Routine tests for contactors comprise:

— operation and operating limits (see 9.3.6.2);

— dielectric tests (see 9.3.6.3).

9.1.4

Sampling tests for clearance verification

Sampling tests for clearance verification are made according to 9.3.3.4.3. Sampling plans and
test procedures are under consideration.

9.2

Compliance with constructional requirements

9.2.1

Verifig
examy
—  thg
— thg
— thg
— thg
— thg
— thg

9.2.2
9.2.2.

Conta

manufactured from rubber, p.v.c. or similarithermoplastic materials are subjected to a te

heatin
ventild

The tgmperature in the cabinetiis.70 °C £ 2 °C.

The s

heatetcabinet is recommended. Natural air circulation can be provided by holes in the W

the ca

General

le:

materials;

contactor;

degree of protection of enclosed contactors;
mechanical properties of terminals;
actuator;

position indicating device (see 3.3.15).

Materials
Test of resistance to ageing

ctors  incorporating separate gaskets, screwed glands, membranes and

g cabinet with an atmosphere having’'the composition and pressure of the ambient 3
ted by natural circulation, gaskets, glands and membranes being suspended freel

bmples shall be kept in the cabinet for seven days (168 h). The use of an elec

inet.

ation of compliance with the constructional requirements stated in 8.1 cencernps, for

parts

st in a
irand
.

rically
alls of

Afterjeatment, the samples shall be removed from the cabinet and kept at room tempgrature
and reglative humidity between 45 % and 55 % for at least four days (96 h).

The samples shall show, with normal or corrected vision without further magnification, neither
surfact—cmrwmmgrmm—ﬁWWTmaﬁm—thcome

sticky

or greasy, this being judged as follows:

— with the forefinger wrapped in a dry piece of rough cloth the sample shall be pressed with a
force of 5 N.

Th

e force of 5 N can be obtained in the following way:

— the sample is placed on one of the pans of a balance and the other pan is loaded with a
mass equal to the mass of the sample plus 500 g. Equilibrium is then restored by pressing
the sample with the forefinger wrapped in a dry piece of rough cloth.

No trace of the cloth shall remain on the sample and the material of the sample shall not stick

to the

cloth.
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9.2.2.2 Test of resistance to humidity

The contactor resistance to humidity shall be verified by test Ca: damp heat, steady state of
IEC 60068-2-78 under the following test conditions:

Inlet openings, if any, shall be left open; if knock-outs are provided, one of them shall be
opened. Parts which can be removed without the aid of a tool shall be removed and subjected
to the humidity treatment with the main parts: spring lids shall be open during this treatment.

Before being placed in the test chamber, the samples shall be stored at room temperature for
at least 4 h before the test. The test duration shall be four days.

After this period, the contactor is removed from the test chamber, the removed parts are
reinstalled and the lid closed. The contactor is then submitted to a dielectric test@s*spgcified

in 9.3J3.4.1, item c).

9.2.2.3 Test of resistance to heat

9.2.2.3.1 Tests on contactor

a)

b)

Parts of insulating material, if any, necessary to retain in position(¢éurrent-carrying parnts and
parts of the earthing circuit shall be subjected to a ball pressure.fest at 125 °C £ 2 °C, ¢xcept
that insulating parts of an enclosure necessary to retain in“poesition the earthing termjinal, if
any, shall be tested as specified in item b) hereafter.

ThE ball-pressure apparatus is shown in Figure 3.

Thee surface of the part to be tested shall be placed in a horizontal position and supported
byla steel plate of at least 5 mm thickness and,asteel ball of 5 mm diameter shall be prlessed
agpinst this surface with a force of 20 N.

Thr test shall be made in a heating cabinet at a temperature of 125 °C + 2 °C.
e

Affer 1 h, the ball shall be removed from the sample which shall then be cooled within 10 s
to ppproximately room temperature.by immersion in cold water.

The diameter of the impression ¢aused by the ball shall be measured and shall not gxceed
2 hm.

When it is not possible tolmake the test on the complete sample, the test shall be garried
ouf on a suitable part of it of at least 2 mm thickness.

NOTE The thickness_of 2 mm can be obtained by using several layers.

External parts of insulating material not necessary to retain in position current-carrying parts
and parts of-the earthing circuit even though they can be in contact with them, shall be
supjected toya ball-pressure test in accordance with item a) above, except that the fest is
mgde ateastemperature of 70 °C £ 2 °C or 40 °C % 2 °C plus the highest temperatufe-rise
fermined for the relevant part during the temperature-rise test, whichever is the higher.

temperature for at least 4 h befor the test.

The contactor shall be kept for the time sufficient to reach thermal equilibrium, but not less
than 1 hour in the heating cabinet at a temperature of 100 °C + 2 °C.

The sample shall then be allowed to cool to approximately room temperature.

The standard test finger (see Figure 10) shall be applied to the external surfaces which are
accessible during normal service with a force not exceeding 5 N, and there shall be no
access to live parts when the contactor is mounted as in normal use. After the test, markings
shall still be legible.
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9.2.2.3.2 Tests on materials

A sample of the material, of at least 2 mm thickness, is subjected to the test(s) of 9.2.2.3.1, a)
and/or b).

NOTE The manufacturer can provide data from the insulating material manufacturer (or other reliable source) to
demonstrate compliance with these requirements.

9.2.2.4 Tests of resistance to abnormal heat and fire

9.2.2.41 Tests on parts of the contactor

The testto-be rr_\arfnrmnri for the verification of resistance to abnormal heat and fire is th g|ow-

wire tgst, which simulates the thermal stresses produced by sources of heat or ignition_in order
to simulate fire hazard.

The glow-wire test shall be made according to IEC 60695-2-10 and IEC 60695-2-11 under the
follow{ng conditions:

— fon parts of insulating material, necessary to retain in position current=carrying parts py the
tegt made at a temperature of 850 °C, for the purpose of this test"a protective conduftor, if
any, is not considered as a current-carrying part,

— fon parts of insulating material not necessary to retain in pasition current-carrying pants and
parts of the earthing circuit, if any, even though they can be in contact with them, by the test
m4gde at a temperature of 650 °C.

9.2.2.4.2 Tests on materials

Suitable specimens of the material shall be subjected to the following tests:

NOTE |The manufacturer can provide data from the insulating material manufacturer (or other reliable soprce) to
demongtrate compliance with the requirements of 8.1:2.5.
a) Flammability classification test, in acecordance with IEC 60695-11-10.

b) Hgt wire ignition (HWI) test, as described in Annex G.
9.2.2.% Test of resistance torusting

All grdgase shall be removed from the parts to be tested, by immersion and agitation for {0 min
in a cgld chemical degreaser such as refined petrol.

The parts shall then\be immersed for 10 min in a 10 % solution of ammonium chloride in|water
at a tgmperaturéof 20 °C £ 5 °C.

Withouit drying, but after shaking off any drops, the parts shall then be placed for 10 m|n in a
box cgntaining air saturated with moisture at a temperature of 20 °C £ 5 °C.

After the parts have been dried for 10 min in a heating cabinet at a temperature of
100 °C £ 5 °C, their surface shall show no signs of rust.

Traces of rust on sharp edges and any yellowish film removable by rubbing shall be ignored.

For small springs and the like, and for inaccessible parts exposed to abrasion, a layer of grease
can provide sufficient protection against rusting.

Such parts shall only be subjected to the test if there is doubt about the effectiveness of the
grease film, the test shall then be made without previous removal of the grease.

NOTE A revision of this test is under consideration.
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9.2.2.6 Test of resistance to tracking

This test shall be made on a suitable part taken from the contactor or, if agreed for practical
reasons, on a suitable specimen of the insulating material, according to IEC 60112, Solution A.

9.2.3 Test on screws or nuts other than those on terminals which are intended to be
operated during installation or maintenance

The screws or nuts shall be tightened and loosened:

— 10 times when in engagement with a thread of insulating material,

— 5 times in all other cases

Screvjs or nuts in engagement with a thread of insulating material shall be completely removed
and rginserted each time.

The tgst shall be made with a suitable screwdriver or spanner, applying actorque as given in
Table [11 or as specified by the manufacturer.

The s¢rews or nuts shall be tightened without jerks.

When|a screw has a hexagonal head with a slot for tightening with a screwdriver and| when
Table [11 is used and the values in columns Il and Il are diffefent, the test shall be made|twice:

— firgt applying to the hexagonal head, the torque specified in column Ill by means [of the
spanner,

— then, on a new sample, applying the torque\specified in column Il by means pf the
screwdriver.

If the yalues in columns Il and IIl are the same; only the test with the screwdriver shall be made.

During the test, the screwed connections shall not work loose and there shall be no daLIInage,
such @s breakage of screws or damage to the head slots, threads, washers or stirrups, or
damage to enclosures and covers;-that will impair the further use of the contactor.

9.2.4 Verification of the' degrees of protection of enclosed contactors

See Ahnex H.

9.2.5 Mechanical properties of terminals

9.2.5. General

This iubclause does not apply to aluminium terminals or to terminals for the connecfion of
alumi

H Al 4
murim CUTIiuuvivUT o,

9.2.5.2 General conditions for tests

Unless otherwise stated by the manufacturer, each test shall be made on terminals in a clean
and new condition.

When tests are made with round copper conductors, the copper shall be according to
IEC 60028.
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Tests of mechanical strength of terminals

Tests shall be made with the appropriate type of conductor having the maximum cross-sectional

area.

The conductor shall be connected and disconnected five times.

For screw-type terminals, the tightening torque shall be in accordance with Table 11 or 110 %

of the torque specified by the manufacturer, whichever is the greater.

The test shall be conducted on two separate clamping units.

When

valueg

specif
If the

Each

tightefing test.

During
such 3
impair

T

a screw has a hexagonal head with means for tightening with a screwdriver a
in columns Il and Il are different, the test is made twice, first applying to the"hexagonal
head the torque specified in column Ill, and then, on another set of samples, applying the
ed in column Il by means of a screwdriver.

alues in columns Il and Ill are the same, only the test with the screwdriver is mad

fime the clamping screw or nut is loosened, a new conductor shall be used fo

the test, clamping units and terminals shall not work loose and there shall be no da
s breakage of screws or damage to the head slotsy threads, washers or stirrups that will
the further use of the screwed connections.

nd the

orque

each

mage,

able 11 — Tightening torques for the verification of the mechanical strength gf
screw-typeterminals
Diameter of thread Tightening torque
mm Nm.
Metric
standard Range(of diameter 1 ]|
values
2,5 <2,8 0,2 0,4 0,4
3,0 >2,8"up to and including 3,0 0,25 0,5 0,5
- >3,0 up to and including 3,2 0,3 0,6 0,6
3,6 >3,2 up to and including 3,6 0,4 0,8 0,8
4 >3,6 up to and including 4,1 0,7 1,2 1,2
4,5 >4,1 up to and including 4,7 0,8 1,8 1,8
5 >4,7 up to and including 5,3 0,8 2,0 2,0
6 >5,3 up to and including 6,0 1,2 2,5 3,0
8 >6,0 up to and including 8,0 2,5 3,5 6,0
10 >8,0 up to and including 10,0 - 4,0 10,0
Column | applies to screws without heads which, when tightened, do not protrude
from the hole, and to other screws which cannot be tightened by means
of a screwdriver with a blade wider than the root diameter of the screw.
Column Il  applies to nuts and screws which are tightened by means of a
screwdriver.
Column Il applies to nuts and screws which can be tightened by means other than
a screwdriver.
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Tests for damage to and accidental loosening of conductors (flexion test)

The test applies to terminals for the connection of unprepared round copper conductors, of
number, cross-section and type (flexible and/or rigid [stranded and/or solid]), specified by the
manufacturer.

The following tests shall be carried out using two new samples with:

a) the maximum number of conductors of the smallest cross-section connected to the terminal;

b) the maximum number of conductors of the largest cross-section connected to the terminal;

c) the maximum number of conductors of the smallest and largest cross-sections connected to

the

Termi
shall g

Termi
simult

For sd
one cq

terminal.

nals intended for connection of either flexible or rigid (solid and/or stranded) cond
e tested with each type of conductor with different sets of samples.

hals intended for connection of both flexible and rigid (solid and/or stranded) cond
hneously shall be tested as stated in ¢) above.

rewless terminal of several clamping-units, each clamping-unit shall be equippe
nductor according to a), b) and c) if applicable.

uctors

uctors

d with

The test should be carried out with suitable test equipment. The specified number of conductors
shall e connected to the terminal. The length of the test{conductors should be 75 mm Jonger
than the height H specified in Table 12. The clamping)serews shall be tightened with a forque
in accprdance with Table 11 or with the torque specified by the manufacturer. The device tested
shall he secured as shown in Figure 4.
Tgble 12 — Test values for flexion and pull-out tests for round copper conductors
Diameter
Conductor of bushing Height Mass Pulling
cross-section hole 2 H*13 mm force
mm?2 AWG/MCM mm mm kg N
0,2 24 6,4 260 0,3 10
- 22 6,4 260 0,3 20
0,5 20 6,4 260 0,3 30
0,75 18 6,4 260 0,4 30
1,0 - 6,4 260 0,4 35
1,5 16 6,4 260 0,4 40
2,5 14 9,5 279 0,7 50
40 +2 975 279 679 66
6,0 10 9,5 279 1,4 80
10 8 9,5 279 2,0 90
16 4 12,7 298 2,9 100
25 6 12,7 298 4,5 135
- 3 14,3 318 5,9 156
35 2 14,3 318 6,8 190
2 If a bushing with the hole diameter given is not adequate to accommodate the
conductor without binding, a bushing having the next larger hole can be used.

Each conductor is subjected to circular motions according to the following procedure:
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The end of the conductor under test shall be passed through an appropriate size bushing in a
platen positioned at a height H below the contactor terminal, as given in Table 12. The other
conductors shall be bent in order not to influence the result of the test. The bushing shall be
positioned in the horizontal platen concentric with the conductor. The bushing shall be moved
so that its centre-line describes a circle of 75 mm diameter about its centre in the horizontal
plane at 10 r.p.m. £ 2 r.p.m. The distance between the mouth of the terminal and the upper
surface of the bushing shall be within 13 mm of the height # in Table 12. The bushing shall be
lubricated to prevent binding, twisting or rotation of the insulated conductor. A mass as specified
in Table 12 is to be suspended from the end of the conductor. The test shall consist of 135
continuous revolutions.

During the test the canductor shall neither QIiIn out of the terminal nor break near the cl ping
unit.

Immediately after the flexion test, each conductor under test shall be submitted“in the test
equipment to the test of 9.2.5.5 (pull-out test).

9.2.5.% Pull-out test for round copper conductors

Following the test of 9.2.5.4, the pulling force given in Table 12 shallbe applied to the conductor
tested|in accordance with 9.2.5.4.

The cllamping screws shall not be tightened again for this test.
The fgrce shall be applied without jerks for 1 min, in the direction of the axis of the cond{ctor.

During the test, the conductor shall neither slip out.of the terminal nor break near the clamping
unit.

9.2.5.6 Test for insertability of unprepared round copper conductors having
the maximum specified cross-section

9.2.5.6.1 Test procedure

The tgst shall be carried out with the gauges specified in Table 13. The measuring secjion of
the gquge shall be able to penetrate into the terminal aperture under the weight of the gauge
to thefull depth of the terminal (see also Note to Table 13).
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Table 13 — Maximum conductor cross-sections and corresponding gauges

Conductor cross-sections Gauges (see Figure 5)
. Rigid . . Permissible
FIZXIthe conductors Formk.and Diameter ngth deviations
conductors (solid or stranded) marking a fora and b
mm?2 mm?2 mm Mm mm
1,5 1,5 A1 2,4 1,5
0
2,5 2,5 A2 2,8 2,0 0,05
2,5 4 A3 2,8 2,4
7 6 Ad 3,6 3,1
0
6 10 A5 4,3 4,0 008
10 16 B6 5,3 -
16 25 B7 6,9 -
p 0
45 35 B8 8,7 - ~0,07
35 50 B9 10,0 -

NOTE| For conductor cross-sections other than those given in the table, an unprepared conductor of apprppriate
cross-gection can be used as the gauge, the force of insertion being not greater than 5 N.

Alterngtively, the test can be carried out by inserting théslargest conductor of type and rated
cross-section among those recommended by the manufacturer. The stripped end pf the
conduptor shall be able to enter completely within the clamping unit aperture, without ise of
undue] force.

NOTE |The manufacturer can specify the test method:
9.2.5.6.2 Construction of gauges

The construction of the gauges is shéwn in Figure 5.

Details of dimensions a and b and their permissible deviations are shown in Table 13.
The measuring section of the gauge shall be made from gauge steel.

9.2.5.7 Electrical-performance of screwless-type clamping units

The e|ectrical perfermance of screwless-type clamping units is verified by the following test,
which|is made-of©i~at least 6 new samples of each design which have not been used fpr any
other fest.

NOTE |A.sample can include either one pole or two clamping units.

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

A suitable test arrangement is shown in Figure 24. If the measurement points cannot be
positioned within the 10 mm to the point of contact, the voltage difference between the ideal
and the actual measuring points shall be deducted from the voltage drop measured. This voltage
difference within the part of the conductor shall be determined with a suitable measurement
method on one sample at a stabilised temperature. The measurement methods and the results
shall be documented in the test report.

The device sample can be provided with holes or equivalent arrangements which provide
measurement access points for the voltage drop on the terminal.
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The test is made with new copper conductors having the minimum and the maximum cross-
section area:

— universal clamping units shall be tested with rigid (solid or stranded) and flexible conductor;
— non universal clamping units for solid only shall be tested with solid conductor;

— non universal clamping units for rigid shall be tested with both solid and stranded conductor;
— non universal clamping units for flexible only shall be tested with flexible conductor.

A conductor having the minimum cross-section area is connected, as in normal use, to each of

3 samples and a conductor having the maximum cross-section area is connected, as in normal
use, to each of the 3 other samples. This for each type of conductors, as applicable.

The clamping units are loaded for 1 h with the rated operational current.

The control circuit is loaded at Ug.

When|screwless terminals are used for the control circuit, they can be tested during the fest on
the load circuit, if applicable.

Immediately after this period and with the same current flowing,, the voltage drop acros$ each
clamp|ng unit is measured as near as possible to the area of . centact on the clamping un

—

In no ¢ase shall the voltage drop exceed 15 mV.

9.2.5.8 Ageing test for screwless-type clamping units
The s¢rewless-type clamping units already subjected to the determination of the voltage|drops

specifled in 9.2.5.7, are placed in a heating cabinet, which is initially kept at a temperafure of
20°Cfx 2 °C.

During the test, a current equal to.the rated operational current passes through terminals,
excepf during the cooling period.

The control circuit is loaded.atUs.

The cpnductor of 1 m-is“connected in series between two terminals to be tested as sh¢wn in
Figurg 25.

The device sample can be provided with holes or equivalent arrangements which pfovide
measyrement-access points for the voltage drop on the terminal.

The whole test arrangementincluding the conductors—shall not be moved untilall the following

voltage drop tests have been completed.

The clamping units are then subjected to 192 temperature cycles, each cycle having a duration
of approximately 1 h, as follows:

The air temperature in the cabinet is raised in approximately 20 min to 40 °C.

It is maintained within £5 °C of this value for approximately 10 min. The clamping units are then
allowed to cool down, during approximately 20 min to a temperature of approximately 30 °C,
forced cooling being allowed.

They are kept at this temperature for approximately 10 min and, if necessary, for measuring the
voltage drop, allowed to cool down further, to a temperature of 20 °C =+ 2 °C.
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The voltage drop is measured using the current and, test arrangement previously specified in
9.2.5.7 after the 24th temperature cycle and after the 192 temperature cycles are completed.

The allowable voltage drop shall not exceed the smaller of the two following values:

— either 22,5 mV,
— or 1,5 times the value measured after the 24th cycle.

The temperature in the heating cabinet is measured at a distance of at least 50 mm from the
specimens.

After {ATS test an nspection by the naked eye, with normal or corrected vision and, Without
additignal magnification, shall show no changes obviously preventing further use,~sych as
cracky, deformations or the like.

9.2.6 Test of resistance to impact
9.2.6. Test procedure

Unendlosed contactors, exposed parts of partially enclosed contactars, covers and cover [plates
of contactors shall be tested with the pendulum hammer test apparatus (see 9.2.6.2.1) jwith a
shock|energy of 0,5 J.

Enclogures designed and dimensioned to contain a contactor shall be tested with the gphere
test apparatus (see 9.2.6.2.2) with a shock energy of 2{J:

The ambient air temperature shall be 25 °C + 10 2C;

The sample with cover, or the enclosure, if any;.shall be fixed as in normal use or placed ajgainst
a rigid support.

Cable|entries which are not providedywith knock-outs shall be left open. If they are provided
with kpock-outs, two of them shall be’opened.

Beforg applying the blows, fixing screws of bases, covers and the like shall be tightened |with a
torqug equal to two thirds ‘of that specified in Table 11.

The samples are subjected to ten blows, which are evenly distributed over the sample.
The bllows are not.applied to knock-outs, fragile parts such as windows, pilot lights, etc.

In genleral, five-of the blows are applied as follows:

— fonflush-type contactors, one blow in the centre, one at each extremity of the area oVer the

H . Ll [ o+l $l FY H 43 1 P~ | bat AN H I
rebcac mrure VIUUR, difu tic Uttt tvwu OPPIUI\IIIIGLIVUIy IIIIUVVay VTILVWTOTTITT 11T PICVIUUO OWS,

preferably on the ridge, if any, the sample being moved horizontally;

— for other contactors and for mounting boxes, one blow in the centre, one at each side of the
sample after it has been turned as far as possible, but not through more than 60°, about a
vertical axis, and the other two approximatively midway between the previous blows,
preferably on the ridge, if any.

The remaining blows are then applied in the same way, after the sample has been turned
through 90° about its axis perpendicular to the plywood.

After the test, the sample shall show no damage within the meaning of this document.

In particular, covers which when broken make live parts accessible or impair the further use of
the contactor, operating means, and linings and barriers of insulating materials and the like,
shall not show such damage.
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In case of doubt, it is verified that removal and replacement of external parts, su
enclosures and covers, is possible without these parts or their lining being damaged.

ch as

Damage to the appearance, for example surface cracks, small dents which do not reduce the
clearances or creepage distances below the values specified in 8.2.3.4 and 8.2.3.5, and small
chips which do not adversely affect the protection against electric shock shall be neglected.

9.2.6.2 Test apparatus

9.2.6.2.1 Pendulum hammer test apparatus (0,5 J test)

The t

st anparatus shown in Fiaure 6 _Fiaure 7 and Fiaure 8 shall be used
Ll g 4 4 4 >

The d

— thd
of

— the

The striking element, having a mass of 0,25 kg, shall be allowed to fallfrom a height of (

on to 9
so tha

The h

the pegndulum is released and the position of that point@tthe moment of impact. The ch

point §

intersection of the axis of the steel tube of the pendilum and that of the striking elemern

perpe

The h
of poly
lower
which

The a

For ds
the fol

igmeter of thetball: 12,7 mm + 0,002 5 mm,
itial load( 100 N £ 2 N,

psign of the test apparatus shall be such that:

sample can be moved horizontally and turned about an axis perpendicular,to the s
the plywood;

plywood can be turned about a vertical axis.

urfaces which are exposed when the contactor is mounted as in normal conditions

bight of fall shall be the vertical distance between theposition of a checking point
hall be marked on the surface of the striking efement where the line through the p

ndicular to the plane through both axes, meets the surface.

amide having a Rockwell hardness’,of R 100. The striking element is rigidly fixed
end of a steel tube with an external diameter of 9 mm and a wall thickness of O,
shall be pivoted at its upper end in such a way that it swings only in a vertical plan

is of the pivot shall be(® 800 mm £ 1 mm, above the axis of the striking element.

termining the Rockwell hardness of the polyamide of the head of the striking eld
lowing conditions-shall apply:

prload; 500 N +2,5N.

urface

,20 m
of use

I the point of impact lies in the vertical plane through the akis©f the pivot of the pendiulum.

when
bcking
pint of
t, and

bad of the striking element shall havela hemispherical face of radius 10 mm and shall be

to the
5 mm,
e.

ment,

Additic

given in ISO 2039 2 Surface mountmg contactors shaII be mounted on a sheet of pIywood
8 mm thick and 175 mm square, secured at its top and bottom edges to a rigid bracket, which
shall be part of the mounting support as shown in Figure 7.

The mounting support shall have a mass of 10 kg £ 1 kg and shall be mounted on a rigid frame
by means of pivots.

9.2.6.2.2 Sphere test apparatus (2 J test) (see Figure 9)

The impact shall be produced by dropping or swinging a steel sphere 50 mm in diameter and

weighi

ng 0,5 kg from a height of 0,4 m as shown in Figure 9.

H indicates the vertical distance the sphere shall travel to produce the desired impact. The
sphere is to contact the test sample when the wire is in the vertical position.
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The wire shall have a negligible mass in comparison with the sphere.

The supporting surface shall consist of a layer of tongue-and-groove oak flooring mounted on
two layers of 19 mm plywood.

The oak flooring shall be nominally 19 mm thick. The assembly shall rest on a concrete floor.
An equivalent non-resilient supporting surface can be used.

The backing support shall consist of 19 mm plywood over a rigid surface of concrete.

An eq

ivalent non-resilient backing support can be used

9.2.7

Comp

Test of durability of marking

the marking by hand for 15 s with a piece of cloth soaked with water and again for 15 s

piece

Petrol

pbf cloth soaked with petroleum spirit.

bum spirit used in the test should consist of aliphatic solvent hexane with a con

aromadtics of maximum 0,1 % by volume, a kauri butanol value of-29; an initial boiling p

appro
0,68 g

After t
and th

The m
Markir

9.2.8
9.2.8.

The b
tested

NOTE

The t¢g

— wh
ov

ese shall show no curling.
arking shall also remain easily legible after all the tests of this document.
g made by impression, moulding, pressing or engraving is not subjected to this te

Breakdown of components

General

with the product operating with the load creating the more severe condition.

A possible loss,of'main function can be applied.
st is not.required:

en gireuit analysis indicates that no other component or portion of the circuit
brloaded as a result of open- or short-circuit failure mode of another component;

iance with the requirements of 8.1.13 is checked by inspection, also by)lightly réibbing

with a

ent of
bint of

imately 65 °C, a dry-point of approximately 69 °C and‘a density of approximately
cm3.
his test the marking shall be easily legible. It shall'not be easily possible to remove|labels

L2
—

eakdown of a component, identified as a result of the circuit analysis of 8.1.14, shall be

vill be

- fo

components In CIFCUltS Supplied DYy Iimited energy sources In complianc

IEC 60947-4-1:2018, 8.1.14;

power semiconductor devices when equivalent testing is accomplished during
short-circuit tests;

- on

with

— for components that have previously been positively evaluated considering their failure
modes and the circuit conditions in which the component is used within the device.

9.2.8.2 Breakdown of components test

Each identified component shall be subjected to a breakdown of components test in open- and
or short-circuit failure modes, whichever is most severe.

NOTE 1

The breakdown of components test can be done only with those circuits of the device that can affect the
result of the test being fully energized and in operation.


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

IEC 61095:2023 © IEC 2023 - 69 -

During this test, there shall be no emission of flame or molten metal, nor ignition of cotton. The
fusible element shall not open.

Components, such as capacitors or diodes, are short- or open-circuited. For device without a
dedicated enclosure, an outer metal enclosure or a wire mesh cage (with surrounded cotton on
the cage) that is 1,5 times the size of the device (or different, according to manufacturer
declarations) shall be provided to simulate the potential grounded parts around the device. In
case of dedicated enclosure, the cotton shall be placed over all openings. The outer dedicated
enclosure or wire mesh cage (when provided) and any grounded or exposed dead metal part
shall be connected through a fusible element F, according to subclause 9.3.3.5.2 g), to the
supply circuit.

NOTE 4 Explanations about enclosed equipment are given in 5.3.3.2 NOTE 2 (unenclosed contactor) and|5.3.3.3
NOTE 7 (enclosed contactor).

9.3 |[Compliance with performance requirements
9.3.1 Test sequences

The s¢quence of tests and the corresponding samples are indicated inCAnnex B.

9.3.2 General test conditions
9.3.2. General requirements

The contactors to be tested shall agree in all their essential details with the design of the type
which|they represent.

Unles$ otherwise stated in the relevant test clauses, the tests shall be made with the same kind
of curfent (and, at the rated frequency and with.the same number of phases) as in the intended
servicp.

If, for [convenience of testing, it appears desirable to increase the severity of a test (¢.g. to
adopt|a higher rate of operation in ‘order to reduce the duration of the test), this can bg done
only with the consent of the manufacturer.

The cgntactor under test shall be mounted complete on its own support or an equivalent spipport
and cpnnected as in normal service, in accordance with the manufacturer's instructions and
under|the ambient conditions stated in 7.1.

Enclosed contactors shall be mounted complete and any opening normally closed in gervice
shall he closedfor tests. Contactors intended for use in an individual enclosure shall be tested
in the smallestof such enclosures stated by the manufacturer.

NOTE |Anjindividual enclosure is an enclosure designed and dimensioned to contain one contactor only.

Contactors not intended to be used in an individual enclosure shall be tested in free air. In this
case, unless otherwise specified in the relevant test clauses of this document, for tests
concerning making and breaking capacities and performance under short-circuit conditions, a
wire mesh shall be placed at all points of the contactor likely to be a source of external
phenomena capable of producing a breakdown, in accordance with the arrangements and
distances specified by the manufacturer. Details, including distances from the contactor under
test to the wire-mesh, shall be stated in the test report.

Maintenance or replacement of parts is not permitted, unless otherwise specified in this
document.

The contactor can be operated without load prior to beginning a test.
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For the tests, the actuating system, if any, shall be operated as for the intended use in service
stated by the manufacturer and at the rated values of control quantities (such as voltage),
unless otherwise specified in this document.

9.3.2.2 Test quantities
9.3.2.2.1 Values of test quantities

All the tests shall be made with the values of test quantities corresponding to the ratings
assigned by the manufacturer, in accordance with the relevant tables and data of this document.

9.3.2.

The tgst recorded in the test report shall be within the tolerances given in Table 44, linless
otherwise specified in the relevant subclauses. However, with the agreemént ¢f the
manufacturer, the tests can be made under more severe conditions than thoserspecified

Table 14 — Tolerances on test quantities

Tests under no load,

All tests normal load and overload Tests under.s.hort-circuit
conditions conditions
— curfent: +§ % — power factor: +0,5 — power factor: _8 05

— vol{age: +g %

(including power frequency recovery

. \ B .
voltage) frequency: 5 % frequency +5 %

NOTE|1 Where maximum and/or minimum operating,limits are stated in this document, the above toleranges do
not apply.

NOTE[R2 Tests made at 50 Hz are valid for operation at 60 Hz and vice-versa.

9.3.2.2.3 Recovery voltage
a) Power-frequency recoyery voltage

For all breaking capacity and short-circuit breaking capacity tests, the value pf the
power-frequency (recovery voltage shall be 1,05 times the value of the rated operational
voltage.

NOITE 1 The value of 1,05 times the rated operational voltage for the power-frequency recovery vojtage is
dedgmed to_cover the effects of the variations of the system voltage under normal service conditions.

NO[TE’2 ~“The applied voltage can possibly be increased but the prospective peak-making curren{ is not
preferably be exceeded without the consent of the manufacturer.

NOTE 3 The upper limit of the power-frequency recovery voltage can be increased with the approval of the
manufacturer (see 9.3.2.2.2).

b) Transient recovery voltage
Transient recovery voltages, where required in this document, are determined according to
9.3.3.5.3.

9.3.2.3 Evaluation of test results

The behaviour of the contactor during the tests and its condition after the tests are specified in
the relevant test clauses of this document.
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9.3.24 Test reports

Written reports on type tests proving compliance with this document shall be made available by
the manufacturer. The details of test arrangements such as type and size of the enclosure, if
any, size of conductors, distance from the live parts to the enclosure or to parts normally earthed
in service, method of operation of the actuating system, etc., shall be given in the test report.

Test values and parameters shall form part of the test report.

9.3.3

9.3.3.]_Q.pauﬁnn
It shall be verified that contactors operate according to the requirements of 8.2.1.1.

9.3.3.2 Operating limits

Conta

8.2.1.2.

9.3.3.

9.3.3.3.1 Ambient air temperature

The a

least two temperature sensing means, e.g. thermometers/or thermocouples, equally distn

aroun

The t¢gmperature sensing means shall be protectéd against air currents, heat radiatiq

Performance under no load, normal load and overload conditions

Ctors shall be tested to verify the performance according to the requirements gi

] Temperature-rise

mbient air temperature shall be recorded during the’ last quarter of the test period

| the contactor at about half its height and at.a distance of about 1 m from the con

ven in

by at
buted
actor.
n and

indicafing errors due to rapid temperature changes.

During the tests, the ambient air temperature shall be between +10 °C and +40 °C and n¢t vary
by mofe than 10 K.

9.3.3.3.2 Measurement of the temperature of parts

For pgrts other than coils, the temperature of the different parts shall be measured by sditable

tempefature sensing means .at those points most likely to attain the maximum tempe

these

The tgmperature sensing means shall not significantly affect the temperature-rise.

Good
under

For el

points shall be stated"in the test report.

thermal'conductivity between the temperature sensing means and the surface of th
test,shall be ensured.

ature;

e part

$ 4 H | $h ool £ H +l 4 4 [N He T £ H
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tance

shall generally be used. Other methods are permitted only if it is impracticable to use the
resistance method.

The temperature of the coils before beginning the test shall not differ from that of the
surrounding medium by more than 3 K.

For copper conductors, the value of the hot temperature T, can be obtained from the value of
the cold temperature T, as a function of the ratio of the hot resistance R, to the cold resistance

Ry by

the following formula:

R
T, = ?2 (T4 + 234,5) — 234,5
1
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where
T, and T, are expressed in degrees Celsius.

The test shall be made for a time sufficient for the temperature-rise to reach a steady-state
value, but not exceeding 8 h. It is assumed that a steady-state is reached when the variation
does not exceed 1 K per hour.

9.3.3.3.3 Temperature-rise of a part

The temperature-rise of a part is the difference between the temperature of that part measured
in accordance with 9.3.3.3.2 and the ambient air temperature measured in accordance with
9.3.3.3°1-

9.3.3.3.4 Temperature-rise of the main circuit

The contactor shall be mounted as specified in 9.3.2.1 and shall be protected@gainst abrormal
externfal heating or cooling.

The main circuit shall be loaded as stated in 8.2.2.5.

All auiiliary circuits which normally carry current shall be lpaded at their maximum| rated
operalional current (see 5.6) and the control circuits shall be energized at their rated voltage.

Contaftors having an integral enclosure and contactors-Only intended for use with a spgcified
type of enclosure shall be tested in their enclosure forthe conventional thermal current tgst. No
opening giving false ventilation shall be allowed.

Contaftors intended for use with more than ong“type of enclosure shall be tested either|in the
smallgst enclosure stated by the manufacturerto be suitable or tested without an encloqure. If
tested|without an enclosure the manufacturer shall be prepared to state a value of conventional
encloded thermal current (see 5.3.3.3).

For tepts with multiphase currents;-the current shall be balanced in each phase within|[£5 %,
and the average of these currents’shall be not less than the appropriate test current.

Unles$ otherwise specifiedvin this document, the temperature-rise test of the main circuit is
made jat one or both of(the conventional thermal currents, as defined in 5.3.3.2 and 5.3.3{3 and
can bg made at any convenient voltage.

When [the heat-exchange between the main circuit, the control circuit and the auxiliary dircuits
can be¢ of significance, the temperature-rise tests stated in 9.3.3.3.4, 9.3.3.3.5, 9.3.3.3(6 and
9.3.3.8.7.shall be made simultaneously.

In the case of multipole contactors, the test can be carried out but, subject to the manufacturer's
agreement, with single-phase current with all poles connected in series.

At the end of the test, the temperature-rise of the different parts of the main circuit shall not
exceed the values given in Table 4 and Table 5.

The following test connection arrangements shall be used:
a) The connections shall be single-core, p.v.c.-insulated, copper conductors with cross-
sections as given in Table 15.

b) The connections shall be in free air and spaced at approximately the distance existing
between the terminals.

c) For single-phase or multi-phase tests, the minimum length of any temporary connection from
a terminal to another terminal or to the test supply or to a star point shall be 1 m.
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9.3.3.

The tg

The t¢
rated

Circui

At the
not ex

9.3.3.

Coils @nd electromagnets shall be tested according to the conditions given in 8.2.2.7.

They 3

Table 15 — Test copper conductors

8.5

Range of test current 2 Conductor size ¢
A mm? AWG/MCM
0 8 1,0 18
8 12 1,5 16
12 15 2,5 14
15 20 2,5 12
20 25 4,0 10
25 32 6760 10
32 50 10 8
50 65 16 6
65 85 25 4

The value of the test current shall be greater than the first value in the first column
and less than or equal to the second value in that column.

For convenience of testing and with the manufacturer's consent,
conductors than those given for a stated test current can be uséds

smaller

The table gives alternative sizes for conductors in the metric and AWG/MCM

systems.

Temperature-rise of control circuits

requency. Control circuits shall be tested at their rated voltage.

8.6

Temperature-rise of coils of electromagnets

mperature-rise of control circuits shall be measured during the test of 9.3.3.3.4.

mperature-rise tests of control circuits 'shall be made with the specified current and

s intended for continuous operation shall be tested for a sufficient time f
tempefrature-rise to reach a steady-state value.

end of these tests the temperature-rise of the different parts of the control circuit
ceed the values spegified in 8.2.2.6.

hall’be tested for a sufficient time for the temperature-rise to reach a steady-state

at the

pr the

5 shall

value.

The temperature shall be measured when thermal equilibrium is reached in both the main circuit

and the coil of the electromagnet.

Coils and electromagnets of contactors shall be tested as follows:

a) Electromagnets of contactors intended for a duty period of 8 h (continuous duty) shall be
subjected only to the test prescribed in 8.2.2.7.1, with the corresponding rated current
flowing through the main circuit for the duration of the test. The temperature-rise shall be

measured during the test of 9.3.3.3.4.

b) Electromagnets of contactors intended for intermittent duty shall be subjected to the test as
stated above, and also to the test prescribed in 8.2.2.7.2 dealing with their duty class, with

no current flowing through the main circuit.

c) Specially rated (short-time and periodic duty) windings shall be tested as stated in 8.2.2.7.3
without current in the main circuit.
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end of these tests the temperature-rise of the different parts shall not exceed the values

specified in 8.2.2.7.

9.3.3.3.7 Temperature-rise of auxiliary circuits

The temperature-rise tests of auxiliary circuits shall be made during the test of 9.3.3.3.4 under
the same conditions as those specified in 9.3.3.3.5 but can be carried out at any convenient
voltage.

At the

end of these tests the temperature-rise of the auxiliary circuits shall not exceed the values

specified in 8.2.2.8.

9.3.3.
9.3.3.

a) Ggqgneral conditions for withstand voltage tests

Th

If 4
all
in

Dielectric properties

A Type tests

contactor to be tested shall comply with the general requirements(ef.9.3.2.1.

he contactor is to be used without an enclosure, it shall be mounted on a metal plate and
exposed conductive parts (frame, etc.) intended to be connected to the protectivg earth
hormal service shall be connected to that plate.

When the base of the contactor is of insulating material, metallic parts shall be placed at all

of
an

An
int
co
of

op
be
foi

Fo
dis

NO|

the fixing points in accordance with the conditions of normal installation of the contactor
 these parts shall be considered as part of the frame of the contactor.

y actuator of insulating material and any integral non-metallic enclosure of corntactor
ended to be used without an additional enclesure shall be covered by a metal fgil and
nnected to the frame or the mounting plate<*Phe foil shall only be applied to thosg parts
surface which can be touched with thé’standard test finger (see Figure 10) Huring
eration or adjustment of the contactor. [f.the insulation part of an integral enclosure ¢annot
touched by the standard test fingerdue to the presence of an additional enclosyre, no
shall be required.

r the dielectric test between) phases, all circuits between these phases can be
connected for the test.

[TE 1 The purpose of this tests'is to check the functional insulation only.

Where the control circiit normally connected to the main circuit is disconnected, the method

us
b) Ve
1)

bd to maintain the~main contacts closed shall be indicated in the test report.
rification of impulse withstand voltage

General

The centactor shall comply with the requirements stated in 8.2.3.2.

The_ verification of the insulation is made by a test at the rated impulse withstand vgltage.

2)

ified by
measurement, according to the method described in Annex E.

Test voltage
The test voltage shall be that specified in 8.2.3.2.

For contactor incorporating overvoltage suppressing means, the energy content of the
test current shall not exceed the energy rating of the overvoltage suppressing means.
The latter shall be suitable for the application.

NOTE 2 Such ratings are under consideration.

The test equipment shall be calibrated to produce a 1,2/50 ys waveform as defined in
IEC 61180. The output is then connected to the contactor to be tested and the impulse
applied five times for each polarity at intervals of 1 s minimum. The influence of the
contactor under test on the waveshape, if any, is ignored.
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3

4

c) Po

1

2

)

)

)

~

Application of test voltage

With the contactor mounted and prepared as specified in item 1) above, the testv
is applied as follows:

oltage

i) between all the terminals of the main circuit connected together (including the control

and auxiliary circuits connected to the main circuit) and the enclosure or mo
plate, with the contacts in all normal positions of operation;

ii) between each pole of the main circuit and the other poles connected together

unting

and to

the enclosure or mounting plate, with the contacts in all normal positions of operation;

iii) between each control and auxiliary circuit not normally connected to the main
and:

circuit

— the main circuit,

— the other circuits,

— the exposed conductive parts,

— the enclosure or mounting plate,

which, wherever appropriate, can be connected together;
Acceptance criteria

There shall be no unintentional disruptive discharge during the tests.

NOTE 3 An exception is an intentional disruptive discharge, fer”example by transient ove
suppressing means.

NOTE 4 The term "disruptive discharge" related to phenomena associated with the failure of in
under electrical stress, in which the discharge completely bridges the insulation under test, redu
voltage between the electrodes to zero or nearly to zero.

NOTE 5 The term "sparkover" is used when a disruptive discharge occurs in a gaseous or liquid di

NOTE 6 The term "flashover" is used when, a\disruptive discharge occurs over the surface of a d
in a gaseous or liquid medium.

NOTE 7 The term "puncture" is used when a disruptive discharge occurs through a solid dielectric

NOTE 8 A disruptive discharge in a solid dielectric produces permanent loss of dielectric streng
liquid or gaseous dielectric, the(loss can be only temporary.

wer-frequency withstand. verification of solid insulation
General

temporary overvoltages.

The valdes' of Table 19 are deemed to cover the ability to withstand tem
overvoltages (see Footnote a of Table 19).

Test yoltage

voltage

ulation
ing the

plectric.

electric

th; in a

This test applies’ to the verification of solid insulation and the ability to withstand

borary

The test voltage shall have a practically sinusoidal waveform and a frequency be

tween

45 Hz and 65 Hz. The high-voltage transformer used for the test shall be so designed
that, when the output terminals are short-circuited after the output voltage has been
adjusted to the appropriate test voltage, the output current shall be at least 200 mA.

The overcurrent relay shall not trip when the output current is less than 100 mA.

The value of the test voltage shall be as follows:

i) for the main circuit, and for the control and auxiliary circuits, in accordance with

Table 19. The uncertainty of measurement of the test voltage shall not exceed

3 %.

ii) if an alternating test voltage cannot be applied, for example due to EMC filter

components, a direct test voltage can be used having the value of Table 19

, third

column. The uncertainty of measurement of the test voltage shall not exceed 3 %.

The test voltage applied shall be within +3 %.
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Application of test voltage

For the dielectric test between phases, all circuits between these phases can be

disconnected for the test.

NOTE 9 The purpose of this test is to check the basic and supplementary insulation only.

For the dielectric test between phase and earth, all circuits shall be connected.

NOTE 10 The purpose of this test is to check both basic and supplementary insulation, and the a
withstand temporary overvoltages.

The test voltage shall be applied to for 5 s in accordance with items b) 3) i), b) 3)
b) 3) iii) above.

bility to

ii) and

4)

d) P9
1)

2)

3)

4)

e) Ve
un
f) Ve

Acceptance criteria
During the test, no flashover, breakdown of insulation either internally (pungctd

glow discharge shall be ignored. Components connected between phase and ear
be damaged during the tests but such failure shall not result in a cendition that
lead to a hazardous situation.

NOTE 11 The voltage levels to earth are based on IEC 60664-1 under worst case condition
generally do not occur in practice.

wer-frequency withstand verification after switching tests
General

The test should be performed on the contactor,whilst it remains mounted f
switching tests. If this is not practicable, it can 6¢& disconnected and removed frqg
test circuit, although measures shall be taken“o ensure that this does not influen
result of the test.

Test voltage

The requirements of item c) 2) above shall apply except that the value of the test v
shall be 2 U, with a minimum of 1 090 V RMS or 1 415 V DC if an AC voltage test

be applied. The value of U, referred to is that at which switching tests have
performed.

Application of test voltage

The requirements of item c) 3) above shall apply. The application of the met
according to 9.3.3.4.1; item a), is not required.

Acceptance critéria

The requirements of item c) 4) above shall apply.
rification 6fF-DC withstand voltage

der censideration.

rification of creepage distances

re) or

externally (tracking) or any other manifestation of disruptive discharge shalkoccur. Any

th can
would

which

br the
m the
ce the

pltage
annot

been

| foil,

Th

I 4 4 Y lo ot I oo H H ol 4 PR
STUTITOL LITTUAYCT UlolaliLTo DTLWCTTIT PIiTadstTos, UTLWETIT CITUUTL CUTTUUTLUTS at Ul

ferent

voltages and live and exposed conductive parts shall be measured. The measured creepage
distance with respect to material group and pollution degree shall comply with the
requirements of 8.2.3.5.

9.3.3.4.2 Routine tests
a) Impulse withstand voltage

The tests shall be performed in accordance with item b) of 9.3.3.4.1. The test voltage shall
be not less than 30 % of the rated impulse withstand voltage (without altitude correction
factor) or 2 U; whichever is the higher.
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b) Power-frequency withstand voltage
1) Test voltage

The test apparatus shall be the same as that stated in item c¢) 2) of 9.3.3.4.1 exce
the overcurrent trip should be set at 25 mA.

pt that

However, at the discretion of the manufacturer for safety reasons, test apparatus of a
lower power or trip setting can be used, but the short-circuit current of the test apparatus

shall be at least eight times the nominal trip setting of the overcurrent relay, for ex
for a transformer with a short-circuit current of 40 mA, the maximum trip setting
overcurrent relay shall be 5 mA £+ 1 mA.

NOTE 1 The capacitance of the contactor can be taken into account.

ample
of the

The RMS value of the test voltage shall be 2 U, with a minimum of 1 000 V RMS.
NOTE 2 In the case of multiple values, U, refers to the highest value marked on the contactor or
the manufacturer's documentation.

2) | Application of test voltage

The requirements of item c) 3) of 9.3.3.4.1 shall apply, except _that'the duration
test voltage shall be 1 s only.

However, as an alternative, a simplified test procedure can-be‘used if it is considg
subject the insulation to an equivalent dielectric stress.

3) | Acceptance criteria
The overcurrent relay shall not trip.

c) Cgmbined impulse voltage and power-frequency withstand voltage

tegt where the peak value of the sinusoidal wave corresponds to the value stated in itq
or |b), whichever is the higher.

d) Inpo case the application of the metal-foil according to 9.3.3.4.1, item a) is required.

9.3.3.4.3 Sampling tests for verification of clearances
a) Ggneral

These tests are intended-to verify the maintaining of the design conformity reg
cldarances and are only-applicable to contactor with clearances smaller than
cofresponding to Tahlex17, case A.

b) Tept voltage

be|applied to the actuator or the enclosure.

jiven in

of the

red to

tests of items a) and b) above can be replaced by a single power-frequency withstand

ms a)

arding
those

all not

d) Accebtance-criteria
ceptahce-cHeHa

No disruptive discharge shall occur.
9.3.3.4.4 Tests for contactor with protective separation

Tests for contactor with protective separation are given in Annex I.
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Table 16 — Impulse test voltages and corresponding altitudes

_Rated U1’2,50, impulse
impulse
withstand kV
voltage
U
imp Sea 200 m 500 m 1000 m 2000 m
level
kV
0,33 0,36 0,36 0,35 0,34 0,33
0,5 0,54 0,54 0,53 0,52 0,5
0,8 0,95 0,9 0,9 0,85 0,8
1,5 1,8 1,7 1,7 1,6 1.5
2,5 2,9 2,8 2,8 2,7 2,5
4 4,9 4,8 4,7 4.4 4
6 7,4 7,2 7 6,7 6
8 9,8 9,6 9,3 9 8
Table 17 — Minimum clearances in air,
Rated impulse Minimum clearances
withstand voltage mfo
Uimp Case A Case B
Inhomogeneous-field Homogeneous-field
conditions ideal conditions
(see 3.5.31) (see 3.5.30)
Pollution degree Pollution degree
kV
1 2 3 1 2 3 4
D,33 0,01 0,01
0,5 0,04 0,2 0,04 0,2
0,8 0,1 0,8 0,1 0,8 16
1,5 0,5 95 1,6 0,3 0,3
2,5 1,5 1,5 1,5 0,6 0,6
4 3 3 3 1,2 1,2 1,2
6 515 5,5 5,5 5,5 2 2 2 2
8 8 8 8 8 3 3 3 3
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Table 18 — Minimum creepage distances

Rated Creepage distances for equipment subject to long-term stress
insulation
voltage of mm
equipment Pollution degree Pollution degree Pollution degree Pollution degree
or working
voltage 1f | 2f | 1 2 3 4
AC, RMS
or DC Material group Material group Material group Material group
Ve b c b |2 1 Illla | llib | 1 Ila | llib | | Ila | lllb
10 0,025 | 0,04 0,08 0,4 0,4 0,4 1 1 1 1,6 [1,6 (1,6
12,5 0,025 | 0,04 0,09 0,47 0,42 | 0,32 T,05 | 1,05 | 1,05 T6 | 1,6 | 1.6
16 0,025 | 0,04 0,1 0,45 (0,45 | 0,45 1.1 1,1 1.1 1,6 [1,6.416
20 0,025 | 0,04 0,11 0,48 (0,48 | 0,48 1,2 1,2 1,2 1,6 [4,6n (1,6
25 0,025 | 0,04 0,125 | 0,5 0,5 0,5 1,25 (1,25 | 1,25 1A 4,7 | 1,7
32 0,025 | 0,04 0,14 0,53 0,53 | 0,53 1,3 1,3 1,3 18 (1,8 (1,8
40 0,025 | 0,04 0,16 0,56 |0,8 1,1 1,4 1,6 1,8 1,9 (2,4 | 3
50 0,025 | 0,04 0,18 0,6 0,85 1,2 1,5 1,7 159 2 25 (3,2
63 0,04 0,063 |0,2 0,63 |0,9 1,25 1,6 1,8 2 21 12,6 |3,4] |d
80 0,063 | 0,1 0,22 0,67 |0,95 1,3 1,7 1,9 2,1 22 (2,8 |36
100 0,1 0,16 0,25 0,71 1 1,4 1,8 2 2,2 24 (3,0 |38
125 0,16 0,25 0,28 0,75 [1,05 1,5 1,9 2,1 2,4 25 (32 |4
160 0,25 0,4 0,32 0,8 1.1 1,6 2 2,2 2,5 32 | 4 5
200 0,4 0,63 0,42 1 1,4 2 2,5 2,8 3,2 4 5 6,3
250 0,56 1 0,56 1,25 (1,8 2;5 3,2 3,6 4 5 6,3 | 8
320 0,75 1,6 0,75 1,6 2,2 3,2 4 4,5 5 6,3 | 8 10
400 1 2 1 2 2,8 4 5 5,6 6,3 8 10 |12,
a8 Maerial group | or material groups Il, 113, Illb where likelihood to track is reduced due to the conditlons of
IEQ 60664-1.
b Maerial groups I, II, Illa, llib.
¢ Material groups I, Il, llla.
4 Values of creepage distances in this area have not been established. Material group Illb is in genefal not
redommended for application in pollution degree 4.
¢ As|an exception, for rated insulation voltages 127, 208, 415 and 440 V, creepage distances corresponfling to
thg lower values)y125 V, 200 V, 400 V respectively can be used.
f The valuesgiven in these two columns apply to creepage distances of printed wiring materials.
Tabte—t9—Pietectric } ¥ ' tedi fati H 5

Rated insulation voltage AC test voltage DC test voltage @ P
U, RMS
\Y \Y \Y
U; <60 1000 1415
60 < U, = 300 1500 2120
300 < U; = 440 1640 2 320

a  Test voltages based on 6.4.5, 51" paragraph of IEC 60664-1:2020.

b

be applied. See also item c¢) 2) ii) of 9.3.3.4.1.

A direct current test voltage can be used only if an alternating test voltage cannot
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5 Making and breaking capacities
5.1 General test conditions

for verification of making and breaking capacities shall be made according to the general

test conditions stated in 9.3.2.1.

Four-pole contactors shall be tested as three-pole contactors with the unused pole, which in
the case of contactors provided with a neutral pole is the neutral pole, connected to the frame.
One test on three adjacent poles is sufficient.

failure

\C-7a,
and AC-7d. For the test of utilization category AC-7b, it shall be 110 %-0f/Ug for hglf the
r of operating cycles and 85 % of Ug for the other half.

Conngctions to the main circuit shall be similar to those intended to bewused when the contactor
is in service. If necessary, or for convenience, the control and auxiliafy circuits, and in particular
the cojl of the contactor, can be supplied by an independent source) Such a source shall deliver

the same kind of current and the same voltage as specified fornservice conditions.

9.3.3.

.2 Test circuit

a) Figure 11, Figure 12, Figure 13 and Figure 14 give diagrams of the circuits to be uged for

the tests concerning:

10

A tetailed diagram of the circuit-used for the test shall be given in the test report.
b) Th

single-pole contactors on single-phase A€ (Figure 11);
two-pole contactors on single-phase AC (Figure 12);

three-pole contactors or three single-phase contactors on three-phase AC (Figurg 13);
four-pole contactors on three-phase four wire AC (Figure 14).

prospective current at the supply terminals of the contactor shall be not les$ than
times the test current.

c) The test circuit comprises the supply source, the contactor D under test and the load ¢ircuit.

d) 1)

2)

Utilization categories AC-7a and AC-7b:

The load-Circuit shall consist of resistors and air-cored reactors in series. Airtcored
reactors~in any phase shall be shunted by resistors taking approximately 0,6 % [of the
current.through the reactor.

However, where a transient recovery voltage is specified, instead of the 0,6 %|shunt
resistors, parallel resistors and capacitors shall be included across the loafl, the
complete, load circuit being as shown in Figure 16.

Utilization category AC-7c:
The diagram of the circuit is given under

Figure 22. The prospective short-circuit current of the supply shall be between 3 kA and
4 kA at cos ¢ = 0,90 £ 0,05.

The load circuit shall consist of resistors and air-cored reactors in series and capacitors
in parallel.

The line resistor R4 consists in a twin-core cable of 2 x 12,5 m in length with wires cross-
section appropriate to the rated current.
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3)

The load circuit consists of:
— acompensated capacitor value Cp of 10 uF (-0 pyF; +2 pF) per A.

Ex: for 10 A, C, = 100 pF; for 20 A, €, = 200 pF.

The capacitors shall be connected with 2,5 mm?2 conductors having the shortest

possible length;

— an inductor, X, and a resistor, R, adjusted to give to the load circuit (comprising Cp,
R and X) the power factor and the test current according to Table 7 and Table 9.

Utilization category AC-7d:

The diagram of the circuit is gi\/pn under Fignrp 26

The calculations are based on the following parameters in order to have the“re
values for inrush current and /2t:

— a prospective short-circuit current (RMS) of the supply of 3 kA @at-cos ¢
(lagging);

— aresistance R3 equal to 0,25 Q and an inductance L equal t0f20 yH simulati
twin-core cable in the test

The load shall be in accordance with Figure 26. The values farjthe maximum peak

and the maximum 72t of the inrush current are given in Table 20.

quired

= 0,9

ng the

value

NOTE 1 R2is the total series resistance in the lamp circuit including the ESR (equivalent series resistance)

value of the capacitor.
The values of R2 and C in load B shall be chosén‘in order to reach the values (3
for /,eq¢ and I2t as given in Table 20 when_the switching contact closes at 90
phase-angle.

The value of R4 shall be chosen to redch the rated power as given in Table
Table 20.

- 5 %)

0+5O

7 and

The values of R2 and C given in_Table 21 are for information only. The circuit shall be

adjusted to reach the 7,5, and 72t values of Table 20.
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Table 20 — Values for I and 72t depending on the type of distribution system

peak
Toeax 2t Ioeak 2t
A A2s A A2s

Rated power
W Distribution system: | Distribution system: | Distribution system: | Distribution system:
220/380, 230/400 220/380, 120/208 120/208
240/415 230/400 127/220 127/220
240/415
15 22 0,08 69 0,56
222 31 0,18 90 1

30 41 0,3 109 1,9
4512 58 0,6 140 3,5
60 73 1,2 162 5,9
100 108 2,8 200 11,5
150 142 5,5 231 18,5
200 170 9 248 24,5
250 192 13 255 30
300 209 16,5 260 35
350 223 20,5 262 39
400 235 24,5 263 43
520 2 250 29 280 53
600 2 260 32 290 59

NOTE[1 For values not given in the Table, the testwalues are determined by interpolation.

NOTE |2 Above values are in-line with IEC 60669-2-1.

a8 Int¢rmediate values for making and_breaking capacity test when other existing values can’t be used.[These
valpes are based on Figure BB.4 of /EC 60669-2-1:2021.
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e)

g)

Table 21 — Calculated circuit parameters

— 83 —

Rated Power R2(Q) C (uF) R2 (Q) C (uF)
W 230V 230 V 120 V 120 V
15 13 20 1,36 70
22 9 33 0,9 105
30 6,5 40 0,65 140
45 4,5 68 0.33 220
60 3,25 80 0,28 280
150 1,25 180 0,11 640
200 0,95 240 0,10 830
250 0,8 310 0,10 1000
300 0,7 355 0,11 1250
350 0,64 420 0,13 1500
400 0,59 480 0,135 1660
520 0,29 590 0,135 1900
600 0,22 680 0135 2200

INOTE For values not given in the table, the values are recalculated.

Thie loads shall be adjusted to obtain, at the specified voltage:

— | the value of current, power-factor and power frequency recovery voltage specified in
Table 7;

— | when specified, the oscillatory frequency of the transient recovery voltage and theg value
of the factor vy.
Thie factor v is the ratio of the value U, of the highest peak of the transient recovery vppltage
to [the instantaneous value. Uy, at the instant of current zero, of the component [of the
regovery voltage at power frequency (see Figure 15).

Thie test circuit shall be_earthed at one unique point and the position of this point shall be
stdted in the test report.

Allf parts of the contactor normally earthed in service, including the enclosure or the sqreens,
shall be insulated‘from earth and connected as indicated in Figure 11, Figure 12, Figurg 13 or
Figure 14.

This conpection shall comprise a fusible element F consisting of a copper wire 0,8 mm in
digmeter and at least 50 mm long, or an equivalent fusible element, for the detection|of the
fayltéurrent.

The prospective fault current in the fusible-element circuit shall be 1 500 A £ 10 %, except
as stated in NOTE 3 and NOTE 4. If necessary, a resistor limiting the current to that value
shall be used.

NOTE 2 A copper wire of 0,8 mm in diameter will melt at 1 500 A in approximately half a cycle at a frequency
between 45 Hz to 67 Hz.

NOTE 3 The prospective fault current can be less than 1 500 A, with a smaller diameter copper wire (see
Note 4) corresponding to the same melting time as in NOTE 2.

NOTE 4 In the case of a supply having an artificial neutral, a lower prospective fault current can be accepted,
subject to the agreement of the manufacturer, with a smaller diameter copper wire (see NOTE 5) corresponding
to the same melting time as in NOTE 2.

NOTE 5 The relationship between the prospective fault current in the fusible element circuit and the diameter
of the copper wire is in accordance with the Table 22 below:
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Table 22 — relationship between the prospective fault current in
the fusible element circuit and the diameter of the copper wire

Diameter of Prospective fault current
copper wire in the fusible
element circuit

Mm A

0,1 50

0,2 150

0,3 300

04 500

0,5 800

0,8 1500

9.3.3.5.3 Characteristics of transient recovery voltage

The fgllowing requirements apply to contactors of utilization category,AC-7b.

To simulate the conditions in circuits including individual motor.Jloads (inductive loads$), the
oscillgtory frequency of the transient recovery voltage of the load. eircuit shall be adjusted|to the
value:

f=2000x/7,02x U, <28+ 10 %

where
f s the oscillatory frequency, in kilohertz;
1, s the breaking current, in amperes;

s the rated operational voltage-of the equipment, in volts.

The fgctor y shall be adjusted to.the value:

y=1,110,05.

The value of reactance necessary for the test can be obtained by coupling several reacfors in
parallgl on condition that the transient recovery voltage can still be considered as having only
one ogcillatory~frequency. This is generally the case when the reactors have practically the
same fime-constant.

The Idad.terminals of the contactor shall be connected as closely as possible to the terminals
of the adjusted load circuit. The adjustment should be made with these connections in place.

Adjustment of the transient recovery voltage shall be made on the whole load circuit and, in
particular, the earth point shall not be moved between the adjustment and the test.

A procedure for adjusting the load circuit is given in Annex C.

9.3.3.54 Rated making and breaking capacities
a) Rated making and breaking capacities of contactors

The contactor shall make and break the current corresponding to its utilization category and
for the number of operating cycles given in Table 7.

b) Behaviour of the contactor during and condition after the making and breaking capacity
tests.
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During the tests within the limits of the specified making and breaking capacities of 9.3.3.5 and
the verification of conventional operational performance of 9.3.3.6.2, there shall be no
permanent arcing, no flash-over between poles, no blowing of the fusible element in the earth
circuit (see 9.3.3.5.2) and no welding of the contacts.

After the tests, the dielectric properties of the contactor shall be verified by a dielectric test as
specified in 9.3.3.4.1, item d).

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

9.3.3.6 Operational performance capability

9.3.3.15.1 General

Tests poncerning the verification of conventional operational performance are intended tq verify
that a|contactor is capable of fulfilling the requirements given in Table 9.

Conndctions to the main circuit shall be similar to those intended to be used'when the corntactor
is in service.

The tefst circuit given in 9.3.3.5.2 is applicable and the load is to be tuned according to 9.3}3.5.3.
The control voltage shall be 100 % of the rated control supply‘voltage.

9.3.3.6.2 Conventional operational performance of contactors

The contactor shall make and break the current carresponding to its utilization category gnd for
the nudmber of operating cycles given in Table 9.

9.3.3.6.3 Behaviour of the contactorduring and condition after the conventional
operational performance tests

The requirement of 9.3.3.5.4, item b), should be fulfilled and the dielectric properties |of the
contagtor shall be verified by a dielectric test as specified in 9.3.3.4.1, item d).

9.3.4 Performance under short-circuit conditions
9.3.4. General

This spubclause specifies test conditions for verification of compliance with the requiremgnts of
8.2.5.|Specificrequirements regarding test procedure, test sequence, condition of contactor
after the testare given in 9.3.4.2 and 9.3.4.3.

9.3.4.2 General conditions for short-circuit tests

9.3.4.21 General requirements for short-circuit tests

The general requirements of 9.3.2.1 apply. The contactor shall be operated under the conditions
specified in 8.2.1. It shall be verified that the contactor operates correctly on no-load when it is
operated under the above conditions.
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9.3.4.2.2 Test circuit

a)

c)

d)

Figure 17, Figure 18, Figure 19 and Figure 20 give diagrams of the circuits to be used for
the tests concerning:

— single-pole contactors on single-phase AC (Figure 17);

— two-pole contactors on single-phase AC (Figure 18);

— three-pole contactors on three-phase AC (Figure 19);

— four-pole contactors on three-phase four wire AC (Figure 20).

A detailed diagram of the circuit used for the test shall be given in the test report.

The supply S feeds a circuit including resistors R,, reactors X and the contactor D under
tegt.

In|all cases the supply shall have sufficient power to permit the verification pf the
characteristics given by the manufacturer.

Thie resistance and reactance of the test circuit shall be adjustable to satisfy the spé¢cified
teqt conditions. The reactors X shall be air-cored. They shall be connected in serigs with
the resistors R4, and their value shall be obtained by series coupling_efindividual reactors;

parallel connecting of reactors is permitted when these reactors have practically thel same
time-constant.

Since the transient recovery voltage characteristics of the dest circuits including large air-
cofed reactors are not representative of usual service caonditions, the air-cored reagtor in
earh phase shall be shunted by a resistor taking approxifmately 0,6 % of the current through
the reactor.

In [each test circuit (Figure 17, Figure 18, Figure 19 and Figure 20), the resistons and
reactances are inserted between the supply source S and the contactor D under teqt. The
pogitions of the closing device A and the current'sensing devices (/4, I,, I3) can be different.

TT connection of the contactor under test'{o the test circuit shall be stated in the test feport.

When tests are made with current less*than the rated value, the additional impedances
required shall normally be inserted\en the load side of the contactor between it anpd the
shprt-circuit; they can, however, be inserted on the line side, in which case this shall be
stdted in the test report.

Thie test circuit diagram shalkeonform to the figures, otherwise modifications shall be|noted
in the test report.

Theere shall be one and only one point of the test circuit which is earthed; this can pe the
shprt-circuit link of the test circuit or the neutral point of the supply or any other convenient
pojnt, but the method of earthing shall be stated in the test report.

Allfparts of the contactor normally earthed in service, including the enclosure or the scfeens,
shall be insulated from earth and connected to a point, as indicated in Figure 17, Figyre 18,
Figure 19-and Figure 20.

Thiis<caonnection shall comprise a fusible element F consisting of a copper wire 0,8 mm in
didmeter and at least 50 mm Inng, orof an equivalent fusible element for the detection of

the fault current.

The prospective fault current in the fusible-element circuit shall be 1 500 A £ 10 %, except
as stated in Note 2 and Note 3. If necessary, a resistor limiting the current to that value shall
be used.

NOTE 1 A copper wire of 0,8 mm in diameter will melt at 1 500 A in approximately half a cycle at a frequency
between 45 Hz to 67 Hz.

NOTE 2 The prospective fault current can be less than 1 500 A, with a smaller diameter copper wire (see
Note 4) corresponding to the same melting time as in Note 1.

NOTE 3 In the case of a supply having an artificial neutral, a lower prospective fault current can be accepted,
subject to the agreement of the manufacturer, with a smaller diameter copper wire (see Note 4) corresponding
to the same melting time as in Note 1.

NOTE 4 The relationship between the prospective fault current in the fusible element circuit and the diameter
of the copper wire is in accordance with the Table 22.
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9.3.4.2.3 Power-factor of the test circuit

The power-factor of each phase of the test circuit should be determined according to an

establ

Two e

ished method which shall be stated in the test report.

xamples are given in Annex D.

The power-factor of a polyphase circuit is considered as the mean value of the power-factors
of each phase.

The power-factor shall be in accordance with Table 23.

The d
factor

fference between the mean value and the maximum and minimum values of the™|
5 in the different phases shall remain within +£0,05.

Table 23 — Values of power-factors corresponding to test currents
and ratio n between peak and RMS values of current

Test current Power-factor n
A
<1500 0,95 1,41
1500<7<3000 0,9 42
3000 <7<4500 0,8 1,47
4500<7<6000 0,7 1,53

9.3.4.2.4 Calibration of the test circuit

The ¢
imped

libration of the test circuit is carried>out by placing temporary connections B of negd
nce as close as reasonably possible to the terminals provided for connectir

equipment under test.

Resisfors R4 and reactors X are adjusted so as to obtain, at the applied voltage, a current

to the

In ord

rated short-circuit breaking capacity as well as the power-factor indicated in 9.3.4

er to determing the short-circuit making capacity of the contactor under test frg

calibrgtion oscillogram, it is necessary to calibrate the circuit so as to ensure th
prospé¢ctive making current is achieved in one of the phases.

NOTE
voltage

The applied voltage is the open circuit voltage necessary to produce the specified power frequency r
(but'see also Note 1 of 9.3.2.2.3).

ower-

ligible
g the

equal
2.3.

m the
ht the

pcovery

The testcircuitisenergized-simuttaneousty-imattpotesand-thecurrentcurve s recorde
duration of at least 0,1 s.

9.3.4.2.5 Test procedure

d for a

After calibration of the test circuit in accordance with 9.3.4.2.4, the temporary connections are
replaced by the contactor under test, and its connecting cables, if any.

The contactor and its associated SCPD shall be mounted and connected as in normal use. They
shall be connected to the circuit using a maximum of 2,4 m of cable (corresponding to the
operational current) for each main circuit.

Three

phase tests are considered to cover single-phase applications.
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9.3.4.2.6 Interpretation of records

a) Determination of the applied voltage and power-frequency recovery voltage

The applied voltage and the power-frequency recovery voltage are determined from the
record corresponding to the break test made with the contactor under test and evaluated as
indicated in Figure 21.

The voltage on the supply side shall be measured during the first complete cycle after arc
extinction in all poles and after high frequency phenomena have subsided (see Figure 21).

b) Determination of the prospective breaking current

This determination is made by comparing the current curves recorded during the calibration
of the ci

e circuit with those recorded during the break test of the contactor (see Figure 21).
The AC component of the prospective breaking current is taken as being equal toth¢ RMS

va
se

prq
the
the

c) Ds

Th
sh

ph
NO

rec
of o

9.3.4.
9.3.4.

The ¢
9.3.4.

are co

For a

supply
is a ci

break¢r adjusted to the maximum setting.

During
or cov|

ue of the AC component of the calibration current at the instant which corresponds
pbaration of the arcing contacts (value corresponding to 4,/2 V2 of Figure 21item a

spective breaking current shall be the average of the prospective currénts in all p
prospective current in any phase shall not vary from the average by more than 1
average.

termination of the prospective peak making current

e prospective peak making current is determined from the calibration record and its
bll be taken as being that corresponding to 4, of Figure 2%{item a). In the case of a

bse test it shall be taken as the highest of the three 4values obtained from the re

TE For tests on single-pole contactors, the prospective peak making current determined from the cal
prd can differ from the value of the actual making current €orresponding to the test, depending on the
haking.

B Conditional short-circuit current
8.1 General

bntactor and the associated SCPD ‘shall be subjected to the tests given in 9.3.4.3
8.3. The tests shall be so conducted that conditions of maximum 7, and of maxim

vered.

magnetically operated‘contactor, the magnet shall be held closed by a separate ele
at the specified conirol voltage. The SCPD used shall be as stated in 8.2.5. If the
rcuit-breaker with_an adjustable current setting, the test shall be made with the (¢

the test, all openings of the enclosure shall be closed as in normal service and th
er secured by the means provided.

to the
). The

hases;
D % of

value
three-

cord.

bration
instant

2 and
im Uy

ctrical
SCPD
ircuit-

B door

A new

sample can be used for each operation of the test sequences at prospective curr

and ]q

9.3.4.3.2 Test at the prospective current I,

ents 7,

The circuit shall be adjusted to the prospective test current corresponding to the rated
operational current /, according to Table 24.

The contactor and the associated SCPD shall then be connected to the circuit. The following

seque

nce of operations shall be performed:

1) One breaking operation of the SCPD shall be performed with SCPD and the contactor closed
prior to the test.

2) One breaking operation of the SCPD shall be performed by closing the contactor on to the
short-circuit.
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Table 24 - Value of the prospective test current according
to the rated operational current

Rated operational Prospective current
current
[e ll'
A kA
0</7,s16 1
16 <1, <63 3

The power factor shall be according to Table 23 of 9.3.4.2.3.

9.3.4.3.3 Test at the rated conditional short-circuit IQ|

This test is done if the current /, is higher than the current /,.

The circuit shall be adjusted to the prospective short-circuit I4 eqlal to the rated conditional
short-gircuit current.

If the BCPD is a fuse and the test current is within the currefqt-limiting range of the fuse then, if
possifjle, the fuse shall be selected to permit the maximum let through peak current Iy a nd 22t.

The contactor and the associated SCPD shall thenbée connected to the circuit.

The fgllowing sequence of operations shall be\performed:

1) One breaking operation of the SCPD-shall be performed with SCPD and the contactor ¢losed
prior to the test.

2) One breaking operation of the SCGPD shall be performed by closing the contactor on|to the
shprt-circuit.

9.3.4.3.4 Results to be-obtained

The contactor shall be(considered to have passed the tests at the prospective current J. and,
where|applicable, the-prospective current Iy if the following conditions are met:

A The fault eurrent has been successfully interrupted by the SCPD and the fuse of fuse
elgment.orsolid connection between the enclosure and supply shall not have melted

B The doer or cover of the enclosure has not been blown open, and it is possible to open the
dopnrof cover. Deformation of enclosure is considered acceptable provided that the degree
of protection by the enclosure is not less than IP2X.

C There is no damage to the conductors or terminals and no conductor has been separated
from the terminals.

D There is no cracking or breaking of an insulating base to the extent that the integrity of
mounting of a live part is impaired.

E There has been no discharge of parts beyond the enclosure. Damage to the contactor is
acceptable and the contactor can be unsuitable for further use.
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9.3.5 Overload current withstand capability

For the test, the contactor shall be mounted, wired and operated as specified in 9.3.2.

All poles of the contactor are simultaneously subjected to one test with the overload current
and duration values stated in 8.2.4.4. The test is performed at any convenient voltage and it
starts with the contactor at room temperature.

After the test, the contactor shall be substantially in the same condition as before the test. This
is verified by visual inspection.

NOTE [The F°T value (Joule Integral) calculated from this test cannot be used 10 esumate the periormancg of the
contactpr under short-circuit conditions.

9.3.6 Routine tests
9.3.6. General

Routirle tests are tests to which each individual contactor is subjected during on after
manufacture to ascertain whether it complies with the stated requirements.

Routirle tests shall be carried out under the same or equivalent\conditions to those spécified
for tyge tests in the relevant parts of 9.1.2. However, the limits\of operation in 9.3.3.2 ¢an be
verified at the prevailing ambient air temperature with a corregtion if needed.

9.3.6.2 Operation and operating limits

Tests pre carried out to verify operation within the.limits specified in 8.2.1.2. In these tegts it is
not nelcessary to reach thermal equilibrium.

9.3.6.3 Dielectric tests

Subclause 9.3.3.4.2 applies.

9.4 |Tests for EMC
9.4.1 General

No tegts are required_forequipment not incorporating electronic circuits (see 8.3.1).

The tgst sample-shall be in the open or closed position, whichever is the worse, and shall be
supplied with thevrated control circuit supply voltage.

9.4.2 Immunity

9.4.2.1 General

The tests of Table 25 are required.

If, during the EMC tests, conductors are to be connected to the test sample, the cross-section
and the type of the conductors are optional but shall be in accordance with the manufacturer's
literature.

Where a range of contactors comprise similar control electronics, within similar frame sizes, it
is only necessary to test a single representative sample.

The product shall perform according to the performance criteria given in Table 26.

After the tests, the operating limits of 9.3.3.2 shall be verified at ambient temperature.
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Table 25 — Tests for EMC — Immunity

U, during 250/300 cycles (50/60 Hz)

Type of test Reference test Minimum test level required Performance
standard criterion
Electrostatic discharges IEC 61000-4-2 Air discharge 8 kV
Contact discharge 4 kV
Radio-frequency IEC 61000-4-3 80 Hz to 1 000 MHz — 3 V/m
electromagnetic field
1,4 GHz to 6 GHz — 3V/m
80 % AM (1 kHz)
Fast transient IEC 61000-4-4 +-1 kV
Tr/Th 5/50 ns
Repetition frequency 100 kHz
Surge IEC 61000-4-5 1,2/50 (8/20) Tr/Td ps
2 kV (line-to-earth)
1 kV (line-to-line)
Radiotfrequency common | IEC 61000-4-6 0,15 MHz to 80 MHz
mode
3V
80 % AM (1 kHz)
Power-frequency IEC 61095 Covered by 9.3.4 Short-circuit test
magng¢tic field
Voltade dips 2 fori, <16 A 0 % of the rateéd control supply voltage
IEC 61000-4-11 Us during 0¢5/cycle
for/ > 16 A 0 % of therated control supply voltage
e 9
IEC 61000-4-34 Us during’1 cycle
70% of the rated control supply
voltage U, during 25/30 cycles
(50/60 Hz)
Voltage interruptions @ 0 % of the rated control supply voltage

a8 Th
re

s equipment is inherently sensitive to voltage dips and short time interruptions on the control supply;
ct within the limits of 8.2.1.2 and this is verified by the operating limits tests given in 9.3.3.2.

t shall

Table 26 — Specific acceptance criteria for immunity tests

Acceptance criteria

Item

A

c

During
to this

the test'referring
cfitérion

the contactor shall remain
in the expected position

contacts position can
change

contacts position cah

change

self-recoverable

(not self-recoverable)

9.4.2.2

Electrostatic discharge

The point to which discharges shall be applied is selected by an exploration of the accessible
surfaces of the contactor, when installed as for normal use.

9.4.2.3

Surge

Where three-phase equipment employs an identical circuit configuration for each phase then
tests are required on only one phase.
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9.4.3 Emission
9.4.3.1 Conducted radio-frequency emission tests

A description of the test, the test method and the test set-up are given in CISPR 14-1:2020,
5.1, 5.2 and 5.4.

The emission shall not exceed the levels given in Table 27.

Table 27 — Terminal disturbance voltage limits for conducted
radio-frequency emission (for mains ports)

Frequency band Limits
MHz dB(uV)
0,15t0 0,5 66 to 56 quasi-peak
56 to 46 average
0,5t0 5,0 56 quasi-peak
46 average
5to 30 60 quasi-peak
50 average

NOTE Limits are in accordance with CISPR 14-1 for majns.ports Table 5.

9.4.3.2 Radiated radio-frequency emission tests

A desgription of the test, the test method and ¢he test set-up are given in CISPR 14-1}2020,
5.1, 5J2 and 5.4.

Tests pre required where the control and auxiliary circuits contain components with fundafnental
switchling frequencies greater than 9&Hz, for example switch-mode power supplies, etc.

The emission shall not exceed the' levels given in Table 28.

Table 28 — Radiated emission test limits

Frequency range Limits?
MHz Quasi-peak dB (pV)
at10 m at3m
80 to 230 30 40
230 to 1 000 37 47

a8 Tests can be carried out at 3 m distance only to small equipment (equipment,
either positioned on a tabletop or standing on the floor which, including its cables
fits in a cylindrical test volume of 1,2 m in diameter and 1,5 m above the ground
plane).

IEC

Figure 1 — Thread-forming tapping screw
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VA7

IEC

Figure 2 — Thread-cutting tapping screw

Sample

SR 2,5
IEC

Figure 3 — Ball-pressure test apparatus (see 9.2.2.3.1)

|
I
@ Clamping unit

Dimensions in millimetres

A
= ars \\\\ Ny
\
v
Platen
| .
Bushing hole ‘
|

Mass m

IEC

Figure 4 — Test equipment for flexion test (see 9.2.5.4)
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Dimensions in millimetres

Form A Form B

Figure 5 — Gauges of form A and form B (see 9.2.5.6)
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Dimensions in millimetres

i b Y
J i\
IHN
M4 o1 |10 5 _13
- 0
of W el N 1
. Q
K120 2

220
210
‘

215
M4
ik
I
|

[
2113

=l ° RS
212 @
57,5
@ IEC
Key:
1 Polyamide

2, 3, 4,5 Steel Fe 360

Figure 6 — Pendulum for mechanical impact test apparatus (striking element)
(see 9.2.6.2.1)
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Dimensions in millimetres

i—l Sheet of plywood
i ‘ 45°
— g A}\;
e e l =
I f J /\>\
I
| |
I
| | 7ZNK,
I ! o
g o | ! ¥ ° 8 -
| ——— +
© B = 3
|
I
|
I
|
I
! 7
1 M~
________ 1,_ S —— m
| 45°
A . 35 12
—= Pivot
175 21 WA
2200

Figure 7 — Mounting support for samplesfor mechanical impact test

(see 9.2.6.2.1)

IEC
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Dimensions in millimetres

Frame

\
1000 %1

J%Sample

Mounting support IEC

Figure 8 — Pendulum hammer test apparatus (see 9.2.6.2.1)

Sphere staft
positioh

//
/
Shere impact /
position fto
T
i
= i /2
I 78
-8
AN /U
=)
4
Test ’ Test
sample 7 sample Sphere impact
position
Rigid supporting surface / Rigid supporting surface /
S S S S S S S S S S 7. S S S S S S S SSS SS A

IEC

NOTE H =1 300 mm.

For the ball pendulum impact test, the sphere shall contact the test sample when the cord is in the vertical position
as shown.

Figure 9 — Sphere test apparatus (see 9.2.6.2.2)
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Dimensions in millimetres

180

A
(S
o
~
| N |

80
N

60

14°

T8
i [ |
e

>

- 30
o >
|

|
B

T
o
(\A‘M
o
(20)

N
(10>;
\

A
A

¢

w

|
20402

)
>/
A
IEC
Key:

1 handgle 2 guard 3 stop face
4 joints 5 R2 + 0,05 Cylindrica 6 insulating material
7 chamfer all edges 8 R4 + 0,05 Spherical

Material: metal, except where otherwise specified
Linear dimensions in millimetres
Tolerances on dimensions without specific tolerance:
on angles: 0/-10'
on linear dimensions:
up to 25 mm: 0/-0,05
over 25 mm: +0,2

Both joints shall permit movement in the same plane and the same direction through an angle of 90° with a 0 to +10°
tolerance.

Figure 10 — Jointed test finger (according to IEC 60529:1989, Figure 1)
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Fi

S
I—%
0 o)
S08
Ik
[
) Urt L] S = Supply
U1, = Voltage sensors
U2
F = Fusible element (see9:813.5.2, g))
- Z = Load circuit (see-Figure 16)
|
i —'—'{-'—’T R, = Fault current limiting resistor
| |
#2 ]! x} | :D D = Contactorunder test
: i : (including.connecting cables)
o _j'é'_' B = Temporary connections for calibratid
T 1 = /Curfent sensor
T =/ Earth — One earthing point only
(load side or supply side)
z
I :>
L
- IEC

jure 11 — Diagram of the test circuit for the verification of making and breaki
capacities of a single-pole contactor on single-phase AC

=}
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S = Supply
U1,U2 U3 = Voltage sensors

\% = Voltage measuring device
N = Neutral of supply (or artifictal neutrql)
™ ™ F = Fusible element (seg '9.873.5.2. g))
— e Lo —. |
! i I z = Load circuit (see{Figure 16)
|
U2 & i U3 \> i I'D R, = Fault current limiting resistor
|
| |
I I _._'r._.l D = Contactorunder test
I'B I'B (includingi connecting cables)
. .|
B = Temporary connections for calibrat|on
I 1 =, Current sensors
z Z T = Earth — One earthing point only

(load side or supply side)

- IEC

NOTE 1 Ur1 can, alternatively, be conhected between phase and neutral.

In the dase of equipment intended for use in phase-earthed systems or if this diagram is used for the tegt of the
neutral [and adjacent pole of a 4-pole equipment, F shall be connected to one phase of the supply.

NOTE 3 In the USA and Canada, F shall be connected:
— to ¢ne phase ofithe supply for equipment marked with a single value of U,

— to the neutral for equipment marked with a twin voltage for U, (see Note 1 of 6.2).

Figure'12 — Diagram of the test circuit for the verification of making and breaking
capacities of a two-pole contactor on single-phase AC
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S
4 A A
Q o) o) O N
S0
[] F@2)
3)
R S Suppl
Ut U2 U3 J H t PPy
(1) (1) (1) Y1, U2, U3 Voltage sensors
U4, U5, U6
\% Voltage measuring flevice
N Neutral of supply (or
artificial neutral)
*— *— [ S
I N O A ] I _ 4'_,7 F Fusible element (sg¢e
! ! b 913y3.5.2. g))
I I I !
U4 \0 L US x | U \o ! ID Z ‘oad circuit (see
| | : : Figure 16)
[ _'TE'_'_ ''''''' B T i _‘_B_ R, Fault current limitirlg
PO - - resistor
D Contactor under tegt
(including connectipg
cables)
z z z
B Temporary connectigns for
calibration
J{) ﬁ() Ji() Iy, 1y, I Current sensors
T Earth — One earthing
point only
—_— (load side or supply side)
IEC
NOTE 1 U,1, U2, U3 can, alternatively,)be connected between phase and neutral.
In the dase of equipment intended for use in phase-earthed systems or if this diagram is used for the tegt of the
neutral fand adjacent pole of a«4:pole equipment, F shall be connected to one phase of the supply.
NOTE 4 In the USA and(Canada, F shall be connected:
— to ¢ne phase of the\supply for equipment marked with a single value of U,.

- tof

he neutralferequipment marked with a twin voltage for U, (see Note 1 of 6.2).

Figure 13 — Diagram of the test circuit for the verification of making
and breaking capacities of a three-pole contactor
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S
r A N\
o o o O N
0—@—4-
S = Supply
R Uu1,U2, U3
Ut U2 U3 U4, U5, U6 = Voltage sensors
(note) (note) (note) T
V = Voltage measpring
device
N = Neutrakof sugply (or
artifiCial neutrpl)
F = Fusible elemgnt
[ [ [
B B B (see 9.3.3.5.9. g))
- _._.:_._._ ....... _._.ll_._,_ ,,,,,,, _._.{_ ........... ———
i [ [ | | ! 4 = Load circuit (fee
! i )
s || x i U5 \O i U6 \O i i D Figure 16)
[ | ! ! : R, = Fault current
L._._._T ..... A — - == _— Foq— e — ||m|t|ng resistor
'B 'B 'B
- - - D = Contactor under
test
(including
connecting cgbles)
V4 V4 V4 B = Temporary
connections for
calibration
<l1—<) <l3<> <li<> 1y 1y, Iy = Current sensg¢rs
Cq Co T = Earth — One
earthing poin{ only
— T (load side or supply
IEC side)

NOTE Ur1, Ur2, Ur3 can, alternatjvely, be connected between phase and neutral.

Figure 14 <Diagram of the test circuit for the verification of making
and breaking capacities of a four-pole contactor
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Current
Time
Voltage
A /P;Pv\
A e
7
7
s/
- /s
) SA //
/
//
A pd )
N
Time

Figu

Instant of current zero

re 15 — Schematic illustration of the recovery voltage‘across contacts of the

IEC

phase to clear (see 9.3.3.5.2, e)) under ideal’'conditions

first
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S
o1 02 03
______________________ ey
| |
i & x) x) I'D
i i
i !
______________________________________________ i
1
Q_ C S = Supply
6 Yo D = Contactor under test
3
| oa—] C = Phase adjustment _selgctor
switch
B = Diode
\/ @
— A = Recorder
5 R, = Resistor
R,
J R |:| R |:| [ a G = "“High-frequency generptor
] C C C
1 P ::p ::p R = Load circuit resistor
X = Load circuit reactor (slee
9.3.3.5.2 d))
Rp|:| X Rp|:| X RPU R, = Resistors in parallel
G Cp = Capacitors in parallel
1, 15, 13 = Current sensors

OB O ORENC

The rel

IEC

htive positions of the high-frequency generator (G) and of the diode (B) shall be as shown.

Figure 46— Diagram of a load circuit adjustment method
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{—A—\
o
1
S = Supply
U1,U2 = Voltage sensors
r X (note) . )
F \% = Voltage measuring device
T . ;
A = Closing device
R, = Adjustable resistor
RL
Ur F = Fusible element (see 9.3.4,2.2.d))
& X = Adjustable reactor
A (note) R, = Fault current limiting résistor
D = Contactor undentest
(including conpecting cables)
*—
- ____'l_v__ . B = Temporapy'connection for calibration
| 2
i : : I = Current sensor
U | i \o )
: : i T = Earth — One earthing point only
H—- _,_:_,_‘_! (load side or supply side)
LB r ={ Shunt resistor (see 9.3.4.2.2 b))
I4 i )
L
- IEC
NOTE [Adjustable loads X.and R, can be located either on the high voltage side or on the low voltage sid
supply gircuit, the closing'device A being located on the low voltage side.
Figyre 17 — Diagram of the test circuit for the verification of short-circuit making
breaking capacities of a single-pole contactor on single-phase AC

b of the

and
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o N
S = Supply
r [[]F® vt u2U3 = voltage sensors
“4)
B \% = Voltage measuring device
A = Closing device
Ru
R, = Adjustable resistor
N = Neutral of supply (erartificial neural)
F = Fusible element’(see 9.3.4.2.2 d))
X = Adjustable reactor
- - R. = Fault_cufrent limiting resistor
I I
i e et A I B Sa— D = Cgdntactor under test
i I I i (ineluding connecting cables)
u2|| i b lus i 1D : ibrdsi

i I I I B = “~Temporary connection for calibrgtion

| | | |

e P Iy 1, = Current sensors

| B | B
- 'S T = Earth — One earthing point only
(load side or supply side)
I1 C) /2< > r = Shunt resistor (see 9.3.4.2.2 b))

IEC

NOTE 1 Adjustable loads X and\R, can be located either on the high voltage side or on the low voltage side of the
supply gircuit, the closing devige A being located on the low voltage side.

NOTE 3 U,1 can, alternatively, be connected between phase and neutral.

In the dqase of eqUipment intended for use in phase-earthed systems or if this diagram is used for the tegt of the
neutral [and adjacent pole of a 4-pole equipment, F shall be connected to one phase of the supply.

NOTE 3 dn-the USA and Canada, F shall be connected:

t N £ Ll Lok H 4 leaal o H } } £ 17
- 0 ofre—praseortne Stppry rorequtpmentmarket whimrasingre—varteoro

e’

— to the neutral for equipment marked with a twin voltage for U, (see NOTE 1 to 6.2).

Figure 18 — Diagram of the test circuit for the verification of short-circuit making and
breaking capacities of a two-pole contactor on single-phase AC
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w

\

S = Supply

U1,U2 U3 = Voltage sensors
"‘F 3) U4, U5, Us

[ ]

V = Voltage measuring
device
RL A = Closing device
Un U2 U3
2) 2) 2) R’1 = Adjustableresistor
\o \0 A1) N = Neuttal of supply (dr
artificial neutral)
F =\JFusible element (s¢e
9.3.4.2.2 d))
A [ ke *—
L ! ! X = Adjustable reactor
— et e i — kg o
i | I I i R, = Fault current limiting
U4 | | \O L lus & 'l us \0 0D resistor
| | | | |
i : : : ! D = Contactor under tept
[ARRPRRY RE R E— ] I g — 1 : : H
TB TB 1 B (including connectipg
P P o cables)
B = Temporary connectfion
for calibration
I I I3
T ( > - ( > - ( > 1y 1y, 1y = Current sensors
T = Earth — One earthing
LT point only
= IEC (load side or supply side)
r = Shunt resistor (seg
9.3.4.2.2 b))

NOTE 1 AdjustableJeads X and R, can be located either on the high voltage side or on the low voltage side of the
supply gircuit, the-elosing device A being located on the low voltage side.

NOTE 3 U, U2, U3 can, alternatively, be connected between phase and neutral.

In the dase of equipment intended for use in phase-earthed systems or if this diagram is used for the tedt of the
neutral and adjacent pole of a 4-pole equipment, F shall be connected to one phase of the supply.

NOTE 3 In the USA and Canada, F shall be connected:

— to one phase of the supply for equipment marked with a single value of U,

— to the neutral for equipment marked with a twin voltage for U, (see NOTE 1 to 6.2).

Figure 19 — Diagram of the test circuit for the verification of short-circuit making and
breaking capacities of a three-pole contactor
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S = Supply
U1,U2 U3 = Voltage sensors
I_—‘ E U4, Us, U6
L \% = Voltage measuting
device
R Ry = Adjustableiresistpr
Ur U2 U3
(2) (2) (2) N = Neutral.of supply
\o \o \> A1) = _Fusible element (see
913.4.2.2 d))
X =/ Adjustable reactqr
f - f - f - R. = Fault current limifing
I I I resistor
———e Lo, Lot L N [ Ll — e
' | | | i A = Closing device
U4 | Ll UB bl us ! i D
| | | | i D = Contactor under jest
i : : : i (including connegting
B B B cables)
*- *- *-- B = Temporary conndction
for calibration
11 C) I2 C) I3 C) Iy, by, Iy = Current sensors
(%1) (%2) (%:; T = Earth — One earthing
point only
T (I_oad side or supply
= IEC side)
r = Shunt resistor (s¢e
9.3.4.2.2 b))
NOTE {1 Adjustable-Jeads X and R, can be located either on the high voltage side or on the low voltage side of the
supply gircuit, the-elosing device A being located on the low voltage side.
NOTE 3 U, Y2, U3 can, alternatively, be connected between phase and neutral.
NOTE 3l an additional test is applicable between the neutral pole and the adjacent pole. the connections|C, and

C, are omitted.

Figure 20 — Diagram of the test circuit for the verification of short-circuit
making and breaking capacities of a four-pole contactor
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a) = Calibration of circuit
A4, = Prospective peak making current
Current
4 = Prospective symmetrical breaking
2 current (RMS value)
22
B, = Applied voltage (RMS. value)
-
ZN Z
== |
i Voltage i
i ! b) = O or CO operation
|
' |
|
I i B = Supply.voltage (RMS. valug)
| 2
|
| | 22
| |
|
|
| |
|
i |
|
f |
Current :
|
|
|
|
|
|
|
|
|
|
/ -
I Voltage
|
i
|
i
\\ i
CO operation
O|operation EC
Making[capacity. (peak value) = 4,* Breaking capacity (RMS value) = 4
24/2

NOTE 1 The amplitude of the voltage trace, after initiation of the test current, varies according to the relative
positions of the closing device, the adjustable impedances, the voltage sensors and according to the test circuit
diagram.

NOTE 2 It is assumed that the instant of making is the same for calibration and test.
* See 9.3.4.2.6b).

Figure 21 — Example of short-circuit making and breaking test record in the case
of a single-pole contactor on single-phase AC
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Contactor undertest ™7~~~ "
o -

Supply

 — 1
I |
=

R1

!
O } } e} o

Key

F = Fus
R, = F3
R, =Ty
R =Re
X =Ind
Cp = Cs

Twin-core cable Load A
IEC

e element (see 9.3.3.5.2 g)
ult current limiting resistor
in-core cable resistor

istor of load circuit

Lictor

pacitor

Figure 22 — Diagram of the test circuit for making and breaking verification
for utilization category 'AC-7c
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IEC

(a) Screwless-type terminal with indirect pressure

e i

4 [

4 K Y
= i |

X [

'y
\ -y |

- Wy )
L= I: ( lr':.-
I
IEC

(c) Screwless-type terminal with actuating element

Figure 23 — Example of screwless-type clamping units
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Dimensions in millimetres

Current carrying part ~ Clamping force Wire

[ .i I-I—I

- -— - = Measuring point B
Measuring point A

1EC

Figure 24 — Voltage drop measurement at contact point of the clamping terminpl

IEC

F

gure 25 — Connecting samples for ageing test for screwless-type clamping unlits
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Contactor

under test
o o/ 0

R2 N AN
Supply o — -,
—
- Ry L AN AN
O O o

Load B
IEC

Key
F = Fude element (see 9.3.3.5.2 g)
R, = F4ult current limiting resistor
R, = Rgsistor simulating twin-core cable

L = Inddictance simulating twin-core cable

RZ, R4 F Resistors of load circuit

C = Capacitor

Figure 26 — Diagram of the test circuit forrmaking and breaking verification
for utilization category AC-7d
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Annex A
(normative)

Terminal marking and distinctive number

General

The purpose of identifying terminals of contactors is to provide information regarding the
function of each terminal, or its location with respect to other terminals, or for other use.

A.2

A.21

A.21.
by A1

A.2.1.
A3, A

EXAMP

A.2.1.
A2 an

Terminal marking of impedances (alphanumerical)

Coils

1 The two terminals of a coil for an electromagnetically operated drive shall be n
and A2.

A1 A2

P For a coil with tappings, the terminals of the tappings are marked in sequentia

, etc.
LE
Al =, A2
A3
Al — A2
A3

3 For a coil having two-windings, the terminals of the first winding shall be mark

A.2.2
A.2.2.

arked

order

ed A1,

j of the second winding B1, B2.
A1 A2
B1 B2
| Electromagnetic releases
1 Shunt release

The two terminals of a shunt release shall be marked C1 and C2.

C1 C2

NOTE For a device with two shunt releases (for example with different ratings), the terminals of the second release
are marked preferably C3 and C4.
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A.2.2.2 Under-voltage release

The two terminals of a coil intended to be used exclusively as an under-voltage release shall
be marked D1 and D2.

NOTE |For a device with two shunt releases (for example with different ratings), the terminals of the second|release
are maiked preferably D3 and D4.

A.2.3 Interlocking electromagnets

The two terminals of an interlocking electromagnet shall be marked E1 andE2.

E1 E2

A.2.4 Indicating light devices

The two terminals of an indicating light device shall be marked X1 and X2.

EXAMPLLE

X1 X2

NOTE |The’term "indicating light devices" includes any incorporated resistor or transformer.

A.3 Terminal marking of contact elements for contactors with two positions
(numerical)

A.3.1 Contact elements for main circuits (main contact elements)

The terminals of main switching elements are identified by single figure numbers.

Each terminal marked by an odd number is associated with that terminal marked by the following
even number.
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EXAMPLES

X URINN
A ARRIRP

Two main contact elements Five main contact elements

When a contactor has more than five main contact elements, alphanumerical marking shall be

chose

A.3.2
A.3.2.
The tg

— the
— thd

A.3.2.

A.3.2.
and 4

n, according to IEC 60445.

Contact elements for auxiliary circuit (auxiliary contact elements)
L General
rminals of auxiliary contact elements are identified by two-figure numbers:

figure of the units is a function number;
figure of the tens is a sequence number.

P Function number

to make-contact elements.

2.1 Function numbers 1 and 2 are allocated to break-contact elements and funcfions 3

2 and

xiliary
ontact

The tgrminals of change-over contact elements are marked by the function numbers 1,
4.
NOTE |The definitions_of break-contact element and make-contact element are given in IEC 60050-441.
A.3.2.R.2 Aukiliary contact elements with special functions, such as time-delayed aJ
contag¢t elements, are identified by the function numbers 5 and 6, 7 and 8 for break-¢
elemepts and make-contact elements respectively.
EXAMPLES

w

Break-contact delayed on closing
©

Make-

contact delayed on closing
[co)
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The terminals of change-over contact elements with special functions are marked by the

function numbers 5, 6 and 8.

EXAMPLE

Change-over contact delayed in both directions

A.3.2.3 Sequence number
A.3.2.8.1 Terminals belonging to the same contact elements are marked with the
sequence numbers.

All contact elements having the same function shall have different sequence numbers.

same

EXAMPLES
el ] ol S - N
; g o & SRR
[32] -~ [92] ~ [32] ~ ™ ~
&w ﬂ Or o
< N < N < N < N
~ N [sp} < ~ ~ N N
A.3.2..2 The sequence number cangbe omitted from the terminals only if additional
informiation provided by the manufacturer or the user clearly gives such a number.
EXAMPLES
: 1'% ‘ 1'% 3 21
4° >¢ 4- 2° 14 22
X @y @y "
4° 2" 4° 2" 14 12
Device Device Diagram

NOTE The dots shown in the examples of A.3.2 are merely used to show the relationship and are not necessarily

used in

practice.
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A.4 Distinctive number

A device with a fixed number of make-contact elements and break-contact elements can be
allocated a two-figure distinctive number.

The first figure indicates the number of make-contact elements and the second figure the
number of break-contact elements.

N |
Distinctive number 31 \3\} \
T T T T
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Annex B
(normative)

Test sequences and number of samples

B.1 Test sequences

The tests are made according to Table B.1, where the tests in each sequence are carried out
in the order indicated.

Table B.1 — Test sequences
seq-[leesntces Subclauses Tests or inspections
9.3.3.3 Temperature-rise
A 9.3.3.2 Operating limits
9.3.3.5 Making and breaking capacities
B 9.3.3.4 Dielectric properties 2
9.3.3.6 Operational performance capability
9.2.2.2 Test of resistance to humidity
C 9.3.5 Ability to withstand oyerload currents
9.2.2.5 Test of resistancep rusting
9.2.7 Test of durability of marking
D 9.2.6 Test of resistance to impact
9.3.3.4 Verification of clearances when necessary and
verification of creepage distances
9.2.5 Mechanical properties of terminals
9.2.3 Test on screws or nuts other than those on terminals
which are intended to be operated during installation
E or maintenance
9.2.2.3 Test of resistance to heat
9.2:2.4 Tests of resistance to abnormal heat and fire
92.2.6 Test of resistance to tracking P
9.2.2.1 Test of resistance to ageing
F 9.2.4 Verification of the degrees of protection of enclosed
contactors
9.3.4 Performance under short-circuit conditions
H 9.2.8 Breakdown of components, if applicable
| 9.4 Tests for EMC, if applicable
2 Dielectric withstand test only, without measurement of clearances and creepage
distances.
b In case where no tests on specimen of insulating materials are available.

B.2 Number of samples

The number of samples to be submitted to the different test sequences are those indicated in
the following Table B.2. Contactors in clean, new condition shall be used for each sequence,
unless under specific agreement
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The samples required for a test sequence are submitted to all the tests of this test sequence
and the requirements are met if all the tests are satisfied.

If only one of the samples does not satisfy a test in a given test sequence due to an assembly
or manufacturing fault, which is not representative of the design, that test and any preceding
ones which can have influenced the results of the test, shall be repeated on another full set of
samples. Requirements are met if all the repeated tests are satisfied.

Table B.2 — Number of samples to be tested

Test ‘Numbelr
SegqHenees of-sample =
A 3
B 3
C 1
D 1
E 1
F 1
G 42
H /b
| 3¢
2 One sample can be used for each operation if
necessary (see 9.3.4.3).
b Number of samples defined by.the analysis
¢ A set of three new samples may be used for each
EMC test
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Annex C
(normative)

Description of a method for adjusting the load circuit

To adjust the load circuit to obtain the characteristics prescribed in 9.3.3.5.3 several methods
can be applicable in practice. One of them is described below.

The principle is illustrated in Figure 16.

The osclllatory Trequency j of the transient recovery voltage and the value Ol the TaCto

essen
valueg

which
circuit
are oj
with th

To pe
high-f

generator is chosen equal to:

a) 2K
b) 4k
Connqg
- a
im
4

— an
co
cu

Due td

and, aft the instant of(current zero, the applied voltage across the load circuit will be at it

value.
screel
practig

The a

ially determined by the natural frequency and the damping of the load circuit. Sinee

can be different from those of the supply source utilized for the test of the|econtacta
is interrupted at a current zero by a diode, and the oscillations of the recovery vj
served on the screen of a cathode-ray oscilloscope, the sweep ofwhich is synchr
e frequency of the power supply (see Figure C.1).

Frmit reliable measurements to be made, the load circuit(is) energized by mean
equency generator G giving a voltage suitable for the{diode. The frequency

Hz for test currents up to and including 1 000 A;
Hz for test currents higher than 1 000 A.

cted in series with the generator are:

dropping resistor having a resistance‘value R, high with respect to the load

pbedance (R, 2 10 Z, where Z = 3fR? + (wL)? and where o is 21 x 2 000 s~1 o
00 s~ for cases a) and b) respectively;

instantaneously blocking-;switching diode B; switching diodes commonly us
mputers such as diffusedjunction silicon switching diodes of not over 1 A forward
'rent are suitable for this“application.

the value of freguency of the generator G, the load circuit is practically purely ind
To ensure that'the components of the load circuit are suitable, it shall be checked

that the{eurve of the transient voltage at its initiation (point A in Figure C.1)
ally horizontal tangent.

ctaal value of the factor y is the ratio U44/U4,; U4 is read on the screen, Uy, i

y are
these

are independent of the voltage and frequency applied to the circuit, the adjUstmept can
be malde by energizing the load circuit from an AC power supply, the voltage and-freque

ncy of
r. The
oltage
bnized

5 of a
pof the

circuit

2T X

ed in
rated

uctive
5 peak
pon the
has a

5 read

betwe
energi

en the ordinate or point A ana tne ordainate or the trace wnen the 10ad CIrCuit Is no
zed by the generator (see Figure C.1).

onger

When observing the transient voltage in the load circuit with no resistor RID or capacitor Cp in

parallel, one reads on the screen the natural oscillatory frequency of the load circuit. Care
should be taken that the capacitance of the oscilloscope or of its connecting leads does not
influence the resonant frequency of the load circuit.

If that natural frequency exceeds the upper limit of the required value f, the suitable values of
frequency and factor y can be obtained by connecting in parallel capacitors Cp and resistors RID

of appropriate values. The resistors Rp shall be practically non-inductive.
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It is recommended that, as a first step, each of the three phases of the load circuit be adjusted
separately. The adjustment is then completed by successively connecting, in each possible
combination, the high-frequency generator to one phase in series with the other two in parallel
as shown in Figure 16; the adjustment is refined if necessary so that the specified values of
and y are obtained in each combination.

NOTE 1 A higher value of frequency obtained from the generator G facilitates the observation on the screen and
improves the resolution.

NOTE 2 Other methods of determining frequency and factor y (such as the impression of a square-wave current on
the load circuit) can also be used.

Instant of current zera

Unenergized trace

A IEC

Figure C.1 — Determination of theractual value of the factor y
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D.1

Annex D
(normative)

Determination of short-circuit power-factor

General

There is no method by which the short-circuit power-factor can be determined with precision,
but for the purpose of this document, the determination of the power-factor of the test circuit
can be made by one of the following methods.

NOTE

D.2

The angle ¢ can be determined from the curve of the DC component of theasymmetrical g

wave

1) To
Th

wh

ig

L/R

Other methods for determining the short-circuit power-factor are under consideration.

Method | — Determination from DC component

between the instant of the short-circuit and the instant of contact separation as fol

determine the time-constant L/R from the formula for the DE component.
e formula for the DC component is:

—— e—Rt/L
ig = 1go

ere
is the value of the DC component at the instant z;
is the value of the DC component at<the instant taken as time origin;

is the time-constant of the circuit};in seconds;
is the time, in seconds, taken, from the initial instant;
is the base of Napierian logarithms.

The time-constant L/R can™be determined by:

measuring the value of /4, at the instant of short-circuit and the value of iy at a
instant ¢ before contact separation,

determining.the’value of e~RYL by dividing iy by 74,

determining the value of —y corresponding to the ratio id/Ido, from a table of val
e X,

ThF

Value y represents Rt/L, from which R/L is obtained.

urrent
OWS:

hother

les of

2) To

defermine the angle ¢ from: ¢ = arc ig (oL/R)

where o is 2 n times the actual frequency.

This method should not be used when the currents are measured by current transformers,
except if suitable precautions are taken to eliminate errors due to:

— the time-constant of the transformer and its burden in relation to that of the primary circuit;

— magnetic saturation which can result from the transient flux conditions combined with
possible remanence.
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D.3 Method Il — Determination with pilot generator

When a pilot generator is used on the same shaft as the test generator, the voltage of the pilot
generator on the oscillogram can be compared in phase first with the voltage of the test
generator and then with the current of the test generator.

The difference between the phase angles between pilot generator voltage and main generator
voltage on the one hand, and pilot generator voltage and test generator current on the other
hand, gives the phase angle between the voltage and current of the test generator, from which
the power-factor can be determined.
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Annex E
(normative)

Measurement of creepage distances and clearances

E.1 Basic principles

The widths X of grooves specified in Figure E.2 to Figure E.12 basically apply to all examples

as a function of pollution degree as given in Table E.1:

Talhle E.1 — Minimum values of width of grooves according to the pollution degrLes

Pollution Minimum values
degrees of width X of grooves

mm
0,25
1,0
1,5
2,5

-

> 0N

If the pssociated clearance is less than 3 mm, the minimum groove width can be redu

one-tHird of this clearance.

The methods of measuring creepage distances and' clearances are indicated in the fol
Figurg E.2 to Figure E.12. These examples domot differentiate between gaps and groo

betwekn types of insulation.

Furthgrmore:

ced to

owing
ves or

— any corner is assumed to be bridged with an insulating link of X mm width moved into the

mqst unfavourable position (see Figure E.4);

— when the distance across.the top of a groove is X mm or more, a creepage dista

mgasured along the cantours of the groove (see Figure E.3);

hce is

— crgepage distances and clearances measured between parts moving in relation tq each

other are measured when these parts are in their most unfavourable positions.

E.2 | Use ofribs

Because’ of-their influence on contamination and their better drying-out effect, ribs deq
considerably the formation of leakage current. Creepage distances can therefore be redu

rease
ced to

0,8 times the required value, provided the minimum height of the ribs is 2 mm.
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A Minimum height
of 2 mm

Minimum width of base according
to mechanical requirements

IEC
Figure E.1 — Measurement of ribs
. <X mm
| | TN DY MY |
—L
IEE.
Conditjon: This creepage distance path includes a Rule: Creepage’distance and clearance are mgasured
parallel- or converging-sided groove of any direetly across the groove as shown.
depth with a width less than X mm.
Figure E.2 — Creepage distance example 1
0
(00009999, IEC
Conditjon: This creepage distance path includes a Rule: Clearance is the 'line-of-sight" digtance.
parallel-sided gfoove of any depth and a Creepage distance path follows the corjtour of
width equal to/ormore than X mm. the groove.
Figure E.3 — Creepage distance example 2
—
IEC
Condition: This creepage distance path includes a V- Rule: Clearance is the "line-of-sight" distance.
shaped groove with a width greater than Creepage distance path follows the contour
X mm. of the groove but "short-circuits" the bottom

of the groove by X mm link.

Figure E.4 — Creepage distance example 3

______ Clearance Creepage distance
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IEC

Condition: This creepage distance path includes a rib. Rule: Clearance is the shortest air path over the top
of the rib. Creepage path follows the contour
of the rib.

Figure E.5 — Creepage distance example 4

<Xmm B _ __ <Xmm
IEC
Conditjon: This creepage distance path includes an Rule: Creepage distance and clearance patlj is the
uncemented joint with grooves less than "line-of-sight" distance shown.

X mm wide on each side.

Figure E.6 — Creépage distance example 5

2X mm 2X'mm
IEC
Condition: This creepage distance path includes an Rule: Clearance is the "line-of-sight" distance.
uncemented joint with grooves equal to or Creepage distance path follows the contour of
more than X mm wide on each side. the grooves.

Figure E.7 — Creepage distance example 6

______ Clearance Creepage distance
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X' mm _<Xmm

A
\

\i
/

IEC

Conditjon: This creepage distance path includes an Rule:
uncemented joint with a groove on one side

less than X mm wide and the groove on the

other side equal to or more than X mm wide.

Clearance and creepage distance paths are
as shown.

Figure E.8 — distance example 7

IEC

Conditjon: Creepage distance through uncemented joint Rule:

Clearance is the shortest direct air path over
is less than creepage distance over barrier.

the top of the barrier.

Figure E.9 — Creepage distance example 8

22X mm

y

IEC
Condition: Gap between head of screw and wall of Rule:

Clearance and creepage distance paths are
recess wide enough to be taken into account.

as shown.

Figure E.10 — Creepage distance example 9

Clearance Creepage distance
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Condit]

-129 -

on: Gap between head of screw and wall of Rule:
recess too narrow to be taken into account.

IEC

Measurement-of creepage distance i
screw to wall when the distance is e
X mm.

Figure E.11 — Creepage distance example 10

5
28

Clearance is the. distance = d + D

R R RS ST

O etetesesetetesosetetetoleteretotete
RRRRIILLLRIIILILKKS

LERILIRIHSS

>
IEC

Creepage distance is also=d + D

Figure E.12 — Creepage distance example 11

Clearance

Creepage distance

5 from
jual to
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Annex F
(normative)

Correlation between the nominal voltage of the supply system and
the rated impulse withstand voltage of a contactor

This annex is intended to give the necessary information concerning the choice of a contactor
for use in a circuit within an electrical system or part thereof.

Table F.1 provides examples of the correlation between supply system voltages and the

corresponding ratedmputse withstanmd-vottage of @ contactor-

The values of rated impulse withstand voltage given in Table F.1 are based on the performance
charagteristics of surge arresters.

It shodld also be recognized that control of overvoltages with respect to the:values in Tahle F.1
can also be achieved by conditions in the supply system such as the éxistence of a sditable
impedpance or cable feed.

In sugh cases where the control of overvoltages is achieved. by means other than|surge
arresters, guidance for the correlation between the nominal 'supply system voltage and the
equipment rated impulse withstand voltage is given in IEC 60364-4-44.
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Annex G
(normative)

Hot wire ignition test

G.1 Five samples of each material shall be tested. The samples shall be 150 mm long by
13 mm wide and of uniform thickness representing the thinnest section of the part.

Edges shall be free from burrs, fins, etc.

G.2 memm'ﬂml free)
approximately 0,5 mm diameter and having a cold resistance of approximately 5,28 Q/m shall
be us¢d. The wire shall be connected in a straight length to a variable source of power|which
is adjusted to cause a power dissipation of 0,26 W/mm in the wire for a period(f 8 s tq 12 s.
After ¢ooling, the wire shall be wrapped around a sample to form five compjlete’ turns spaced

6 mm japart.

G.3 The wrapped sample shall be supported in a horizontal position. and the ends of thle wire
connefted to the variable power source which is again adjusted to dissipate 0,26 W/mm(in the
wire ($ee Figure G.1).

\

\
IEC

Figure G.1 — Test fixture for hot wire ignition test

G.4 §$tart the.test by energizing the circuit so that a current is passed through the heatgr wire
yieldirlg a finear power density of 0,26 W/mm.

G.5 Continueteatinguntitthetestspecimenignites—Whenignitiomoccurs, shutoff power and
record time to ignite. Discontinue the test if ignition does not occur within 120 s.

For specimens that melt through the wire without ignition, discontinue the test when the
specimen is no longer in intimate contact with all five turns of the heater wire.

G.6 The test shall be repeated on the remaining samples.

G.7 The hot wire ignition time of the material shall be recorded as the average ignition time of
the specimens tested.
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H.0

Annex H
(normative)

Degrees of protection of enclosed contactor

Guide to the use of Annex H

Where an IP code is stated by the manufacturer for a contactor with integral enclosure or for
an enclosed contactor, the requirements of IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013 apply with the following.

NOTE
https:/

Claus
an en

Claus

www.iec.ch/ip-ratings.

ps and subclauses of IEC 60529 applicable to a contactor with integralcenclosure
losed contactor are explicitly detailed in this annex.

To understand the IP code, graphical representation of IP ratings can be seen on IEC\ website at:

and to

e and subclause numbers of this annex are sometimes disgontinuous becaus¢ they
corregpond to those of IEC 60529.

H.1 | Scope and object

This ahnex applies to the degrees of protection of a contactor with integral enclosure and of an
encloged contactor at rated voltages not exceeding 440 V AC hereafter referred to as "dgvice".
Claus¢ 1 of IEC 60529:1989 and IEC 605291989/AMD1:1999 apply with the additional
requirements of this annex.

H.3 | Terms and definitions

Clausé 3 of IEC 60529:1989 applies except that "enclosure" (3.1) is replaced by the follpwing,
Note 1 and Note 2 remaining @s‘they are.

"A part providing a specified degree of protection of device against certain external inflyences
and a|specified degree  of ‘protection against approach to or contact with live parts and moving
parts.'

[IEC 60050-441.1984, 441-13-01, modified — The definition was slightly modified.]

NOTE
to asse

H.4

This\definition given in 3.1.16 of this document is similar to IEC 60050-441:1984, 441-13-01 which
mblies.

applies

Designation

Clause 4 of IEC 60529:1989 applies except for letters H, M, S and W.

H.5

Degrees of protection against access to hazardous parts and against
ingress of solid foreign objects indicated by the first characteristic
numeral

Clause 5 of IEC 60529:1989, |IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013

apply.
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H.6 Degrees of protection against ingress of water indicated by the second
characteristic numeral

Clause 6 of IEC 60529:1989 and IEC 60529:1989/AMD2:2013 apply.

H.7 Degrees of protection against access to hazardous parts indicated by the
additional letter

Clause 7 of IEC 60529:1989 applies.

H.8 |Supplementary letters

Claus¢ 8 of IEC 60529:1989 applies except for letters H, M and S.

H.9 [Examples of designations with IP Code

Clausg¢ 9 of IEC 60529:1989 applies.

H.10 | Marking
Clausé¢ 10 of IEC 60529:1989 applies with the following addition.

If the |P Code is designated for one mounting posifion only, it shall be indicated by the gymbol
of 1S 7000-0623 (2014-06) placed next to the 4P Code specifying this position of the device,

e.g. vertical:

H.11 [ General requirements for tests

H.11.1 Subclause 11-%.0f IEC 60529:1989 applies
H.11.2 Subclause 11.2 of IEC 60529:1989 applies with the following additions

All teslts are madein the unenergized state.

Certaip devices (e.g. exposed faces of push-buttons) can be verified by inspection.

The temperature of the test sample shall not deviate from the actual ambient temperature by
more than 5 K.

Where device is mounted in an empty enclosure which already has an IP Code (see 11.5 of
IEC 60529:1989) the following requirements apply.
a) For IP1X to IP4X and additional letters A to D.

This shall be verified by inspection and compliance with the enclosure manufacturer's
instructions.

b) For IP6X dust test.

This shall be verified by inspection and compliance with the enclosure manufacturer's
instructions.
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c) For IP5X dust test and IPX1 to IPX8 water tests.

Testing of the enclosed device is only required where the ingress of dust or water can impair
the operation of the device.

IP5X dust and IPX1 to IPX8 water tests allow the ingress of a certain amount of dust and water
provided that there are no harmful effects. Every internal device configuration should, therefore,
be separately considered.

H.11.3 Subclause 11.3 of IEC 60529:1989 applies with the following addition

Drain and ventilating holes are treated as normal openings.

H.11.4 Subclause 11.4 of IEC 60529:1989 applies

H.11.3 Where an empty enclosure is used as a component of an enclosedhdevice| 11.5
of IEC 60529:1989 applies

H.12 | Tests for protection against access to hazardous parts indicated by the
first characteristic numeral

Clausé¢ 12 of IEC 60529:1989 applies except for 12.3.2.

H.13 | Tests for protection against ingress of solid foreign objects indicated by
the first characteristic numeral

Clausg¢ 13 of IEC 60529:1989 and IEC 60529:1989/AMD1:1999 apply except for:

H.13.4 Dust test for first characteristic numerals 5 and 6

The fdllowing text to be added:

Enclogsed device having a degree\of protection IP5X shall be tested according to categofy 2 of
13.4 of IEC 60529:1989 and IEC:60529:1989/AMD1:1999.

Enclosed device having a‘degree of protection IP6X shall be tested according to categofy 1 of
13.4 of IEC 60529:1989 and IEC 60529:1989/AMD1:1999.

NOTE |For enclosedw.device according to this document, a degree of protection IP5X is generally ¢eemed
satisfagtory.

H.13.5.2 Aceceptance conditions for first characteristic numeral 5

The fdllewing text to be added:

Where dust deposits could raise doubts as to the correct functioning and safety of device, a
preconditioning and a dielectric test shall be conducted as follows:

The preconditioning, after the dust test, shall be verified by test Cab: damp heat, steady state,
according to IEC 60068-2-78, under the following test conditions.

The device shall be prepared so that the dust deposits are subject to the test by leaving open
the lid and/or removing parts, where possible without the aid of tool.

Before being placed in the test chamber the device shall be stored at room temperature for at
least 4 h before the test.

The test duration shall be 24 consecutive hours.
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After this period, the device is to be removed from the test chamber within 15 min and submitted
to a power-frequency dielectric test for 1 min, the value being 2 U, max with a minimum of

1 000 V. The application of the test voltage and the acceptance criteria shall be as specified in
9.3.3.4, item b) 3) and item b) 4).

H.14 Tests for protection against water indicated by the second characteristic
numeral

H.14.1 Subclause 14.1 of IEC 60529:1989 and IEC 60529:1989/AMD2:2013 apply

H.14.2 _Subclause 14.2 of IEC 60529:1989 and |IEC 60529:1989/AMD2:2013 apply

H.14.3 Subclause 14.3 of IEC 60529:1989 and IEC 60529:1989/AMD2:2013 apply, With
the following addition

The dgvice is then submitted to a power-frequency dielectric test for 1 min, the value being 2 U,

max. with a minimum of 1 000 V. The application of the test voltage and the:acceptance griteria
shall Qe as specified in 9.3.3.4.1, item b) 3) and item b) 4).

H.15 | Tests for protection against access to hazardous(parts indicated by the
additional letter

Claus¢ 15 of IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013
apply.
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Annex |
(normative)

Requirements and tests for equipment with protective separation

1.1 General

This annex applies to a device one or more circuits of which being able to be used in SELV
(PELV) circuit (the device by itself cannot be Class Ill, see 7.5 of IEC 61140:2016).

applicpble to low voltage switchgear and controlgear having a protective separation_begtween
parts Intended to be used in SELV (PELV) circuits and others, in order to obtain tniforgity of
requirements and tests and to avoid the need for testing to different standardss

The pprpose of this annex is to harmonize as far as practicable all rules and requirq;nents

1.2 Terms and definitions

1.2.1
functional insulation
insulation between conductive parts which is necessary only for'the proper functioning|of the
equipment

1.2.2
basiclinsulation
insulation of hazardous live parts which provides‘basic protection against electric shock

Note 1 fo entry: The term basic insulation does not apply to insulation used exclusively for functional pUrposes.
(See 1.3.1)

1.2.3
supplpmentary insulation
indepgndent insulation applied_intaddition to basic insulation in order to provide profection
againgt electric shock in the event of a failure of basic insulation

1.2.4
double insulation
insulajion comprising-both basic insulation and supplementary insulation

1.2.5
reinforced insulation
insulation 'offhazardous live parts which provides a degree of protection against electric[shock
equivalent’'to double insulation

Note 1 to entry: Reinforced insulation can comprise several layers which cannot be tested singly as basic or
supplementary insulation.

1.2.6

protective separation

<electrically> separation of one electric circuit from another by means of:

— double insulation, or

— basic insulation and electrically protective screening, or

— reinforced insulation

[SOURCE: IEC 60050-195:2021, 195-06-19, modified — Replacement of “basic protection and

fault protection” with “double insulation, or basic insulation and electrically protective screening,
or reinforced insulation”.]
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circuit
cal circuit in which the voltage cannot exceed ELV:

der normal conditions, and
der single-fault conditions, including earth faults in other circuits

Note 1 to entry: Definition adapted from the definition of SELV system given in 3.26.1 of IEC 61140:2016.

1.2.8
PELV
electri

— un
— un
Note 1

1.2.9
limita

circuit
cal circuit in which the voltage cannot exceed ELV:

der normal conditions, and

Her single-fault conditions, except earth faults in other circuits

o entry: Definition adapted from the definition of PELV system given in 3.26.2 of IEC(61140:2016.

lion of steady-state touch current and charge

protedtion against electric shock by circuit or equipment design such. that under norm

fault ¢

1.2.10

protec¢tive impedance device

compd

to ensjure that steady-state touch current and charge<are’limited to non-hazardous leveld

1.3

1.3.1
The o

Requirements

General

hly method considered in this document to achieve the protective separation is bas

double (or reinforced) insulation. between SELV (PELV) circuit(s) and other circuits.
compg@nent is connected between the separated circuits, that component shall comply w

requir

Figurg 1.1).

The e

fects of electrical~arcs normally produced in the breaking chambers of switchgea

hl and

pnditions the steady-state touch current and charge are limited’to non-hazardous levels

nent or assembly of components the impedance and construction of which are s{ich as

ed on
If any
th the

ements for protective impedance devices according to 5.3.4 of IEC 61140:2016¢ (see

's and

controlgears on insulation are deemed to be taken into account in the dimensioning of cregpage

distanges and ng)specific verification is required.

Partia| discharge effects are not taken into consideration.
1.3.2 —Dietectricrequirements

1.3.2.1 Creepages

It shall be verified that the creepage distances between SELV (PELV) circuit and other circuits
are equal or higher than twice those given for basic insulation in Table 18 and corresponding

to the

NOTE

voltage of the circuit having the highest rated voltage value.

This requirement follows the principles given in IEC 60664-1.

The creepage distances shall be verified in accordance with 1.4.2.1.
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1.3.2.2 Clearances

The clearances between SELV (PELV) circuit and other circuits of the device shall be
dimensioned to withstand the rated impulse voltage as determined in accordance with Annex F
relevant to the basic insulation for the specific utilisation class but one step higher in the series
value (or a value equal to 160 % of the voltage value required for the basic insulation) following
the principles given in 5.2.5 of IEC 60664-1:2007. The test conditions are given in 1.4.2.2.

1.3.3

Construction requirements

Construction measures should be taken regarding:

— materials employed regarding aging;

— thermal stresses or mechanical risks of failure which will impair insulation between.ci

ks of electrical contact between different circuits in case of accidental diSeonnec
ing.

Subclause 1.4.3 gives examples of constructional risks which have~yto be take
consideration.

1.4

1.4.1

These

Tests

General

tests are normally conducted as type tests. Where the constructional design

ensure without doubt that the insulation intended for _protective separation cannot be im
by thg effects of product conditions, the manufacturer can also conduct all or parts of
tests gs routine tests.

Tests

verification shall be made between the SELV (PELV) circuit and each other circuits

as majn circuit, control and auxiliary cireuits.

Tests shall be done in all operating-conditions of the device: open, close, trip positions.
1.4.2 Dielectric tests

1.4.2.1 Creepages verification

Conditions of measuring are those given in 9.3.3.4 and Annex E.

1.4.2.2 Clearances verification

1.4.2.2.1 Condition of the device for test

rcuits;
ion of

h into

annot
paired
these

, such

Tests shall be made on devices mounted as for service, including internal wiring and in a clean
and dry condition.

1.4.2.2.2 Application of the test voltage

For each circuit of the device under test, external terminals shall be connected together.

1.4.2.2.3 Impulse test voltage

It shall be an impulse test voltage having a 1,2/50 ys wave form as described in 9.3.3.4, the

value

of which being chosen as defined in 1.3.2.2.
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1.4.2.2.4 Test

Clearances are verified by application of the test voltage of 1.4.2.2.3. The test sh

all be

conducted for a minimum of five impulses of each polarity with an interval of at least 1 s between

pulses in accordance with in 9.3.3.4.1.

Application of test voltage can be avoided where clearances are equal or higher than
given in Table 17 for the determined test voltage value.

1.4.2.2.5 Results to be obtained

When . . . . . .
or flaslhover.

1.4.3 Examples of constructional measures

those

ncture

Measures should be taken that a single mechanical fault — e.g. a bent solder-pin, a defached

solderjng point or a broken winding (coil), a loosened and fallen screw <should not ha
result |of impairing the insulation to such a degree that it no longer fulfils the requiremg

ve the
nts of

the basic insulation; the design, however, should not consider that two.0r more of these ¢vents

will appear simultaneously.

Examples of constructional measures:

— sufficient mechanical stability;

— mgchanical barriers;

— enjployment of captive screws;

— impregnation or casting of components;
— inderting pins into an insulating sleeve;

— to pvoid sharp-edges in the vicinity ef‘conductors.

> SELV/PELV

IEC

Key

D double (or reinforced) insulation between circuits (including SELV/PELV circuit)
R component complying with protective impedance devices requirements

S basic insulation

Figure 1.1 — Example of application with component connected
between separated circuits
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L'IEC 61095 a été établie par le sous-comité 121A: Appareillage a basse tension, du comité
d'études 121 de I'lEC: Appareillages et ensembles d'appareillages basse tension, en
collaboration avec le sous-comité 23E: Disjoncteurs et appareillage similaire pour usage
domestique, du comité d'études 23 de I'lEC: Petit appareillage. Il s'agit d'une Norme
internationale.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2009. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) ajout des exigences relatives aux bornes sans vis;

b) ajout des exigences relatives a la commande des lampes a LED. Les contacteurs pour
applications domestiques et analogues peuvent étre utilisés pour commander les charges
d'éclairage, qui utilisent de plus en plus la technologie de lampe a LED. Création d'une
catégorie spécifique pour les contacteurs: AC-7d. Des exigences et des essais ont été
ajoutés pour couvrir cette évolution du marché, notamment en ce qui concerne la fermeture

et

la coupure et le fonctionnement conventionnel en service;

c) ajout des exigences relatives aux contacteurs qui comportent un électroaimant commandé
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INTRODUCTION

Le présent document spécifie les exigences applicables aux contacteurs pour usages
domestiques et analogues, y compris les contacteurs destinés a la commande du réseau de
distribution dans les batiments.

Les contacteurs destinés a de tels usages sont soumis a des exigences particuliéres,
notamment des séquences d'essais et des plans d'échantillonnage particuliers dans le but de
faciliter les essais.

Les courants d'emploi et les tensions d'emploi des contacteurs conformes au présent document
sont ljmités aux valeurs appropriées aux applications envisagées. Ces contacteur]J sont

destings a étre utilisés dans des circuits dont le courant de défaut en court-circuit présumé a
une valeur limitée a laquelle ils sont coordonnés avec un dispositif approprié _de profection
contrel les courts-circuits afin d'assurer une coordination adéquate.

Le présent document définit en un seul document la catégorie d'emploi¢spécifique poxr une
applicption définie et précise les exigences correspondantes. Il s'aligheé“dans la mesiire du
possiljle sur les exigences de I'lEC 60947-4-1.

Le prg¢sent document s'applique également aux contacteurs Qui“sont des composants d'un
appareil, sauf indication contraire dans la norme relative a cet appareil.
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CONTACTEURS ELECTROMECANIQUES POUR USAGES
DOMESTIQUES ET ANALOGUES

1 Domaine d'application

Le présent document s'appliqgue aux contacteurs électromécaniques a air pour usages
domestiques et analogues dont les contacts principaux sont destinés a étre reliés a des circuits
dont | i igne - ' nt les
couramts assignés d'emploi sont inférieurs ou égaux a 63 A pour la catégorie d'emploi
et a B2 A pour les catégories d'emploi AC-7b, AC-7c et AC-7d (exprimés en~‘puigsance
assigr|ée), et le courant assigné de court-circuit conditionnel est inférieur ou égal a.6 kA

NOTE |Aujourd'hui, la plupart des fabricants de lampes a LED fournit les informatiofns~en Watt. Ainsi, la
caractéfistique du contacteur principal pour la catégorie d'emploi AC-7d est exprimée en Watt afin d'étre dire¢tement
applicable a la charge de lampe a LED correspondante.

Des exigences spécifiques s'appliquent aux contacteurs équipés de;hornes sans vis.

Le prgsent document ne s'applique pas aux:

— coftacteurs conformes a I'lEC 60947-4-1;
— coptacteurs a semiconducteurs;
— coftacteurs congus pour des applications spéciales;

1
—_

— cohtacts auxiliaires des contacteurs. Ces contacteurs sont traités dans I'lEC 60947-5
Le prdsent document établit:

1) leq caractéristiques des contacteurs}
2) led conditions auxquelles doivent satisfaire les contacteurs concernant:
a) | leur fonctionnement et ledptenue;
b) | leurs propriétés diélectriques;
c) | les degrés de protection procurés par leurs enveloppes, le cas échéant;
d) | leur construction;
e) | leurs caractéristiques de compatibilité électromagnétique;

3) leq essais(destinés a vérifier si ces conditions sont remplies, ainsi que les méthddes a
adppter pour ces essais;

4) leq séquences d'essais et le nombre d'échantillons;

5) lesinformations a fournir avec les contacteurs ou dans la documentation du rapricant.
2 Reéférences normatives

Les documents suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I'édition citée s'applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 60028:1925, Spécification internationale d'un cuivre-type recuit

IEC 60068-2-78:2012, Essais d'environnement — Partie 2-78: Essais — Essai Cab: Chaleur
humide, essai continu
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IEC 60073:2002, Principes fondamentaux et de sécurité pour l'interface homme-machine, le
marquage et l'identification — Principes de codage pour les indicateurs et les organes de
commande

IEC 60085:2007, Isolation électrique — Evaluation et désignation thermiques

IEC 60112:2020, Méthode de détermination des indices de résistance et de tenue au
cheminement des matériaux isolants solides

IEC 60417, Symboles graphiques utilisables sur le matériel, disponible a I'adresse
https://www.graphical-symbols.info/equipment

IEC 6(I)445:2021, Principes fondamentaux et de sécurité pour les interfaces homme=madhines,
le marquage et l'identification — Identification des bornes de matériels, des extrémijés de
condugteurs et des conducteurs

IEC 60447:2004, Principes fondamentaux et de sécurité pour l'interface -homme-machine, le
marquage et l'identification — Principes de manceuvre

IEC 6(0529:1989, Degrés de protection procurés par les enveloppes (Code IP)
IEC 60529:1989/AMD1:1999
IEC 6(0529:1989/AMD2:2013
IEC 60664-1:2020, Coordination de l'isolement des 4natériels dans les réseaux d'énergie
électrique a basse tension — Partie 1: Principes, exigefces et essais

IEC 60695-2-10:2021, Essais relatifs aux risques du feu — Partie 2-10: Essais |au fil
incandescent/chauffant — Appareillage et méthode commune d'essai

IEC 60695-2-11:2021, Essais relatifs ~auix risques du feu — Partie 2-11: Essais |au fil
incandescent/chauffant — Méthode d'esSai d'inflammabilité pour produits finis (GWEPT)

IEC 60695-11-10:2013, Essais.relatifs aux risques du feu — Partie 11-10: Flammes d'elssai —
Méthodes d'essai horizontale\et verticale a la flamme de 50 W

IEC 60947-4-1:2018, Appareillage a basse tension — Partie 4-1: Contacteurs et démarreprs de
moteuys — Contacteurs,et démarreurs électromécaniques

IEC 60947-5-1:2016, Appareillage a basse tension — Partie 5-1: Appareils et élémepts de
commtation\pour circuits de commande — Appareils électromécaniques pour circujits de

| et de

IEC 6 1Y060-4=2Compatibitite efectromagnetigue (CEM—F
mesure — Essai d'immunité aux décharges électrostatiques

IEC 61000-4-3, Compatibilité électromagnétique (CEM) — Partie 4-3: Techniques d'essai et de
mesure — Essai d'immunité aux champs électromagnétiques rayonnés aux fréquences
radioélectriques

IEC 61000-4-4, Compatibilité électromagnétique (CEM) — Partie 4-4: Techniques d'essai et de
mesure — Essais d'immunité aux transitoires électriques rapides en salves

IEC 61000-4-5, Compatibilité électromagnétique (CEM) — Partie 4-5: Techniques d'essai et de
mesure — Essai d'immunité aux ondes de choc
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IEC 61000-4-6, Compatibilité électromagnétique (CEM) — Partie 4-6: Techniques d'essai et de
mesure — Immunité aux perturbations conduites, induites par les champs radioélectriques

IEC 61000-4-11, Compatibilité électromagnétique (CEM) — Partie 4-11: Techniques d'essai et
de mesure — Essais d'immunité aux creux de tension, coupures breves et variations de tension
pour les appareils a courant d'entrée inférieur ou égal a 16 A par phase

IEC 61000-4-34, Compatibilité électromagnétique (CEM) — Partie 4-34: Techniques d'essai et
de mesure - Essais d'immunité aux creux de tension, coupures breves et variations de tension
pour matériel ayant un courant appelé de plus de 16 A par phase

IEC 6
et aux

IEC 6
Défini

CISPH

140:2016, Protection contre les chocs electriques — Aspects communs aux Instal
matériels

180:2016, Techniques des essais a haute tension pour matériels a basse ten
ions, exigences et modalités relatives aux essais, matériel d'essai

14-1:2020, Compatibilité électromagnétique — Exigences relatives aux apf

électrpdomestiques, aux outils électriques et aux appareils analogues= Partie 1: Emiss

ISO 7

ISO 2

D00:2019, Symboles graphiques utilisables sur le matérigl~-Symboles enregistrés

D39-2:1987, Plastiques — Détermination de la dureté,—Partie 2: Dureté Rockwell

3 Termes et définitions

Pour |

L'1SO
en nof

e |E
e |S

3.1

3.1.1
surin
coura

[SOUH

Es besoins du présent document, les termes et définitions suivants s'appliquent.

et I'EC tiennent a jour des bases; de données terminologiques destinées a étre ut
malisation, consultables aux adresses suivantes:

C Electropedia: disponible a\t'adresse https://www.electropedia.org/

D Online browsing platform: disponible a I'adresse https://www.iso.org/obp

Termes généraux

ensité
t supérieurau courant assigné

RCEC_IEC 60050-441:1984, 441-11-06]

ations

sion —

pareils
on

lisées

3.1.2

court-circuit
chemin conducteur accidentel ou intentionnel entre deux parties conductrices ou plus forgant
les différences de potentiel électrique entre ces parties conductrices a étre nulles ou proches
de zéro

[SOURCE: IEC 60050-151:2001, 151-12-04]

3.1.3
coura

nt de court-circuit

surintensité résultant d'un court-circuit d0 a un défaut ou a un branchement incorrect dans un

circuit

électrique

[SOURCE: IEC 60050-441:1984, 441-11-07]
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surcharge
conditions de fonctionnement d'un circuit électriquement sain, qui provoquent une surintensité

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

3.1.5

courant de surcharge
surintensité qui se produit dans un circuit électriquement sain

3.1.6

tempé
tempé
l'appa

Note 1
tempér

[SOUH

3.1.7
partie
partie

rature de I'air ambiant

rature déterminée dans des conditions prescrites de l'air qui entoure la totaljté de

reil de connexion ou du fusible

b |'article: Pour des appareils de connexion ou des fusibles installés a l'intérieur d'une‘\ehveloppe,
ture de I'air a I'extérieur de I'enveloppe.

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

conductrice
capable de conduire du courant, bien qu'elle ne soit ‘pas nécessairement utilisé

condujre du courant en service normal

[SOUR

3.1.8

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

mass

partieTconductrice accessible

partie
tensio

Note 1

[SOUH

3.1.9
choc
effet p
celui @

[SOUR

conductrice, susceptible d'étre teuchée directement, qui n'est pas normalemen
h mais qui peut le devenir en cas de défaut

c'est la

b pour

Sous

b |'article: Les masses caractéristiques sont les parois des enveloppes, les poignées de commande} etc.

RCE: IEC 60050-441:1984, 441-11-10]

Blectrique

hysiologigue-résultant du passage d'un courant électrique a travers le corps hum
, X

un animal

RCE:.JEC 60050-826:2022, 826-12-01]

Rin ou

3.1.10
partie

active

conducteur ou partie conductrice destiné a étre sous tension en service normal, y compris le
conducteur de neutre, mais par convention, excepté le conducteur PEN, le conducteur PEM ou
le conducteur PEL

Note 1 a I'article: Cette notion n'implique pas nécessairement un risque de choc électrique.

[SOURCE: IEC 60050-826:2022, 826-12-08, modifié — Reformulation de la définition et ajout

d'une

Note 1 a l'article.]
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3.1.11
conducteur de protection (identification: PE)
conducteur prévu a des fins de sécurité

EXEMPLE Protection contre les chocs électriques.

Note 1 a l'article: Dans une installation électrique, le conducteur identifié PE est normalement aussi considéré
comme conducteur de mise a la terre de protection.

[SOURCE: IEC 60050-826:2022, 826-13-22, modifié — Reformulation de la définition, ajout d'un
nouvel exemple et d'une nouvelle Note 1 a l'article.]

3.1.1
condycteur (de) neutre
condupteur relié électriguement au point neutre et pouvant contribuer a la distribution de
I'énergie électrique

[SOURCE: IEC 60050-826:2021, 826-14-07]

3.11

condycteur PEN
condugteur assurant a la fois les fonctions de conducteur de mise.a la terre de protection et de
condugteur de neutre

[SOURCE: IEC 60050-826:2022, 826-13-25]

3.1.1

conddcteur PEM
condupgteur assurant les fonctions de conducteur de mise a la terre de protection|et de
condupteur de point milieu

[SOURCE: IEC 60050-826:2022, 826-13-26]

3.11

condycteur PEL
condufteur assurant a la fois les fonctions de conducteur de mise a la terre de protection et de
condugteur de ligne

[SOURCE: IEC 60050-826:2022, 826-13-27]

3.1.1
envelpppe
partie|qui\procure un degré de protection spécifié du matériel contre certaines inflyences
externes‘et un degré de protection spécifié contre I'approche ou le contact des parties qctives
et des pieces en mouvement

Note 1 a l'article: Cette définition est similaire a celle de I'lEC 60050-441:1984, 441-13-01, qui s'applique aux
ensembles.

[SOURCE: IEC 60050-441:1984, 441-13-01, modifié — Reformulation de Ila définition et
nouvelle Note 1 a l'article.]

3.1.17
enveloppe intégrée
enveloppe qui fait partie intégrante du matériel
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3.1.18
catégorie d'emploi

<appareil de connexion ou un fusible> ensemble de prescriptions spécifiées relatives aux
conditions dans lesquelles I'appareil de connexion ou le fusible doit remplir son office, choisies

pour représenter un groupe caractéristique d'applications pratiques

Note 1 a l'article: Les prescriptions spécifiées peuvent concerner, par exemple, les valeurs des pouvoirs de
fermeture, s'il y a lieu, les valeurs des pouvoirs de coupure et d'autres caractéristiques, les circuits associés et les

conditions correspondantes d'emploi et de comportement.

[SOURCE: IEC 60050-441:1984, 441-17-19]

3.2 [Appareils de connexion

3.21
appareil de connexion
appargil destiné a établir ou a interrompre le courant dans un ou plusieurs cireuits électn

Note 1 p l'article: Un appareil de connexion peut effectuer I'une de ces manceuvres ougdes_deux.

[SOURCE: IEC 60050-441:1984, 441-14-01, modifié — Ajout d'une Note 1 a l'article.]

3.2.2
appargil mécanique de connexion

iques

apparegil de connexion destiné a fermer et a ouvrir un ou plusieurs circuits électriques au moyen

de contacts séparables

Note 1 p I'article: Tout appareil mécanique de connexion peub\étre désigné en fonction du milieu dans led
contactp s'ouvrent et se ferment, par exemple: air, SF, huile.

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

3.2.3
appargil de connexion a semiconducteur
appar¢il de connexion congu poufétablir et/ou interrompre le courant dans un circuit éleq
au moyen de la commande de-la.conductivité d'un semiconducteur

Note 1 @ l'article: Cette définition différe de celle de I'EC 60050-441:1984, 441-14-03, car un appareil de co
a semidonducteur est également congu pour interrompre le courant.

[SOURCE: IEC 600502441:1984, 441-14-03, modifié — Ajout de "et/ou interrompre" et
nouvelle Note 1,4 Tarticle.]

3.2.4
fusibl

uel ses

trique

hnexion

d'une

coupg-circuit a fusibles

appareil dont la fonction est d'ouvrir par la fusion d'un ou de plusieurs de ses éléments congus
et calibrés a cet effet le circuit dans lequel il est inséré en coupant le courant lorsque celui-ci

dépasse pendant un temps suffisant une valeur donnée

Note 1 a I'article: Le fusible comprend toutes les parties qui constituent I'appareil complet.

[SOURCE: IEC 60050-441:1984, 441-18-01]
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3.2.5

disjoncteur
appareil mécanique de connexion capable d'établir, de supporter et d'interrompre des courants
dans les conditions normales du circuit, ainsi que d'établir, de supporter pendant une durée
spécifiée et d'interrompre des courants dans des conditions anormales spécifiées du circuit
telles que celles du court-circuit

[SOURCE: IEC 60050-441:1984, 441-14-20]

3.2.6

contacteur mécanique

conta

appargil mécanique de connexion ayant une seule position de repos, commandé aulr

qu'a l
norm

Note 1
comma

Note 2
d'améli
distribu
contact

Note 3

[SOUH

3.2.7
conta
contag

ouverls ou a l'ouverture des contacts prinCipaux normalement fermés est fourni g

électr

Note 1

3.2.8

électr,
électr
électr

3.2.9
conta
contag
leur p

ut

main, capable d'établir, de supporter et d'interrompre des courants dans les.con
les du circuit, y compris les conditions de surcharge en service

a I'article: L'expression "commandé autrement qu'a la main" signifie que I'appareil est destiné

b |'article:  Un contacteur pour usages domestiques peut comporter un organe~de commande manu

eur d'énergie pendant les heures creuses. Un utilisateur final peut/ouvrir ou fermer manuelle
Pur si nécessaire.

b |'article:  Un contacteur est généralement prévu pour fonctionnerfréquemment.

RCE: IEC 60050-441:1984, 441-14-33, modifié —Ajout de Notes a l'article.]

cteur électromagnétique

aimant

b ['article: L'électroaimant peut étre'\commandé électroniquement.

paimant commandé électroniquement

niques actifs

cteur a accrochage

psition,'de repos quand on cesse d'actionner le dispositif de commande

ement
ditions

a étre

hdé et maintenu en position de fonctionnement a partir d'une ou de plusieurs sour€es‘d'énergie extéfieures.

Elle afin

rer sa manceuvre. Dans certains pays, les contacteurs peuvent étre commandés par un signal émip par le

ment le

teur pour lequel I'effort nécessaire a lalfermeture des contacts principaux normalement

ar un

aimant dans lequeltla bobine est commandée par un circuit qui comporte des élgments

teur muni’ d'un dispositif d'accrochage empéchant ses éléments mobiles de retourner a

Note 1

R PEI L 4 — il 4 m 1 —i : . 2y .
d 1T drttic. L aClULTUCTIaytE €l 1€ UTULICTIUTICUT U alUlTuUUlITaytc peuverit ©uc 1meldinmyucs, TICUUUIITIayln

pneumatiques, etc.

Note 2 a I'article: Du fait de son accrochage, le contacteur a accrochage posséde en fait une seconde pos
repos et, conformément au 3.2.6, il n'est pas a proprement parler un contacteur. Cependant, étant donné que le
contacteur a accrochage, tant par son utilisation que par sa conception, se rapproche davantage d'un contacteur en
général que de toute autre sorte d'appareil de connexion, on admet qu'il réponde aux spécifications des contacteurs

dans la

mesure du possible.

[SOURCE: IEC 60050-441:1984, 441-14-34]

etiques,

ition de
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3.2.10

contacteur a semiconducteurs

(contacteur statique)

dispositif qui assure la fonction d'un contacteur en utilisant un appareil de connexion a
semiconducteurs

Note 1 a I'article: Un contacteur a semiconducteur peut aussi comporter des appareils mécaniques de connexion.

3.2.11

auxiliaire automatique de commande

auxiliaire de commande non manuel, actionné a la suite de conditions spécifiées d'une grandeur
d'action

Note 1 p I'article: La grandeur d'action peut étre la pression, la température, la vitesse, le niveau d'un liquide, le
temps gcoulé, etc.

[SOURCE: IEC 60050-441:1984, 441-14-48]

3.2.12
boutojn-poussoir
auxiligire de commande muni d'un organe de commande destiné @ é&tre actionné par |'effort
exerce par une partie du corps humain, généralement le doigt{ou la paume de la main, et
posséfant une énergie de rappel accumulée (ressort)

[SOURCE: IEC 60050-441:1984, 441-14-53]

3.2.13
dispogitif de protection contre les courts-circuits
DPCC
dispoditif destiné a protéger un circuit ou>des parties d'un circuit contre les couramts de
court-gircuit par l'interruption de ceux-ci

3.21
parafoudre
appargil prévu pour protéger le.matériel électrique contre les surtensions transitoires élevées
et pour limiter la durée et souvent I'amplitude du courant de suite

[SOURCE: IEC 60050,614:2016, 614-03-51, modifié — Ajout de "pour protéger le mptériel
électrigue contre les Surtensions transitoires élevées et".]

3.3 |Parties des-appareils de connexion

3.3.1
péle
<appareil'de connexion> élément constituant d'un appareil de connexion associé exclusivement
a un chemin conducteur électriquement séparé appartenant a son circuit principal, cet élément
ne comprenant pas les éléments constituants assurant la fixation et le fonctionnement
d'ensemble de tous les pbles

Note 1 a l'article: Un appareil de connexion est appelé unipolaire s'il n'a qu'un pdle. S'il a plus d'un pdle, il peut
étre appelé multipolaire (bipolaire, tripolaire, etc.) a condition que les pbles soient ou puissent étre liés entre eux de
fagon qu'ils fonctionnent ensemble.

[SOURCE: IEC 60050-441:1984, 441-15-01]
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3.3.2

circuit principal

<appareil de connexion> ensemble de piéces conductrices d'un appareil de connexion insérées
dans le circuit qu'il a pour fonction de fermer ou d'ouvrir

[SOURCE: IEC 60050-441:1984, 441-15-02]

3.3.3

circuit de commande

<appareil de connexion> ensemble de piéces conductrices d'un appareil de connexion, autres
que celles du circuit principal, insérées dans un circuit utilisé pour commander la manceuvre de

f 1 1L b 1 ! ! 1L il
ermefure ou Ta NMranceuvre o ouverture ou eSS geuxX Manoceuvres ae rappdarcil

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

3.3.4
circuit auxiliaire
<appdreil de connexion> ensemble de piéces conductrices d'un appareil de conmexion
destinges a étre insérées dans un circuit autre que le circuit principal et les circuits de
commpande de l'appareil

Note 1 f I'article: Certains circuits auxiliaires remplissent des fonctions supplémentaires telles que la signalisation,
le verrauillage, etc., et, a ce titre, ils peuvent faire partie du circuit de commande d'un autre appareil de conpexion.

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

3.3.5
contart
<appadreil mécanique de connexion> piéces conductrices destinées a établir la continuitg d'un
circuit]lorsqu'elles se touchent et qui, par leur mouvement relatif pendant la manceuvre, opvrent
et ferment un circuit ou, dans le cas. de' contacts pivotants ou glissants, maintiennent la
continpité du circuit

[SOURCE: IEC 60050-441:1984,-441-15-05]

3.3.6
contagpt

piéce|de contact

une d¢s pieces conduetrices formant un contact

[SOURCE: IEC60050-441:1984, 441-15-06]

3.3.7
contatct principal
contact inséré dans le circuit principal d'un appareil mécanique de connexion, prévu pour
supporter, dans la position de fermeture, le courant du circuit principal

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

3.3.8

contact auxiliaire

contact inséré dans un circuit auxiliaire et manceuvré mécaniquement par l|'appareil de
connexion

[SOURCE: IEC 60050-441:1984, 441-15-10]
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3.3.9

interrupteur auxiliaire

<appareil mécanique de connexion> interrupteur comprenant un ou plusieurs contacts
auxiliaires et/ou de commande, manceuvré mécaniquement par un appareil de connexion

[SOURCE: IEC 60050-441:1984, 441-15-11]

3.3.10

contact a fermeture

contact "a"

contact de commande ou auxiliaire qui est fermé lorsque les contacts principaux de I'appareil

£ H 1 H b L " H 4 a | 4 n n b
mecar IJUT UT CUTITITATUTT SUTIUTTTTIICS T QUT TSUT UUVETL TUTOUYUT LTS LUINTLALLS SUTIUL UUVTIL L]

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

3.3.11
contapt a ouverture
contapt "b"

contagt de commande ou auxiliaire qui est ouvert lorsque les contacts principaux de l'agpareil
meécarnique de connexion sont fermés et qui est fermé lorsque ces ¢ontacts sont ouverts

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

3.3.12
déclencheur
<appareil mécanique de connexion> dispositif staccordé mécaniquement a un appareil
mécanique de connexion dont il libére les organes’de retenue et qui permet l'ouverturg ou la
fermefure de I'appareil

Note 1 p I'article: La manceuvre d'un déclencheur-peut étre instantanée, différée, etc.

[SOURCE: IEC 60050-441:1984, 441-15-17]

3.3.13
mécanisme transmetteur
<appareil mécanique de.connexion> ensemble des organes de manceuvre d'un appareil
mécanique de connexionqui transmet I'effort de manceuvre aux piéces de contact

Note 1 |a I'article: Lés _.organes de manceuvre d'un mécanisme transmetteur peuvent étre mécgniques,
électromagnétiqueshydrauliques, pneumatiques, thermiques, etc.

3.31
organje d€ commande
partie |di<mécanisme transmetteur a laquelle un effort extérieur de manceuvre est appliqué

Note 1 a l'article: L'organe de commande peut prendre la forme d'une poignée, d'un bouton, d'un bouton-poussaoir,
d'une roulette, d'un plongeur, etc.

[SOURCE: IEC 60050-441:1984, 441-15-22]

3.3.15

indicateur de position

partie d'un appareil mécanique de connexion qui indique les positions de celui-ci, par exemple:
position d'ouverture, position de fermeture, ou, le cas échéant, position de mise a la terre

[SOURCE: IEC 60050-441:1984, 441-15-25]
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3.3.16
borne

partie conductrice d'un appareil destinée a la connexion électrique des circuits extérieurs

3.3.17
borne

a vis

borne pour la connexion et la déconnexion de conducteurs ou pour I'interconnexion de plusieurs
conducteurs, la connexion étant réalisée directement ou indirectement au moyen de vis ou

d'écrous de tous types

3.3.18

bornersans-vis

borne [pour la connexion et la déconnexion de conducteurs ou pour l'interconnexion de-plu
condurteurs, la connexion étant réalisée directement ou indirectement au moyen.deres
piéceq formant coin, excentriques ou coniques, etc.

3.3.19

bornejuniverselle

borne|pour la connexion et la déconnexion de tous les types de conducteurs (massifs,
et soupples)

[SOURCE: IEC 60998-2-2:2002, 3.101.1, modifié — "(rigides et(souples)" a été rempla

"(mas

3.3.20
borne
borne

[SOUHR
par "n

5ifs, cablés et souples)".]

non universelle

sieurs
sorts,

cablés

Cé par

pour la connexion et la déconnexion d'um certain type de conducteur seulement
(condiicteurs massifs seulement ou conducteurs, massifs et cablés seulement, par exem

RCE: IEC 60998-2-2:2002, 3.101.2, miodifié — "rigides [massifs ou cablés]" a été ren
assifs et cablés".]

3.3.21
borne
borne
massi

[SOUHR
par "n

3.3.22
vis au
vis au

pousse-fil
non universelle dans laguelle la connexion est réalisée en introduisant un cond
ou cablé

RCE: IEC 60998-2-2:2002, 3.101.3, modifié — "rigide (massif ou cablé)" a été ren
assif ou cable’:]

totaraudeuse par déformation
aotaraudeuse dont le filetage est continu

ple)

placé

Licteur

placé

Note 1 a I'article: Ce filetage n'est pas destiné a enlever du matériau de la cavité.

Note 2 a I'article: Un exemple de vis autotaraudeuse par déformation est représenté a la Figure 1.

3.3.23
vis au

totaraudeuse a découpe

vis autotaraudeuse dont le filetage n'est pas continu

Note 1 a l'article: Ce filetage est destiné a enlever du matériau de la cavité.

Note 2 a l'article: Un exemple de vis autotaraudeuse a découpe est représenté a la Figure 2.

3.3.24
organ

e de serrage

partie d'une borne nécessaire pour le serrage mécanique et la connexion électrique du ou des
conducteurs
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3.3.25
conducteur non préparé
conducteur dont I'extrémité coupée a été dénudée pour étre insérée dans une borne

Note 1 a l'article: Un conducteur dont la forme a été disposée de maniére a étre introduite dans une borne ou dont
les torons sont torsadés pour consolider son extrémité est considéré comme un conducteur non préparé.

3.3.26

conducteur préparé

conducteur dont I'extrémité dénudée est munie d'un accessoire tel que manchon ou cosse ou
raccord de cébles

[SOURCE: IEC 60050-442:1998, 442-01-27]

3.3.2
ame massive
ame cpnstituée d'un fil unique

Note 1 p I'article: L'ame massive peut étre circulaire ou profilée.

Note 2 |a I'article: Une ame massive est définie comme une ame de classe(l dans I'lEC 60228 ou, selon
I'"EC TR 60344, par sa dimension équivalente dans le systeme AWG/kcmil.

[SOURCE: IEC 60050-461:2008, 461-01-06, modifié — La Note'2 a I'article a été ajoutée

[

3.3.28
condycteur cablé
condugteur constitué d'un ensemble de fils, dont certains ou tous sont enroulés en hélic

N4

Note 1 g l'article: Un conducteur cablé est défini comme un conducteur de classe 2 dans I'lEC 60228 oy, selon
I'"EC TR 60344, par sa dimension équivalente dans le systeme AWG/kcmil.

[SOURCE: IEC 60050-151:2001, 151-12-36, modifié — La Note 1 a I'article a été ajoutée

—_—

3.3.29
ame rjgide
condufcteur massif ou toronné constitué de fils présentant un diamétre tel ou assemblés de
facon [a ne pas pouvoir étre utilisés dans un cable souple

[SOURCE: IEC 60947-1:2020, 3.5.31]

3.3.30
ame souple
ame cablée constituée de fils suffisamment fins et assemblés de fagon a pouvoir étre (tilisés
dans yn‘¢éable souple

Note 1 a I'article: Une ame souple est définie comme un conducteur de classe 5 ou 6 dans I'lEC 60228 ou, selon
I'lEC TR 60344, par sa dimension équivalente dans le systéme AWG/kcmil.

[SOURCE: IEC 60050-461:2008, 461-01-11, modifié — La Note 1 a I'article a été ajoutée.]
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3.4 Mancsuvre des appareils de connexion

3.41

manoeuvre

<appareil mécanique de connexion> passage d'un ou de plusieurs contacts mobiles d'une
position a une position adjacente

Note 1 a l'article: Par exemple, pour un disjoncteur, ce pourra étre une manceuvre de fermeture ou une manceuvre
d'ouverture.

Note 2 a I'article: Si une distinction est nécessaire, on emploiera les mots manceuvre électrique (par exemple:
établissement ou coupure) et manoceuvre mécanique (par exemple: fermeture ou ouverture).

[SOURCE: IEC 60050-441:1984, 441-16-01]

3.4.2
cycle|de manceuvres
<appadreil mécanique de connexion> suite de manceuvres d'une position a une\autre avec|retour
a la plemiére position en passant par toutes les autres positions, s'il en existé

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

3.43
séqu%nce de manceuvres

<appareil mécanique de connexion> suite de manceuvres spécifiées effectuées h des
intervalles de temps spécifiés

[SOURCE: IEC 60050-441:1984, 441-16-03]

3.4.4
manoguvre de fermeture
<appareil mécanique de connexion> manceuvre par laquelle on fait passer l'appareil|de la
positign d'ouverture a la position de fermeture

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

3.45
manoguvre d'ouverture
<appjreil mécanique~de connexion> manceuvre par laquelle on fait passer l'appareil| de la
positign de fermeture.a la position d'ouverture

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

3.4.6
pOSiti ndefermeture
<appareil mécanique de connexion> position dans laquelle la continuité prédéterminée du
circuit principal de I'appareil est assurée

[SOURCE: IEC 60050-441:1984, 441-16-22]
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3.4.7

position d'ouverture

<appareil mécanique de connexion> position dans laquelle les exigences prédéterminées de
tension de tenue diélectrique entre contacts ouverts sont assurées dans le circuit principal de
I'appareil

Note 1 a l'article: Cette définition differe de celle de I''EC 60050-441:1984, 441-16-23 afin de satisfaire aux
exigences concernant les propriétés diélectriques.

[SOURCE: IEC 60050-441:1984, 441-16-23, modifié — Remplacement de "la distance
prédéterminée d'isolement entre contacts ouverts est assurée" par "les exigences
prédéterminées de tension de tenue diélectrique entre contacts ouverts sont assurées".]

3.4.8
positipn de repos
<contacteur> position que prennent les organes mobiles du contacteur quand son électroaimant
ou son dispositif a air comprimé n'est pas alimenté

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

3.4.9
marche par a-coups
commpnde caractérisée par une série de fermetures breves et fréquentes du circuit d'un moteur
ou d'up électroaimant, en vue d'obtenir de petits déplacements de I'organe entrainé

3.4.10
invergion de marche
arrét ¢ou inversion rapide du sens de rotation d'un moteur par permutation des conng¢xions
d'alimgentation du moteur pendant que celui-ci t@urne

3.5 |Grandeurs caractéristiques

3.5.1
valeur nominale

valeur de dénomination
valeur| d'une grandeur, utilisée) pour dénommer et identifier un composant, un dispositif, un
matériel ou un systéme

Note 1 p l'article: La valéurnominale est généralement une valeur arrondie.

[SOURCE: IEC 60050-151:2001, 151-16-09]

3.5.2
valeur limite
dans Une“spécification d'un composant, dispositif., matériel ou systéme, la plus grandg ou la
plus petite valeur admissible d'une grandeur

[SOURCE: IEC 60050-151:2001, 151-16-10]

3.5.3

valeur assignée

valeur d'une grandeur, utilisée a des fins de spécification, correspondant a un ensemble
spécifié de conditions de fonctionnement d'un composant, dispositif, matériel ou systéme

[SOURCE: IEC 60050-151:2001, 151-16-08]

3.5.4
caractéristiques assignées
ensemble des valeurs assignées et des conditions de fonctionnement
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[SOURCE: IEC 60050-151:2001, 151-16-11]

3.5.5

courant présumé

<d'un circuit et relatif a un appareil de connexion ou a un fusible> courant qui circulerait dans
le circuit si chaque pble de l'appareil de connexion ou le fusible était remplacé par un
conducteur d'impédance négligeable

Note 1 a I'article: La méthode a employer pour évaluer et pour exprimer le courant présumé est spécifiée dans les
publications particuliéres.

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

3.5.6
valeur de créte du courant présumé
valeur|de créte d'un courant présumeé pendant la période transitoire qui suit son établissement

Note 1 p l'article: La définition implique que le courant est établi par un appareil de cofinexion ideéal, c'edt-a-dire
passan{ instantanément d'une impédance infinie a une impédance nulle. Pour un circuit’ayant plusieurs vojes, par
exemple un circuit polyphasé, il est entendu en outre que le courant est établi simultanément dans tous Igs pdles
méme di on ne considére que le courant dans un seul pdle.

[SOURCE: IEC 60050-441:1984, 441-17-02]

3.5.7
valeur maximale de créte du courant présumé
<circujt a courant alternatif> valeur de créte du cotrant présumé quand I'établissemént du
courant a lieu a l'instant qui conduit a la plus grandevaleur possible

Note 1 g I'article: Pour un appareil multipolaire dans un circuit polyphasé, la valeur maximale de créte du courant
présumg ne se rapporte qu'a un seul péle.

[SOURCE: IEC 60050-441:1984, 441-17-04]

3.5.8
courant coupé
<appadreil de connexion ou fusible> courant dans un pole d'un appareil de connexion o4y dans
un fusjble évalué a l'instant de I'amorgage de I'arc au cours d'une coupure

Note 1 p I'article: En coudrapt alternatif, ce courant est exprimé par la valeur efficace symétrique de la composante
alternatjve.

[SOURCE: IEC-60050-441:1984, 441-17-07, modifié — Ajout d'une nouvelle Note 1 a I'arficle.]

3.5.9
pouvqir.de coupure
<appareil de connexion ou fusible> valeur de courant présumé qu'un appareil de connexion ou
un fusible est capable d'interrompre sous une tension fixée dans des conditions prescrites
d'emploi et de comportement

Note 1 a l'article: La tension a fixer et les conditions a prescrire sont précisées dans la norme de matériel
correspondante.

Note 2 a I'article: En courant alternatif, ce courant est exprimé par la valeur efficace symétrique de la composante
alternative.

Note 3 a I'article: Pour le pouvoir de coupure en court-circuit, voir 3.5.11.

[SOURCE: IEC 60050-441:1984, 441-17-08, modifié — Ajout des Notes 2 et 3 a I'article.]
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3.5.10

pouvoir de fermeture

<appareil de connexion> valeur du courant présumé établi qu'un appareil de connexion est
capable d'établir sous une tension donnée et dans des conditions prescrites d'emploi et de
comportement

Note 1 a l'article: La tension a fixer et les conditions a prescrire sont précisées dans la norme de matériel
correspondante.

Note 2 a I'article: Pour le pouvoir de fermeture en court-circuit, voir 3.5.12.

[SOURCE: IEC 60050-441:1984, 441-17-09, modifié — Ajout d'une nouvelle Note 2 a I'article.]

3.5.11
pouvqir de coupure en court-circuit
pouvojr de coupure pour lequel les conditions prescrites comprennent un court-circyit aux
borne$ de I'appareil de connexion

[SOURCE: IEC 60050-441:1984, 441-17-11]

3.5.12
pouvaqir de fermeture en court-circuit
pouvojr de fermeture pour lequel les conditions prescrites comprennent un court-circyit aux
bornes$ de I'appareil de connexion

[SOURCE: IEC 60050-441:1984, 441-17-10]

3.5.13
intégnale de Joule
It
intégrale du carré du courant pour un intefvalle de temps donné:

b,
2t = J. 17 dt
to

[SOURCE: IEC 60050-441:1984, 441-18-23, modifié — Suppression des Notes a l'article]]

3.5.1
courant coupé limité
valeur| instantanée-*maximale du courant atteinte au cours de la coupure effectuée par un
appargil de connexion ou un fusible

Note 1 p l'article: Cette notion est d'importance particuliére si I'appareil de connexion ou le fusible fonctignne de
telle mgnigte’que la valeur de créte du courant présumé du circuit n'est pas atteinte.

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

3.5.15

tension appliquée

<appareil de connexion> tension qui existe entre les bornes d'un pdle d'un appareil de
connexion immédiatement avant I'établissement du courant

Note 1 a I'article: Cette définition s'applique a un appareil unipolaire. Pour un appareil multipolaire, il s'agit de la
tension entre phases aux bornes d'alimentation de I'appareil.

[SOURCE: IEC 60050-441:1984, 441-17-24, modifié — Nouvelle Note 1 a l'article.]
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3.5.16

tension de rétablissement

tension qui apparait entre les bornes d'un péle d'un appareil de connexion ou d'un fusible aprés
I'interruption du courant

Note 1 al'article: Cette tension peut étre considérée durant deux intervalles de temps consécutifs, I'un durant lequel
existe une tension transitoire, suivi par un second intervalle durant lequel la tension de rétablissement a fréquence
industrielle ou en régime établi existe seule.

Note 2 a I'article: Cette définition s'applique a un appareil unipolaire. Pour un appareil multipolaire, il s'agit de la
tension entre phases aux bornes d'alimentation de I'appareil.

[SOURCE: IEC 60050-441:1984, 441-17-25, modifié — Nouvelle Note 2 a ['article.]

3.5.17
tensiqgn transitoire de rétablissement
TTR
tension de rétablissement pendant le temps ou elle présente un caractéere transitoire
appréc¢iable

Note 1 @ I'article: La tension transitoire peut étre oscillatoire ou non oscillatoire ou étre tine combinaison de gelles-ci
selon lgs caractéristiques du circuit, de I'appareil de connexion ou du fusible. Ell€_tient compte de la varigtion du
potenti¢l du point neutre du circuit polyphasé.

[SOURCE: IEC 60050-441:1984, 441-17-26, modifié — Remplacement dans la note de ['et de
I'apparleil de connexion" par "de I'appareil de connexion ou du fusible".]

3.5.18
tensign de rétablissement a fréquence industrielle
tensiop de rétablissement aprés la disparition des\phénomeénes transitoires de tension

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

3.5.19
tensign de rétablissement en courant continu en régime établi
tensiopn de rétablissement dans,* un circuit a courant continu aprés la disparitioh des
phénomeénes transitoires de ténsion, exprimée par sa valeur moyenne s'il y a des ondulgtions

[SOURCE: IEC 60050-441:1984, 441-17-28]

3.5.20
distarjce d'isoléement
distange entre_deux parties conductrices le long d'un fil tendu suivant le plus court| trajet
possiljle entre*ces deux parties conductrices

[SOU CE-1EC 60050 441-1084 441 17 211
A= — N —a = A=A~ A~ A= A~ a0 B A~ i e e S R N~

3.5.21

ligne de fuite

distance la plus courte le long de la surface d'un matériau isolant entre deux parties
conductrices

Note 1 a l'article: Un joint entre deux piéces en matériau isolant est considéré comme faisant partie de la surface.

3.5.22

tension locale

valeur efficace la plus élevée de la tension en courant alternatif ou valeur la plus élevée de la
tension en courant continu qui peut apparaitre (localement) a travers n'importe quelle isolation
a la tension assignée d'alimentation, les surtensions transitoires n'étant pas prises en compte,
en circuit ouvert ou dans les conditions normales de fonctionnement
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3.5.23

tension de tenue aux chocs

valeur de créte la plus élevée d'une tension de choc, de la forme et de la polarité prescrites,
qui ne provoque pas de claquage dans les conditions d'essai spécifiées

3.5.24

tension de tenue a fréquence industrielle

valeur efficace d'une tension sinusoidale a fréquence industrielle qui ne provoque pas de
claquage dans les conditions d'essai spécifiées

3.5.25

poIIu jfon
tout apport de matériau étranger solide, liquide ou gazeux (gaz ionisés) qui peut medi|fier la
rigidit¢ diélectrique ou la résistivité superficielle

degré|de pollution
<condjtions d'environnement> nombre conventionnel fondé sur la qudntité de poussiéres
condufrtrices ou hygroscopiques, de gaz ionisés ou de sels, et sur 'humidité relative| et sa
fréqugnce d'apparition se traduisant par I'absorption ou la condensation d'humidité, ayant pour
effet de diminuer la rigidité diélectrique et/ou la résistivité superfiCielle

Note 1 p l'article: Le degré de pollution du microenvironnement auquel €st exposé un matériel peut étre gifférent
de celui du macroenvironnement dans lequel est situé le matériel en raison de la protection procurée par une
envelogpe ou un chauffage interne qui empéche I'absorption ou la cendensation de I'humidité.

I'article: Dans le cadre du présent document, le degré de pollution est celui du microenvironnemept.

ces d'isolement ou lignes de fuite>, conditions ambiantes a proximité immédiate des
distanges d'isolement ou des lignes de fuite a I'étude

Note 1 @ l'article: L'effet sur I'isolation est déterminé par le microenvironnement des lignes de fuite ou des digtances
d'isolement, et non pas par I'environnement du matériel. Le microenvironnement peut étre meilleur ou gire que
I'envirohnement du matériel. Il comprend tous les facteurs qui ont une incidence sur l'isolation, comme les copditions
climatiques et électromagnétiques, Ia production de pollution, etc.

3.5.28
catégprie de surtension
<dans| un circuit ou dans un systéme électrique> nombre conventionnel fondé sur la limfitation
(ou lamaitrise) des raleurs des surtensions transitoires présumées apparaissant dans unfcircuit
(ou dans un systéme électrique présentant plusieurs tensions nominales) et qui dépend des
moyens employés pour agir sur ces surtensions

Note 1 g l'article: Dans un systéme électrique, le passage d'une catégorie de surtension a une catégorie inférieure
est réalisé.a 'aide de moyens appropriés conformes aux exigences d'interface, comme un dispositif de protection
contre les surtensions ou des impédances montées en série et/ou en paralléle capables de dissiper, d'absorber ou
de détourner I'énergie dans le courant de surcharge correspondant, afin d'abaisser la valeur des surtensions
transitoires a celle qui correspond a la catégorie de surtension inférieure souhaitée.

3.5.29

coordination de l'isolement

correspondance des caractéristiques d'isolement du matériel électrique, d'une part avec les
surtensions attendues et avec les caractéristiques des dispositifs de protection contre les
surtensions et, d'autre part, avec le microenvironnement attendu et les moyens de protection
contre la pollution
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3.5.30

champ homogéne
champ uniforme

champ électrique dont le gradient de tension est essentiellement constant entre les électrodes,
tel que celui existant entre deux sphéres dont le rayon de chacune est plus grand que la
distance qui les sépare

3.5.31

champ hétérogéne
champ non uniforme
champ électrique dont le gradient de tension entre les électrodes n'est pas essentiellement

constant

3.5.32

cheminement

formafion progressive de chemins conducteurs a la surface ou dans un isolapt solide] sous
I'effet combiné des contraintes électriques et de la contamination électrolytique-de cette surface
3.5.33

indicq de résistance au cheminement

IRC

valeurf numérique de la tension maximale en volts pour laquellé.un matériau supporte le|dép6bt
de 50 [gouttes d'une solution d'essai, sans cheminement

Note 1 p I'article: La valeur de chaque tension d'essai et celle de £IRC sont divisibles par 25.

Note 2 f I'article: Cette définition est fondée sur le 3.5 de I'lEC.60112:2020.

4 Classification

Le 5.2 fournit toutes les données qui peuyent servir de criteres de classification.

5 Caractéristiques des contacteurs

5.1 Récapitulatif des caractéristiques

Les caractéristiques doivent étre indiquées comme suit, s'il y a lieu:

— typge de contacteur (Voir 5.2);

— valeurs assigriées et valeurs limites des circuits principaux (voir 5.3);

— calégorie d'émploi (voir 5.4);

— cirpuitsde commande (voir 5.5);

— cirfpuits auxiliaires (voir 5.6);

— coordination avec les dispositifs de protection contre les courts-circuits (voir 5.7).

5.2

5.2.1

Type de contacteur

Généralités

Les informations suivantes doivent étre indiquées (voir aussi I'Article 6):

5.2.2
5.2.3

Nombre de poles

Mode de commande

— automatique (par auxiliaire automatique de commande ou commande séquentielle);

— no

n automatique (par commande manuelle ou par boutons-poussoirs, par exemple);

— semi-automatique (c'est-a-dire en partie automatique, en partie non automatique).
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Valeurs assignées et valeurs limites des circuits principaux

Généralités

Les valeurs assignées établies pour un contacteur doivent étre indiquées conformément aux
5.3.2a5.4etaub.7.

5.3.2

Tensions assignées

5.3.2.1 Généralités

Un contacteur est défini par les tensions assignées données du 5.3.2.2 au 5.3.2.4.

5.3.2.

Une tg¢nsion assignée d'emploi d'un contacteur est une valeur de tension qui,combiné

Tension assignée d'emploi (U,)

P a2 un

couramt assigné d'emploi, détermine I'application du contacteur, et a laquelle\se’rapportént les

essais

Pour
tensio

Pour

NOTE 1
d'empldg

NOTE 2
de ferm|

NOTE 3
a l'intér]

5.3.2.

La ten
les es

En au

de la fension assignée’d'isolement.

NOTE
plus élg

5.3.2.4

correspondants et la catégorie d'emploi.

in contacteur unipolaire, la tension assignée d'emploi s'exprinie généralement
h aux bornes du pble.

n contacteur multipolaire, elle s'exprime généralement.par la tension entre phase

Un contacteur peut étre caractérisé par un certain nombrée\de valeurs combinées de tensions as
i

Un contacteur peut étre caractérisé par un certain nombre de tensions assignées d'emploi et de ¢
eture et de coupure correspondant a différents services et différentes catégories d'emploi.

L'attention est attirée sur le fait que la tensjon d'emploi peut étre différente de la tension locale (voir|
eur d'un contacteur.

J Tension d'isolement assignée (U;)

sion assignée d'isolement:d'un contacteur est la valeur de tension a laquelle se ré
sais diélectriques et les\lignes de fuite.

Cun cas, la valeur la plus élevée de la tension assignée d'emploi ne doit dépasse|

Dans le cas‘des contacteurs pour lesquels aucune tension assignée d'isolement n'est spécifiée, la v
vée de la‘tension assignée d'emploi est considérée comme étant la tension assignée d'isolement.

| Tension assignée de tenue aux chocs (Uimp)

par la

Bignées

i et de puissances ou courants assignés d'emploi correspondant a différents services et différentes cafégories
d'empldi.

ouvoirs

3.5.22)

férent

I celle

aleur la

Valeur de créte d'une tension de choc, de la forme et de la polarité prescrites, que peut
supporter le contacteur sans claquage dans les conditions d'essai spécifiées et a laquelle se
réferent les valeurs des distances d'isolement.

La tension assignée de tenue aux chocs d'un contacteur doit étre supérieure ou égale aux
valeurs fixées pour les surtensions transitoires apparaissant dans le circuit, ou est placé le

matéri

el.

NOTE Les valeurs préférentielles de la tension assignée de tenue aux chocs sont indiquées dans le Tableau 16.

5.3.3

Courants ou puissances

5.3.3.1 Généralités

Un contacteur est défini par les courants donnés du 5.3.3.2 au 5.3.3.4.


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

IEC 61095:2023 © IEC 2023 -171 -

5.3.3.2 Courant thermique conventionnel a I'air libre (Iy;,)

Le courant thermique conventionnel a I'air libre est la valeur maximale du courant d'essai a
utiliser pour les essais d'échauffement d'un contacteur sans enveloppe a l'air libre (voir 9.3.3.3).

La valeur du courant thermique conventionnel a l'air libre doit étre au moins égale a la valeur
maximale du courant assigné d'emploi (voir 5.3.3.4) du contacteur sans enveloppe, en service
de 8 h (voir 5.3.5.2).

L'air libre est I'air présent a l'intérieur dans les conditions normales, raisonnablement exempt
de courants d'air et de rayonnements externes.

NOTE 1 Ce courant n'est pas une caractéristique assignée et n'est pas obligatoirement marqué sur le contacteur.

NOTE 4 Un contacteur sans enveloppe est un contacteur fourni par le fabricant sans enveloppe-ou‘un coftacteur
fourni ppr le fabricant avec une enveloppe intégrée qui n'est pas destinée normalement a étre laiSeule envelpppe de
protectipn du contacteur. Un contacteur sans enveloppe est caractérisé par le code IP0O0.

5.3.3.3 Courant thermique conventionnel sous enveloppe (I;,.)

Le colirant thermique conventionnel sous enveloppe d'un contacteur, est la valeur du cpurant
fixée pgar le fabricant, qui doit étre utilisée pour les essais d'échauffement du contacteur Igrsqu'il
est monté dans une enveloppe spécifiée. Ces essais doivent étre-conformes au 9.3.3.3 ¢t sont
obligafoires si les catalogues du fabricant décrivent le contacteur comme un contacteuf sous
envelgppe normalement destiné a étre utilisé avec une owplusieurs enveloppes d'un typg et de
taille g§pécifiés (voir Note 2 du 5.3.3.2).

La valeur du courant thermique conventionnel sousenveloppe doit étre au moins égale a la
valeurl maximale du courant assigné d'emploi (voir 5.3.3.4) du contacteur sous envelogpe en
servicg de 8 h (voir 5.3.5.2).

Si le cpntacteur est normalement desting'a étre utilisé dans des enveloppes non spécifié¢s, cet
essai n'est pas obligatoire si I'essai aucourant thermique conventionnel a l'air libre (] a été
effectyié. Dans ce cas, le fabricant doit étre en mesure de fournir des recommandations relatives
a la valeur du courant thermique(sous enveloppe ou au facteur de déclassement.

NOTE {1 Ce courant n'est pas une.caractéristique assignée et n'est pas obligatoirement marqué sur le contacteur.

NOTE 4 Un contacteur sous enveloppe est un contacteur normalement destiné a étre utilisé avec un typq et une
taille d'enveloppe spécifiés, jou avec plusieurs types d'enveloppes.

5.3.3.4 Courants assignés d'emploi (/) ou puissances assignées

Un coprant'assigné d'emploi d'un contacteur est défini par le fabricant et tient compte de la
tensioh dassignée d'emploi (voir 5.3.2.2), du courant thermique conventionnel a l'air Iil])re ou
sous ¢nveloppe, de la fréquence assignée (voir 5.3.4), du service assigné (voir 5.3.5)] de la
catégorie d'emploi (voir 5.4) et du type d'enveloppe de protection, le cas échéant.

Dans le cas d'un contacteur destiné a la commande directe de moteurs distincts ou de lampes
a LED distinctes, l'indication d'un courant assigné d'emploi peut étre remplacée ou complétée
par celle de la puissance assignée maximale, a la tension assignée d'emploi concernée, de la
charge pour laquelle le contacteur est prévu. Le fabricant doit étre en mesure de préciser la
relation présumée entre le courant d'emploi et la puissance.

5.3.4 Fréquence assignée

Fréquence d'alimentation pour laquelle est congu un contacteur et a laquelle correspondent les
autres valeurs caractéristiques.

NOTE Un méme contacteur peut avoir plusieurs fréquences assignées ou une plage de fréquences assignées.
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Services assignés

5.3.51 Généralités

Les services assignés considérés comme normaux sont donnés du 5.3.5.2 au 5.3.5.5.

5.3.5.

2 Service de 8 heures (service continu)

Service dans lequel les contacts principaux d'un contacteur restent fermés tout en transportant
un courant permanent pendant une durée suffisamment longue pour permettre au contacteur
d'atteindre I'équilibre thermique, la durée étant inférieure ou égale a 8 h sans interruption.

NOTE

contactpur sont déterminés.

NOTE

5.3.5.

Servige avec des durées de fonctionnement en charge pendant lesquelles les co

princi
défini

I'équillbre thermique.

Le se
coura
la dur

Selon

les coptacteurs sont répartis entre les classes-préférentielles suivantes:

— clgsse 1: 1 cycle-de manceuvres par heure;

— clgsse 3: 3 cycles de manceuvres par heure;
— clgsse 12: 12 cycles de manceuvres par heure;
— clgsse 30: 30 cycles de manceuvres par heure;
— clgsse 120: 120 cycles de manceuvres par heure;
— clgsse  300: 300 cycles de manceuvres par heure;
— clgsse 1 200: 1200 cycles de manceuvres par heure.

Un contacteur destiné au service intermittent peut étre désigné par les caractéristiqu
servicg intermittent.

EXEMPLE. »Un service intermittent comprenant le passage d'un courant de 32 A pendant 2 min par période d

peut ét

5.3.5.

1 Ce service est le service de référence a partir duquel les courants thermiques conventionnels /,\e

4 Une interruption est la coupure du courant par la manceuvre du contacteur.

B Service intermittent périodique ou service intermittent

paux d'un contacteur restent fermés, et dont la relation avec les.durées sans char
¢, chacune de ces durées étant trop courte pour permettretau contacteur d'att

vice intermittent est caractérisé par la valeur du colrant, par la durée de passdg
Et et par le facteur de marche, qui est le rapport entfe la durée du passage du cou
e totale, et qui est souvent exprimé par un pourcentage.

le nombre de cycles de manceuvres qu'ils“doivent étre capables d'effectuer par

the

ntacts
ge est
eindre

ge du
ant et

heure,

es du

e 5 min

e défini: 32 A, classe 12, 40 %.

4 Service temporaire

Service dans lequel les contacts principaux d'un contacteur restent fermés pendant des durées
qui ne sont pas suffisamment longues pour permettre au contacteur d'atteindre I'équilibre
thermique, les durées de fonctionnement en charge étant séparées par des durées sans charge
d'une durée suffisante pour égaliser la température du contacteur avec celle du milieu
refroidissant.

5.3.5.

5 Service périodique

Service dans lequel le fonctionnement a charge constante ou variable est périodique.
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5.3.6 Caractéristiques en conditions normales de charge et de surcharge
5.3.6.1 Généralités

Le présent paragraphe fournit les exigences générales relatives aux caractéristiques assignées
en conditions normales de charge et de surcharge.

Les exigences détaillées sont fournies au 8.2.4.

5.3.6.2 Aptitude a supporter les courants de surcharge occasionnés par le
démarrage de moteurs

Un cgntacteur destiné a connecter des moteurs doit pouvoir supporter les contraintes
thermigues occasionnées par le démarrage et I'accélération d'un moteur a sa vitesse ngrmale
et par|les surcharges de fonctionnement.

Les exigences pour remplir ces conditions sont spécifiées au 8.2.4.4.

5.3.6.3 Pouvoir assigné de fermeture

Les gxigences concernant les différentes catégories d'emplei (voir 5.4) sont spégifiées
au 8.2.4.2. Les pouvoirs assignés de fermeture et de coupure ne-sont valables que lorsgue le
contagteur fonctionne selon les exigences spécifiées au 8.2.4. et au 8.2.1.2.

5.3.6.4 Pouvoir assigné de coupure

Les gxigences concernant les différentes catégories d'emploi (voir 5.4) sont spégifiées
au 8.2.4.2. Les pouvoirs assignés de fermeture et’de coupure ne sont valables que lorsue le
contagteur fonctionne selon les exigences spécifiées au 8.2.1.1 et au 8.2.1.2.

5.3.6.% Fonctionnement conventionnel en service

Il est gpécifié au 8.2.4.3 comme étantune série de manceuvres de fermeture et de couptre.

5.3.7 Courant assigné de.court-circuit conditionnel

Le coprant assigné de court-circuit conditionnel d'un contacteur est la valeur de cpurant
présumé, fixée par le fabricant, que le contacteur, protégé par un dispositif de protection pontre
les courts-circuits spécifié par le fabricant, peut supporter de fagon satisfaisante pendant la
durée|de fonctionnement de ce dispositif dans les conditions d'essai spécifiées au 9.3.4

Le fapricant.\doit indiquer les caractéristiques du dispositif de protection contte les
courtsfcircuits.

| t H 5 d gl i diti | ! I | | ffi d |
NOTE 6 GoUrant—assighé o—court-circuit conditionnel s exprime—parta—valeur efficace ela composante

alternative.

5.4 Catégorie d'emploi
5.4.1 Généralités

La catégorie d'emploi d'un contacteur définit I'application prévue; elle est caractérisée par une
ou plusieurs des conditions de service suivantes:

— le ou les courants, exprimés en multiples du courant assigné d'emploi;
— la ou les tensions, exprimées en multiples de la tension assignée d'emploi;

— le facteur de puissance.

Les catégories d'emploi normalisées sont indiquées dans le Tableau 1.
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Chaque catégorie d'emploi est caractérisée par les valeurs des courants, tensions, facteurs de
puissance et autres données du Tableau 7 et du Tableau 9, ainsi que par les conditions d'essai
spécifiées dans le présent- document.

Il est donc inutile de spécifier séparément les pouvoirs assignés de fermeture et de coupure,
car ces valeurs dépendent directement de la catégorie d'emploi indiquée dans le Tableau 7.

Sauf spécification contraire, les contacteurs de catégorie d'emploi AC-7b sont congus en
fonction des caractéristiques de démarrage des moteurs compatibles avec les pouvoirs de
fermeture du Tableau 7. Lorsque le courant de démarrage d'un moteur dont le rotor est bloqué
dépasse ces valeurs, il convient de diminuer en conséquence le courant d'emploi.

5.4.2 Attribution des catégories d'emploi suivant les résultats d'essai

Un coptacteur qui a été soumis a l'essai pour une catégorie d'emploi ou avec nlimporte |quelle
combiphaison de parametres (tension et courant d'emploi maximaux, etc.) peut.se voir atfribuer
une catégorie d'emploi sans essai complémentaire sous réserve que les grandeurs d'esdai, les
tensiops, les courants, les facteurs de puissance, le nombre de cycles<de manceuvrgs, les
durées$ de passage du courant et les durées de repos indiqués dans le Tableau 7 et le Tabjeau 9
ainsi que le circuit d'essai pour la catégorie d'emploi attribuée ne sgient pas plus sévérgs que
les calactéristiques pour lesquelles le contacteur a été soumis a/'essai, et que I'échauffement
ait été vérifié a un courant au moins égal a la valeur maximaled@u-Courant assigné d'emploi en
servicg continu.

Tableau 1 — Catégoriesd'emploi

Gatégories d'emploi 2 Charges types
AC-7a Légérement inductive
AC-7b Moteur ©
AC-7c Commande de/lampes a décharge électrique avec compensation ©
AC-7d Lampe aLED

a8 Leg contacteurs peuvent avoir d'autres catégories d'emploi. Dans ce cas, ils doivent satisfaire aux exigences
de|'lEC 60947-4-1 pour ces catégories d'emploi.

b Lalcatégorie AC-7b peut étre-utilisée pour des marches par a-coups occasionnelles ou inversions de marche
de [durée limitée. Il convient\que le nombre de manceuvres pendant ces périodes limitées ne dépasse pa$ 5/min
ni 10 pour une durée de" 10 min.

¢ Celte catégorie est similaire a la catégorie de commande capacitive AC-6b définie dans I'lEC 60947-441 pour
la gommande de batteries de condensateurs, la caractéristique étant trés dépendante de la valeur de la cgpacité
du [circuit de ladlampe.

5.5 |[Circuits de commande

Les caractéristiques des circuits de commande sont:

— la nature du courant;
— la fréquence assignée;

— la tension assignée des circuits de commande U, (nature et fréquence);

— la tension assignée d'alimentation de commande Ug (nature et fréquence), le cas échéant;
— l'aptitude du circuit de commande a étre relié aux circuits TBTS.

NOTE Une distinction a été établie ci-dessus entre la tension du circuit de commande, qui apparait aux bornes des
contacts a fermeture (voir 3.3.10) dans le circuit de commande, et |la tension d'alimentation de commande, qui est la

tension appliquée aux bornes d'entrée du circuit de commande du contacteur et qui peut étre différente de la tension
du circuit de commande en raison de la présence de transformateurs, redresseurs, résistances, etc. incorporés.
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La tension assignée du circuit de commande et la fréquence assignée, s'il y a lieu, sont les
valeurs a partir desquelles sont déterminées les caractéristiques de fonctionnement et
d'échauffement du circuit de commande.

5.6 Circuits auxiliaires

Les caractéristiques des circuits auxiliaires sont le nombre et le type des contacts (contact a
fermeture, contact a ouverture, etc.) de chacun de ces circuits et leurs caractéristiques
assignées, conformément a I'lEC 60947-5-1.

Les caractéristiques des contacts et des interrupteurs auxiliaires doivent satisfaire aux
exigenees-deHEG-6094745—1

5.7 |Coordination avec les dispositifs de protection contre les courts-circuits

Les cqntacteurs sont caractérisés par le type, les valeurs assignées et les caractéristiques des
dispogitifs de protection contre les courts-circuits (DPCC) a utiliser pour assUret une profection
adéquiate du contacteur contre les courants de court-circuit. Les exigehees sont spécgifiées
au 8.2.5.

6 Informations sur le matériel

6.1 Nature des informations
6.1.1 Généralités

Les informations indiquées du 6.1.2 au 6.1.3 doivent étre fournies par le fabricant.

6.1.2 Identification
a) nom du fabricant ou marque commerciale;
b) dépignation du type ou numéro de.série;

c) numéro du présent document:

6.1.3 Caractéristiques, valeurs assignées fondamentales et utilisation
d) tensions assignées d'emploi (voir 5.3.2.2);

e) cajégorie d'emploi.'et/courants assignés d'emploi (ou puissances assignées), a la t¢nsion
aspignée d'emploi~(voir 5.3.3.4 et 5.4);

f) valeur de laQudes fréquences assignées, par exemple: 50 Hz ou 50 Hz/60 Hz;
g) sefvice assigné avec l'indication de la classe de service intermittent, s'il y a lieu (voir .3.5).

Valeufs<@associées:

h) pouvoirs assignés de fermeture et de coupure. Ces informations peuvent étre remplacées,
s'il y a lieu, par l'indication de la catégorie d'emploi (voir Tableau 7).

Sécurité et installation:

i) tension assignée d'isolement (voir 5.3.2.3);

j) tension assignée de tenue aux chocs (voir 5.3.2.4), le marquage de Uimp n'est pas exigé si
cette tension est égale a 4 kV;

k) code IP, dans le cas d'un contacteur sous enveloppe (voir 8.1.11);
[) degré de pollution (voir 7.1.4.2);

m) courant assigné de court-circuit conditionnel (voir 5.3.7) et type, courant assigné et
caractéristiques du DPCC associé;

n) pour les bornes non universelles sans vis:
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"s" ou "sol" pour les bornes déclarées pour les ames massives;
"r" pour les bornes déclarées pour les A&mes massives et cablées;

"f" pour les bornes déclarées pour les ames souples.

Circuits de commande (voir 5.5):

Les informations suivantes relatives aux circuits de commande doivent figurer soit sur la bobine,
soit sur le contacteur:

0) tension assignée des circuits de commande (U,.), nature du courant et fréquence assignée;

p) si péeessairern
commande (Ug).

Pour Jes contacteurs dont le circuit de commande est destiné a étre raccordé p une
alimentation TBTS:

q) aptitude du circuit de commande a étre relié a une alimentation TBTES, -le circuit pr|ncipal
étant alimenté par une tension de valeur supérieure a celle du circuitIBTS.

r) Sille circuit de commande est alimenté par d'autres moyens que la source d'alimentation

principale (un circuit de commande raccordé a une alimentation TBTS, par exemple), il
copvient de fournir des caractéristiques supplémentaires ou’Je type de référence pqur les
criferes de choix de I'unité d'alimentation.

Circuits auxiliaires:
s) cafactéristiques assignées des circuits auxiliaires_(voir 5.6).
6.2 |Marquage

Les mparquages doivent étre indélébiles et facilement lisibles.

Le marquage du nom du fabricant ou.de la marque commerciale et de la désignation du type
ou dul numéro de série est obligateire sur le contacteur, préférentiellement sur la plaque
signalgtique éventuelle, de maniére a regrouper les données complétes fournies par le
fabricant.

NOTE 1 Aux Etats-Unis et a@tCanada, la tension assignée d'emploi U, peut étre marquée comme suit:

a) surlle matériel destiné a étre utilisé sur des systémes triphasés a 4 conducteurs, par la valeur de la|tension
entfe phase et terré.et par celle de la tension entre phases, par exemple 277/480 V;

b) surlle matériel{destiné a étre utilisé sur des systemes triphasés a 3 conducteurs, par la valeur de la|tension
entfre phases| par exemple 480 V.

Les informations suivantes doivent étre marquées et visibles aprés le montage:

- sens du IIIUuVUIIIUIIt dc I‘UIydIIU dU bUIIIIIIdIIdU (VUiI 8153), iU vas ébhédllt,

— indication de la position de I'organe de commande (voir aussi 8.1.6.1 et 8.1.6.2).
Les informations suivantes doivent étre marquées et visibles aprés le céblage, avant
I'installation des enveloppes et couvercles:

— symboles, code de couleur ou code littéral pour les contacteurs miniaturisés;

— identification et marquage des bornes (voir 8.1.7.4);

— code IP et classe de protection contre les chocs électriques, s'il y a lieu (marqués

préférentiellement sur le contacteur, dans la mesure du possible).

Les marquages ne doivent pas étre apposés sur des vis, des rondelles amovibles ou d'autres
pieces amovibles.

L'indication k) doit figurer sur I'enveloppe, le cas échéant.
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L'indication c) doit figurer sur le produit.

L'indication n), le cas échéant, doit figurer sur la plaque signalétique ou sur le contacteur ou,
si I'espace disponible n'est pas suffisant, sur I'unité d'emballage aux dimensions les plus
faibles, ou dans les informations techniques fournies avec le produit ou dans la documentation
publiée par le fabricant. Dans le cas d'un groupe de bornes situées au méme emplacement, il
est admis d'apposer un seul marquage sur I'appareil. Le contacteur doit comporter un marquage
approprié indiquant la longueur de l'isolation a retirer avant d'insérer le conducteur dans la
borne.

Les indications d) a j), ), m) et o) a s) doivent figurer sur la plaque signalétique ou sur le
contacteur, ou dans la documentation publiée par le fabricant.

La dofumentation publiée par le fabricant peut étre fournie dans un format numériqule, par
exemple a l'aide d'un identificateur lisible par voie électronique apposé sur le matériel pu sur
son ernballage (voir I'EC 63365).

Le marquage des bornes doit étre conforme a I'Annexe A du présent document.

NOTE 4 Des catégories d'emploi supplémentaires conformément a I''EC 60947-4=1"peuvent égalemgnt étre
marquéks (voir la note de bas de tableau a du Tableau 1).

6.3 Instructions d'installation, de fonctionnement et d'entretien

Le comtacteur doit étre installé conformément a toutes les spécifications du 6.1, comptge tenu
de son utilisation prévue.

Des informations doivent étre fournies si le circuit de commande doit étre protégé par un
dispoditif de protection contre les courts-circuits.

L'entrg¢tien n'est pas habituel pour les contacteurs destinés aux applications domestiqueg.

[

7 Copnditions de service normal,de montage et de transport
7.1 [Conditions de service normal
711 Généralités

Les contacteurs conformes au présent document doivent pouvoir fonctionner danps les
conditjons normalisées.suivantes.

7.1.2 Température de I'air ambiant

La température/de l'air ambiant ne dépasse pas +40 °C et sa moyenne, mesurée siyir une
période de24 h, ne dépasse pas +35 °C.

La limiternférieure-de-latempérature de l'air ambiant est de -5 °C
te-HHeHetH-8-G8+atehpesiattie—Gge+—aHahbiahnt G -

La température de l'air ambiant est celle constatée a proximité du contacteur s'il ne comporte
pas d'enveloppe ou a proximité de I'enveloppe s'il en comporte une.

Les contacteurs destinés a étre utilisés a des températures d'air ambiant supérieures a +40 °C

(en particulier dans les pays tropicaux) ou inférieures a —5 °C doivent étre congus spécialement
ou étre utilisés conformément aux informations fournies dans le catalogue du fabricant.

7.1.3 Altitude

L'altitude du site d'installation ne dépasse pas 2 000 m.

Pour les installations a une altitude supérieure a 2 000 m, des instructions doivent étre fournies
dans la documentation du contacteur.
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7.1.4 Conditions atmosphériques
7.1.41 Humidité

L'humidité relative de I'air ne dépasse pas 50 % a une température maximale de +40 °C. Des
taux d'humidité relative plus élevés peuvent étre admis a des températures plus basses, par
exemple 90 % a +20 °C.

NOTE Les degrés de pollution indiqués au 7.1.4.2 définissent les conditions d'environnement de maniére plus
précise.

7.1.4.2 Degré de pollution

Le detré de pollution (voir 3.5.26) se rapporte aux conditions d'environnement pour Iesqluelles
est prévu le contacteur.

NOTE |[L'effet sur l'isolation est déterminé par le microenvironnement des lignes de fuite ol des diptances
d'isolement, et non pas I'environnement du contacteur. Le microenvironnement peut étresmeilleur ou pire que
I'envirohnement du contacteur. Il comprend tous les facteurs qui ont une incidence sur lliSolation, comjme les
conditigns climatiques et électromagnétiques, la production de pollution, etc.

Pour Ies contacteurs destinés a étre utilisés dans une enveloppe ou.équipés d'une enveloppe
intégree, le degré de pollution a l'intérieur de I'enveloppe s'applique.

Pour ¢valuer les distances d'isolement et les lignes de fuite, les quatre degrés de pdllution
suivants au niveau du microenvironnement (les distancessd'isolement et les lignes de fuitle sont
indiquges dans le Tableau 17 et le Tableau 18 en fonetion des différents degrés de poljution)
ont éte établis:

Degré|de pollution 1:
Absenlce de pollution ou présence d'une poHlution séche non conductrice seulement.
Degré| de pollution 2:

Présepce normale d'une pellution non conductrice seulement. Cependant, il| peut
occaslonnellement se produire.une conductivité temporaire sous I'effet de la condensatipn.

Degré|de pollution 3:

Présepce d'une pollution conductrice ou d'une pollution séche non conductrice qui devient
conduftrice sous.I"effet de la condensation.

Degré|de pollution 4:

La pollution provoque une conductivité persistante, causée par de la poussiére conductrice ou
par la neige ou la pluie, par exemple.

Degré de pollution normalisé pour les applications domestiques et analogues:

Les contacteurs pour applications domestiques et analogues sont généralement destinés a étre
utilisés dans un environnement de degré de pollution 2.

7.1.5 Conditions normales d'environnement électromagnétique

Les conditions normales d'environnement électromagnétique concernent les réseaux publics
de distribution électrique a basse tension comme les installations/sites résidentiels,
commerciaux et pour l'industrie légére.
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7.2

Conditions pendant le transport et le stockage

Les conditions pendant le transport et le stockage (température et humidité, par exemple) sont
définies au 7.1. Toutefois, sauf spécification contraire, la plage de températures suivantes
s'applique pendant le transport et le stockage: entre —25 °C et +55 °C et, pour de courtes

périod

7.3

es ne dépassant pas 24 h, jusqu'a +70 °C.

Montage

Le contacteur doit étre monté conformément aux instructions du fabricant.

8 Ej

8.1
8.1.1

Le conmtacteur avec son enveloppe éventuelle, intégrée ou non, doit étreséongu et const

facon
outre

NOTE
conteni

La pr
condit]
docuni

8.1.2
8.1.2.
L'adéq
contag
—  réq
—  réq
—  rég
—  rég
—  réq

En ce
essaig

kKigences de construction et de fonctionnement
Exigences de construction
Généralités

A résister aux contraintes subies pendant son installation et en service normal. |l g
brocurer un degré spécifié de résistance a la chaleur anormale.et au feu.

Un contacteur sous enveloppe est un contacteur monté dans une enveloppe congue et dimensionn
un seul contacteur.

btection contre les dangers dus aux circuits électroniques doit étre mainten
ons normales et en conditions de premier défautycemme cela est spécifié dans le p
ent.

Matériaux

Généralités

uation des matériaux utilisés-est vérifiée en effectuant les essais suivants
teur et/ou, si cela n'est pas faisable, sur des parties prélevées sur le contacteur.
istance au vieillissement (voir 8.1.2.2)
istance a I'humidité (voir 8.1.2.3)
istance a la chaleur (voir 8.1.2.4)
istance a la chaleur anormale et au feu (voir 8.1.2.5)
istance adarouille (voir 8.1.2.6)

ruit de
oit en

Be pour

Le en
résent

sur le

qui concerne la résistance a la chaleur, a la chaleur anormale et aux risques du f
effectués sur le contacteur ou sur une partie appropriée prélevée sur celui-ci

étre p

ivifégiés.

u, les
oivent

Toutefois, dans certains cas, des essais sur les matériaux peuvent étre utilisés pour des raisons
pratiques, en lieu et place des essais effectués sur le contacteur.

8.1.2.2 Résistance au vieillissement

Les contacteurs doivent résister au vieillissement.

En général, il est seulement nécessaire de soumettre aux essais les contacteurs qui comportent
(ou sont fournis avec) des enveloppes ou des piéces en PVC ou matériaux thermoplastiques
analogues ainsi que les piéces en caoutchouc telles que les bagues d'étanchéité et les joints.

La conformité est vérifiée par examen et, si nécessaire, par un essai conformément au 9.2.2.1.
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8.1.2.3 Résistance a I'humidité

Le contacteur doit étre protégé contre les effets de I'humidité qui peut se produire en service
normal.

La conformité doit étre vérifiée par I'essai spécifié au 9.2.2.2.

8.1.2.4 Résistance a la chaleur

Toutes les parties des contacteurs sous enveloppe, partiellement sous enveloppe ou sans
enveloppe, destinées a empécher I'accés aux parties actives ne doivent pas étre endommagées
ervice

La conformité doit étre vérifiée par les essais spécifiés au 9.2.2.3.1 et au 9.2.2.3:.2.

8.1.2. Résistance a la chaleur anormale et au feu

Les parties en matériau isolant qui peuvent étre exposées a des contfaintes thermiques dues
aux effets de I'électricité et dont la détérioration peut altérer la sécurité du contacteur ne doivent
pas étre endommagées de maniere notable par une chaleur anormale ou par le feu.

La conformité doit étre vérifiée par I'essai spécifié au 9.2.2.4;

Si un |essai doit étre effectué a plusieurs endroits suihlé méme échantillon, des précgutions
doivent étre prises pour s'assurer que des détériorations causées par les essais précédents ne
faussgnt pas les résultats de l'essai a effectueryLes petites pieces dont les dimepsions
superficielles ne dépassent pas 14 mm x 14 mm ne sont pas soumises a l'essai.

8.1.2.6 Résistance a la rouille

Les pprties ferreuses du contacteur, 'y compris les enveloppes et les couvercles, mais a
I'exception des faces polaires des électroaimants, doivent étre protégées contre la rouill

D

La conformité doit étre vérifiée par I'essai spécifié au 9.2.2.5.

8.1.3 Résistance des'Vvis ou écrous autres que ceux des bornes qui sont destinds a
étre manceuvrés au cours de l'installation ou de I'entretien

Les vis ou écrous-destinés a étre manceuvrés pendant l'installation ou I'entretien selpn les
recommandations du fabricant doivent résister aux contraintes mécaniques qui se produisent
en selvice normal.

Les vip'autotaraudeuses par déformation et a découpe prévues pour I'assemblage mécanique
seulement peuvent €fre ufilisées Sous réserve que les vis soient fournies assemblées avec la
piece dans laquelle elles doivent étre vissées.

Un exemple de vis autotaraudeuse par déformation est représenté a la Figure 1. Un exemple
de vis autotaraudeuse a découpe est représenté a la Figure 2. De plus, les vis autotaraudeuses
a découpe destinées a étre manceuvrées par l'installateur doivent étre solidaires de la piéce
correspondante de 'accessoire.

Les vis ou écrous qui transmettent une pression de contact doivent s'engager dans des filetages
métalliques.

Pour les connexions électriques, aucune pression de contact ne doit étre transmise au travers
de matériaux isolants autres que la céramique ou un matériau avec des caractéristiques
équivalentes et compensées pour toute possibilité de retrait ou de fléchissement.

La conformité doit étre vérifiée par examen et par I'essai spécifié au 9.2.3.
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8.1.4
8.1.5

Vacant

Organe de commande

8.1.5.1 Généralités

Les exigences du 8.1.5.2 et du 8.1.5.3 s'appliquent aux contacteurs équipés d'un organe de
commande manuel.

8.1.5.2 Isolation

L'organe de commande du contacteur doit étre isolé des parties actives pour la tension

assig

De ply
- s'il
sa
- s'il
int
étn

8.1.5.1

ee daiisolement ef, S'il'y a lieu, pour la tension assignee de tenue aux Cnhocs.

S:

est en métal, il doit pouvoir étre raccordé de fagcon sire a un conducteur de profection

Lf s'il comporte une isolation supplémentaire fiable;

est en matériau isolant ou recouvert d'un tel matériau, toutes ses parties méta
brnes, qui peuvent devenir accessibles en cas de défaillance dé l'isolation, doiven
e isolées des parties actives pour la tension assignée d'isolement.

B Sens du mouvement

Le se

conforime a I'lEC 60447. Lorsque des appareils ne peuvent pas satisfaire a ces exigencs
exemple par suite d'applications spéciales ou d'autres{positions de montage, ils doivent
un mafquage clair afin de distinguer clairement les"I* ou "O" et le sens de manceuvre.

8.1.5.

Les onganes de commande montés sur.des'panneaux démontables ou des portes doive

congu
rempl

8.1.6

8.1.6.

Lorsqul'un contacteur est équipé de dispositifs qui indiquent la position de fermeture

positig
NOTE

Cette

s de manceuvre des organes de commande des -appareils doit normalemern

Montage

pour étre dans la position appropriée par rapport au mécanisme associé Iq
cement du panneau ou de lasfermeture de la porte.

Indication des positions ARRET et MARCHE

Dispositifs indicateurs

n d'ouverturéy. ces positions doivent étre indiquées de maniére claire et distincte.

Dans le.cas de contacteurs sous enveloppe, cette indication peut étre visible de I'extérieur.

ndication est donnée par un indicateur de position (voir 3.3.15).

liques
aussi

t étre
s, par
porter

nt étre
rs du

et la

Si des symboles sont utilisés, ceux-ci doivent indiquer respectivement la position de fermeture

etlap

osition d'ouverture, conformément a I'EC 60417:

MARCHE (mise sous

60417-1EC-5007
| tension)

(2002-10)

60417-IEC-5008 N ,

ARRET (mise hors

tension)
(2002-10)
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Pour les contacteurs manceuvrés a l'aide de deux boutons-poussoirs, seul le bouton-poussoir
destiné a la manceuvre d'ouverture doit étre rouge ou marqué du symbole "O".

La couleur rouge ne doit étre utilisée pour aucun autre bouton-poussoir.

Les couleurs des autres boutons-poussoirs, des boutons-poussoirs lumineux et des voyants
lumineux doivent étre conformes a I'lEC 60073.

8.1.6.2 Indication par I'organe de commande

Lorsque I'organe de commande est utilisé pour indiquer la position des contacts, il doit, lorsqu'il

est refache, se metire automatiquement ou rester a la position correspondant a ce

contag
disting
de l'or
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Toute
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Les bornes doivent étre réalisées de fagon telle,que les conducteurs puissent étre fixés
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Les b
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fixé dq
Sauf s

ames

La co
effect

ts mobiles. Dans ce cas, I'organe de commande doit comporter deux positions de
tes correspondant a celles des contacts mobiles, mais une troisiéme position“di
gane de commande peut étre prévue, en cas d'ouverture automatique.

Bornes
Exigences de construction

b les pieces des bornes qui maintiennent le contact et assurent le passage du ¢
t étre en métal de résistance mécanique adéquate.

nnexions par bornes doivent étre effectuées de telle sorte que la force nécessair
cter les conducteurs puisse étre appliquée au moyen de vis, de dispositifs sans
lents, afin de maintenir la pression de contact hécessaire.

rfaces adéquates, sans dommage appréciable, aux conducteurs ou aux bornes.

ornes ne doivent permettre auegh déplacement des conducteurs ni pouvoi

ment ne doit pas diminuer au-dessous des valeurs assignées.

brnes sans vis doivent étre congues et fabriquées de sorte que chaque conducte
maniére individuelle.

pécification contraire du fabricant, les organes de serrage sans vis doivent accep
massives, cabléees et souples.

nexion'au la déconnexion de conducteurs sur un organe de serrage sans vis do
ée comme suit:

e des
repos
stincte

burant

P pour
Vis ou

entre

I étre

némes déplacées d'une maniére qui compromet la manceuvre du contacteur, et la t¢nsion

Lr soit

ter les

it étre

— SuL

positif

approprié, intégré a l'organe de serrage qui permet d'ouvrir ce dernier afin d'insérer ou de

ret

irer les conducteurs;

— sur un organe de serrage pousse-fil, par simple insertion. Pour la déconnexion des
conducteurs, une manceuvre autre qu'une simple traction sur le conducteur doit étre
nécessaire. Il est admis d'utiliser un outil d'usage général ou un dispositif approprié, intégré
a l'organe de serrage pour "ouvrir" ce dernier et faciliter l'insertion ou le retrait d'un
conducteur.

La Fig

ure 23 représente des exemples de bornes sans vis.

Les exigences du présent paragraphe doivent étre vérifiées par les essais décrits au 9.2.5.3,
au 9.2.5.4,au 9.2.5.5, au 9.2.5.7 et au 9.2.5.8, selon le cas.

NOTE Les pays d'Amérique du Nord ont des exigences particuliéres concernant les bornes adaptées a la connexion
de conducteurs en aluminium et leur marquage afin d'identifier I'emploi de conducteurs en aluminium.


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

IEC 61095:2023 © IEC 2023 - 183 -

8.1.7.2 Capacité de connexion

Le fabricant doit préciser le type (rigide — a ame massive ou cablée — ou souple), les sections
minimale et maximale des conducteurs appropriés pour la borne, et, le cas échéant, le nombre
de conducteurs pouvant étre connectés simultanément a la borne. Toutefois, la section
maximale ne doit pas étre inférieure a celle indiquée au 9.3.3.3 pour I'essai d'échauffement et
la borne doit étre adaptée aux conducteurs du méme type (rigide — a ame massive ou cablée —
ou souple) inférieurs d'au moins deux tailles, comme cela est indiqué dans la colonne
correspondante du Tableau 2.

Les valeurs normalisées des sections des conducteurs ronds en cuivre (exprimées a la fois en
unités_du systéme métri uées dans le Tableau 2, qui
également la correspondance approximative entre les dimensions des conducteurs

exprimées selon le systéme métrique de I'IlSO et selon le systéme AWG/MCM.
Tableau 2 - Sections normalisées des conducteurs ronds en cuivre
AWG/MCM
Sections ISO
] Sections équivalentes
2 Tailles -
0,2 24 0,205
- 22 0,324
0,5 20 0,519
0,75 18 0,82
1 — —
1,5 16 1,3
2,5 14 2,1
4 12 3,3
6 10 53
10 8 8,4
16 6 13,3
25 4 21,2
35 2 33,6
NOTE Le tiret, lorsqu'il existe, est compté comme une section par référence a la
capacité de-connexion.
8.1.7.3 Connexion
Les bgrnes pour la connexion des conducteurs externes doivent étre facilement accessibjles au

cours de l'installation.

Les vis et écrous de serrage ne doivent pas étre utilisés pour fixer tout autre composant, méme
s'ils peuvent maintenir les bornes en place ou les empécher de tourner.

8.1.7.4 Identification et marquage des bornes
Les bornes doivent étre identifiées de fagon claire et permanente, conformément a I''EC 60445.

Les bornes destinées exclusivement a la connexion du conducteur neutre doivent étre
identifiées par la lettre "N", conformément a I'lEC 60445.

La borne de terre de protection doit étre identifiée conformément au 8.1.9.3.

Des exigences supplémentaires pour le marquage et I'identification des bornes sont spécifiées
a I'Annexe A.
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8.1.8 Exigences supplémentaires pour les contacteurs équipés d'un péle neutre

Lorsqu'un contacteur comporte un péle destiné exclusivement a la connexion du neutre, ce pdle
doit étre clairement identifié par la lettre "N" (voir 8.1.7.4).

Un péle neutre de sectionnement ne doit pas couper le courant avant les autres pbles et ne
doit pas établir le courant aprés les autres poles.

La valeur du courant thermique conventionnel doit étre la méme pour tous les pbles.

8.1.9 Dispositions en vue de la mise a la terre

8.1.9. Exigences de construction

Les mpsses (chéssis, bati et parties fixes des enveloppes métalliques, par exemple)autreés que
celles|qui ne peuvent pas constituer un danger doivent étre interconnectées glectriquement et
reliées a une borne de terre de protection pour la connexion a une prise)de terre od a un
condufteur de protection extérieur.

Cette |lexigence peut étre remplie par les parties normales de construction qui assurept une
continpité électrique adéquate et s'applique au contacteur utilisé seul ou incorporé dgns un
ensenpble.

Il est [considéré que les masses ne représentent aucun,danger si elles ne peuvent étre ni
touchges sur de grandes surfaces ni saisies a la main,)si elles sont de petite taille (etviron
50 mr] x 50 mm) ou si elles sont disposées de telle‘sorte qu'elles excluent tout contact avec
des parties actives.

Des gxemples de telles masses sont les;vis, rivets, plaques signalétiques, noyaux de
transformateurs, électroaimants et certaines piéces de déclencheurs, de toutes dimensi¢ns.

8.1.9.2 Borne de terre de protection

La borne de terre de protection doit étre facilement accessible et placée de telle sorte pue la
liaison du contacteur a la prise de terre ou au conducteur de protection soit maintenue Igrsque
le coujercle ou toute autre partie amovible est enlevé.

La bonne de terre de profection doit étre protégée de maniére appropriée contre la corrogion.

Dans |le cas des)contacteurs qui comportent une structure/enveloppe/etc. conductric¢, des
dispoditions doivent étre prises, si nécessaire, afin d'assurer la continuité électrique enire les
massgs desscontacteurs et la gaine métallique des conducteurs de connexion.

La boinne.de terre de protection ne doit pas avoir d'autre fonction, sauf lorsqu'elle est delstinée
a étre raccordée a un conducteur PEN. Dans ce cas, elle doit avoir également la fonction d'une
borne de neutre en plus de satisfaire aux exigences applicables a la borne de terre de
protection.

8.1.9.3 Marquage et identification de la borne de terre de protection

La borne de terre de protection doit étre identifiée de fagon claire et permanente par son
marquage.

L'identification doit étre réalisée par une couleur (vert-jaune) ou par la notation PE ou PEN,
selon le cas, conformément a [I'lEC 60445:2021, Article 7, ou, dans le cas des
conducteurs PEN, par un symbole graphique sur le contacteur.
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Le symbole graphique a utiliser est le symbole:

60417-1EC-5019 (2006-08) @ Terre de protection (masse) de I'lEC 60417.

NOTE Le symbole = (60417-IEC-5017 (2006-08)) recommandé précédemment est progressivement remplacé

parles

ymbole privilégié 60417-IEC-5019 indiqué ci-dessus.

8.1.10 Enveloppes

8.1.101 __Généralités

Les e

igences du 8.1.10.2 et du 8.1.10.3 ne s'appliquent qu'aux enveloppes fournjes 4

contagteur ou destinées a étre utilisées avec celui-ci.

8.1.10.2 Conception

L'envegloppe doit étre concue de telle sorte que, lorsqu'elle est ouyveéerte et que les
dispoditifs de protection éventuels sont retirés, toutes les parties~qui doivent den

acces

sibles pour l'installation et I'entretien, comme cela est prescrit par fabricant,

facilemment accessibles.

vec le

autres
heurer
soient

Un egpace suffisant doit étre ménagé a l'intérieur de I'enveloppe pour le passage des

condu
conne

cteurs externes, depuis leur entrée dans I'envelopp€ jusqu'aux bornes, pour assur
Kion adéquate.

Les p4arties fixes d'une enveloppe métallique doivent étre connectées électriquement aux
massgs du contacteur et étre connectées a un&borne permettant leur mise a la terre o

condu

En au

cteur de protection.

Cun cas, une partie métallique amovible de I'enveloppe ne doit, lorsqu'elle est en

se troliver isolée de la partie ou est\fixée la borne de terre.

Les parties amovibles de I'enyeloppe doivent étre solidement assemblées aux parties fix
un digpositif de telle sorte qu'elles ne puissent pas se desserrer ni se détacher de m
accidgntelle par suite deJasmanceuvre du contacteur ou sous l'effet des vibrations induit
cette mmanceuvre.

Pour |

Es enveloppes qui procurent un degré de protection compris entre IP1X et IP4X

un egpace suffisant doit étre prévu pour installer un orifice de vidange. Le 11
I'"EC 60529:1989 s'applique, avec l'ajout suivant:

Les offifices de vidange et de ventilation sont considérés comme des ouvertures normalg

er une

Autres
I & un

place,

es par

Bniere

es par

nclus,
.3 de

Les enveloppes doivent avoir une résistance mécanique adéquate (voir 8.1.12).

En outre, il ne doit pas étre possible de retirer un couvercle de l'enveloppe sans l'aide d'un

outil.

Une e

nveloppe intégrée est considérée comme une partie non amovible.

Si I'enveloppe est utilisée pour le montage de boutons-poussoirs, ceux-ci ne doivent pas

pouvo

ir étre retirés de I'extérieur de I'enveloppe.
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8.1.10.3 Isolation
Si, afin d'empécher tout contact accidentel entre une enveloppe métallique et les parties

actives, l'enveloppe est complétement ou partiellement revétue d'un matériau isolant, ce
revétement doit étre solidement fixé a I'enveloppe.

La conformité doit étre vérifiée par examen.

8.1.11 Degrés de protection des contacteurs sous enveloppe

L'IEC 60529 définit les degrés de protection des matériels sous enveloppe et fournit des
recommandations pouL I'nlnlnlir\afinn de cette norme aux contacteurs considérés

8.1.12 Résistance aux impacts

Les pgrties externes des contacteurs sous enveloppe, partiellement sous enveloppe et les
partie$ des contacteurs sans enveloppe doivent résister aux impacts qui petuvent se prpduire
en service normal.

La conformité doit étre vérifiée par I'essai spécifié au 9.2.6.

8.1.13 Durabilité des marquages

Le contacteur doit comporter une plaque signalétique marquée d'une fagon durable.
La conformité doit étre vérifiée par I'essai spécifié au"9.2.7.

8.1.14 Conditions anormales et de défaut

Le prdsent paragraphe s'applique exclusivement aux contacteurs qui contiennent des dircuits
électroniques. Dans le présent document{lde terme "circuit électronique" exclut les circuit$ dans
lesqugls tous les composants sont passifs (y compris les diodes, résistances, varistances,
condensateurs, parasurtenseurs et inductances).

Le prdduit doit étre congu deahiére a éviter les modes de fonctionnement ou les séquences
de mapceuvres qui peuvent provoquer une condition de défaut ou la défaillance d'un composant
a l'origine d'un danger, sauf si des mesures supplémentaires pour empécher tout danggr sont
prévugs par l'installation et décrites dans les informations sur l'installation fournies ayec le
produit. Les exigences spécifiées dans le présent paragraphe s'appliquent également aux
conditjons anormailes de fonctionnement, le cas échéant.

Une apalyse-des circuits ou des essais doivent étre réalisés pour déterminer si la défafllance
d'un cpmposant particulier (y compris les systémes d'isolement) est susceptible d'entraiper ou
non un'danger.

Cette analyse doit inclure les situations dans lesquelles une défaillance du composant ou de
I'isolation (principale et supplémentaire) est susceptible d'entrainer:

— des effets sur le risque de choc électrique;
— un risque de détérioration qui débouche sur la projection de flammes, de particules en
combustion ou de métal en fusion.

L'analyse ou les essais doivent inclure I'effet des conditions de court-circuit ou de circuit ouvert
du composant. Des essais sont nécessaires, sauf si l'analyse peut démontrer de facgon
concluante que la défaillance d'un composant n'entraine aucun risque de feu ou danger de choc
électrique en conditions de court-circuit ou de circuit ouvert.

La conformité doit étre vérifiée par I'essai du 9.2.8.
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Il est considéré que les contacteurs déja soumis a I'essai conformément aux Articles 101 et 102
de I'lEC 60669-2-1:2021 satisfont aux exigences du 8.1.14 et que I'essai du 9.2.8 est donc déja
couvert.

Il est considéré que les composants dont la fiabilité a été évaluée conformément aux normes
de produits applicables satisfont a ces exigences et ne nécessitent aucune étude
supplémentaire, sous réserve qu'ils aient été soumis a l'essai dans des conditions
correspondant a celles pour lesquelles le produit est congu.

8.2 Exigences de fonctionnement

8.2.1 —Genditiens-de-fonctionnement

8.2.1. Généralités
Le contacteur doit étre manosuvré conformément aux instructions du fabricant;

Les dontacts mobiles des contacteurs multipolaires destinés a assurer simultangment
I'établ|ssement et la coupure doivent étre accouplés mécaniquement demaniere telle un tous
les pQdles soient fermés ou coupés pratiquement en méme temps).que la manceuvie soit
manuglle ou automatique (cependant, pour un péle neutre de sectionhement, voir 8.1.8)

8.2.1.2 Limites de fonctionnement

Les contacteurs doivent se fermer de maniére satisfaisante pour toute valeur compriseg entre
85 % et 110 % de leur tension assignée d'alimentationnde commande Ug. Lorsqu'une plage de

tensiops est déclarée, la valeur de 85 % doit s'appliquer a la valeur inférieure et la valgur de
110 % doit s'appliquer a la valeur supérieure.

Les limites entre lesquelles les contacteurs doivent reldcher leurs contacts et sfouvrir
complptement sont comprises entre 75.%,et 20 % de leur tension assignée d'alimentatjon de
commpande Ug. Lorsqu'une plage est spécifiée, la valeur de 20 % doit s'appliquer a la valeur

supérieure et la valeur de 75 % doits'appliquer a la valeur inférieure.

Les limites entre lesquelles ;un contacteur qui comporte un électroaimant cominandé
électroniquement doit relacher ses contacts et s'ouvrir complétement sont comprises| entre
75 % ¢t 20 % ou entre 76.% et 10 % de leur tension assignée d'alimentation de commangde U,

lorsqufelles sont spécifiées par le fabricant. Dans ce cas, le contacteur doit en outre étre Joumis
a l'esqai de relachement des contacts comme suit:

Un copdensateur'C doit étre inséré en série dans le circuit d'alimentation Uy, la longueur|totale
des cqnduetelrs de connexion étant < 3 m.

e—ta—tension

L N naototire P B W-NET= BN TN T V-G~ R T~ T-C T TRT-C -GN
€ COoRGensateur—est—eodurteHeutte par— ot e T o ptoual

d'alimentation doit alors étre réglée sur 110 % de Us.

Il doit étre vérifié que le matériel relache ses contacts lorsque l'interrupteur est réglé sur la
position d'ouverture.

La valeur du condensateur doit étre
C=30+200000/ (% U)

ou C est exprimé en nF, fest la fréquence assignée minimale exprimée en Hz et U est la valeur
maximale de Ug exprimée en V.
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Par exemple, pour une bobine dont les caractéristiques assignées sontde 12 V a 24 V — 50 Hz,
la valeur du condensateur est de 196 nF (calcul réalisé avec la valeur maximale de Ug). La

tension d'essai est la valeur la plus élevée de la plage de tensions assignées d'alimentation Ug
déclarée.

NOTE La valeur du condensateur simule un cablage de commande type constitué d'un cable de 100 m de longueur
et de 1,5 mm? de section (0,3 nF/m, c'est-a-dire 30 nF pour 100 m) raccordé a une sortie statique dont le courant de

10° x1,3x1073 )
2XTT

fuite est de 1,3 mA (200 000 dans la formule =

Les valeurs limites pour la fermeture s'appliquent lorsque les bobines ont atteint une
- co—atalblea oo o llaxcaolicaaol oo o dll o do o & . rature

ambiante de +40 °C.

Les valeurs limites pour le relachement des contacts s'appliquent lorsque la’ résistarjce du
circuit| de la bobine est égale a celle obtenue a -5 °C. Cela peut étre vérifi¢’par calful en
utilisapt les valeurs obtenues a la température ambiante normale.

Ces limites sont valables pour la fréquence déclarée, le cas échéant.

8.2.2 | Echauffement
8.2.2. Généralités

Les éghauffements des différents organes du contacteur,)mesurés au cours d'un essai effectué
dans Ies conditions spécifiées au 9.3.3.3, ne doivent pas dépasser les valeurs limites prégisées
dans Ie Tableau 3 ainsi qu'au 8.2.2.2 et au 8.2.2.3.

Dans |e cas d'un électroaimant commandé électroniquement, le mesurage de la tempdrature
des bobines par variation de résistance peut étre irréalisable, auquel cas d'autres méthodes
sont gdmises (couples thermoélectriques, calcul ou autres méthodes appropriée$, par
exemple).

NOTE 1 Les échauffements en service normal peuvent étre différents des valeurs d'essai, selon les copditions
d'installlation et la taille des conductéurs'raccordés.

Tableau 3 — Limites d'échauffement pour les bobines isolées dans I'air

Classes Limites d'échauffement
des matériaux (mesurées par
isolants variation de la résistance)
K

Bobines isolées dans l'air

A 85
E 100
B 110
F 135
H 160

NOTE La classification des isolations est spécifiée
dans I'lEC 60085.

NOTE 2 Les limites d'échauffement indiquées dans le Tableau 3 et dans le Tableau 5 ne s'appliquent que si la
température de I'air ambiant reste comprise entre -5 °C et +40 °C.

8.2.2.2 Bornes

L'échauffement des bornes ne doit pas dépasser les valeurs indiquées dans le Tableau 4.
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Tableau 4 — Limites d'échauffement des bornes

Limites d'échauffement
Matériaux de la borne

K a
Cuivre nu 60
Laiton nu 65
Cuivre laiton ou étamé 65
Cuivre ou laiton argenté ou nickelé 70 @
Autres métaux b
= Ld Iilllil.b' accriaulrelmnerit e rU N\ poulr1es DOTTes st 10Mucee SUr 1d bUIIIIG}(iUII Je

cables isolés au PVC.

L'emploi en service de conducteurs connectés de dimensions significativement
inférieures a celles indiquées dans le Tableau 15 est susceptible d'engendrer une
augmentation de la température des bornes et des parties internes. Il convient)de
ne pas utiliser de tels conducteurs sans l'accord du fabricant, car ‘\des
températures supérieures peuvent entrainer une défaillance du contacteur,

Les limites d'échauffement doivent étre fixées en fonction de I'expérien¢e acquise
en service ou des essais de durée, mais ne doivent pas dépassen6s.K.

8.2.2.3 Parties accessibles

L'échguffement des parties accessibles ne doit pas dépasser les valeurs indiquées d

Tablegqu 5.

Tableau 5 - Limites d'échauffement des parties accessibles

ans le

Limites d'échauffement 2
Parties accessibles
K

Organgs de commande manuelle:

Métalliques 15

Noh métalliques 25
Partieg destinées a étre touchées, mais pas a étre tenues a la main:

Métalliques 30

Noh métalliques 40
Partieg qu'il n'est pas.nécessaire de toucher en service normal:

Métalliques 40

Noh métalliques 50
Partieg non destinées a étre touchées en service normal
Parties-extérietres-d-enveloppes-adjacentes—a-des-—entrées-de-eables:

Métalliques 40

Non métalliques 50

Des valeurs différentes peuvent étre prescrites pour des conditions d'essai différentes et pour des appareils de
petites dimensions, mais ne dépassant pas de plus de 10 K les valeurs de ce tableau.

8.2.2.4 Température de lI'air ambiant

Les limites d'échauffement indiquées dans le Tableau 4 et le Tableau 5 ne s'appliquent que si
la température de I'air ambiant reste comprise dans les limites indiquées au 7.1.2.


https://iecnorm.com/api/?name=44d51ba030bbc73dff86a7143e416997

- 190 - IEC 61095:2023 © IEC 2023

8.2.2.5 Circuit principal

Le circuit principal d'un contacteur doit pouvoir supporter, sans dépasser les
d'échauffement spécifiées au 8.2.2.2 lorsqu'il est soumis a I'essai conformément au 9.3.

limites
3.3.4:

— pour un contacteur prévu pour un service continu: son courant thermique conventionnel

(voir 5.3.3.2 et/ou 5.3.3.3);

— pour un contacteur prévu pour un service intermittent ou un service périodique: son c
assigné d'emploi (voir 5.3.3.4).

8.2.2.6 Circuits de commande

ourant

Les circuits de commande d'un contacteur doivent permetire d'assurer le service a
conformément au 5.3.5 et d'effectuer les essais d'échauffement spécifiés au 9.3.3.3.5 sa

Esigneé
NS que

les édhauffements dépassent les limites spécifiées dans le Tableau 3, le Tableau 4 et le

Tablegu 5.

8.2.2.7 Enroulements des bobines et des électroaimants
8.2.2.7T1 Enroulements pour service de 8 heures (service continu)

Le circuit principal étant parcouru par un courant égal a la valeur maximale du c

burant

conforimément au 8.2.2.5, les enroulements des bobines doivent,supporter en régime cpntinu

et a Ig fréquence assignée leur tension assignée d'alimentation de commande, sans q
échauffements dépassent les limites spécifiées dans le Tableau 3 et au 8.2.2.3.

Le les

NOTE |Selon la technologie (pour certaines bobines d'électroaimants commandées électroniquement, par exemple),
la tensipn d'alimentation de commande ne peut pas étre appliquée directement sur les enroulements de la| bobine

raccordge comme en service normal.

8.2.2.7.2 Enroulements pour service intermittent

Le cirguit principal n'étant parcouru par.aucun courant, les enroulements des bobines doivent
supporter a la fréquence assignée leur-tension assignée d'alimentation de commande comme

cela gst indiqué dans le Tableau 6y'suivant leur classe de service intermittent, sans q
échauffements dépassent les limites spécifiées dans le Tableau 3 et au 8.2.2.3.

ue les

NOTE |Selon la technologie (pour.certaines bobines d'électroaimants commandées électroniquement, par exemple),
la tensipn d'alimentation de commande ne peut pas étre appliquée directement sur les enroulements de la| bobine

raccordge comme en service-nermal.

Tableau 6= Données pour les cycles d'essai de service intermittent

Elasses de service Un cycle de manceuvres Durée de maintien
. N de fermeture-ouverture | de l'alimentation de la bobine
intermittent
toutes les de commande
1 3600s
3 1200 s
12 300 s Le temps de passage du courant
30 120 s doit normalement corres;?o‘n.d’re
au facteur de marche spécifié
300 12's par le fabricant
1200 3s
8.2.2.7.3 Enroulements spéciaux (pour services temporaire et périodique)

Les enroulements spéciaux doivent étre soumis a I'essai dans les conditions de fonctionn

ement

correspondant au service le plus sévére auquel ils sont destinés et leurs caractéristiques

assignées doivent étre indiquées par le fabricant.
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8.2.2.8 Circuits auxiliaires

Les circuits auxiliaires d'un contacteur, y compris les interrupteurs auxiliaires, doivent pouvoir
supporter leur courant thermique conventionnel sans que les échauffements dépassent les
limites spécifiées dans le Tableau 4 et le Tableau 5 lorsqu'ils sont soumis a I'essai
conformément au 9.3.3.3.7.

NOTE Si un circuit auxiliaire fait partie intégrante d'un contacteur, il suffit de le soumettre a I'essai en méme temps
que le circuit principal, mais a son courant d'emploi réel.

8.2.2.9 Autres parties

partie
matér
I'indic
(toute
8.2.3

8.2.3.

Les p

b de température du matériau isolant (déterminé selon les méthodes de FIEC
5 les parties), par exemple) ou par conformité a I'EC 60085.

Propriétés diélectriques

Généralités

IEC 60664-1 et IEC 61140.

a) Le
en

b) Le

NO
de

La
d'sg
d's
ni
c) Le
au

8.2.3.]
a) Ci

5 exigences suivantes permettent d'assurer la coordination de Il'isolement d'un cont
fonction des conditions présentes dans l'installation.

contacteur doit pouvoir supporter:

surtension indiquée a I'Annexe F;

la tension de tenue a fréquence industrielle.

TE L'Annexe F met en correspondanceta tension nominale du systéme d'alimentation et la tension a
enue aux chocs du contacteur.

tension assignée de tenuejaux chocs pour une valeur donnée de la tension as

B |a catégorie de surtension appropriée.

9.3.3.4.

p Tension de tenue aux chocs

cuit principal

1)

Solg o ] dictan at ] Al a Qi

5 transportant le courant des parties adjacentes du contacteur. En ce qui coneerpe les
aux isolants, en particulier, le fabricant doit démontrer la conformité par reférgnce a

60216

ropriétés diélectriques sont fondées sur les publications—fondamentales de seécurité

acteur

la tension assignée de tenue aux chocs (voir 5.3.2.4) qui correspond a la catégqrie de

Bsignée

signée

mploi ne doit pas étre-inférieure a la tension nominale correspondante du systéme
limentation du circuit.indiquée a I'Annexe F a I'endroit ou doit étre utilisé le contgcteur,

5 exigences du'-présent paragraphe doivent étre vérifiées par les essais d(écrits

L'es distances d'isolement entre les parties actives et les parties destinées a étre feliées

2)

r A o ot o r o—B o HWP- =Y riaor lao tancion ' H
ad Ta toCITye, difiol YUt 100 UTotdliuvT o TITUC TUo PUITOS UUTVUEITTIL SUPYPUTLIUT TA tCTToTuUTT U essal

indiqguée dans le Tableau 16 en fonction de la tension assignée de tenue aux chocs.

L'isolation solide d'un contacteur associée aux distances d'isolement au point a) 1)

ci-dessus doit étre soumise a la tension de choc spécifiée au point a) 1).

b) Circuits auxiliaires et circuits de commande

1) Pour les circuits auxiliaires et les circuits de commande qui sont directement alimentés

par le circuit principal a la tension assignée d'emploi, les distances d'isolement en

tre les

parties actives et les parties destinées a étre reliées a la terre, ainsi que les distances

entre les pdles doivent supporter la tension d'essai indiquée dans le Tableau

16 en

fonction de la tension de tenue aux chocs du circuit principal. Voir aussi le point a) 2)

du 8.2.3.2.
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2) Les circuits auxiliaires et les circuits de commande qui ne sont pas alimentés
directement par le circuit principal peuvent avoir une tenue aux surtensions différente
de celle du circuit principal. Les distances d'isolement et l'isolation solide associée de
ces circuits, en courant alternatif ou continu, doivent supporter la tension appropriée,
conformément a I'Annexe F.

8.2.3.3 Tension de tenue a fréquence industrielle des circuits principaux, auxiliaires
et de commande
a) Les essais diélectriques a fréquence industrielle sont utilisés dans les cas suivants:

— essais diélectriques considérés comme essais de type pour la vérification de l'isolation
solide;

— | vérification de la tenue diélectrique comme critére de défaut aprés les essais de\type de
manceuvre ou de court-circuit;

— | essais individuels de série.
b) Espais de type des propriétés diélectriques

Lep essais des propriétés diélectriques sont des essais de type et doivéent étre effectués
copformément au 9.3.3.4.

c) Vérification de la tenue diélectrique aprés essais de manceuvre ©@u'de court-circuit

La|vérification de la tenue diélectrique aprés des essais de- manceuvre et de court-gircuit,
comme critére de défaillance, est toujours effectuée a la‘ténsion a fréquence industrielle
copformément au point d) du 9.3.3.4.1.

d) Vérification de la tenue diélectrique au cours des essdis individuels de série
Lep essais destinés a déceler les défauts de constfuction et de fabrication sont effectués a
la tension a fréquence industrielle conformémentiau point b) du 9.3.3.4.2.

8.2.3.4 Distances d'isolement

Les distances d'isolement doivent avoir une valeur suffisante pour permettre au matériel de
supporter la tension assignée de tenue aux chocs, conformément au 8.2.3.2.

Les distances d'isolement doiventlavoir une valeur supérieure a celles du Tableau 17 gour le
cas B| (champ homogene) (voir-3.5.30) et étre vérifiées par un essai sur préléevement
confomément au 9.3.3.4.3. \Cet essai n'est pas exigé si les distances d'isolemept qui
correspondent a la tension-assignée de tenue aux chocs et au degré de pollution sont
supérieures aux valeurs-indiquées dans le Tableau 17 pour le cas A (champ hétérogénerr).

La méthode de mesure des distances d'isolement est donnée a I'Annexe E.

8.2.3.% Lignes de fuite
a) Dillnensions

Pour les degrés de pollution T et 2, Tes Tignes de fuite ne doivent pas é&fre inférieures aux
distances d'isolement associées déterminées conformément au 8.2.3.4. Pour le degré de
pollution 3, les lignes de fuite ne doivent pas étre inférieures aux distances d'isolement du cas A
(voir Tableau 17) pour réduire le risque de décharge disruptive d0 aux surtensions, méme si
ces distances d'isolement sont inférieures aux valeurs du cas A, comme cela est admis
au 8.2.3.4.

La méthode de mesure des lignes de fuite est donnée a I'Annexe E.

Les lignes de fuite doivent correspondre au degré de pollution spécifié au 7.1.4.2 et au groupe
de matériau correspondant a la tension assignée d'isolement ou a la tension locale indiquée
dans le Tableau 18.
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Les groupes de matériaux sont classés comme suit, selon la plage de valeurs de l'indice de
résistance au cheminement (IRC) (voir 3.5.33):

— Groupe de matériau | 600 < IRC

— Groupe de matériau 1l 400 < IRC < 600
— Groupe de matériau llla 175 < IRC < 400
— Groupe de matériau Illb 100 < IRC < 175

NOTE Les valeurs de I'IRC se référent aux valeurs obtenues selon la méthode avec la Solution A de I'lEC 60112,

pour le

matériau isolant utilisé.

b) Emploi de nervures

Une li
des n
minim
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Pour ¢
circuit
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8.2.3.8 Exigences pour les contacteurs avec séparation de protection

Les e

8.24

8.2.4.

hne de fuite peut étre réduite a 0,8 fois la valeur appropriée du Tableau 18 en™u
brvures de 2 mm de hauteur minimale, quel que soit le nombre de nervures:" L3
ble de la nervure est déterminée par des exigences mécaniques (voir I'Article E.2)

nt c) du 9.3.3.4.1, soit par des essais en courant continu si les(essais en courant alt

gles de dimensionnement pour l'isolation solide et les tensions d'essai en courant ¢
I'étude.

t Espacements entre des circuits séparés

imensionner les distances d'isolement, les lignes de fuite et I'isolation solide ent
5 séparés, les tensions assignées les plus élevées (tension assignée de tenue aux

h locale pour les lignes de fuite) dgivent étre utilisées.

Exigences de fonctionnement en conditions normales de charge et de
surcharge

Généralités

Les

ilisant
base

tion solide doit étre vérifiée soit par des essais a fréquence industrielle, conformgment

brnatif

ontinu

e des
chocs

bs distances d'isolement et I'isolationvsolide associée et tension assignée d'isolement ou

igences pour les contacteurs avec séparation de protection sont spécifiées a I'Annexe I.

xigences’ relatives aux caractéristiques normales de charge et de surgharge
confoimément au 5.3.6 sont fournies au 8.2.4.2, au 8.2.4.3 et au 8.2.4.4 ci-aprés.

8.2.4.2 Pouvoirs de fermeture et de coupure

Les contacteurs doivent pouvoir établir et couper les courants sans défaillance dans les
conditions précisées dans le Tableau 7 pour les catégories d'emploi exigées et le nombre de
manceuvres indiquées au 9.3.3.5.

Les valeurs des durées de passage du courant et des durées de repos indiquées dans le
Tableau 7 et le Tableau 8 ne doivent pas étre dépassées.
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Tableau 7 — Pouvoirs de fermeture et de coupure. Conditions de fermeture
et de coupure correspondant aux catégories d'emploi

Conditions de fermeture et de coupure
Catégories Durée de . Nombre de
101, Pt/P UJlU, Cos ¢ passage du Durée de cycles de
a repos
courant manoceuvres
s s

AC-7a 1,5 1,05 0,80 0,05 b 50

AC-7b 8,0 1,05 0,45 0,05 b 50

AC' u{‘ 47!: 1’m: o3 n7m: b EO

AC-Td d 15¢€ 1,05 d 0,05 10's 0]
1, est le courant établi et coupé, exprimé comme la valeur efficace des composantes symetriques| étant

entendu que la valeur de créte réelle au cours de la manceuvre de fermeture peut)avoir une|valeur
supérieure a la valeur de créte symétrique;

I, est le courant assigné d'emploi;

Pt est la puissance qui correspond aux valeurs d'essai Ipeak et /2t (voir Tableau 20);
P est la puissance assignée;

U, est la tension de rétablissement a fréquence industrielle;

U, est la tension assignée d'emploi;

Cos ¢ | est le facteur de puissance du circuit d'essai.

a8 La|durée peut étre inférieure a 0,05 s, sous réserve que’les*contacts puissent étre positionnés de njaniére
appropriée avant leur réouverture.

b Volr Tableau 8
¢ L'epsai doit étre effectué sur un circuit d'essai spécifique (voir 9.3.3.5.2, point d) 2)).

4 L'epsai doit étre effectué sur un circuit d'essaispécifique (voir 9.3.3.5.2, point d) 3)).

€ Pt {loit étre calculée avec un rapport de_1;5 (tolérance de +0,2) de maniére a obtenir une valeur du Tablgau 20.

Tableau 8 — Relation entre‘le courant coupé I et la durée de repos pour la vérification
des pouvoirs assignés de fermeture et de coupure

Courant coupé /_ Durée de repos
A s
1,=100 10

100 < 7, = 200 20
200 < 7_< 300 30

La valeur de la durée de repos peut étre réduite avec I'accord du fabricant.

8.2.4.3 Fonctionnement conventionnel en service

Les essais relatifs au fonctionnement en service d'un contacteur sont destinés a vérifier que le
contacteur est capable d'établir, de transporter et de couper sans défaillance les courants qui
parcourent son circuit principal dans les conditions correspondant a la catégorie d'emploi
spécifiée, s'il y a lieu.

Les contacteurs doivent pouvoir établir et couper, sans défaillance, les courants dans les
conditions conventionnelles indiquées dans le Tableau 9 pour les catégories d'emploi exigées
et le nombre de cycles de manceuvres spécifiés au 9.3.3.6.
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Tableau 9 — Fonctionnement conventionnel en service. Conditions de fermeture
et de coupure correspondant aux catégories d'emploi

Conditions de fermeture et de coupure
Catégories 111, PP UJU, Cos ¢ paD:sr:geedgu D:’;ii:e Nc?,'é'u'ifddee
courant @ manceuvres
s s
AC-72 1,0 1,05 0,80 0,05 b 30 000
AC-7b d c 0,45 0,05 b 30 000
AC-Tc*® T.0 T,05 € 0,05 o 30 900
AC-Yd f 1 1,05 f 0,05 10s 30 000
1, est le courant établi et coupé, exprimé comme la valeur efficace des composantes symétriques} étant
entendu que la valeur de créte réelle au cours de la manceuvre de fermeture peut lavoir une|valeur
supérieure a la valeur de créte symétrique;
I, est le courant assigné d'emploi;
Pt est la puissance qui correspond aux valeurs d'essai 1peak et /°t (voir Tablealn20);
P est la puissance assignée;
U, est la tension de rétablissement a fréquence industrielle;
U, est la tension assignée d'emploi;
Cos ¢ | est le facteur de puissance du circuit d'essai.
a8 Lal|durée peut étre inférieure a 0,05 s, sous réserve que\les contacts puissent étre positionnés de njaniére
appropriée avant leur réouverture.
b Cef durées de repos ne doivent pas étre supérieures @ux valeurs du Tableau 8.
¢ U/, = 1,0 pour I'établissement et U /U, = 0,17 our la coupure.
d 1/1, = 6,0 pour I'établissement et / /I, = 1,0_pour la coupure.
¢ L'epsai doit étre effectué sur un circuit d'essai spécifique (voir 9.3.3.5.2, point d) 2)).
f L'ebsai doit &tre effectué sur un circuit d'essai spécifique (voir 9.3.3.5.2, point d) 3)).
8.2.4.4 Aptitude a Supporter les courants de surcharge
Les cpntacteurs de\catégorie d'emploi AC-7b doivent supporter les courants de surgharge

indiqu

8.2.5

Bs dans le_Tableau 10, comme cela est spécifié au 9.3.5.

Tableau 10 — Exigences de tenue aux courants de surcharge

8 x Je max/AC-7b

Coordination avec les dispositifs de protection contre les courts-circuits

Le courant assigné de court-circuit conditionnel des contacteurs protégés par un ou plusieurs
dispositifs de protection contre les courts-circuits (DPCC) doit étre vérifié par des essais de
court-circuit, comme cela est spécifié au 9.3.4. Ces essais doivent étre effectués:

a) alavaleur appropriée du courant présumé indiquée dans le Tableau 24 (courant d'essai I,);

et

b) au courant assigné de court-circuit conditionnel Iy, s'il est supérieur au courant d'essai /..
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Les caractéristiques assignées du DPCC doivent convenir a toutes les valeurs données du

courant assigné d'emploi, de la tension assignée d'emploi et a la catégorie d'emploi
correspondante.

Les conditions d'essai sont indiquées au 9.3.4.3.

La coordination implique I'exigence suivante: en conditions de court-circuit, le contacteur ne
doit pas exposer les personnes ou installations a un danger. Il est admis qu'il ne soit plus en
mesure de fonctionner.

NOTE L'emploi d'un DPCC non conforme aux recommandations du fabricant peut annuler la coordination.

8.3 |Compatibilité électromagnétique (CEM)
8.3.1 Généralités

Les contacteurs qui ne contiennent pas de circuits électroniques soni\insensibles aux
perturpations électromagnétiques et ne géneérent aucune perturbation significatiye en
conditjons de service normal. Aucun essai CEM n'est alors exigé.

Dans |e présent document, le terme "circuit électronique" exclut les eircuits dans lesquels tous
les composants sont passifs (y compris les diodes, résistances,-varistances, condensgteurs,
paraslrtenseurs et inductances).

8.3.2 Immunité

Le comportement des contacteurs électromécaniques ‘pour usages domestiques et analogues
en prdsence de variations d'amplitude de la tensionest spécifié au 8.2.1.2.

Les dontacteurs qui contiennent des circuits électroniques doivent avoir une imgunité
satisfgisante aux perturbations électromagnétiques.

Afin dg vérifier la conformité a ces exigences pour les essais appropriés, voir 9.4.2.

8.3.3 | Emissions

Les copntacteurs pour usages domestiques et analogues qui ne contiennent pas de dircuits
électroniques ne peuvent générer de perturbations électromagnétiques qu'au cours des
manoguvres électrigues. La durée des perturbations est de I'ordre des millisecondes.

Provigoirement; én attendant que des études ultérieures soient effectuées, la fréquence et le
niveay de _ces émissions sont considérés comme faisant partie de [I'environnement
électromagnétique normal des contacteurs électromécaniques pour usages domestiques et
analogues; et aucun essai relatif aux émissions électromagnétiques n'est nécessaire.

Les essais d'harmoniques ne sont pas exigés pour les contacteurs qui contiennent un
électroaimant commandé électroniquement, car aucune électronique n'est utilisée dans le
circuit principal.

Les émissions continues a hautes fréquences (supérieures a 9 kHz) des matériels qui
contiennent des circuits de commutation électroniques ne doivent pas dépasser les limites
spécifiées au 9.4.3.
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8.4 Logiciels intégrés

Des recommandations pour le développement des logiciels intégrés destinés a I'appareillage,
notamment en matiére de codage sécurisé, sont fournies dans I'lEC TR 63201 en vue d'établir
plus spécifiquement:

— un plan de gestion des logiciels conformément a I'Article 5 de I'lEC TR 63201:2019;
— une gestion du cycle de conception conformément a I'Article 7 de I'lEC TR 63201:2019.

9 Essais

9.1 Types d'essais
9.1.1 Généralités

Les egissais doivent étre effectués pour vérifier la conformité aux exigences du pfésent
docunjent. Le cas échéant, les essais peuvent étre effectués en séquences (Voir les séquences
d'essdis a I'Annexe B).

9.1.2 Essais de type

Les egsais de type sont destinés a vérifier la conformité de ladconception des contacteprs au
présemt document. lls comprennent les vérifications suivantes:

a) linites d'échauffement (voir 9.3.3.3);

b) propriétés diélectriques (voir 9.3.3.4);

c) polvoirs assignés de fermeture et de coupure.9:;3.3.5);

d) fonpctionnement conventionnel en service 9.33.6);

e) mgnoeuvre et limites de fonctionnementy(voir 9.3.3.1 et 9.3.3.2);
f) aplitude a supporter les courants de ;surcharge (voir 9.3.5);

g) fonctionnement en condition de ¢aurt-circuit (voir 9.3.4);

h) propriétés mécaniques des bornes (voir 9.2.5);

i) deprés de protection des contacteurs sous enveloppe (voir 9.2.4);
j) régistance au vieillissement (voir 9.2.2.1)

k) régistance a I'humidité (voir 9.2.2.2)

[) régistance a la_chaleur (voir 9.2.2.3)

m) régistance afa chaleur anormale et au feu (voir 9.2.2.4)

n) régistance*a la rouille (voir 9.2.2.5)

o) régistance au cheminement (voir 9.2.2.6);

p) vis ou écrous autres que ceux des bornes qui sont destinés a étre manceuvrés au cours de
I'installation ou de I'entretien (voir 9.2.3);

q) résistance aux impacts (voir 9.2.6);

r) durabilité des marquages (voir 9.2.7);
s) claquage des composants (voir 9.2.8);
t) essais CEM (voir 9.4).

Le cas échéant, les essais de type sont regroupés dans des séquences d'essais.

Les séquences d'essais, le nombre d'échantillons et les résultats a obtenir sont indiqués a
I'Annexe B.
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Sauf spécification contraire, chaque essai (ou séquence d'essais) est effectué sur un
échantillon neuf et propre.

Sauf spécification contraire, les contacteurs sont soumis a l'essai a une température de I'air
ambiant de 25 °C + 10 °C.

9.1.3 Essais individuels de série

Les essais individuels sont destinés a déceler les défauts de construction et de fabrication,
ainsi qu'a vérifier le fonctionnement correct du contacteur. lls doivent étre effectués sur chaque
contacteur dans des conditions identiques ou équivalentes a celles spécifiées pour des essais
de type—fvreir9-3-6-H-

Les egsais individuels de série des contacteurs comprennent les vérifications suivanteés:

— le fonctionnement et les limites de fonctionnement (voir 9.3.6.2);
— leq essais diélectriques (voir 9.3.6.3).

9.1.4 Essais sur prélévement pour la vérification des distances.d'isolement

Les epsais sur prélévement pour la vérification des distances  d'isolement sont eff¢ctués
conforimément au 9.3.3.4.3. Les plans d'échantillonnage et des“procédures d'essai gont a
I'étudgq.

9.2 |Conformité aux exigences de construction
9.21 Généralités

La vérification de la conformité aux exigencesZde construction définies au 8.1 concerpe par
exemple:

— leqg matériaux;

— le pontacteur;

— le fegré de protection des contacteurs sous enveloppe;
— leq propriétés mécaniques_dés bornes;

— l'ofrgane de commande;

— l'indicateur de position (voir 3.3.15).
9.2.2 Matériaux
9.2.2. Essai de résistance au vieillissement

Les cqntacteurs ayant des joints séparés, des presse-étoupes a vis, des membranes et piéces
constituées en caoutchouc, PVC ou matériaux thermoplastiques analogues sont soumis a un
essai dans une étuve dont I'atmosphére a la composition et la pression de l'air ambiant et est
ventilée par circulation naturelle, les joints, presse-étoupes et membranes étant en suspension
libre.

La température a l'intérieur de I'enceinte est de 70 °C + 2 °C.

Les échantillons doivent étre conservés dans lI'étuve pendant sept jours (168 h). Il est
recommandé d'utiliser une étuve chauffée électriquement. La circulation naturelle de I'air peut
étre assurée par des trous dans les parois de I'étuve.

Apreés le traitement, les échantillons doivent étre retirés de I'étuve et conservés a température
ambiante et a une humidité relative comprise entre 45 % et 55 % pendant au moins quatre jours
(96 h).
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