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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 1: General rules

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worIdW|de organlzatlon for standardlzatlon comprising
all ndtionar—ete otecnnica ommitiee Nationa ommittee e _oD|e ST TE 0| promote
international co-operation on all questions concerning standardization in the electricall and elestronic|fields. To
this ehd and in addition to other activities, IEC publishes International Standards, YechricakSpedifications,
Technlical Reports, Publicly Available Specifications (PAS) and Guides (héreafter \tefe ed o| as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; any IE Nt| al Ggmmittee yterested
in thg subject dealt with may participate in this preparatory work. Inte gQvernwgentalfand non-
goverpmental organizations liaising with the IEC also participate in this¢prepatation.\|[EC\collakoratés closely
with the International Organization for Standardization (ISO) in accord ith(eoqditions Metemined by
agreenent between the two organizations

2) The fgrmal decisions or agreements of IEC on technical matters express y possible, an international
consephsus of opinion on the relevant subjects since each i cmlt ee RKas Ttepresentatiop from all
interegted IEC National Committees.

3) IEC Hublications have the form of recommendations fg and are accepted by IE¢G National
Comnijittees in that sense. While all reasopable effo hat the technical contgnt of IEC
Publidations is accurate, IEC cannot b hich they are used dr for any
misinterpretation by any end user.

4) In order to promote international uniformity ation snmittee€s undertake to apply IEC Pdblications
transpgarently to the maximum extent posgi i i nati and regional publications. Any divergence
betwepn any IEC Publication and the correspond regional publication shall be clearly indicated in
the lafter

5) IEC drovides no marking proced e~itsTapproval and cannot be rendered responsiblg for any
equipment declared to b i

6) All usgrs should ensure that

7) No liapility shall g oyees, servants or agents including individual eXperts and
memblers of its teshHica esand IEC\Wational Committees for any personal injury, property damage or
other [damage of any sther direct or indirect, or for costs (including legal fees) and
expenges arising OUt \Q e e of, or reliance upon, this IEC Publication or any pther IEC
Publidati

8) Attent is g e we references cited in this publication. Use of the referenced publications is
indisp A e ion of this publication.

9) Attentign i 8 Q-the passibility that some of the elements of this IEC Publication may be the pubject of
paten{ rights. TE held responsible for identifying any or all such patent rights.

Internat IEC 60947-1 has been prepared by subcommittee 17B: Lowjvoltage

switchgéar and contrglgear, of IEC technical committee 17: Switchgear and controlgear|

This fourth edition of TEC 60947-T cancels and replaces the third edition published in 1999,

amendment 1 (2000) and amendment 2 (2001).

The document 17B/1324/FDIS, circulated to the National Committees as amendment 3, led to
the publication of this new edition.

The text of this standard is based on the third edition, its amendments 1 and 2,
following documents:

FDIS Report on voting
17B/1324/FDIS 17B/1330/RVD

and the

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
2007. At this date, the publication will be

* reconfirmed;

+ withdrawn;

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

@%
8
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 1: General rules

1 General

The purpose of this standard is to harmonize as far as practicable all rules and requirements of
a general nature applicable to low-voltage switchgear and controlgear in order to obtain
uniformity of requirements and tests throughout the corresponding range of equipment and to
avoid themeedfortesting to different standards:

All thosg parts of the various equipment standards which can be cor
thereforg been gathered in this standard together with specific sukj
applicatjon, e.g. temperature-rise, dielectric properties, etc.

idered as gehefal have
ideNntergst and

For eagh type of low-voltage switchgear and controlg
necessgry to determine all requirements and tests:

documgnts are

1) this [basic standard, referred to as "Part 1" in the s various
typep of low-voltage switchgear and controlgear
2) the relevant equipment standard i

or "groduct standard".

andard"

For a g¢neral rule to apply to a specifi
latter, By quoting the relevant clausg
"IEC 60P47-1" e.g. "7.2.3 of *

it shall be explicitly referred fo by the
ber of this standard follqwed by

A specific product standa 3 equi eing not
applicahle), or itN(i . may not
deviate from it,
NOTE T
controlge
60947-2:
60947-3:
60947-4:
60947-5:
60947-6:
60947-7:

hgear and

1.1 Scopeandobject

This standard applies, when required by the relevant product standard, to switchgear and
controlgear hereinafter referred to as "equipment" and intended to be connected to circuits, the
rated voltage of which does not exceed 1 000 V a.c. or 1 500 V d.c.

It does not apply to low-voltage switchgear and controlgear assemblies which are dealt with in
IEC 60439.

NOTE In certain clauses or subclauses of this standard, the equipment covered by this standard is also referred to
as "device", to be consistent with the text of such clauses or subclauses.
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The object of this standard is to state those general rules and requirements which are common

to low-voltage equipment as defined in 1.1, including for example:

— definitions;

— characteristics;

— information supplied with the equipment;

— normal service, mounting and transport conditions;
— constructional and performance requirements;

— verification of characteristics and performance.

IEC 60050(441):1984, International Electrotechnics
ar, controlgear and fuses
Amendment 1 (2000)

IEC 6050(604) 1987 International

installatjons of building

Amendment 2 (1995)
Amendment 3 (1

IEC 6073:200 ! and safety prmc:p/es for man-machine interface, mark

ent. For
gition of

lectrical

br 441:

br  604:

lectrical

, steady

ng and

IEC 60085:1984, Thermal evaluation and classification of electrical insulation

IEC 60112:2003, Method for the determination of the proof and the comparative
indices of solid insulating materials

tracking

IEC 60216, Guide for the determination of thermal endurance properties of electrical insulating

materials
IEC 60269-1:1998, Low-voltage fuses — Part 1: General requirements

IEC 60269-2:1986, Low-voltage fuses — Part 2: Supplementary requirements for fuses
by authorized persons (fuses mainly for industrial application)

Amendment 1 (1995)

Amendment 2 (2001)

for use
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IEC 60364-4-44:2001, Electrical installations of buildings — Part 4-44: Protection for safety —
Protection against voltage disturbances and electromagnetic disturbances
Amendment 1 (2003)

IEC 60417-DB:20021, Graphical symbols for use on equipment

IEC 60439-1:1999, Low-voltage switchgear and controlgear assemblies — Part 1. Type-tested
and partially type-tested assemblies

IEC 60445:1999, Basic and safety principles for man-machine interface, marking and
identification — Identification of equipment terminals and of terminations of certain designated
conductors, including general rules of an alphanumeric system

IEC 60447:1993, Man-machine interface (MM) — Actuating principles

IEC 60929:1989, Degrees of protection provided by enclosures (IR coq
Amendment 1 (1999)

IEC 60617-DB:20011, Graphical symbols for diagrams

IEC 606
Principls
Amendment 1 (2000)
Amendment 2 (2002)

gge systems + Part 1:

IEC 606 2: methods — Section 2: Needle-flame test
Amendment 1 (1994)

IEC 60695-2-10:2000, Fire a 19: Glowing/hot-wire based test mg¢thods —
Glow-wire apparatus afd co ,

IEC 60695-2-11 ,
Glow-wire flammakifit)

IEC 606
vertical

thods —

htal and

IEC 609
devices
Amendn
Amendn

circuit

IEC 609

IEC 61000-3-2:2000, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for
harmonic current emissions (equipment input current <16 A per phase)
Amendment 1 (2001)

IEC 61000-3-3:1994, Electromagnetic compatibility (EMC) - Part 3: Limits — Section 3:
Limitation of voltage fluctuations and flicker in low-voltage supply systems for equipment with
rated current <16 A

Amendment 1 (2001)

1 “DB” refers to the IEC on-line database.
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IEC 61000-4-2:1995, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 2: Electrostatic discharge immunity test — Basic EMC publication
Amendment 1 (1998)

Amendment 2 (2000)

IEC 61000-4-3:2002, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
Amendment 1:2002

IEC 61000-4-4:1995, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 4: Electrical test transient/burst immunity test — Basic EMC publication
Amendment 1 (2000)
Amendrrent22061)

Lirement

LiIrement
Cy fields

Lirement
blication

Lirement
ity tests

ng and
at a.c.

scientific and medical (ISM) radio-frequency equipment -

NOTE 1 Most of the definitions listed in this clause are taken unchanged from the IEV (IEC 60050). When this is
the case, the IEV reference is given in brackets with the title (the first group of 3 figures indicates the IEV chapter
reference).

When an IEV definition is amended, the IEV reference is not indicated with the title, but in an explanatory note.
Alphabetical index of definitions

NOTE 2 The alphabetical list of ratings, characteristics and symbols is given in clause 4.
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Automatic-control e

Auxiliar .
AUuXiliary Contact......ccoooeieiii el
Auxiliar

D CONTBCT .o g e
Back-ug protection
Break cpntact
Breakin
Breakin
Break ti

Circuit-h

Clampir

Clearan

Clearan

Clearan .
Clearan 2.5.48
Closed position (of\a 2.4.20
Closing operatio 24.8
Closingltime.........Y. 2.5.44
Comparpative tracki 2.5.65
Conditid 2.5.29
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CUt-Off CUITENT. e e 2.5.19

Page

45
53
45
45
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43
69
69
49
43
45
45

45
65
45
61
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69
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47
71
71
71
71
53
51
69
75
65
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39
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Indicatoy Iight...‘ ......................................................................... 2.3.19
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Inhomogeneous (ngn 2.5.63
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Interlocki i 2.3.21
Inverse i Wrelay or release .......coooeiveiiiiiiiiiiiiin, 2.4.27
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Isolation (I5QlatiMg FUICHQIY .. evuee e 2.1.19
J
JOUIE INFBGTAI (J21) ..o, 2.5.18
L
Let-through Current ... 2.5.19
Let-through (current) characteristiC............ccooiiiiiiiii 2.5.21
Lightning oVervoltage ... ..o 2.5.54.
Limiting ValUe ... coee 2.5.2
LIV Pa. . e e 2.1.13
[ o Tor= I oo | £ o ] 2.4.6
M
Magnetic overload relay or release ........coooieiiiiiiii i 2.4.32
Main circuit (of a switching device) ........ccooiiiiiiiiii 2.3.2
Main CONtACT .. ..o 2.3.7
MaKe-break time ... 2.5.45

MaKe CONTACT ... e 2.3.12
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67
55
51
51
55
37

35
35
33
33

73
37
37
37
37

75

73
53
53
47
55
75
55
35
47
55
71
35

63

63
63
73
57
33
49

57
43
43
69
45
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Reference
MaKe tiM .o e 2.5.43
Making capacity (of a switching device) ...........cooviviiiiiiiiii e, 2.5.13
Manual CONtrol ... ..o e 244
Maximum prospective peak current (of an a.c. circuit) ...............cooeeeinnn. 2.5.8
Mechanical switching deviCe...... ..o 222
Micro-environment (of a clearance or creepage distance) .......................... 2.5.59
N
Neutral conductor (Symbol N). ... 2.1.15
NOMINAI VAIUE ..o e 2.5.1
O
Open pgsition (of a mechanical switching device).............ccocooiii A
Opening operation (of a mechanical switching device) ...................... 480\
Opening time (of a mechanical switching device).................co WS\
Operating current (of an over-current relay or release)................/G N\
Operating cycle (of a mechanical switching device) .................. .\ N

Operating sequence (of a mechanical switching device)

Operation (of a mechanical switching device) o - N A
OVEI-CUITENT ..eieeie e N e N 4
Over-current discrimination ...l o TS .23
Over-current protective co-ordination of over-current S 22
Over-cufrrent relay or release .25
Overloafd.......ocovvvviiiiiii e K N e
Overload current ... NG NG .8
Overloaf relay or release .........ccoccoeeeee e NG .30
Overvoltage category (of a circuit or within .60
Peak arf voltage (of a 2.5.38
Peak withstand current 2.5.28
Pilot sw 2218
Pole of 2.3.1
Pollutio 2.5.57
Pollutiop degree (6f'¢ 2.5.58
Positio 2.3.18
Positively dri 2.4.11
Positive| openiag operatio 2.4.10
Power-f S 2.5.35
Power-ffequenCywi 2.5.56
Prepareld conductor 2.3.27
Prospedtive(breaking gurrent (for a pole of a switching device

Lo = T 11 1= P 2.5.10
Prospectivecurrent{ofacircuitanmd-withrespectto

a switching device Or @ fUSE) .......viieiiiii e 255
Prospective making current (for a pole of a switching device) .................... 259
Prospective peak CUITeNnt........co.ooiiii e 2.5.6
Prospective symmetrical current (of an a.c. circuit) .............ccociiiiiiins 2.5.7
Prospective transient recovery voltage (of a circuit) ...........ccocoiiiiinnn. 2.5.37
Protective conductor (Symbol PE) ... 2.1.14
PUSh-DULLON L. 2.2.19

R

Rated ValUe. .. ..o e 2.5.3
Rt ING e 254
ReECOVEIrY VOItAGE ... 2.5.33
Relay (eleCtrical) ... 2.3.14

Release (of a mechanical switching device)........ccocoviiiiiiiiiiiiii 2.3.15
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35
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69
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49
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49
31
63
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41
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67
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Remote CONtrol ...
Restoring force (Moment)........oooiiiiiii e
Reverse current relay or release (d.C. ONlY) ...oooiiiiiiiiiiii s
ROULINE 1S ..o

SaAMPlING ST ..
Screw-type terminal ..o
Screwless-type terminal ...
Selectivity (see 2.5.22)

Semiconductor contactor (solid-state contactor)

Reference
2.4.7
2.4.18
2.4.35
2.6.2

2.6.3

Semiconductor switching deviCe ..........cc.ciiviiiiiiiii e
SOt CifCUIL .o e A
Short-cifcuit breaking capacity..........ccooiiiiiiiiiiii e AN
Short-cifcuit current ... Sl
Short-cifcuit making capacity..... ..o OGN
Short-cifcuit protective device (SCPD)......ccooeiiiiiiiiiiiii N DO
Short-ti:I:e delay ... ONG NG e .
Short-tine withstand current..............oooiiiii e NG D N O . 2.5.27
Shunt rglease... ..o L NG N Y .4.33
Special 2.6.4
Starter Jo 2.2.15
Stored 2 ' 2.4.14
Surge afrester........ocoooiiiiii KN 2.2.22
Switch (mechanical) 2.2.9
Switch-disconnector 2.2.10
Switchgkar......ocovvveiiciiiciiiiieee e, 2.1.2
Switchgpar and controlgear 2.1.1
Switching device ............ 2.2.1
Switching overvoltage ......> 2.5.54.1
Take-o\er curre@ T A T N PP 2.5.25
Temporpry overvoltgge..N... 2.5.53
Terming 2.3.22
Terming 2.2.20
Therma 2.4.31
Time-c 2.5.20
Tracking 2.5.64
Transie 2.5.54
Transie 2.5.34
Travel ( 2.4.19
Trip-freeF 2.4.23
Tripping (OperatioN) oo 2422
T P St i 2.6.1
U
Under-voltage relay or release..........oooeviiiiiiiii i 2.4.34
Unprepared CONAUCION ... ..o e 2.3.26
Utilization category (for a switching device or a fuse).........cccocevvviieenennnn. 2.1.18
w
WOrking VO AQE ..o 2.5.52
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2.1 General terms

211

switchgear and controlgear

general term covering switching devices and their combination with associated control,
measuring, protective and regulating equipment, also assemblies of such devices and equip-
ment with associated interconnections, accessories, enclosures and supporting structures

[441-11-01]
2.1.2

switchgear
general

equipmegnt with associated interconnections, accessories,
structures, intended in principle for use in connection with generatio
and conjersion of electric energy

[441-11102]

21.3

controlgear

general| term covering switching devices and their inati control,
measuring, protective and regulating equipmé - es and

equipment with associated interconng
tures, intended in principle for the contreg

g struc-

[441-11{03]

21.4
over-current
current gxceeding the d cu

[441-11}06] Q

2.1.5
short circuit

acciden i
electric

uctive path between two or more conductive parts forfing the
neen these conductive parts to be equal to or close to zero

[151-12

2.1.6
short-c|rcuit curren
over-currentresuiting-from a-short circuit-dustoafaultoranincorrest connestioninand electric

circuit

[441-11-07]

21.7
overload
operating conditions in an electrically undamaged circuit which cause an over-current

[441-11-08]
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2.1.8
overload current
over-current occurring in an electrically undamaged circuit

21.9

ambient air temperature

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

[441-11-13]

NOTE For switching devices or fuses installed inside an enclosure, it is the temperature of the air outside the
enclosure.

21.10
conductive part

part which is capable of conducting current although it may not nece
service furrent

ed forjsarrying

[441-11109]

2.1.11
exposefl conductive part

conductjve part which can readily be touched and
become]alive under fault conditions

ormatly alive, but which may

[441-11110]

NOTE T etating handles, etc.

2.1.12

extrane

conduct] tallation and liable to introduce a plotential,

generall

[826-03

2.1.13

live pan
conduct
conduct]

tended to be energized in normal use, including al neutral
t a PEN conductor

[826-03

NOTE This te€rm'doe€s ecessarily imply a risk of electric shock.

2.1.14
protective conductor (symbol PE)

conductor required by some measures for protection against electric shock for electrically
connecting any of the following parts:

— exposed conductive parts,

— extraneous conductive parts,

— main earthing terminal,

— earth electrode,

— earthed point of the source or artificial neutral

[826-04-05]
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2.1.15
neutral conductor (symbol N)

conductor connected to the neutral point of a system and capable of contributing to the

transmission of electrical energy

[826-01-03]

NOTE In some cases, the functions of the neutral conductor and the protective conductor may be combined under

specified conditions in one and the same conductor referred to as the PEN conductor
[Symbol PEN].

2.1.16
enclosure

part propiding a speciiied degree of protection of equipment against certal
and a specified degree of protection against approach to or contact wit
parts

NOTE This definition is similar to IEV 441-13-01, which applies to assemblies.

2.1.17
integral enclosure
enclosufe which forms an integral part of the equipment

2.1.18

utilizati
combing
the fuse fulfils its purpose, selected to

[441-17}19]

NOTE Tpe specified requirements
capacitie§ and other characteristics,

2.1.19

isolation (isolatipg fux
function intend

separating the instajlati
safety

2.1.20
electric|s
pathophly
body

[826-03104]

external Influences

ve parts@nd moving

evice or
cations

breaking
ur.

htion by
sons of

esulting from an electric current passing through a human of animal

2.2 Switchingdevices

221
switching device
device designed to make or break the current in one or more electric circuits

[441-14-01]
NOTE A switching device may perform one or both of these operations.

2.2.2
mechanical switching device

switching device designed to close and open one or more electric circuits by means of

separable contacts

[441-14-02]
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NOTE Any mechanical switching device may be designated according to the medium in which its contacts open
and close, e.g.: air, SFg, oil.

223

semiconductor switching device

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

NOTE This definition differs from IEV 441-14-03 since a semiconductor switching device is also designed for
breaking the current.

2.2.4
fuse
device that, b he fusing of one o 3 y
components, opens the circuit in which it is inserted by breaking the cu
a given|value for a sufficient time. The fuse comprises all the parts
device

portioned
pxceeds
omplete

[441-18101]

2.2.5

fuse-link

part of |a fuse (including the fuse-element(s)) intepded to\be ed after the flise has
operated

[441-18109] G

2.2.6

fuse-el¢ment

part of the fuse-link designed to melt u de%ct Qn rrent exceeding some definlte value

for a definite period of tim

[441-18{08]

2.2.7 Q
fuse-combinatio

combing
assemb

device and one or more fuses in a compogdite unit,
accordance with his instructions

[441-14

2.2.8
disconnecto
mechanjcal /swits
specifiefl for'the isola

device which, in the open position, complies with the requirements
ing function

NOTE This definition differs from IEV 441-14-05 because the requirements for the isolating function are not based
only on an isolating distance.

229

switch (mechanical)

mechanical switching device capable of making, carrying and breaking currents under normal
circuit conditions which may include specified operating overload conditions and also carrying
for a specified time currents under specified abnormal circuit conditions such as those of short
circuit

[441-14-10]

NOTE A switch may be capable of making but not breaking short-circuit currents.
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2.2.10

switch-disconnector

switch which, in the open position, satisfies the isolating requirements specified for a
disconnector

[441-14-12]

2.2.11

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

[441-14120]

2212
contactor (mechanical)

mechanjcal switching device having only one position of rest, o
capable| of making, carrying and breaking currents under mqr
operating overload conditions

by hand,
ipcluding

[441-14133]

NOTE Cpntactors may be designated according to the me
provided.

W e for closing the main dontacts is

2.2.13
semicopductor contactor (solid-state
device which performs the function of g con

tor>k Mg a semiconductor switching device

NOTE A|semiconductor contag itching devices.

2.2.14
contactor relay

contactgr used on

[441-14135]

2.2.15
starter
combing
suitable

tion ok all theswitching’means necessary to start and stop a motor, in combination with

[441-14

NOTE S}arters may be designated according to the method by which the force for closing the main cpntacts is
provided.

2.2.16

control circuit device

electrical device, intended for the controlling, signalling, interlocking, etc. of switchgear and
controlgear

NOTE Control circuit devices may include associated devices dealt with in other standards, such as instruments,
potentiometers, relays, in so far as such associated devices are used for the purposes specified.
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2.2.17

control switch (for control and auxiliary circuits)

mechanical switching device which serves the purpose of controlling the operation of
switchgear or controlgear, including signalling, electrical interlocking, etc.

[441-14-46]
NOTE A control switch consists of one or more contact elements with a common actuating system.

2.2.18
pilot switch
non-manual control switch actuated in response to specified conditions of an actuating quantity

[441-1448}

NOTE The actuating quantity may be pressure, temperature, velocity, liquid level, el

2.2.19
push-bltton
control pwitch having an actuator intended to be operated by orce ™ t of the
human body, usually the finger or palm of the hand, and haying i neturn

[441-14153]

2.2.20
terminal block
insulating part carrying one or more mv
fixed to fa support

ed<de assemblies and intended to be

2.2.21
short-c{rcuit protective d
device |ntended to prptecC
interrupting them

2.2.22 Q

surge arrester
device (
the durdti

& circuit against short-circuit curients by

[604-03

2.3 Par

231
pole of
portion : ‘ hducting
path of its main CIrCUIt and excludmg those portlons WhICh prowde a means for mounting and
operating all poles together

[441-15-01]

NOTE A switching device is called single-pole if it has only one pole. If it has more than one pole, it may be called
multipole (two-pole, three-pole, etc.) provided the poles are or can be coupled in such a manner as to operate
together.
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2.3.2
main circuit (of a switching device)

all the conductive parts of a switching device included in the circuit which it is designed to close

or open

[441-15-02]

233
control circuit (of a switching device)

all the conductive parts (other than the main circuit) of a switching device which are included in

a circuit used for the closing operation or opening operation, or both, of the device

[441-15:03]

J

234
auxiliary circuit (of a switching device)
all the ¢onductive parts of a switching device which are intende
other than the main circuit and the control circuits of the device

[441-15104]

NOTE Spme auxiliary circuits fulfil supplementary functions s
they may |be part of the control circuit of another switching devicg

235
contact| (of a mechanical switching d
conductjve parts designed to establish
their relptive motion during an operation;
sliding qontacts, maintain circuit continuity

[441-15}05]

2.3.6
contact piece
one of the condus

[441-15

2.3.7

main cd
contact i
closed (

[441-15

AN

g circuit

as such,

due to
nged or

y, in the

2.3.8
arcing contact
arc contact on which the arc is intended to be established

[441-15-08]

NOTE An arcing contact may serve as a main contact; it may be a separate contact so designed that it opens after

and closes before another contact which it is intended to protect from deterioration.

2.3.9
control contact

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

operated by this device

[441-15-09]


https://iecnorm.com/api/?name=0ba5999b27058eba5b0f1b6e57810c3e

60947-1 © IEC:2004 - 45 -

2.3.10
auxiliary contact
contact included in an auxiliary circuit and mechanically operated by the switching device

[441-15-10]
2.3.11
auxiliary switch (of a mechanical switching device)

switch containing one or more control and/or auxiliary contacts mechanically operated by a
switching device

[441-15-11]

2.3.12
"a" conftact — make contact
control ¢r auxiliary contact which is closed when the main contacts

device gre closed and open when they are open

eNnechanical yitching

[441-15}12]

2.3.13
"b" contact — break contact

control or auxiliary contact which is open when t
device gre closed and closed when the

mechanical switching

[441-15}13]

2.3.14
relay (e]ectrical)

device ¢lesigned to prod | output
circuits when certain cq device
[446-11101] :

2.3.15

release|(of a megh

device, /mechanica echanical switching device, which releases the| holding

means and pg or the closing of the switching device

[441-15

NOTE A

S e instantaneous, time-delay, etc., operation. The various types of releases are defined in
2.4.24 to P.4.35,

2.3.16
actuating system (of a mechanical switching device)

whole of the operating means of a mechanical switching device which transmit the actuating
force to the contact pieces

NOTE The operating means of an actuating system may be mechanical, electromagnetic, hydraulic, pneumatic,
thermal, etc.

2.3.17
actuator
part of the actuating system to which an external actuating force is applied

[441-15-22]

NOTE The actuator may take the form of a handle, knob, push-button, roller, plunger, etc.


https://iecnorm.com/api/?name=0ba5999b27058eba5b0f1b6e57810c3e

60947-1 © IEC:2004 - 47 -

2.3.18
position indicating device

part of a mechanical switching device which indicates whether it is in the open, closed, or,

where appropriate, earthed position
[441-15-25]
2.3.19

indicator light
light signal giving information either by lighting or extinguishing

2.3.20

anti-pumping device

device Which prevents reclosing after a close-open operation as long the dewce |nitiating
closing |s maintained in the position for closing

[441-16148]

2.3.21

interlogking device

device which makes the operation of a switching upon the pogition of
operatign of one or more other pieces of equipment

[441-16149]

2.3.22

terminal

conduct

2.3.23

screw-type terminal

terminal intended, for [ e inter-
connectjon of t , S,. the gonnection being made, directly or indir¢ctly, by
means ¢f screws vphuts'x i

NOTE Ekamples ar

2.3.24

screwlgss-type te

terminali nection
on two eans of
springs,

NOTE Ekamples are giv€n in Annex D.

2.3.25
clamping unit

part(s) of a terminal necessary for the mechanical clamping and the electrical connection of the

conductor(s)

2.3.26
unprepared conductor

conductor which has been cut and the insulation of which has been removed for insertion into a

terminal

NOTE A conductor the shape of which is arranged for introduction into a terminal or the strands of which are

twisted to consolidate the end is considered to be an unprepared conductor.
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2.3.27
prepared conductor

conductor, the strands of which are soldered or the end of which is fitted with a cable lug,

eyelet, etc.

2.4 Operation of switching devices

241
operation (of a mechanical switching device)
transfer of the moving contact(s) from one position to an adjacent position

[441-16-01]

NOTE 1 |For example, for a circuit-breaker, this may be a closing operation or an opening(operati

NOTE 2 [If distinction is necessary, an operation in the electrical sense, e.g., makecor
switching|operation, and an operation in the mechanical sense, e.g., close or ope
operation

242
operating cycle (of a mechanical switching device)
succesgion of operations from one position to another and
other pgsitions, if any

[441-16102]

243
operating sequence (of a mechanical sw
succession of specified operations with &

[441-16103]

2.4.4
manual|control

control ¢f an ope@n n “en

[441-16104]

2.4.5
automati
control

predete

[441-16

2.4.6

gsition thr

ut human intervention, in response to the occurr

d to as a
echanical

ough all

bnce of

local control

control of an operation at a point on or adjacent to the controlled switching device

[441-16-06]

247
remote control
control of an operation at a point distant from the controlled switching device

[441-16-07]
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2.4.8

closing operation (of a mechanical switching device)
operation by which the device is brought from the open position to the closed position

[441-16-08]
249
opening operation (of a mechanical switching device)

operation by which the device is brought from the closed position to the open position

[441-16-09]

2.4.10
positiv

l opening operation (of a mechanical switching device)

opening| operation which, in accordance with specified requirements, gqsure6 t

contact

position|of the device

[441-16}11]

2.4.1
positiv

operatign which, in accordance with specified requi

contact

open or|closed position of the main co

[441-16{12]

2.4.12

g are in the open position when the actuator is in the positio

¢ly driven operation

¢ of a mechanical switching device are

dependent manual opera

operatid
the ope

[441-16

2413

uxiliary
g to the

force of

ation is
motors,

depend chanical switching device)

operati{ other than manual, where the completion of the ope
depend of the power supply (to solenoids, electric or pneumatic
etc.)

[441-16

2.4.14

stored energy operation (o1 a mechanical switching device)

operation by means of energy stored in the mechanism itself prior to the completion of the
operation and sufficient to complete it under predetermined conditions

[441-16-15]

NOTE This kind of operation may be subdivided according to:

1 the manner of storing the energy (spring, weight, etc.);

2 theo

rigin of the energy (manual, electric, etc.);

3 the manner of releasing the energy (manual, electric, etc.).
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2415

independent manual operation (of a mechanical switching device)

stored energy operation where the energy originates from manual power, stored and released
in one continuous operation, such that the speed and force of the operation are independent of
the action of the operator

[441-16-16]

2416

independent power operation (of a mechanical switching device)

stored energy operation where the stored energy originates from an external power source and
is released in one continuous operation, such that the speed and force of the operation are

1 + ~f th £ fih $
mdepen SRt o te-actHoRottReoPperator

2.4.17
actuating force (moment)
force (moment) applied to an actuator necessary to complete the

[441-16}17]

2.4.18
restorinjg force (moment)

force (moment) provided to restore an actuator or-a eqt toits initial position

[441-16{19]

24.19
travel (¢f a mechanical switching devic
displacgment (translation ¢ i

ng element

or%t Rere

[441-16{21]

NOTE D

2.4.20
closed ;
position ‘ c uity of the main circuit of the device is securgd

[441-16
2.4.21

position h._the Ypredetermined dielectric withstand voltage requirements are gatisfied
betweer open’contaefs in the main circuit of the device

NOTE This definition differs from IEV 441-16-23 to meet the requirements of dielectric properties.

2.4.22
tripping (operation)
opening operation of a mechanical switching device initiated by a relay or release
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2.4.23
trip-free mechanical switching device

mechanical switching device, the moving contacts of which return to and remain in the open
position when the opening (i.e. tripping) operation is initiated after the initiation of the closing

operation, even if the closing command is maintained

NOTE 1 To ensure proper breaking of the current which may have been established, it may be necessary that the

contacts momentarily reach the closed position.

NOTE 2 The wording of IEV 441-16-31 has been completed by adding "(i.e. tripping)" since the opening operation

of a trip-free mechanical switching device is automatically controlled.

2.4.24
instantaneous relay or release

relay orrelease wnich operates without any intentional time-delay

2.4.25
over-current relay or release

relay or|release which causes a mechanical switching device to
when the current in the relay or release exceeds a predetermineq

NOTE This value can in some cases depend upon the rate-of-rise of ¢

2.4.26
definitel time-delay over-current relay or release

over-cufrent relay or release which i
adjustable, but is independent of the v

2.4.27
inverse
over-cufrent relay or release
value of{the over-current

NOTE Spch a relay or releas
high valugs of over-current.

2.4.28
direct o
over-cu
device

2.4.29

indirect
over-cu
through|a curre

e energized by the current in the main circuit of a switchin
ormer or a shunt

2.4.30

e-delay

may be

pon the

value for

witching

) device

overload relay or release
over-current relay or release intended for protection against overloads

2.4.31
thermal overload relay or release

inverse time-delay overload relay or release depending for its operation (including its time-

delay) on the thermal action of the current flowing in the relay or release
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2.4.32

magnetic overload relay or release

overload relay or release depending for its operation on the force exerted by the current in the
main circuit exciting the coil of an electromagnet

NOTE Such a relay or release usually has an inverse time-delay/current characteristic.

2.4.33
shunt release
release energized by a source of voltage

[441-16-41]

NOTE T £ 1t I H~ | = % £ il 14 £ il H H HS
eSOt ree— o vortaget—ay ottt pehte o e voraget—or— e et CHeutt-

2.4.34
under-voltage relay or release
relay or|release which permits a mechanical switching device to ope
time-delay, when the voltage across the terminals of the te
predetefmined value

Pwithout
below a

2.4.35
reverse| current relay or release (d.c. only)
relay or| release which permits a mechanical switching(devicexto opew, with or withqut time-
delay, when the current flows in the reverse direg 3p x@ds a predetermined vallie

2.4.36
operating current (of an over-current rg

value off current at and above which th | operate

2.4.37

currenttsetting (of an

value of ' 3\ e operating characteristics of the relay orfrelease

are refefred and

NOTE A|relay or reledsg
heaters, g

angeable

2.4.38

current
range b
release [c

relay or

2.5 Ch

251
nominal value
value of a quantity used to designate and identify a component, device, equipment, or system

[151-16-09]
NOTE The nominal value is generally a rounded value.

252

limiting value

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

[151-16-10]
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253

rated value

value of a quantity used for specification purposes, established for a specified set of operating
conditions of a component, device, equipment, or system

[151-16-08]
2.5.4

rating
set of rated values and operating conditions

[151-16-11]

2.5.5
prospec¢tive current (of a circuit and with respect to a switching devi
current |that would flow in the circuit if each pole of the switching

Re were
replaced by a conductor of negligible impedance

[441-17101]

NOTE The method to be used to evaluate and to express the prospective ecified in thp relevant

product s{fandard.

2.5.6
prospective peak current
peak vaJue of a prospective current d

[441-17}102]
NOTE Tpe definition assumes that the currept is ntaneous
transition|from infinite to zero ir 2 9 aths, e.g.

polyphasg circuits, it further as$ current in
one pole s considered.

257
prospective syri
prospective curre

follows
the initigtion
[441-17103]
NOTE 1 |For polyphase™gircuits th ndition of non-transient period can only be satisfied for the currg¢nt in one
pole at a {ithe.
NOTE 2 étrical current is expressed by its r.m.s. value.
2.5.8
maximymprospective peak current (of an a.c. circuit)
prospe e pcak ctrrent-wheninitiationof-the—currenttakes p=auc at-the-instant-whieh-leads to

the highest possible value
[441-17-04]

NOTE For a multipole device in a polyphase circuit, the maximum prospective peak current refers to one pole
only.

259
prospective making current (for a pole of a switching device)
prospective current when initiated under specified conditions

[441-17-05]

NOTE The specified conditions may relate to the method of initiation, e.g. by an ideal switching device, or to the
instant of initiation, e.g., leading to the maximum prospective peak current in an a.c. circuit, or to the highest rate of
rise. The specification of these conditions is given in the relevant product standard.
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2.5.10

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

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

[441-17-06]

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

2.5.11

breaking current (of a SW|tch|ng deV|ce ora fuse)
current jpapole o switching device ¢
breaking process

cduring a

[441-17}07]

NOTE Fpr a.c., the current is expressed as the symmetrical r.m.s. value of the™a

2.5.12
breakinjg capacity (of a switching device or a fuse)
value of| prospective breaking current that a switching d » 3¢ | pable of brgaking at
a stated voltage under prescribed conditions of use and i

[441-17{08]
NOTE 1 |The voltage to be stated and the tonditign presciibed arg dealt with in the relevant product
standard.

NOTE 2 |[For a.c., the current is expressed as tfie symmetn value of the a.c. component.

NOTE 3

2.5.13

making|capacity (of a

value of prospective 3t a switching device is capable of making at p stated
voltage under pr@ iti ; [ behaviour

[441-17

NOTE 1 e ed and_the/conditions to be prescribed are dealt with in the relevant product
standard.

NOTE 2

2.5.14

short-c apacity

breaking capacityfor which prescribed conditions include a short circuit at the terminals of the
switchinT; device

[441-17-11]

2515

short-circuit making capacity
making capacity for which prescribed conditions include a short circuit at the terminals of the
switching device

[441-17-10]

2.5.16

critical load current

value of breaking current, within the range of service conditions, at which the arcing time is
significantly extended
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2.5.17
critical short-circuit current

value of breaking current, less than the rated short-circuit breaking capacity, at which the arc

energy is significantly higher than at the rated short-circuit breaking capacity

2.5.18
Joule integral (/2¢)
integral of the square of the current over a given time interval

[441-18-23]

2.5.19
cut-off purrent — let-through current

maximum instantaneous value of current attained during the bre
device qr a fuse

[441-17}12]

NOTE This concept is of particular importance when the switchi
that the pfospective peak current of the circuit is not reached.

2.5.20
time-cufrrent characteristic
curve giving the time, e.g. pre-arcing tim
current,lunder stated conditions of operati

[441-17}13]

2.5.21
cut-off [current) chara

curve giving the of
of operdtion

urrent) characteristic

[441-17

NOTE In . M he cut-off currents are the maximum values which can bg
whatever & of & \ [ the case of d.c., the values of the cut-off currents are the maxim
reached r| e

2.5.22
over-curren otective Co-ordination of over-current protective devices

co-ordination” of tw more over-current protective devices in series to ensure ove

discrimipation (selectivity) and/or back-up protection

peration\of

operates in such

g a function of the pro

f the prospective current, under stated cd

Wwitching

a manner

spective

nditions

b reached
m values

rcurrent

2.5.23
over-current discrimination

co-ordination of the operating characteristics of two or more over-current protective devices
such that, on the incidence of over-currents within stated limits, the device intended to operate

within these limits does so, while the other(s) does (do) not

[441-17-15]

NOTE Distinction is made between series discrimination involving different over-current protective devices passing
substantially the same over-current and network discrimination involving identical protective devices passing

different proportions of the over-current.
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2.5.24

back-up protection

over-current co-ordination of two over-current protective devices in series where the protective
device, generally but not necessarily on the supply side, effects the over-current protection with
or without the assistance of the other protective device and prevents any excessive stress on
the latter

2.5.25

take-over current

current co-ordinate of the intersection between the time-current characteristics of two over-
current protective devices

[441-17

-

&
O

h|
1

2.5.26
short-time delay
any inteptional delay in operation within the limits of the rated sho

tand c nt

2.5.27
short-t:lEne withstand current

current that a circuit or a switching device in the clog Si arry’during a gpecified
short time under prescribed conditions of use and behavijour

[441-17}17]

2.5.28
peak withstand current

value of peak current that a circuit or a s Ning
under ptescribed conditiong af use-and beha

in the closed position can withstand

[441-17118]

2.5.29 <;;;?

conditional shortgire cuit or a switching device)

prospeci 9 switching device, protected by a specified shoft-circuit
protecti hstand for the total operating time of that devige under
specifie

NOTE 1 e S is stapdard, the short-circuit protective device is generally a circuit-brgaker or a
fuse.

NOTE 2
short-circli

from |IEV 441-17-20 by broadening the concept of current limiting devjce into a
e function of which is not only to limit the current.

2.5.30
conventional non-tripping current (of an over-current relay or release)

specified value of current which the relay or release can carry for a specified time
(conventional time) without operating

2.5.31

conventional tripping current (of an over-current relay or release)

specified value of current which causes the relay or release to operate within a specified time
(conventional time)
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2,5.32

applied voltage (for a switching device)

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

[441-17-24]

NOTE 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.

2.5.33

recovery voltage
voltage which appears across the terminals of a pole of a switching device or a fuse after the
breaking ofthe—ctrrent

[441-17}25]
NOTE 1 |This voltage may be considered in two successive intervals of time, one i iePt voltage
exists, followed by a second one during which the power-frequency voltage ¢ 3 y voltage

alone exigts.

NOTE 2 |This definition applies to a single-pole device. For a multipgk ifds, tt e voltage
across the supply terminals of the device.

2.5.34
transient recovery voltage (abbreviation TRV)
recovery voltage during the time in which it has a

[441-17}26]

NOTE Tpe transient voltage may be oscillatg
character|stics of the circuit, the switching de
polyphasg circuit.

hg on the
utral of a

2.5.35
power-frequency recg
recovery voltage after {

[441-17

2.5.36

d.c. ste
recover
express|

it after the transient voltage phenomena have sybsided,
ere ripple is present

[441-17

2.5.37
prospective transient recovery voltage (of a circuit)
transient recovery voltage following the breaking of the prospective symmetrical current by an
ideal switching device

[441-17-29]

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


https://iecnorm.com/api/?name=0ba5999b27058eba5b0f1b6e57810c3e

60947-1 © IEC:2004 -69 -

2.5.38

peak arc voltage (of a mechanical switching device)

maximum instantaneous value of voltage which, under prescribed conditions, appears across
the terminals of a pole of a switching device during the arcing time

[441-17-30]

2.5.39
opening time (of a mechanical switching device)

interval of time between the specified instant of initiation of the opening operation and the
instant when the arcing contacts have separated in all poles

[441-17:36]

J

NOTE The instant of initiation of the opening operation, i.e. the application of
energizing the release), is given in the relevant product standard.

and (e.g.

2.5.40
arcing {ime (of a pole or a fuse)
interval [of time between the instant of the initiation of the argn [ d the instant
of final arc extinction in that pole or that fuse

[441-17}37]

2.5.41
arcing {ime (of a multipole switching ¢
interval |of time between the instant of
extinctign in all poles

Adrc and the instant of final arc

[441-17138]

2.5.42

break time

interval jof time between opening time of a mechanical switching degvice (or
the pre-prcing ti @ a e arcing time

[441-17

2.5.43
make time
interval ¢ tween the initiation of the closing operation and the instant when thg current

[441-17140]

2.5.44
closing time

interval of time between the initiation of the closing operation and the instant when the contacts
touch in all poles

[441-17-41]

2.5.45

make-break time

interval of time between the instant when the current begins to flow in a pole and the instant of
final arc extinction in all poles, with the opening release energized at the instant when current
begins to flow in the main circuit

[441-17-43]
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2.5.46

clearance

distance between two conductive parts, along a string stretched the shortest way between
these conductive parts

[441-17-31]
2.5.47

clearance between poles
clearance between any conductive parts of adjacent poles

[441-17-32]

2.5.48
clearange to earth
clearan¢e between any conductive parts and any parts which are

gi to be
earthed

[441-17}33]

2.5.49
clearantce between open contacts (gap)

total cle@rance between the contacts, or any con
mechanjcal switching device in the ope iti

ed thereto, of a pole of a

[441-17}34]

2.5.50
isolatinjg distance (of a pg

clearang¢e between open ectors

[441-17}35]

2.5.51
creepad
shortest

e distance
rts

NOTE AJjoi

2.5.52

highest Jr. n occur

when th

NOTE 1 |TranSients are disregarded.

NOTE 2 Both open-circuit conditions and normal operating conditions are taken into account.

2.5.53

temporary overvoltage

phase-to-earth, phase-to-neutral or phase-to-phase overvoltage at a given location and of
relatively long duration (several seconds)

2.5.54
transient overvoltages
transient overvoltages in the sense of this standard are the following:
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2.5.54.1

switching overvoltage

transient overvoltage at a given location on a system due to a specific switching operation or a
fault

2.5.54.2
lightning overvoltage
transient overvoltage at a given location on a system due to a specific lightning discharge

[see also IEC 60060 and IEC 60071-1]

2.5.54.3
functioaual overvoltage
deliberdtely imposed overvoltage necessary for the functioning of a devi

2.5.55
impuls¢ withstand voltage
highest |peak value of an impulse voltage, of prescribed for S
cause bfeakdown under specified conditions of test

oes not

2.5.56
power-frequency withstand voltage

r.m.s. vhlue of a power-frequency sinusoidal vo
specifiefl conditions of test

not cause breakdown under

2.5.57
pollutign
any condition of foreign
dielectric strength or surf

y affect

2.5.58

pollutign degre

conventjonal nu - ount™of conductive or hygroscopic dust, ionized gas or
salt ang v i oscopic
absorpt and/or
surface

NOTE 1 ironment
where theg heating to
prevent ap

NOTE 2

2.5.59

micro-gnvironment (of a clearance or creepage distance)
ambient conditions which surround the clearance or creepage distance under consideration

NOTE 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 might 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.

2.5.60

overvoltage category (of 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 upon the means employed to influence the overvoltages

NOTE In an electrical system, the transition from one overvoltage category to another of 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.
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2.5.61

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

2.5.62

homogeneous (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

2.5.63
inhomogeneous (non-uniform) field

electric field which has not an essentially constant voltage gradient between electkode

2.5.64
tracking
progressive formation of conducting paths which are pie the surface of|a solid
insulating material, due to the combined effects of ele
on this gurface

2.5.65
comparnative tracking index (CTI)
numerigal value of the maximum voltag
test solygtion without tracking

erial withstands 50 drpps of a

NOTE 1 |The value of each test yve
NOTE 2 |[This definition reprod

2.6 Tests

261
type test
test of pne or mo S a certain design to show that the design meetq certain
specifications

2.6.2
routine|te
test to
whether] it compt

al device is subjected during and/or after manufacture to gscertain
certain criteria

2.6.3
sampling test
test on a number of devices taken at random from a batch

2.6.4

special test

test, additional to type tests and routine tests, made either at the discretion of the manufacturer
or according to an agreement between manufacturer and user
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3 Classification

This clause is intended to list the characteristics of an equipment on which information may be
given by the manufacturer and which may not necessarily have to be verified by testing.

This clause is not mandatory in product standards which should, however, leave space for it in
order to list, where necessary, classification criteria.

4 Characteristics

Alphabetical list of characteristics (whether rated or not) and symbols

Characteristic Symbol( Subcglause
Conventional enclosed thermal current Iy N J.2.2
Conventional free air thermal current Q 44.2.1
Eight-hodir duty 4.4.1
Intermittént duty 4.3.4.3
Periodic duty 4.3.4.5
Rated brgpaking capacity < 4.3.5.3
Rated cdnditional short-circuit current 4.4.6.4
Rated cdntrol circuit voltage U, 415.1
Rated cdntrol supply voltage Ug 415.1
Rated cyrrent C I, )
Rated frgquency - 413.3
Rated impulse withstand voltage Uimp 4.3.1.3
Rated ingulation voltage U; 4.3.1.2
Rated mgking capacity - 4.3.5.2
Rated ogerational current Ig 4.3.23
Rated ogerational power - 4.3.2.3
Rated ogerational voltage U, 4.3.1.1
Rated rofor insulati U, )
Rated rofor operatio lor )
Rated rofor operationg Ue, )
Rated s¢ les )
Rated sh len 4.3.6.3
Rated sh lem 4.3.6.2
Rated s low 4.3.6.1
Rated starting vol _ )
Rated sthtor insuta U )
Rated statop operations los )
Rated stator‘operational voltage Ugs )
Rated ultimate short-circuit breaking capacity Iy 43.2.4
Rated uninterrupted current Iy 1)
Rotor thermal current linr 1)
Selectivity limit current Is 1)
Stator thermal current lths 1)
Take-over current Ig 2.5.25
Temporary duty - 4.3.4.4
Uninterrupted duty - 4.3.4.2
Utilization category - 4.4
") This rating is defined in the relevant product standard.

NOTE The above list is not exhaustive.
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4.1 General

The characteristics of an equipment shall be stated in the relevant product standard in respect
of the following, where applicable:

— type of equipment (4.2);

— rated and limiting values for the main circuit (4.3);

— utilization category (4.4);

— control circuits (4.5);

— auxiliary circuits (4.6);

— relay and releases (4.7);

— co-ordination with short-circuit protective devices (4.8);
— swit¢hing overvoltages (4.9).

4.2 Type of equipment

The profuct standard shall state the following, where applicabl
— kind|of equipment: e.g. contactor, circuit-breaker, etc.;

— numper of poles;

— kind|of current;

— intefrupting medium;
— opetjating conditions (method of operation,

NOTE Tpe above list is not exhaustive.

4.3 Ra
Ratings h 4.3.1
to 4.3.6|as required by[the r S h all the

ratings listed.

4.3.1 Rated vo@

An equi

NOTE (C ge.
4.31.1

A rated a rated
operatig ermines the application of the equipment and to which the relevant tests

and the |utilization categories are referred.

For single-pole equipment, the rated operational voltage is generally stated as the voltage
across the pole.

For multipole equipment, it is generally stated as the voltage between phases.

NOTE 1 For certain devices and particular applications a different method of stating U,, may apply: this should be
stated in the relevant product standard.

NOTE 2 For multipole equipment for use on polyphase circuits a distinction may be made between

a) equipment for use on systems where a single fault to earth will not cause the full phase-to-phase voltage to
appear across a pole;

— neutral earthed systems;
— unearthed and impedance earthed systems.

b) equipment for use on systems where a single fault to earth will cause the full phase-to-phase voltage to appear
across a pole (i.e. phase earthed systems).
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NOTE 3 An equipment may be assigned a number of combinations of rated operational voltages and rated
operational currents or powers for different duties and utilization categories.

NOTE 4 An equipment may be assigned a number of rated operational voltages and associated making and
breaking capacities for different duties and utilization categories.

NOTE 5 Attention is drawn to the fact that the operational voltage may differ from the working voltage (see 2.5.52)
within an equipment.

4.3.1.2 Rated insulation voltage (U;)

The rated insulation voltage of an equipment is the value of voltage to which dielectric tests
and creepage distances are referred.

In no ca ne rated

insulatign voltage.

NOTE Fpr equipment not having a specified rated insulation voltage, the highe
voltage is|considered to be the rated insulation voltage.

perational

4.3.1.3 |Rated impulse withstand voltage (Ujmp)

The pea K the equipment is
capable i i i i if i test and to which the
values ¢

The rate
values
fitted.

egqual to or higher than the
uit in which the equipment is

NOTE P A Table 12.
43.2 C

An equi

4.3.2.1

The cor Ised for

temperg

The val
value of

aximum
ight-hour

Free ain is’understoed to be air under normal indoor conditions reasonably free from draughts
and extgrnal radiation.

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

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

4.3.2.2 Conventional enclosed thermal current (/ihe)

The conventional enclosed thermal current is the value of current stated by the manufacturer to
be used for the temperature-rise tests of the equipment when mounted in a specified
enclosure. Such tests shall be in accordance with 8.3.3.3 and are mandatory if the equipment
is described as enclosed equipment in the manufacturer's catalogues and normally intended for
use with one or more enclosures of specified type and size (see note 2).
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The value of the conventional enclosed thermal current shall be at least equal to the maximum
value of the rated operational current (see 4.3.2.3) of the enclosed equipment in eight-hour
duty (see 4.3.4.1).

If the equipment is normally intended for use in unspecified enclosures, the test is not
mandatory if the test for conventional free air thermal current (/4,) has been made. In this case,
the manufacturer shall be prepared to give guidance on the value of enclosed thermal current
or the derating factor.

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

NOTE 2 The conventional enclosed thermal current value may be for unventilated equipment in which case the
enclosure used for the test shall be of the size stated by the manufacturer as being the smallest that is applicable
in service. Alternatively, the value may be for a ventilated equipment according to the manufacturer's data.

NOTE 3 |An enclosed equipment is an equipment normally intended for use with a gpecified type (arjd size of

enclosure| or intended for use with more than one type of enclosure.

4.3.2.3 |Rated operational current (/¢) or rated operational power

A rated| operational current of an equipment is stated by the man facturer es into
account| the rated operational voltage (see 4.3.1.1), the ra ne rated
duty (sg¢e 4.3.4), the utilization category (see 4.4) a ive enclosure, if
appropriate.

In the dqase of equipment for direct s a rated
operatignal current may be replaced ¢ m rated
power output, at the rated operational s otor for which the equipment
is intended. The manufacturer shall be prs - > een the
operatig

4.3.2.4 |Rated uninterrup

is a value of current, stated| by the

The rafed uninterrup e
uninterrupted duty (see 4.3.4.2).

manufa¢turer, whi ?t

4.3.3 Rated freque

The supgply frequée i ipment is designed and to which the other chargcteristic
values gorrespond.

NOTE T e & nay be“assigned a number or a range of rated frequencies or be rated foi both a.c.
and d.c.

43.4 R

The ratged dlties considered as normal are:

4.3.4.1 Eight-hour duty

A duty in which the main contacts of an equipment remain closed, whilst carrying a steady
current long enough for the equipment 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 I and /. of the equipment are
determined.

NOTE 2 Interruption means breaking of the current by operation of the equipment.
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4.3.4.2 Uninterrupted duty

A duty without any off-load period in which the main contacts of an equipment remain closed,
whilst carrying a steady current without interruption for periods of more than eight hours
(weeks, months, or even years).

NOTE This kind of service is set apart from the eight-hour duty because oxides and dirt can accumulate on the
contacts and lead to progressive heating. Uninterrupted duty can be taken account of either by a derating factor, or
by special design considerations (e.g. silver contacts).

4.3.4.3 Intermittent periodic duty or intermittent duty

A duty with on-load periods, in which the main contacts of an equipment remain closed, having
a definife Teration to off-load periods, botih periods being 100 short 1o allgw the equigment to
reach thermal equilibrium.

nt flow
d, often

Intermitfent duty is characterized by the value of the current, the dUration of\the cur
and by the on-load factor which is the ratio of the in-service period o the entire pevi
expressged as a percentage.

Standardized values of the on-load factor are 15 %, 25 %, 4

According to the number of operating cycles which out per

hour, equipments are divided into the following classé¢

— class
— class
— class
— class
— class
— class
— class
— class
— class
— class
— class
— class

Fer shall
| cycles

For inte
indicate
designared by’him,

hé values of the rated operational currents which shall be such that;

-
J-izdtsIchXT or 12 xT

o the

whichever is applicable

where T is the total operating cycle time.

NOTE The above formula does not take account of the switching arc energy.

A switching device intended for intermittent duty may be designated by the characteristics of
the intermittent duty.

Example: An intermittent duty comprising a current flow of 100 A for 2 min in every 5 min may be stated as 100 A,
class 12, 40 %.
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4.3.4.4 Temporary duty
Duty in which the main contacts of an equipment remain closed for periods insufficient to allow

the equipment to reach thermal equilibrium, the unload periods being separated by off-load
periods of sufficient duration to restore equality of temperature with the cooling medium.

Standardized values of temporary duty are 3 min, 10 min, 30 min, 60 min and 90 min, with
contacts closed.

4.3.4.5 Periodic duty

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

4.3.5 Normal load and overload characteristics

This subclause gives general requirements concerning ratings undet verload

conditiops.

NOTE Where applicable, the utilization categories referred to in 4.4 ma Wi in respect of
performarjce under overload conditions.

Detailed requirements are given in 7.2.4.

4.3.5.1

An equ thermal
stresses perating
overloadls.

The det e 3 iven in the relevant product standard.
4.3.5.2

The rated maki
which tHe equip

acturer,
The ma

—  the ¢

The rat aking capavity is stated by reference to the rated operational voltage afpd rated
operatig S

NOTE 1 [Where applicable, the relevant product standard states the relationship between rated making capacity
and utilization’category.

For a.c., the rated making capacity is expressed by the r.m.s. value of the symmetrical
component of the current, assumed to be constant.

NOTE 2 For a.c., the peak value of the current during the first half-cycles following the closing of the main
contacts of the equipment may be appreciably greater than the peak value of the current under steady-state
conditions used in the determination of making capacity, depending on the power-factor of the circuit and the
instant on the voltage wave when closing occurs.

An equipment should be capable of closing on a current having the a.c. component equal to that which defines its
rated making capacity, whatever the value of the inherent d.c. component, within the limits resulting from the power-
factors indicated in the relevant product standard.
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4.3.5.3 Rated breaking capacity

The rated breaking capacity of all equipment is a value of current, stated by the manufacturer,
which the equipment can satisfactorily break, under specified breaking conditions.

The breaking conditions which shall be specified are:

— the characteristics of the test circuit;
— the power-frequency recovery voltage.

The rated breaking capacity is stated by reference to the rated operational voltage and rated
operational current, according to the relevant product standard.

An equipment shall be capable of breaking any value of current up to and including lts rated
breaking capacity.

NOTE 1 |A switching device may have more than one rated breaking capac e zg to an
operationgl voltage and a utilization category.

For a.c|, the rated breaking capacity is expressed by the \S- metrical
componient of the current.

NOTE 2 |Where applicable, the relevant product standard state capacity
and utilization category.

4.3.6 1hort-circuit characteristics

This su atings under short-circuit condifions.

4.3.6.1
The ratg i i > : 3 equipment is the value of short-time wlithstand

current, PPN nanufacturer, that the equipment can carry without
damagse, itipne ified inxthe relevant product standard.

4.3.6.2

The rat
capacﬂy

pacity of an equipment is the value of short-circuit| making
aent by the manufacturer for the rated operational vo|tage, at

4.3.6.3 short-gjrcuit breaking capacity (/¢n)

The ratqzd short-circuit breaking capacity of an equipment is the value of short-circuit lPreaking
capacity assigned 1o that equipment by the manufacturer for the rated operational voltage, at
rated frequency, and at a specified power-factor for a.c. or time constant for d.c. It is
expressed as the value of the prospective breaking current (r.m.s. value of the a.c. component
in the case of a.c.), under prescribed conditions.

4.3.6.4 Rated conditional short-circuit current

The rated conditional short-circuit current of an equipment is the value of prospective current,
stated by the manufacturer, which the equipment, 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 the relevant product standard.
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The details of the specified short-circuit protective device shall be stated by the manufacturer.

NOTE 1

For a.c., the rated conditional short-circuit current is expressed by the r.m.s. value of the a.c. component.

NOTE 2 The short-circuit protective device may either form an integral part of the equipment or be a separate unit.

4.4 Uti

lization category

The utilization category of an equipment defines the intended application and shall be specified
in the relevant product standard; it is characterized by one or more of the following service
conditions:

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

— voltdge(s), expressed as multiple(S) of the rated operational voltage;
— power-factor or time-constant;

— shornt-circuit performance;

— seleftivity;

— othef service conditions, as applicable.

Annex

4.5 Control circuits

4.51

—  kind
— rate
— rate

— rate

NOTE 1

appear a
voltage a
circuit vol

The rat
operatirn
operatin

its rated

lectrical control circuits

) control@
A distinction g £

ross the "a"

a" ,cantacts mthe control circuit, and the control supply voltage, wh

ilt-inpAransformers, rectified, resistors, etc.

and \temperdtuke-rise characteristics of the control circuit are based. The|
on'n ae b
ighest value of control circuit current flowing, nor more than 1
value:

NOTE 2

The”manufacturer should be prepared to state the value or values of the current taken by t

circuit(s) at the rated control supply voltage.

jiven in

ich would
ch is the

t-he control circuit of the equipment and may be different from the control

voltage and rated frequency, if any, are the values on which the

correct

sed upon a value of the control supply voltage not less than 85 %

10 % of

e control

The ratings and characteristics of control circuit devices shall comply with the requirements of
IEC 60947-5 (see note of clause 1).

4.5.2 Air-supply control circuits (pneumatic or electro-pneumatic)

The characteristics of air-supply control circuits are:

— rated pressure and its limits;

— volumes of air, at atmospheric pressure, required for each closing and each opening
operation.
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The rated supply pressure of a pneumatic or electro-pneumatic equipment is the air pressure
on which the operating characteristics of the pneumatic control system are based.

4.6 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 (see note of
clause 1).

The characteristics of auxiliary contacts and switches shall comply with the requirements of the
above standard.

4.7 Relays and releases

The following characteristics of relays and releases shall be stated\ i the relevant|product

standargl, where applicable:

— type|of relay or release;

— rated values;

— currént setting or current setting range;
— timefcurrent characteristics (for presentation of tir . bstics, see 4.8

— influence of ambient air temperature.

4.8 Co

The mapufacturer shall state the type(or > with or
within th > current
for whic| ge(s).
NOTE It garithmic
scales. It bconds on

the stand

4.9 SWL
The ma ify ™ aximum value of switching overvoltages caused by the
operatid i i

This value

5.1 Nature of information

The following information shall be given by the manufacturer, when required by the relevant
product standard:

Identification:

— manufacturer's name or trademark;

— type designation or serial number;

— number of the relevant product standard, if the manufacturer claims compliance.
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Characteristics:

— rated operational voltages (see 4.3.1.1 and note to 5.2);

— utilization category and rated operational currents (or rated powers or rated uninterrupted
currents), at the rated operational voltages of the equipment (see 4.3.1.1, 4.3.2.3, 4.3.2.4
and 4.4). In certain cases, this information may have to be completed by the value of the
reference ambient air temperature at which the equipment has been calibrated;

— the value of the rated frequency/frequencies, e.g.: 50 Hz, 50 Hz/60 Hz, and/or the indication
"d.c." or the symbol ===

— rated duty, with the indication of the class of intermittent duty, if any (see 4.3.4);

— ratef making and/or breaking capacities. These Indicalions may pe replaced] where
appljcable, by the indication of the utilization category;

— rated insulation voltage (see 4.3.1.2);

— rated impulse withstand voltage (see 4.3.1.3);
— swit¢hing overvoltage (see 4.9);

— rated short-time withstand current together with its duratior exe 3 2 .3.6.1);

— rated short-circuit making and/or breaking cap 6.2 and

4.3.6.3);
— rate
- IPc
— polldtion degree (see 6.1.3.2);
— typeland maximum rat
— clas$ of protection @
- rategl control@
— ratedl control s

contfol coil;

e of the

— rate
cont

ressure

—  suits

NOTE Thi

5.2 Malrking

All relevant information, as detailed in 5.1, which is to be marked on the equipment, shall be
specified in the relevant product standard.

Markings shall be indelible and easily legible.

Marking of the manufacturer's name or trademark and type designation or serial number is
mandatory on the equipment and preferably on the nameplate, if any, in order to permit the
complete data to be obtained from the manufacturer.

NOTE In the USA and Canada, the rated operational voltage U,, may 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.
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The following information shall also be marked and visible after mounting:

— direction of movement of the actuator (see 7.1.4.2), if applicable;

— indication of the position of the actuator (see also 7.1.5.1 and 7.1.5.2);
— approval or certification mark, if applicable;

— for miniaturized equipment, symbol, colour code or letter code;

— terminal identification and marking (see 7.1.7.4);

— IP code and class of protection against electric shock, when applicable (marked preferably
on the equipment as far as possible);

— suitability for isolation, where applicable, with the isolation function symbol according to
|IEC 666+7=7,Teference 07-01=03, combimed—with—the—appropriate fungfiorsymboj for the
equipment, e.g.:

__/q—

This symbol shall be:

- cleafly and unmistakably marked;

- visible when the equipment is install

This refuirement applies whether the L IS/ ccording
to 7.1.10.

This reduirement also appli
is the only marking indicating suitabi

diagram

5.3 Instructions for i
The ma ufactur@a
operatign and mainte

The ma S e measures to be taken with regard to EMC, if any. For
equipmeént oply~suitablelil ironment A (see 7.3.1) the manufacturer shall provide in the
docume {ng hotice:

W NOTICE
This|product haseen designed for environment A. Use of this product in environmgnt B

may cause unwanted electromagnetic disturbances in which case the user may be
required to take adequate mitigation measures.

wents or catalogues the conditions for insf{allation,
quipment during operation and after a fault.

If necessary, the instructions for the transport, installation and operation of the equipment shall
indicate the measures that are of particular importance for the proper and correct installation,
commissioning and operation of the equipment.

These documents shall indicate the recommended extent and frequency of maintenance, if
any.

NOTE All equipment covered by this standard is not necessarily designed to be maintained.
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6 Normal service, mounting and transport conditions

6.1 Normal service conditions

Equipment complying with this standard shall be capable of operating under the following
standard conditions:

NOTE For non-standard conditions in service, see Annex B. These may require agreement between manufacturer
and user.

6.1.1 Ambient air temperature

The amhient air temperature does naot exceed +40 °C and its average over.a period of 24 h

does not exceed +35 °C.

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

Ambient air temperature is that existing in the vicinity of th without
enclosufe, or in the vicinity of the enclosure if supplied with a

NOTE 1 iler rooms,
tropical d 4 w-voltage
switchgedr and controlgear assemblies) should be designed of used™a i P standard,
where af n in the
manufact

NOTE 2 overload
relays for

6.1.2 A]

The alti

NOTE F on of the
dielectric Conditions
shall be d

6.1.3 Atmospheri

6.1.3.1

The relatixe idi ' does not exceed 50 % at a maximum temperature of|+40 °C.
Higher , ' may be permitted at lower temperatures, e.g. 90 % at|+20 °C.
Special 3 3 he hecessary in cases of occasional condensation due to variations in
temperg

NOTE Ppllution degrees, as stated in 6.1.3.2, define the environmental conditions more precisely.

6.1.3.2 Pollution degree

The pollution degree (see 2.5.58) refers to the environmental conditions for which the
equipment is intended.

NOTE 1 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 might 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.

For equipment intended for use within an enclosure or provided with an integral enclosure, the
pollution degree of the environment in the enclosure is applicable.
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For the purpose of evaluating clearances and creepage distances, the following four degrees of
pollution of the micro-environment are established (clearances and creepage distances
according to the different pollution degrees are given in Tables 13 and 15):

Pollution degree 1:

No pollu

tion or only dry, non-conductive pollution occurs.

Pollution degree 2:

Normally, only non-conductive pollution occurs. Occasionally, however, a temporary conduc-
tivity caused by condensation may be expected.

Pollution degree 3:

Conduc
due to g

Pollutiop degree 4:

The pol
rain or g

Standar

Unless
is gener
conside

NOTE 2

enclosure].

Standarj

Unless
applicat

Standar]

considefa

6.2 Co

A speci

ive pollution occurs, or dry, non-conductive pollution occurs CcO
ondensation.

ution generates persistent conductivity caused inSte conductive dd
now.

(d pollution degree of industrial a

btherwise stated by the relevant
ally for use in pollution degree
red to apply depending upon p

)therwis@
ons is genefa

bl <agreement shall be made between user and manufacturer if the condition

}ductive

st or by

ications
may be

tion in an

i similar

e under

5 during

transpo

t and staoraae o a temnerature—and humiditv diffar from thase defined-in 61
—aRe—StoFag8—8-g—teiipeiattie—aha—rRudhHay-—aHe—Hom—+Rose—aeHhRea+i—b—

| except

I

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.

Equipment subjected to these extreme temperatures without being operated shall not undergo
any irreversible damage and shall then operate normally under the specified conditions.

6.3 Mounting

The equipment shall be mounted in accordance with the manufacturer's instructions.
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7 Constructional and performance requirements

7.1 Constructional requirements

The equipment 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
addition, shall provide a specified degree of resistance to abnormal heat and fire.

NOTE The need to reduce the impact on the natural environment of a product during all phases of its life
is recognized. Assistance in the consideration of environmental aspects relating to products according to the
IEC 60947 series is given in Annex O.

7.1.1 F].E.LQ_LLQB
The suifability of materials used is verified by making tests:

a) on the equipment; or

b) on sgctions taken from the equipment; or
c) on s1mp|es of identical material having representative crgs

The sui
The manufacturer shall indicate which tests, amo

If an identical material having rep
requirements of any of the tests of 8.2.1

7.1.1.1
Parts of insulating materia ,\ S lectrical

effects, |and the deteri ion i i i , | not be
adversely affected by g { i

Tests oh equipm -4-10 and

IEC 60695-2-11.

Parts of]i conform
to the g ing to the
expecte product,

taking in

Parts off insulating erials other than those specified in the previous paragraph shall ponform
to the rgquirements of the glow-wire test of 8.2.1.1.1 at a temperature of 650 °C.

NOTE For small parts, as specified in IEC 60695-2-11, the relevant product standard may specify another test (for
example needle flame test, according to IEC 60695-2-2). The same procedure may be applicable for other practical
reasons when the metal part is large compared to the insulating material (such as terminal blocks).

When tests on materials are used, they shall be made according to the tests for flammability
classification, hot wire ignition and, where applicable, arc ignition, as specified in 8.2.1.1.2.

The relevant product standard shall specify the required flammability category of
IEC 60695-11-10.

Tests on materials shall be made in accordance with Annex M. The hot wire ignition (HWI) and
arc ignition (Al) test value requirements related to the material's flammability category shall
conform to Table M.1.
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The manufacturer may provide data from the insulating material supplier to demonstrate
compliance with this requirement.

7.1.2 Current-carrying parts and their connections

Current-carrying parts shall have the necessary mechanical strength and current-carrying
capacity for their intended use.

For electrical connections, no contact pressure shall be transmitted through insulating material
other than ceramic or other material with characteristics not less suitable, unless there is
sufficient resiliency in the metallic parts to compensate for any possible shrinkage or yielding of
the insulation material.

Complignce shall be verified by inspection and by conducting the test uencesaccqrding to

the releyant product standard.
NOTE Irl the USA, the use of clamping units in which pressure is transmitted_thrqugh\ i i |>als other
than ceranic is permitted only in the following circumstances:
1 where|the clamping unit is part of a terminal block;

2 where gnd of the

terminals

3 resilie re due to

insulating| material deformation.

71.3 C

For equ jiven in

Tables 13 and 15.

In the ofher cases:%ui ¢ . pes is given in the relevant product standqrd.

7.1.4 Actuator

7.1.4.1

Insulatic

The act
voltage

hall be insulated from the live parts for the rated irjsulation
ted impulse withstand voltage.

Moreovér:

— if it js made ofvwpétal, it shall be capable of being satisfactorily connected to a pfotective
conducter unless it is provided with additional reliable insulation;

— if it is made of or covered by insulating material, any internal metal part, which might
become accessible in the event of insulation failure, shall also be insulated from live parts
for the rated insulation voltage.

7.1.4.2 Direction of movement

The direction of operation for actuators of devices shall normally conform to IEC 60447. Where
devices cannot conform to these requirements, e.g. due to special applications or alternative
mounting positions, they shall be clearly marked such that there is no doubt as to the "I" and
"O" positions and the direction of operation.
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7.1.5 Indication of the contact position
7.1.5.1 Indicating means

When an equipment is provided with means for indicating the closed and open positions, these
positions shall be unambiguous and clearly indicated. This is done by means of a position
indicating device (see 2.3.18).

NOTE In the case of enclosed equipment, the indication may or may not be visible from the outside.

The relevant product standard may specify whether the equipment is to be provided with such
an indicating device.

If symblols are used, they shall indicate the closed and open positidns respeci]vely, in
accordance with IEC 60417-2:

6041[7-2-IEC-5007 [IJ On (power)
60417-2-1IEC-5008 O Off (power)

For equ|pment operated by means of two push-buttons, on i for the

opening|operation shall be red or marked with the symbe

Red colpur shall not be used for any other push-buttan.

1
O
—
—

&
Q
o
>
o
Q
QO
—_
o
=
(.5.
=
—
(2]
(2]
>
=
o
(]
5.

The colpurs of other push-buttons, i
accordance with IEC 60073.

7.1.5.2 |Indication by the actuator

When the actuator is used’'toNqdi S p of the contacts, it shall automatically|take up

or stay,| when released ogrespondirig to that of the moving contacts; in this
case, the actuator sha positions corresponding to those of thel moving
inct position of the actuator may be provided.

contactg, but for auto em i
7.1.6 Additional : eIe equipment suitable for isolation

7.1.6.1 equirements

NOTE 1 € ~davice e ¢ these additional requirements are not accepted as assuring isplation by
themselvg ati Ui 5and procedures are covered in the relevant Federal regulajions and
maintenam 3 3

Equipm i Qr iSolation shall provide in the open position (see 2.4.21) an |solation
distancg in @cecordance with the requirements necessary to satisfy the isolating functlon (see

7.2.3.1 pnd’ 7.2.7). Indication of the position of the main contacts shall be provided by one or

more ofthefolowing-means:

— the position of the actuator;
— a separate mechanical indicator;
— visibility of the moving contacts.

The effectiveness of each of the means of indication provided on the equipment and its
mechanical strength shall be verified in accordance with 8.2.5.

When means are provided or specified by the manufacturer to lock the equipment in the open
position, locking in that position shall only be possible when the main contacts are in the
open position. This shall be verified in accordance with 8.2.5.
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Equipment shall be designed so that the actuator, front plate or cover are fitted to the
equipment in a manner which ensures correct contact position indication and locking, if
provided.

NOTE 2 Locking in the closed position is permitted for particular applications.

NOTE 3 If auxiliary contacts are provided for interlocking purposes, the operating time of the auxiliary and main
contacts should be declared by the manufacturer. More specific requirements may be given in the relevant product
standard.

The indicated open position is the only position in which the specified isolation distance
between the contacts is ensured.

”

, Which
rking of

|>ndicate

7.1.6.2 Supplementary requlrements for equlpment with

If equipment suitable for isolation is prowded switch for the purnpose of
electrical interlocking with contactor(s) i nded to be used |n motor
circuits,| the following requirements K equipment is rated fof AC-23
utilizatign category.

An auxill 5-1 as stated by the manufaciurer.
The timg ¢S of the auxiliary switch and the gontacts
of the main poles shallk : Y the associated contactor or circuitibreaker
interrupts the currint ; i es of the equipment open.

Unless ptherwise sta er's technical literature, the time interval shajl be not

less tha operated according to the manufacturer's instruptions.

Complig g rifie y.measuring the time interval between the instant of opgning of
the auxifi Swi 3 b ant of opening of the main poles under no-load conditiohs when
the equipment\s of according to the manufacturer's instructions.

During
simultarn

Qperation the contacts of the auxiliary switch shall close pfter or

eously*with the contacts of the main poles.

A suitable opening time interval may also be provided by an intermediate position (between the
ON an OFF positions) at which the interlocking contact(s) is (are) open and the main poles
remain closed.

7.1.6.3 Supplementary requirements for equipment provided with means for
padlocking the open position

The locking means shall be designed in such a way that it cannot be removed with the
appropriate padlock(s) installed. When the equipment is locked by even of a single padlock, it
shall not be possible by operating the actuator, to reduce the clearance between open contacts
to the extent that it no longer complies with the requirements of 7.2.3.1b).
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Alternatively, the design may provide padlockable means to prevent access to the actuator.

Compliance with the requirements to padlock the actuator shall be verified using a padlock
specified by the manufacturer or an equivalent gauge, giving the most adverse conditions,
to simulate locking. The force F specified in 8.2.5.2.1 shall be applied to the actuator in
an attempt to operate the equipment from the open position to the closed position. Whilst
the force F is applied the equipment shall be subjected to a test voltage across open contacts.
The equipment shall be capable of withstanding the test voltage required according to Table 14
appropriate to the rated impulse withstand voltage.

7.1.7 Terminals

7.1.7.1 [Constructional requirements

All parts of terminals which maintain contact and carry current s having
adequate mechanical strength.

Termingl connections shall be such that the conductors may be‘conng 3 SCrews,
springs |or other equivalent means so as to ensure that ih \ S ssure is
maintained.

Termingls shall be so constructed that the condycto suitable
surface$ without any significant damage either to ¢

Terming es in a
manner not be
reduced

If requin pf cable
lugs for|copper conductors

NOTE 1 |Examples of overp 7 i Fminals of
equipmenit are given i

Examplgs of termi

The req 8.2.4.4,
as appli

NOTE 2 ponductors
and mark

7.1.7.2

The mabkufacturershallstatethetype{rigid——solid-orstranded—erflexible, theminimum 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 8.3.3.3 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 1.

NOTE 1 Conductor cross-sections smaller than the minimum may be required in different product standards.

NOTE 2 Because of voltage drop and other considerations, the product standards may require the terminals to be
suitable for conductors of cross-sections larger than those specified for the temperature-rise test. The relationship
between conductor cross-sections and rated currents may be given in the relevant product standards.
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Standard values of cross-section of round copper conductors (both metric and AWG/kemil
sizes) are shown in Table 1 which also gives the approximate relationship between ISO metric
and AWG/kcmil sizes.

7.1.7.3 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 hold
the terminals in place or prevent them from turning.

7.1.7.4 Terminal identification and marking

Termindls shall be clearly and permanently identified in accordanc i 45 and
Annex L}, unless superseded by the requirements of the relevant prod

Termindls intended exclusively for the neutral conductor shall be r "N", in
accordance with IEC 60445.

The progective earth terminal shall be identified in accorda

7.1.8 ALd
When a i écting the neutral, tfhis pole
shall be A,

A switch

If a pol X .14 and

2.5.15) |is used as a |neutra operate

substantially together.

NOTE Thpe neutral

For equ|pment havj 4.3.21

and 4.3)2.2) not

For higher conve lQna alue of
nhalf that

conventjohal thermal
value or ¢ 3

7.1.9 Ppovisi protective earthing

7.1.9.1 'Gonstructionalrequirements

The exposed conductive parts (e.g. chassis, framework and fixed parts of metal enclosures)
other than those which cannot constitute a danger shall be electrically interconnected and
connected to a protective earth terminal for connection to an earth electrode or to an external
protective conductor.

This requirement can be met by the normal structural parts providing adequate electrical
continuity and applies whether the equipment is used on its own or incorporated in an
assembly.

NOTE If needed, requirements and tests may be specified in the relevant product standard.
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Exposed conductive parts are considered not to constitute a danger if they cannot be touched
on large areas or grasped with the hand or if they are of small size (approximately
50 mm x 50 mm) or are so located as to exclude any contact with live parts.

Examples of these are screws, rivets, nameplates, transformer cores, electromagnets of
switching devices and certain parts of releases, irrespective of their size.

7.1.9.2 Protective earth terminal

The protective earth terminal shall be readily accessible and so placed that the connection of
the equipment to the earth electrode or to the protective conductor is maintained when the
cover or any other removable part is removed.

The progective earth terminal shall be suitably protected against corrosi

In the case of equipment with conductive structures, enclosures, etc\ me pPovided,
if neceg < i of the
equipment and the metal sheathing of connecting conductors

The pro d to be
connect function
of a nel e earth
terminal.

7.1.9.3

The pro

The ideptification shall b PE, or
PEN, ad applicable, in g mbol for

use on g¢quipment.

bhical sy

The gra

in accorgdt

NOTE The symbeol
the preferred symbol 604

(60417-2-IEC-5017), previously recommended, shall be progressively supefseded by
7-2-1EC-5019 given above.

7.1.10 Enclosures for equipment

The following requirements are only applicable to enclosures supplied or intended to be used
with the equipment.

7.1.10.1 Design

The enclosure shall be so designed that, when it is opened and other protective means, if any,
are removed, all parts requiring access for installation and maintenance, as prescribed by the
manufacturer, are readily accessible.
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Sufficient space shall be provided inside the enclosure for the accommodation of external
conductors from their point of entry into the enclosure to the terminals to ensure adequate
connection.

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

Under no circumstances shall a removable metal part of the enclosure be insulated from the
part carrying the earth terminal when the removable part is in place.

The removable parts of the enclosure shaII be f|rmly secured to the flxed parts by a device so
that thej n of the
equipme

When ah enclosure is so designed as to allow the covers to be operfe i ! 1se jpf tools,
means 9§
An integ
If the e should be from the
inside o nded for

this purpose.

7.1.10.2 Insulation

If, in onder to prevent accidental contact etallic enclosure and live parts, the
enclosure i : securely
fixed to

7.1.11

Degrees

7.1.12

Polymelic enelos S , i , i i conduit
entries, ) conduits

complyi such as

pull-out

Complignce(shall be_yerified by the test of 8.2.7.

7.2 Performance requirements

The following requirements apply to clean new equipment unless otherwise stated in the
relevant product standard.

7.2.1 Operating conditions
7.2.1.1 General

The equipment shall be operated in accordance with the manufacturer's instructions or the
relevant product standard, especially for equipment with dependent manual operation where
the making and breaking capacities may depend on the skill of the operator.
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Limits of operation of power operated equipment

Unless otherwise stated in the relevant product standard, electromagnetic and electro-
pneumatic equipment shall close with any control supply voltage between 85 % and 110 % of
its rated value Ug and an ambient air temperature between -5 °C and +40 °C. These limits

apply to

d.c. or a.c. as appropriate.

For pneumatic and electro-pneumatic equipment, unless otherwise stated, the limits of the air
supply pressure are 85 % and 110 % of the rated pressure.

Where a range of operation is given, the value of 85 % shall apply to the lower limit of the
range, and the value of 110 % to the upper limit of the range.

NOTE F

For eleg
than 75

br latched equipment, operating limits should be agreed upon between manufacfyrer and user.

e higher
f a.c. at

rated frequency, or 10 % of Ug in the case of d.c
For pneumatic and electro-pneumatic equipment, unless otherw ening shall occur
at a prepsure between 75 % and 10 % of the rated pressu
Where @ range of operation is given, the value o e, shall
apply to|the upper limit of the range, and E.
In the cpse of coils, the limiting drop-o is equal
to that gbtained at -5 °C. This may be ied ¢k llation based on the values obfained at
normal ambient temperature.
7.2.1.3 |Limits of operati
a) Operating voltage
An ynder-volta asSsociated with a switching device, shall ogerate to
open the equip » falling voltage within the range between 70 % and
359
NOTHE pecial form of under-voltage release in which the operating poltage is
betwg
An elease shall prevent the closing of the equipment when the
supq 35 % of the rated voltage of the relay or release; it shal|l permit
clos t at supply voltages equal to or above 85 % of its rated valug.
Unlgss , otherwi tated in the relevant product standard, the upper limit of thg supply
voltggésshall be 110 % of its rated value.

The figures given above apply equally to d.c. and to a.c. at rated frequency.

b) Operating time

For a time-delay under-voltage relay or release, the time-lag shall be measured from the
instant when the voltage reaches the operating value until the instant when the relay or
release actuates the tripping device of the equipment.
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7.2.1.4 Limits of operation of shunt releases

A shunt release for opening shall cause tripping under all operating conditions of an equipment
when the supply voltage of the shunt release measured during the tripping operation remains
between 70 % and 110 % of the rated control supply voltage and, if a.c., at the rated frequency.

7.2.1.5 Limits of operation of current operated relays and releases

Limits of operation of current operated relays and releases shall be stated in the relevant
product standard.

NOTE The term "current operated relays and releases” covers over-current relays or releases, overload relays or
releases, reverse current relays or releases, etc.

7.2.2 Temperature-rise

The temperature-rises of the parts of an equipment, measured durin i It under

NOTE 1 |Temperature-rise in normal service may differ from the tes installation

conditiong and size of connected conductors.

NOTE 2 ew and clean [condition.
Different and for deviceg of small
dimensior

7.2.2.1 |Terminals

The tem

7.2.2.2 |Accessible parts

The tenperature-rises

he tem peratie-ri

Ambient ai

NOTE T

7.2.2.3

The ten bient air
temperg
7.2.2.4
The ma current
of the efluipment without the temperature-rises exceeding the limits specified in Tables|2 and 3

when teptéd,in accordance with 8.3.3.3.4.

7.2.2.5 Control circuits

The control circuits of an equipment, including control circuit devices to be used for the closing
and operating operations of an equipment, shall permit the rated duty according to 4.3.4 and
also the temperature-rises tests specified in 8.3.3.3.5 to be made without the temperature-rises
exceeding the limits specified in Tables 2 and 3.

7.2.2.6 Windings of coils and electromagnets

With current flowing through the main circuit the windings of coils and electromagnets shall
withstand their rated voltage without the temperature-rises exceeding the limits specified
in 7.2.2.8 when tested in accordance with 8.3.3.3.6.
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NOTE This subclause does not apply to pulse-operated coils, whose operating conditions are defined by the
manufacturer.

7.2.2.7 Auxiliary circuits

Aucxiliary circuits of an equipment including auxiliary switches shall be capable of carrying their
conventional thermal current without the temperature-rise exceeding the limits specified in
Tables 2 and 3, when tested in accordance with 8.3.3.3.7.

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

7.2.2.8 Other parts

The temperature-rises obtained during the test shall not cause da mt-carrying
parts off adjacent parts of the equipment. In particular, for insulai manu-
facturer|shall demonstrate compliance either by reference to the |n index
(determ|ned for example by the methods of IEC 60216) or by com
7.2.3 I?]ielectric properties
The dielectric properties are based on basic safety publications TE 6 1140.
a) The|following requirements provide the mea et Q-ordinati i ation of
equipment with the conditions withjn tf 3
b) Thelequipment shall be capable of withstahdihg
— the rated impulse withstand vo rvoltage
dategory given in Annex H;
— the impulse withsta 3 S i i solation
3s given in Tabl
— the power-frequiency
NOTE The co withstand
voltage of the equigment.is\gi
The [ 1 and 2
to 4 hat corresponding in Annex H to the nominal vqgltage of
the i cwt at the point where the equipment is to be used, |[and the
appf
c) The i S iS subclause shall be verified by the tests of 8.3.3.4.
7.2.3.1 |Impulse withstand voltage
1) Main—circuit

a) Clearances from live parts to parts intended to be earthed and between poles shall
withstand the test voltage given in Table 12 appropriate to the rated impulse withstand
voltage.

b) Clearances across the open contacts shall withstand:

— the impulse withstand voltage specified, where applicable, in the relevant product
standard;

— for equipment designated as suitable for isolation, the test voltage given in Table 14
appropriate to the rated impulse withstand voltage.

NOTE Solid insulation of equipment associated with clearances a) and/or b) above should be subjected to the
impulse voltage specified in a) and/or b), as applicable.
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2) Auxiliary and control circuits

a) Auxiliary and control circuits which operate directly from the main circuit at the rated
operational voltage shall comply with the requirements of item 1) a) of 7.2.3.1 (see also
the note of 7.2.3.1 1)).

b) Auxiliary and control circuits which do not operate directly from the main circuit may
have an overvoltage withstand capacity different from that of the main circuit.
Clearances and associated solid insulation of such circuits, whether a.c. or d.c., shall
withstand the appropriate voltage in accordance with Annex H.

7.2.3.2 Power-frequency withstand voltage of the main, auxiliary and control circuits

P N etafra-chtan-aii—t ‘o or Hoeadta-th falloariao o .
a 0vv ITTYUTTIVY TColo dTT UoTU T ric i MUWITTYy LdotTo.

— dielectric tests as type tests for the verification of solid insulation;

— dielectric withstand verification, as a criterion of failure, afte
type tests;

t-circuit

— rputine tests.

b) Type tests of dielectric properties
The [tests of dielectric properties, as type tests, sha 9 3.3.4.

For equipment suitable for isolation, the maximum | ordance
with

c) Veri
The erion of
failu 3.4.1.
For gakage current shall be in accprdance
with ' shall not exceed the values spdcified in

the 1

voltage,

ithstand

Clearances.shall be higher than the values given in Table 13, for case B (homogeneops field)
(see 2.5762) and verified by a sampling test according 10 38.3.3.4.3. This test is not required if
the clearances, related to the rated impulse withstand voltage and pollution degree, are higher
than the values given in Table 13 for case A (inhomogeneous field).

The method of measuring clearances is given in Annex G.
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7.2.3.4 Creepage distances

a)

Dimensioning

For pollution degrees 1 and 2, creepage distances shall be not less than the associated
clearances selected according to 7.2.3.3. For pollution degrees 3 and 4, the creepage
distances shall be not less than the case A clearances (Table 13) to reduce the risk of
disruptive discharge due to overvoltages, even if the clearances are smaller than the values
of case A as permitted in 7.2.3.3.

The method of measuring creepage distances is given in Annex G.

Creepage distances shall correspond to a pollution degree as specified in 6.1.3.2 or to that
defined in the relevant product standard and to the corresponding material group at the

- OB O v a oo an—in hlo = —

Matg¢rial groups are classified as follows, according to the ra of the

aterial Group | 600 < CTI

aterial Group Il 400 < CTl <600
aterial Group llla 175 < CTl <400
aterial Group Illb 100 < CTI <175

NOTHKE 1 The CTI values refer to the values obtained i

\, for the

insulating material used.
NOTHE 2 For inorganic insulating materigafs, 3 glass ora icg, which do not track, |creepage
distapces need not be greater than theinassocgiate arancesy However, the risk of disruptive [discharge

shoulld be considered.

Use|of ribs
A crepepage distance caf L e_relevant value of Table 15 by uging ribs

of 2mm minimum height, irces ufabeér of ribs. The minimum base of the rib is
detefrmined by mechanical requi -

c) Spegtial appli@n
Equipment in d ations where severe consequences of an irlsulation
faultl have to be i sunt shall have one or more of the influencing fgactors of
Tabl i aterials, pollution in the micro-environment) utjlized in
such insulation voltage than the rated insulation voltage given
to th Table 15.

7.2.3.5

Solid in i be verified by either power-frequency tests, in accordance with item 3)

of 8.3.3/4 .4, .c. tests in the case of d.c. equipment.

Dimensioning rules for solid insulation and d.c. test voltages are under consideration.

7.2.3.6 Spacing between separate circuits

For dimensioning clearances, creepage distances and solid insulation between separate
circuits, the highest voltage ratings shall be used (rated impulse withstand voltage for
clearances and associated solid insulation and rated insulation voltage or working voltage
for creepage distances).
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7.2.3.7 Requirements for equipment with protective separation

Requirements for equipment with protective separation are given in Annex N.

7.2.4 Ability to make, carry and break currents under no-load,
normal load and overload conditions

7.2.4.1 Making and breaking capacities

The equipment shall be capable of making and breaking load and overload currents without
failure under the conditions stated in the relevant product standard for the required utilization
categories and the number of operations stated in the relevant product standard (see also

general test conditions of 8 3 3 5)

7.2.4.2 |Operational performance

Tests cpncerning the operational performance of equipment are i

Pnat the

main circuit under conditions corresponding to the specgifi where

relevant.

Specificl requirements and test conditions shall be s ard and

may corjcern

— the circuits
enef onstrate that the equipment
meels the operating condltlons spec'ed a 3 lower limits of supply| voltage
and i gnclosing and opening operations;

— the i -load ich the”equipment shall make and bfeak the
spegifi & Wdirfg, wh evant, toits utilization category for the nymber of
opeffations stated i &

The vetification 2 anceNoff-load and on-load may be combined in one

sequen(

7.2.4.3

NOTE T

chosen, instead of "endurance" in order to express the expectapcy of the

number g € p be performed by the equipment before repair or replacement| of parts.
Moreover|the ance\ is alsg”’commonly used to cover operational performance as defined in 7.2|4.2 and it

was deen eces ot to dse the term "endurance" in this standard in order to avoid confusion befween the

two concg

7.2.4.3. durability

With respect 1o It5 resiStance to mechanical wear, an equipment 15 characterized by the
number, stated in the relevant product standard, of no-load operating cycles (i.e., without
current at the main contacts) which can be effected before it becomes necessary to service or
replace any mechanical parts; however, normal maintenance according to the manufacturer's

instructions may be permitted for equipment designed to be maintained.

Each operating cycle consists of one closing operation followed by one opening operation.

The equipment shall be mounted for the test according to the manufacturer's instructions.

The preferred number of off-load operating cycles shall be specified in the relevant product

standard.
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7.2.4.3.2 Electrical durability
With respect to its resistance to electrical wear, an equipment is characterized by the

of on-load operating cycles, corresponding to the service conditions given in the
product standard, which can be made without repair or replacement.

The preferred number of on-load operating cycles shall be specified in the relevant
standard.

7.2.5 Ability to make, carry and break short-circuit currents

number
relevant

product

The equipment shall be so constructed as to be capable of withstanding, under conditions

specifie ; ;
resulting from short-circuit currents. In particular the equipment shall behgave in sugh\a
that it complies with the requirements of 8.3.4.1.8.

Short-cifcuit currents may be encountered

— duripg current making;
— durimpg current carrying in the closed position;

— duripg current interruption.

The ability of the equipment to make, carry and K\sho currents is stated in
one or more of the following ratings:

— rate

— rate
— inth
a) n
b) ¢

For rati
indicate

7.2.6

Product

stresses
manner

erms of

er shall
current,

ndard.

In this chse’ the test procedure and the requirements shall be defined in the product sta

7.2.7 Leakage currents of equipment suitable for isolation

For equipment suitable for isolation and having a rated operational voltage Ug

greater

than 50 V, the leakage current shall be measured through each pole with the contacts in the

open position.
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The value of leakage current, with a test voltage equal to 1,1 times the rated operational

voltage shall not exceed

— 0,5 mA per pole for equipment in a new condition;

— 2 mA per pole for equipment having been subjected to the making and breaking operations
in accordance with the test requirements of the relevant product standard.

A leakage current of 6 mA at 1,1 times the rated operational voltage is a limiting value for
equipment suitable for isolation which value shall not be exceeded under any circumstances.
Tests to verify this requirement may be specified in the relevant product standard.

7.3 Electromagnetic compatibility (EMC)

7.3.1 eneral

For prodlucts falling within the scope of this standard, two sets of e ijons are

considefed and are referred to as

a) envifonment A;
b) envifonment B.

Environjnent A relates to low-voltage non-public or/industri locations/instgllations
including highly disturbing sources.

NOTE 1 |Environment A corresponds to equipme

Environfnent B relates to low-voltage puklic hetv swsuchwas domestic, commercial and light
industrial locations/installations. Highly di ing es such as arc welders are not|covered
by this gnvironment.

NOTE 2 |Environment B corresp

7.3.2 Immunity

7.3.2.1 Equipn@n

Equipm

rbances

7.3.2.2

Equipm electro-

magneti

For the |plrpose of this subclause, the term “electronic circuits” excludes circuits in which all
compon nts—are pabaivc (fur c)\dlllp:c diudcb, lUbibtUlb, varia‘tura, bdpdb;tulb, surge
suppressors, inductors).

For the appropriate tests to verify the compliance with these requirements, see 8.4.

Specific performance criteria shall be given in the relevant product standard based on the
acceptance criteria given in Table 24.
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7.3.3 Emission
7.3.3.1 Equipment not incorporating electronic circuits
For equipment not incorporating electronic circuits, electromagnetic disturbances can only be

generated by equipment during occasional switching operations. The duration of the disturbances
is of the order of milliseconds.

The frequency, the level and the consequences of these emissions are considered as part of
the normal electromagnetic environment of low-voltage installations.

Therefore, the requirements for electromagnetic emissions are deemed to be satisfied, and no
verificatjon is necessary

7.3.3.2 | Equipment incorporating electronic circuits

7.3.3.2.1 Limits for high-frequency emissions

Equipment incorporating electronic circuits (such as switched DOW circuits
incorpofiating microprocessors with high-frequency clocks) ma electro-
magnetic disturbances.

For sug product
standar

These tests are only required when i ponents
with fun

The pro

7.3.3.2.2

For equjpment rements
of IEC §1000-3-

For equi ble, the
requirer

8 Test

8.1 Kir

8.1.1 General

Tests shall be made to prove compliance with the requirements laid down in this standard,
where applicable, and in the relevant product standard.

Tests are as follows:
— type tests (see 2.6.1) which shall be made on representative samples of each particular
equipment;

— routine tests (see 2.6.2) which shall be made on each individual piece of equipment
manufactured to this standard, where applicable, and the relevant product standard;

— sampling tests (see 2.6.3) which are made if called for in the relevant product standard. For
sampling tests for clearance verification, see 8.3.3.4.3.
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The above tests may consist of test sequences, according to the requirements of the relevant
product standard.

Where such test sequences are specified in a product standard, tests, the result of which are
not influenced by preceding tests and have no significance for subsequent tests of a given test
sequence may be omitted from that test sequence, and made on separate new samples, by
agreement with the manufacturer.

The product standard shall specify such tests, where applicable.

The tests shall be carried out by the manufacturer, at his works or at any suitable laboratory of
his choice.

Where eLppropriate, subject to specification in the relevant product stan Ffeement

betweern) manufacturer and user, special tests (see 2.6.4) may also be gerfor

8.1.2 [lype tests

Type tests are intended to verify compliance of the design vith this

standargl, where applicable, and the relevant product stand&

They may comprise, as appropriate, the verification

— congtructional requirements;
— temperature-rise;

— dield
- mak
— short-circuit making and breaki
— opeffating limits;
— opeiffational perfor

— deg
— tests
NOTE T
The typ , and, if
relevant relevant

productie

8.1.3 H

Routine| tests are intended to detect faults in materials and workmanship and to gscertain
proper functioning of the equipmeni. They shall be made on each individual piece of
equipment.

Routine tests may comprise

a) functional tests;
b) dielectric tests.

Details of the routine tests and the conditions under which they shall be made shall be stated in
the relevant product standard.
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8.1.4 Sampling tests

If engineering and statistical analysis show that routine tests (on each product) are not
required, sampling tests may be made instead, if so stated in the relevant product standard.

The tests may comprise

a) functional tests;
b) dielectric tests.
Sampling tests may also be made to verify specific properties or characteristics of an

equipment, either on the manufacturer's own initiative, or by agreement between manufacturer
and usey-

8.2 Compliance with constructional requirements

The verffication of compliance with the constructional requiremen erns, for

examplg
— the|materials;

— thefequipment;

— theldegrees of protection of enclosed equipment

— the[mechanical properties of terminals;

— thefactuator;

— theposition indicating device (see 2,3\18).
8.2.1 Materials
8.2.1.1
8.2.1.1.

The glag 10 and

IEC 606

For the ng part.

NOTE |If
any deter

sure that

8.2.1.1.

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

a) flammability test, in accordance with IEC 60695-11-10;

b) hot wire ignition (HWI) test, as described in Annex M;

c) arc ignition (Al) test, as described in Annex M.

The test c) is required only if the material is located within the 13 mm of arcing parts or live

parts which are subject to loosening of connections. Materials located within 13 mm of arcing
parts are exempt from this test if the equipment is subjected to make/break testing.
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quipment

Covered by the various subclauses of 8.2.

8.23 E

For the

nclosures for equipment

degrees of protection of enclosed equipment, see Annex C.

8.2.4 Mechanical properties of terminals

This subclause does not apply to aluminium terminals nor to terminals for connection of
aluminium conductors.

8.2.4.1

Unless
and new

When t
IEC 600

When t
teristics

—  mini
— ultim
—  Vick
8.2.4.2

Tests §
sectiond

The con

For scre
the torq

The tes

Where
values i
head th

General conditions for tests

b screw has_a hexagonal head with means for tightening with a screwdriver
ncolumns Il and Il are different, the test is made twice, first applying to the hg

i >a clean

rding to

charac-

10 % of

and the
xagonal

€ torque specified in_column [, and then, on another set ol samples, applying the
torque specified in column Il by means of a screwdriver.

If the values in columns Il and Ill are the same, only the test with the screwdriver is made.

Each time the clamping screw or nut is loosened, a new conductor shall be used for each
tightening test.

During the test, clamping units and terminals shall not work loose and there shall be no
damage, such as breakage of screws or damage to the head slots, threads, washers or stirrups

that will

impair the further use of the screwed connections.
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8.2.4.3 Testing 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.

NOTE An appropriate test for flat copper conductors may be made by agreement between manufacturer and user.
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 crogs-sections_tgnnected

to thle terminal.

Termindls intended for connection of either flexible or rigid (solid ahd/o dhcompductors

shall be|tested with each type of conductor with different sets of gamples.

Termingls intended for connection of both flexible or rigid{(sotid \andfar stra
simultaneously shall be tested as stated in c) above.

ded) comductors

The tes i . iffed’number of compductors
shall be N longer
than thg height H specified in Table 5( The cla ) e brque in

accordance with Table 4 or with the to 3 g b tested
shall be|secured as shown in Figure 1.

Each cgnductor is subjected

The end of the conduckar under te o ing in a
platen gositioned at a |hetghk F ) ne other
conductprs shall He\bent i P : shall be
positionpd in theNqor with the conductor. The bushing shall bg moved
so that |its centrelineg 75 mm diameter about its centre in the hgrizontal
plane a 2 e between the mouth of the terminal and the upper
surface irf 15 mm of the height H in Table 5. The bushing|is to be
lubricat¢d tq/ pre i wisting or rotation of the insulated conductor. A mass as
i i pended from the end of the conductor. The test shall cpnsist of

135 conf

During tfhe tes ductor shall neither slip out of the terminal nor break near the dlamping
unit.

Immediately after the flexion test, each conductor under test shall be submitted in the test
equipment to the test of 8.2.4.4 (pull-out test).

8.2.4.4 Pull-out test
8.2.4.4.1 Round copper conductors

Following the test of 8.2.4.3, the pulling force given in Table 5 shall be applied to the conductor
tested in accordance with 8.2.4.3.

The clamping screws shall not be tightened again for this test.

The force shall be applied without jerks for 1 min.
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During the test, the conductor shall neither slip out of the terminal nor break near the clamping
unit.

8.2.4.4.2 Flat copper conductors

A suitable length of conductor shall be secured in the terminal and the pulling force given in
Table 6 applied without jerks for 1 min in a direction opposite to that of the insertion of the
conductor.

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

8.2.4.5 | Test for insertability of unprepared round copper conductors/havi
maximum specified cross-section

8.2.4.5.1 Test procedure

The tes{ shall be carried out using the appropriate gauge form Table 7.

The mepsuring section of the gauge shall be able to pen X bperture
to the fyll depth of the terminal (see also note to Tabl

8.2.4.5.2 Construction of gauges

The construction of the gauges is show

Details |of dimensions a and b and their permissik 7. The
measuring section of the gauge shall be mm gavge’steel

8.2.4.6 |Tests for insertab 3 ductors )With rectangular cross-section

Under cpnsideratioq.

8.2.5 Ieri_ficat Ve ive of indication of the main contact position pf

the indication of the main contact position as required by 7.1.6,
contact position shall continue to function correctly dfter the

8.2.5.1 |Condition of equipment for the tests

The condition of the equipment for the tests shall be stated in the relevant product standard.

8.2.5.2 Method of test
8.2.5.2.1 Dependent and independent manual operation

The normal operation force F required at the extremity of the actuator to operate the equipment
into the open position shall first be determined.

With the equipment in the closed position, the fixed and moving contacts of the pole for which
the test is deemed to be the most severe shall be fixed together, for example, by welding.
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The actuator shall be submitted to a test force of 3F but which, however, shall not be less than
the minimum nor more than the maximum values given in Table 17, corresponding to the type
of actuator.

The test force shall be applied without shock to the extremity of the actuator, for a period of
10 s, in the direction to open the contacts.

The direction of the test force with respect to the actuator, as shown in Figure 16, shall be
maintained throughout the test.

8.2.5.2.2 Dependent power operation

With the equipment in the closed position, the fixed and moving contacts ©f thexpole. for which

the testfis deemed to be the most severe shall be fixed together, e.g. b

The sugply voltage to the power operator shall be applied at 110 value to

attempt|to open the contact system of the equipment.

Three dttempts to operate the equipment at 5 min inter shall be
made, gach for a period of 5 s, unless an associated pro i i the power pperator
limits the time to a shorter period.

Verification shall be made to 8.2.5.3.2.

NOTE Il Canada and the United States of A ica ¢ requirements are not acgepted as
assuring isolation by themselves.

8.2.5.2.3 Independent po s
With the equipment in the ] iti he fixedhand moving contacts of the pole for which

the test|is deemed to be Q EVE ed together, e.g. by welding.

The stored ene contact
system pf the equi

Three a

Verificafi

NOTE In Cepted as

assuring i

8.2.5.3 |Condition of equipment during and after test

8.2.5.3.1 Dependent and independent manual operation

After the test, when the test force is no longer applied, the actuator being left free, the open
position shall not be indicated by any of the means provided and the equipment shall not show
any damage such as to impair its normal operation.

When the equipment is provided with a means of locking in the open position, it shall not be
possible to lock the equipment while the test force is applied.
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8.2.5.3.2 Dependent and independent power operation

During and after the test, the open position shall not be indicated by any of the means provided
and the equipment shall not show any damage such as to impair its normal operation.

When the equipment is provided with means for locking in the open position, it shall not be
possible to lock the equipment during the test.

8.2.6 Vacant

8.2.7 Conduit pull-out test, torque test and bending test with metallic conduits

The tes

The pol
most un

The tes

The tes

8.2.7.1

The con s of the
values ¢ min.
Unless hall be
accordir

After th han one
thread d osure.
8.2.7.2

A slowly conduit.
When t \ length,
or the bpnding mo 0 ined for

After the testthere shall be no evidence of damage impairing further use of the enclosure.

8.2.7.3 |Torque test

The conduit shall be tightened without jerk with a torque according to Table 22.

The torque test does not apply to an enclosure that is not provided with a pre-assembled
conduit entry, and that has instructions stating that the conduit entry is to be mechanically
connected to the conduit before being connected to the enclosure.

For enclosures provided with a single conduit connection up to and including 16 H, the
tightening torque is reduced to 25 Nm.

After the test, it shall be possible to unscrew the conduit and there shall be no evidence of
damage impairing further use of the enclosure.
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8.3 Performance
8.3.1 Test sequences

Where applicable, the relevant product standard shall specify the test sequences to which the
equipment is to be submitted.

8.3.2 General test conditions

NOTE Tests according to the requirements of this standard do not preclude the need for additional tests
concerning equipment incorporated in assemblies, for example tests in accordance with IEC 60439.

8.3.2.1 General requirements

The eqyipment to be tested shall agree in all its essential details with
which it|represents.

of‘the type

Unless ptherwise stated in the relevant product standard, each tesg, \ indiyi | or test
sequenge, shall be made on equipment in a clean and new cond

Unless ptherwise stated, the tests shall be made with » ~ p , in the
case off a.c., at the same rated frequency and wj ) as in
the intemded service.

The relgvant product standard shall speci S ) d in this
standardgl.

If, for cpnvenience of testing, it appears crease the severity of a test|(e.g. to

desirab
adopt alhigher rate of operation in order to\ red exddration of the test), this may pe done
only with the consent of the manuf

Equipment under test sh e”“on its own support or an equivalent|support
and corlnected ag i accoydance with the manufacturer's instructipns and
under tHe ambie il in 6

The tigh with the
manufa [able 4.
Equipm hnd any
opening

Equipm pllest of

such englosures statéd by the manufacturer.

NOTE An individual enclosure is an enclosure designed and dimensioned to contain one equipment only.

All other equipment shall be tested in free air. If such equipment may also be used in specified
individual enclosures and has been tested in free air, it shall be additionally tested in the
smallest of such enclosures stated by the manufacturer, for specific tests which shall be
specified in the relevant product standard and stated in the test report.

However, if such equipment may also be used in specified individual enclosures and is tested
throughout in the smallest of such enclosures stated by the manufacturer, the tests in free air
need not be made provided that such enclosure is bare metallic, without insulation. Details,
including the dimensions of the enclosure, shall be stated in the test report.
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For the test in free air, unless otherwise specified in the relevant product standard, for the test
concerning making and breaking capacities and performance under short-circuit conditions, a
metallic screen shall be placed at all points of the equipment 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 distance from the equipment under
test to the metallic screen, shall be stated in the test report.

The characteristics of the metallic screen shall be as follows:

structure: woven wire mesh; or

perforated metal; or

expanded metal,

— matgrial: steel;

— thicHness or diameter of material: 1,5 mm minimum;
- ratio| hole area/total area: 0,45 — 0,65;

- size|of hole: not exceeding 30 mm?;

— coatjng: bare, or conductive plating;

b fusible
t on the

- resi{
elen

Mainten in the
relevan product standard.

The equipment may be,ope

For the [tests, the"ac d as for
the integhded us control
quantitigs (such a$ x | or the
relevant g

8.3.2.2

8.3.2.2.

All the ratings
assigne nanyfacturer, in accordance with the relevant tables and data of the frelevant

product|standard.

8.3.2.2.2 Tolerances on test quantities

The test recorded in the test report shall be within the tolerances given in Table 8, unless
otherwise specified in the relevant subclauses. However, with the agreement of the manu-
facturer, the tests may be made under more severe conditions than those specified.

8.3.2.2.3 Recovery voltage

a) Power-frequency recovery voltage

For all breaking capacity and short-circuit breaking capacity tests, the value of the power-
frequency recovery voltage shall be 1,05 times the value of the rated operational voltage as
assigned by the manufacturer or as specified in the relevant product standard.
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NOTE 1 The value of 1,05 times the rated operational voltage for the power frequency recovery voltage,
together with the test voltage tolerance according to Table 8, is deemed to cover the effects of variations of the
system voltage under normal service conditions, according to IEC 60038.

NOTE 2 This may require that the applied voltage be increased but the prospective peak making current
should not be exceeded without the consent of the manufacturer.

NOTE 3 The upper limit of the power-frequency recovery voltage may be increased with the approval of the
manufacturer (see 8.3.2.2.2).

Transient recovery voltage

Transient recovery voltages, where required in the relevant product standard, are
determined according to 8.3.3.5.2.

8.3.2.3 Evaluation of test results

Behavigur of the equipment during the tests and its condition after the tésts shal pecified

in the rdlevant product standard. For short-circuit tests, see also 8.3.4:\

8.3.2.4 |Test reports

Written [reports on type tests proving compliance with the fe y shall be
made ayYailable by the manufacturer. The details of test a range . > type andl size of
the enc|osure, if any, size of conductors, distance fro e enclosyre or to

parts ngrmally earthed in service, method of operatj
given in|the test report.

Test values and parameters shall form™part

8.3.3 Performance under no-load,
8.3.3.1 |Operation

Tests dghall be made| o
requirements of 7.2.1.

8.3.3.2
8.3.3.2.

It shall
the con

ystem, etc., [shall be

to the

Alues of
igd in the

relevantKprods ) circuit,

The operating limits of relays and releases shall comply with the requirements of 7.2.1.3,
7.2.1.4 and 7.2.1.5 and shall be verified according to the test procedure defined in the relevant
product standard.

For undervoltage relays and releases, see 7.2.1.3.

For shunt releases, see 7.2.1.4.

For current operated relays and releases, see 7.2.1.5.
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8.3.3.3 Temperature-rise
8.3.3.3.1 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 distributed
around the equipment at about half its height and at a distance of about 1 m from the
equipment. The temperature sensing means shall be protected against air currents, heat
radiation and indicating errors due to rapid temperature changes.

During the tests, the ambient air temperature shall be between +10 °C and +40 °C and shall
not vary by more than 10 K.

However, if the variation of the ambient air temperature exceeds 3 K, an
factor should be applied to the measured temperature of the parts,
time-comstant of the equipment.

propriate \eqrrection
endifhgnon\the|thermal

8.3.3.3.2 Measurement of the temperature of parts
For parfs other than coils, the temperature of the different shal\De asured by|[suitable
temperdture sensing means at those points most like y mum temperature;
these pgints shall be stated in the test report.
The oil femperature of oil-immersed eguipmen the oil;
this measurement may be made by mé
The tenperature sensing means shall
Good thermal conductivit the part
under tgst shall be ensured
For eleg¢tromagnetcoils Sistance
shall ggnerally e@}, use the
resistanice methoad
The tern of the
surroun
For cop value of
the colq as a function of the ratio of the hot resistance R, to {he cold
resistance Rqb ng formula:

7 =R2 (1 yospe) oasc

Z Ll =T 4

R

where T4 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.

8.3.3.3.3 Temperature-rise of a part

The temperature-rise of a part is the difference between the temperature of the part measured
in accordance with 8.3.3.3.2, and the ambient air temperature measured in accordance
with 8.3.3.3.1.
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8.3.3.3.4 Temperature-rise of the main circuit

The equipment shall be mounted as specified in 8.3.2.1 and shall be protected against
abnormal external heating or cooling.

For the conventional thermal current test (free air or enclosed), equipment having an integral
enclosure and equipment only intended for use with a specified type of enclosure shall be
tested in its enclosure. No opening giving false ventilation shall be allowed.

Equipment intended for use with more than one type of enclosure shall be tested either in the
smallest enclosure stated by the manufacturer to be suitable or tested without an enclosure. If
tested without an enclosure the manufacturer shall be prepared to state a value of conventional

enclosepthermatcurrent (see 4.3.2-27.

For tests with multiphase currents, the current shall be balanced in/®ach pha n +5 %,

and the |average of these currents shall be not less than the appropr

Unless ptherwise specified in the relevant product standard, th ¢ i t of the

main cifcuit is made at one or both of the conventional th & 4.3.21

and 4.3J2.2 and may be made at any convenient voltage,

When the heat exchange between the main circuit, circuits

may be|of significance, the temperature-rise te 3.6 and

8.3.3.3.7 shall be made simultaneougty,Nn sg product

standargl.

Tests on d.c. rated equipment may be ting, but

only with the consent of the

In the cpse of multipols i i ith identical poles and tested with a.c. the test may

be carrijed out, subject t with all

poles cd nnectedi@er S

In the case of three-g e poles,

the test

— athr

— asif ne value
of th thermal
curr

Equipm Yo to the

requirements given in the relevant product standard.

At the end of the test, the temperature-rise of the different parts of the main circuit shall not
exceed the values given in Tables 2 and 3, unless otherwise specified in the relevant product
standard.

Depending on the value of the conventional thermal current (free air or enclosed), one of the
following test connection arrangements shall be used:
i) For values of test current up to and including 400 A:
a) The connections shall be single-core, PVC insulated, copper conductors with cross-
sections as given in Table 9.

b) The connections shall be in free air, and spaced at approximately the distance existing
between the terminals.
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c) For single-phase or multi-phase tests the minimum length of any temporary connection
from an equipment terminal to another terminal or to the test supply or to a star point
shall be

— 1 m for cross-sections up to and including 35 mm2 (or AWG 2);
— 2 m for cross-sections larger than 35 mm2 (or AWG 2).

ii) For values of test current higher than 400 A but not exceeding 800 A:

a) The connections shall be single-core, PVC insulated, copper conductors with cross-
sectional areas as given in Table 10, or the equivalent copper bars given in Table 11, as
recommended by the manufacturer.

b) T ance as
t parallel
g Kimately
1 spaced
3 he bars
8 Ximately
t may be
4

c) H hnection
f 4dm. The
thi

iii) For

a) The connections shall be coppe less the
gquipment is designed only for gement
af the cables shall be as specifig

b) Copper bars shall<be the same distance as that between the
terminals. Copp i black. Multiple copper bars per fterminal
ghall be spaced a tately equal to the bar thickness. If t:l:e sizes
dtated for the the terminals, or are not available, otlher bars
Raving a' aller cooling areas may be used. Copper bars
dhall not be"a

c) H ¢ tests the minimum length of any temporary connection
f ninal to another terminal or to the supply shall be 3 m,|but this
d provided that the temperature-rise at the supply end of the
d i of the
d

iv) For
Agrs
test,

sect|ons of test connectlons etc. ThIS mformatlon shall form part of the test report

8.3.3.3.5 Temperature-rise of control circuits

The temperature-rise tests of control circuits shall be made with the specified current and, in
the case of a.c., at the rated frequency. Control circuits shall be tested at their rated voltage.

Circuits intended for continuous operation shall be tested for a sufficient time for the
temperature-rise to reach a steady-state value.
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Circuits for intermittent duty shall be tested as prescribed in the relevant product standard.

At the end of these tests the temperature-rise of the different parts of the control circuits shall
not exceed the values specified in 7.2.2.5, unless otherwise specified in the relevant product
standard.

8.3.3.3.6 Temperature-rise of coils of electromagnets

Coils and electromagnets shall be tested according to the conditions given in 7.2.2.6.

They shall be tested for a sufficient time for the temperature-rise to reach a steady-state value.

The tertperature shall be measured when thermal equilibrium is reached in bothi\t

circuit a

Coils a
prescrib

At the ¢
specifie

8.3.3.3.

The tennperature rise tests of auxilia

those sy

values 9

8.3.3.4
8.3.3.4.

1) Geng

The
If th

d the coil of the electromagnet.

nd electromagnets of equipment intended for intermit
ed in the relevant product standard.

nd of these tests the temperature-rise of the differén t exceed th
H in 7.2.2.6.
f Temperature-rise of auxiliary circuits

der the same condi
ient voltage.

f thé fiXing points in accordance with the conditions of normal installation

ipment and these parts shall be considered as part of the frame of the equipmer

t.

e main

b values

fions as

eed the

fal plate
otective

aced at

of the

Any actuator of insulating material and any integral non-metallic enclosure of equipment
intended to be used without an additional enclosure shall be covered by a metal foil and
connected to the frame or the mounting plate. The foil shall only be applied to those parts
of surface which can be touched with the standard test finger during operation or

adju

stment of the equipment.

If the insulation part of an integral enclosure cannot be

touched by the standard test finger due to the presence of an additional enclosure, no foil
shall be required.

NOTE 1

(for example, actuator of a push-button).

This corresponds to accessible parts by the operator during operation or adjustment of the equipment
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When the dielectric strength of the equipment is dependent upon the taping of leads or the
use of special insulation, such taping or special insulation shall also be used during the
tests.

NOTE 2 Dielectric tests for semiconductor devices are under consideration.

Verification of impulse withstand voltage

a)

General
The equipment shall comply with the requirements stated in 7.2.3.1.

The verification of the insulation is made by a test at the rated impulse w
voltage.

ithstand

pquipmpnt cantains any part far which the dielectric nmnpr’ripc are not sensitive to

ltitude (e.g. optocouplers encapsulated parts), then the verlflca ion of\then
nay be alternatively performed by a test at the rated impulse
pplication of the altitude correction factor. These parts shall
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NOTE 1 Such ratings are under consideration.

The test equipment s } % xduee a 1,2/50 ys waveform as de
IEC 61180. The o i tedto,the’ equipment to be tested and the
gpplied five timg ¢ at |nte als of 1's minimum. The influenc
gquipment under t any, is ignored.
If, in the @ o, repeated dielectric testing is required, the
Aroduct standa elecCtric test conditions.

OTE 2 An g% i is under consideration.

auxiliary circuits connected to the main circuit) and the encld
mounting-pfate, with the contacts in all normal positions of operation;

sulation
without
ted and
Pvoltage

rified by

ht of the
means.

fined in
impulse
b of the

relevant

the test

g terminals of the main circuit connected together (including the

sure or

i ) between each pnln of the main circuit and the other pnln: connected fngn’rhc

r and to

the enclosure or mounting plate, with the contacts in all normal posi
operation;

iii) between each control and auxiliary circuit not normally connected to the mai
and:

— the main circuit,

— the other circuits,

— the exposed conductive parts,

— the enclosure or mounting plate,

which, wherever appropriate, may be connected together;

tions of

n circuit
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d)

iv) for equipment suitable for isolation, across the poles of the main circuit, the line
terminals being connected together and the load terminals connected together.

The test voltage shall be applied between the line and load terminals of the
equipment with the contacts in the open position and its value shall be as specified
in item 1) b) of 7.2.3.1.

For equipment not suitable for isolation, the requirements for testing with the
contacts in the open position shall be stated in the relevant product standard.

Acceptance criteria
There shall be no unintentional disruptive discharge during the tests.

NOTE 1 An exception is an intentional disruptive discharge, for example by transient overvoltage suppressing
means.

NOTE 2 The term "disruptive dicharge" related to phenomena associated with the fi
electfical stress, in which the discharge completely bridges the insulation und
betwgen the electrodes to zero or nearly to zero.

ion under
e voltage

ilure ofNinsula

NOTHE 3 The term "sparkover" is used when a disruptive discharge occurs in & iquichdielgetric.

NOTE 4 The term "flashover" is used when a disruptive discharge occuyrs owe S ielectric in a

NOTHE 6 A disruptive discharge in a solid dielectric produces perm S i n a liquid

or gageous dielectric, the loss may be only temporary.

Powgr-frequency withstand verification of solig+

a)

General

his test applies to the verifica ithstand

temporary overvoltages.
mporary

est voltage

he test voltage between

45 Hz an%Z}H
he high-wQita

qutput termin@

hen the
d to the

age shall be as follows:

uit, and for the control and auxiliary circuits, in accordamce with
uncertainty of measurement of the test voltage shall not| exceed

i|)&f an alternating test voltage cannot be applied, for example due to ENIC filter
somponents—a—directtestvoltagemay beusedhavingthe—~vatae—o abte—2A, third
column. The uncertainty of measurement of the test voltage shall not exceed £3 %.

The test voltage applied shall be within £3 %.

Application of test voltage

For the dielectric test between phases, all circuits between these phases may be
disconnected for the test.

NOTE 1 The purpose of this test is to check the basic and supplementary insulation only.
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When the circuits of equipment include devices such as motors, instruments, snap
switches, capacitors and solid state devices which, according to their relevant
specifications, have been subjected to dielectric test voltages lower than those specified
in b) above, such devices shall be disconnected for the test.

For the dielectric test between phase and earth, all circuits shall be connected.

NOTE 2 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 i), ii) and iii) of 2) c)
above.

In particular cases, for example equipment having more than one open position or solid
state equipment, etc., the relevant product standard may specify detailed test

regHrerments:
Frinted circuit boards and modules with multi-point connect b witlhdrawn,
disconnected or replaced by dummies during the insulation test
This does not apply, however, to auxiliaries for which, in case\of\an™ i fault,
Joltage may pass onto accessible parts not connected tq I side of
Righer voltage to the side of lower voltage, e.g. asuring
gquipment, pulse transformers, the insulation stres for the
main circuit.

d) Acceptance criteria
During the test, no flashover, hreakdow sy ture) or
gxternally (tracking) or any othegr iféstatie i [ cur. Any
dlow discharge shall be ignored
Components connected between phase and*eartt sts but
quch failure shall not result in\a ¢ ituation.
FProduct standards pmay give-specific
NOTE The voltag generally
do not occur in pra

4) Power-frequp@w

a) General
The test for the
S ted and
n nis does
r

b) T
T voltage
S
The'requirements of 3) b) above shall apply except that the value of the test| voltage
shall be 2 Ug with a minimum of 1 000V r.m.s. or 1415V d.c. if an a.c. voltage test
cannot be applied. The value of U, referred to is that at which switching and/or short-
circuit tests have been performed.
NOTE The product standards should be adapted to this decision when reprinted.

c) Application of test voltage

The requirements of 3) c) above shall apply. The application of the metal foil, according
to 8.3.3.4.1 1), is not required.

d) Acceptance criteria

The requirements of 3) d) above shall apply.
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5) Vacant
6) Verification of d.c. withstand voltage
Under consideration.

7) Verification of creepage distances

The shortest creepage distances between phases, between circuit conductors at different
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 7.2.3.4.

8) Verification of leakage current of equipment suitable for isolation

Testsstrattbespecifiedimthe Tetevant product standard:

8.3.3.4.2 Routine tests

1) Impuilse withstand voltage

The |tests shall be performed in accordance with item 2) of 8

be not less than 30 % of the rated impulse withstand

factgr) or 2 U; whichever is the higher.
2) Powgr-frequency withstand voltage

a) Test voltage

OTE 1 The.cap

[he valu

_— Z (N =hQy — e~
©
o
Q
-
Q
—_
c
()
[
=y
=2
o
D
o

1 s only.

t ¥olt3

Ititude cd

3) c) of 8.3.3.4.1 shall apply, except that the duratio

ge shall
rrection

ept that

the test
ht relay,
hum trip

r given in

n of the

Hered to

c) A ceeptance criteria

The overcurrent relay shall not trip.

3) Combined impulse voltage and power-frequency withstand voltage

Product standards may specify if the tests of items 1) and 2) above may be replaced by a
single power frequency withstand test where the peak value of the sinusoidal wave

corresponds to the value stated in items 1) or 2), whichever is the higher.

4) In no case the application of the metal foil according to 8.3.3.4.1 1) is required.
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8.3.3.4.3 Sampling tests for verification of clearances

1) General

These tests are intended to verify the maintaining of the design conformity regarding
clearances and are only applicable to equipment with clearances smaller than those

corresponding to Table 13, case A.
2) Test voltage

The test voltage shall be that corresponding to the rated impulse withstand voltage.

The relevant product standards shall state sampling plans and procedure.

3) Application of test voltage

The |requirements of item 2) c) of 8.3.3.4.1 shall apply, except that the met
be aIJpIied to the actuator or the enclosure.

4) Acc
No disruptive discharge shall occur.

ptance criteria

8.3.3.4.4 Tests for equipment with protective separatio

Tests fgr equipment with protective separation are gi 1 AEX

8.3.3.5 [Making and breaking capacitje

8.3.3.5.1 General test conditions

Tests fdr verification of making and br
test reqliirements stated in

The tole¢rances for indjivi a in accordance with Table 8, unless o

stated.

Four-pole equip@ 8 3 e-pole equipment with the unused pole,

the case of equipme
If all poles are identi

foiln

shall bg made b gn\the\Reutral pole and the adjacent pole, according to Figure 4

rated cy
poles cd

For transi

and at the phase-to-neutral voltage, with the other two

overload conditigns, values shall be specified in the relevant product standard.

8.3.3.5.2 ‘Test circuit

eed not

general

herwise

which in
b frame.

1, ohe test on three adjacent poles is sufficient. If not, an additipnal test

, at the
unused

bad and

a) Figures 3, 4, 5 and 6 give the diagrams of the circuits to be used for the tests concerning

— single-pole equipment on single-phase a.c. or d.c. (Figure 3);
— two-pole equipment on single-phase a.c. or d.c. (Figure 4);

— three-pole equipment or three single-phase equipment on three-phase a.c. (Figure 5);

— four-pole equipment on three-phase four-wire a.c. (Figure 6);

A detailed diagram of the circuit used for the test shall be given in the test report.

b) The prospective current at the supply terminals of the equipment shall be not less than

10 times the test current or 50 kA, whichever is the lower.
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c) The test circuit comprises the supply source, the equipment D under test and the load

d)

circuit.

The load circuit shall consist of resistors and air-cored reactors in series. Air-cored reactors

in any phase shall be shunted by resistors taking approximately 0,6 % of the
through the reactor.

current

However, where a transient recovery voltage is specified, instead of the 0,6 % shunt
resistors, parallel resistors and capacitors shall be included across the load, the complete

load circuit being as shown in Figure 8.

NOTE For d.c. tests where L/R > 10 ms an iron-cored reactor may be used with series resistors, if necessary,

verifying with an oscilloscope that the L/R value is as specified (+1O5 %), and that the time required

95 %|of the current made is equal to 3 x L/R + 20 %.

to obtain

Whgre a transient inrush current is specified (e.g. utilization categor C-6 and

DC-6), a different type of load may be specified in the relevant prod

The |loads shall be adjusted to obtain, at the specified voltage
— the value of current and power-factor or time-consta

17,
~—
[V
>
Q
Q
=

&

— the value of the power-frequency recovery volta

— Where specified, the oscillatory frequency
Jalue of the factor y.

The|factor y is the ratio of the valu
to the instantaneous value U,, at™t
recojvery voltage at power frequency

The |test circuit shall be
the gupply star-point.

product

and the

voltage

point or

tween the

All parts of the or the
screens, sha or 6.
This| connectiop B mm in
diameter and n of the
faul

The |prospective™ta : , except
as skatedN shall be

betwgen 45 Hz to 6 (or 0,01 s for d.c.).

of 0,8 mm in diameter will melt at 1 500 A in approximately half a cycle at a frequency

NOT In the case of a supply having an artificial neutral, a lower prospective fault current may be Jaccepted,

subject to the manufacturer’s agreement, with a smaller diameter wire according to the following table.

Diameter of copper wire Prospective fault current in the
fusible element circuit
mm
A

0,1 50
0,2 150
0,3 300
0,4 500
0,5 800
0,8 1500

NOTE 3 For the value of the resistance of the fusible element see 8.3.2.1.
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8.3.3.5.3 Characteristics of transient recovery voltage

To simulate the conditions in circuits including individual motor loads (inductive loads), the

oscillatory frequency of the load circuit shall be adjusted to the value

f=20000% W% +£10 %

where
f is the oscillatory frequency, in kilohertz;
I is the breaking current, in amperes;

U. is the rated operational voltage of the equipment in volts.

The factor y shall be adjusted to the value
y=1,1+0,05

The val
parallel
one 0sd

| re\Tctors in

ing only
ally the

The loa : )s possible to the t¢rminals
of the a vith thése connections in place.
Depend y s for the adjustment of the lodd circuit
are given in Annex E.

8.3.3.5.4 Vacant

8.3.3.5.5 Test proce

The number of op: S > off" times and the ambient conditions shall bg stated
in the rglevant prodys

8.3.3.5.

The criteri during and after the tests shall be stated in the relevant|product

standardgl.

8.3.3.6 |Operational performance capability

Tests shall be made to verify compliance with the requirements of 7.2.4.2. The test circuit shall

be in accordance with 8.3.3.5.2 and 8.3.3.5.3.

Detailed test conditions shall be stated in the relevant product standard.

8.3.3.7 Durability

Durability tests are intended to verify the number of operating cycles that an equipment is likely

to be capable of performing without repair or replacement of parts.

The durability tests form the basis of a statistical life estimate, where the manufactured

quantities permit this.


https://iecnorm.com/api/?name=0ba5999b27058eba5b0f1b6e57810c3e

60947-1 © IEC:2004 -179 -

8.3.3.7.1 Mechanical durability

During the test, there shall be no voltage or current in the main circuit. The equipment may be

lubricated before the test, if lubrication is prescribed in normal service.

The control circuit shall be supplied at its rated voltage and, where applicable, at its rated

frequency.

Pneumatic and electro-pneumatic equipment shall be supplied with compressed air at the rated

pressure.

Manually operated equipment shall be operated as in normal service.

The number of operating cycles shall be not less than that prescribe
standardgl.

For equjpment fitted with opening relays or releases, the total
be perfqrmed by such relays or releases shall be stated in thg

Evaluati

8.3.3.7.2 Electrical durability

The tes
the requ

Evaluati

8.3.4 Performance unde

This supclause specif

of 7.2.5 Additio s
conditiopn of equipmemt

circuit protective de

in the relevant product standard.

8.3.4.1
8.3.4.1.
The gen

conditions spesified
pneumaltically)con

product

rding to

values
uences,

ests of co-ordination of the equipment wi

h short-

of 8.3.2.1 apply. The control mechanism shall be operated upder the
the relevant product standard. If the mechanism is electrcally or
alléd, it shall be supplied at the minimum voltage or the minimum pgressure

as specjfied’in the relevant product standard. It shall be verified that the equipment ¢perates

correctly on no-load when it IS operated under the above conditions.

Additional test conditions may be specified in the relevant product standard.
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8.3.4.1.2 Test circuit

a) Figures 9, 10, 11 and 12 give the diagrams of the circuits to be used for the tests

concerning

— single-pole equipment on single-phase a.c. or d.c. (Figure 9);
— two-pole equipment on single-phase a.c. or d.c. (Figure 10);

— three-pole equipment on three-phase a.c. (Figure 11);

— four-pole equipment on three-phase four-wire a.c. (Figure 12).

A detailed diagram of the circuit used shall be given in the test report.

NOTE For combinations with SCPDs, the relevant product standard should specify the relative arrangement

betwden the SCPD and the equipment under test.

The|supply S feeds a circuit including resistors R4, reactors X an
test.

In gll cases the supply shall have sufficient power to
charjacteristics given by the manufacturer.

The
test
the
par

D under

of the

ies with
eactors;
€ same

dir-cored

in each
ugh the

inserted
closing
tions of

bdances
ne short

stated in

l details
with the

There shall be one and only one point of the test circuit which is earthed; this may be the
short-circuit link of the test circuit or the neutral point of the supply or any other convenient

point, but the method of earthing shall be stated in the test report.

All parts of the equipment normally earthed in service, including the enclosure or the
screens, shall be insulated from earth and connected to a point as indicated in Figures 9,

10, 11 or 12.

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.
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The prospective fault current in the fusible element circuit shall be 1 500 A + 10 %, except
as stated in notes 2 and 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 and 67 Hz (or 0,01 s for d.c.).

NOTE 2 In the case of a supply having an artificial neutral, a lower prospective fault current may be
accepted, subject to the manufacturer’'s agreement, with a smaller diameter wire according to the following

table.
Diameter of copper wire Prospective fault current in the
fusible element circuit
mm
A
f\"il E0
0,2 150
0,3 300
0,4 500
0,5 800
0.8 1 50(\
X

NOTHE 3 For the value of the resistance of the fusible element see

8.3.4.1.83 Power-factor of the test circuit

For a.c. determined accqrding to

Two exd

The pov y S h§ s the mean value of the power-factors of
each ph

The pov

The diff] power-

8.3.4.1.

For d.c.
in Anne

bd given

The timg-constant™ | be in accordance with Table 16.

8.3.4.1.5 Calibration of the test circuit

The calibration of the test circuit is carried out by placing temporary connections B of negligible
impedance as close as reasonably possible to the terminals provided for connecting the
equipment under test.

For a.c., resistors R{ and reactors X are adjusted so as to obtain, at the applied voltage, a
current equal to the rated short-circuit breaking capacity as well as the power-factor specified
in 8.3.4.1.3.

In order to determine the short-circuit making capacity of the device under test from the
calibration oscillogram, it is necessary to calibrate the circuit so as to ensure that 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 8.3.2.2.3).
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For d.c., resistors Ry and reactors X are adjusted so as to obtain, at the test voltage, a current
the maximum value of which is equal to the rated short-circuit breaking capacity as well as the
time-constant specified in 8.3.4.1.4.

The test circuit is energized simultaneously in all poles and the current curve is recorded for a
duration of at least 0,1 s.

For d.c. switching devices parting their contacts before the peak value of the calibration curve
is reached, it is sufficient to make a calibration record with additional pure resistance in the
circuit to demonstrate that the rate of rise of the current expressed in amperes/second is the
same as for the test current and the time-constant specified (see Figure 15). This additional
resistance shall be such that the peak value of the calibration current curve is at least equal to
the peak value of the breaking current. This resistance shall be removed for the actual test

(see 8.3.4.1.8, item b)).

8.3.4.1.6 Test procedure

After ca(! ons are

replace

Tests f to the

requirer

8.3.4.1. irguitimaking and breaking tests

There s and no

melting

Addition

8.3.4.1.8 Interpretation o

a) Detgrmination of th :
The|applied @, sguency recovery voltage are determined from the
record correspongin aluated
as indicated in
The S Je shall be measured during the first complete cycle after arc
extinction i re 13).
If ag dividual
poleg ined by
mea of each
of th value of
voltg

b) Det lIII;IIatiUII Uf thc plUDpUbtiVU blca:\illy buIICIIt

This determination is made by comparing the current curves, recorded during the
calibration of the circuit, with those recorded during the break test of the equipment (see
Figure 13).

For a.c., the a.c. component of the prospective breaking current is taken as being equal to
the r.m.s. value of the a.c. component of the calibration current at the instant which
corresponds to the separation of the arcing contacts (value corresponding to A2/2\/E of

Figure 13, item a)). The prospective breaking current shall be the average of the
prospective currents in all phases with the tolerance according to Table 8; the prospective
current in each phase shall be within £10 % of the rated value.


https://iecnorm.com/api/?name=0ba5999b27058eba5b0f1b6e57810c3e

60947-1 © IEC:2004 - 187 -

NOTE With the agreement of the manufacturer, the current in each phase may be within £10 % of the average
value.

For d.c., the value of the prospective breaking current is taken as being equal to the
maximum value A, as determined from the calibration curve for equipment breaking before
the current has reached its maximum value, and to the value A for equipment breaking after
the current has passed its maximum value (see Figure 14, items a) and b)).

For d.c. equipment tested according to the requirements of 8.3.4.1.5, when the calibration
of the test circuit has been made at a current /4 lower than the rated breaking capacity, the
test is considered void if the actual breaking current I, is higher than /4, and it shall be
carried out again after a calibration at a current /3 of a higher value than /> (see Figure 15).

The prospective breaking current A, = U/R shall be determined by calculating the

resigfance R of the test circuit from the resistors Rq of the correSponding cdlibration
circyits. The time-constant of the test circuit is given by

TheJtolerances shall be in accordance with Table 8.

Detgrmination of the prospective peak making curr

The|prospective peak making current is deter and its

valug shall be taken as being that correspond . and to
A, of Figure 14 for d.c. In the cas ce ghest of
the three A4 values obtained from
NOT S from the
calibration record may differ from the valu¢ of the actua epending
on thge instant of making.
8.3.4.1.9 Condition of th
product

The tes
the equi

8.3.4.3 |Verificati of the ability to carry the rated short-time withstand current

equal t

After the tests, the eg
standardgl.

8.3.4.2

the rated short-circuit making and breaking capgcities of
the relevant product standard.

the-rated™~short-time withstand current and the corresponding operational|voltage

The te? pe_madge with the equipment in the closed position, at a prospective| current

under tHe'géneral conditions of 8.3.4.1.

In the case of the test station having difficulty in making this test at the operational voltage, it
may be made at any convenient lower voltage, the actual test current being, in this case, equal
to the rated short-time withstand current /,,. This shall be stated in the test report. If, however,
momentary contact separation occurs during the test, the test shall be repeated at the rated
operational voltage.

For this test, over-current releases, if any, likely to operate during the test, shall be rendered
inoperative.
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a)

For a.c.

The tests shall be made at the rated frequency of the equipment with a tolerance of +25 %,
and at the power-factor appropriate to the rated short-time withstand current in accordance
with Table 16.

The value of the current during the calibration is the average of the r.m.s. values of the a.c.
components in all phases (see 4.3.6.1). The average value shall be equal to the rated value
within the tolerances specified in Table 8.

In each phase the current shall be within +5 % of the rated value.

When making the test at the rated operational voltage, the calibration current is the
prospective current.

Whgn making the test at any lower voltage, the calibration current is the actuaktestpurrent.

The|current shall be applied for the specified time during which the\r.m.s, its a.c.
component shall remain constant.

NOTH
valug]in case of test station difficulties.

e average

The |highest peak value of the current during its first cycle | mes the
rated short-time withstand current, the value of n bei i is value of
current according to Table 16.

above
hat

Whgn, however, the characteristi
requirements cannot be obtained,

whefe
tiest | is the duration of

pit current of the testing station is such that the rated

tst | is the short ti
itest | is the c i
/ is the actval
annot be obtained for the rated time without applying initially
the r.m.s. value of the current may be permitted to fajl during

the fest below tF gcified ¥alue, the duration being increased appropriately, provided that

If, in ) obtam the required peak value, the r.m.s. value of the current has to be
incrgased<abqve the specified current, the duration of the test shall be reduced accqrdingly.

For

The current shall be applied for the specified time and its mean value determined from the
record shall be at least equal to the specified value.

When the characteristics of the testing station are such that the above requirements cannot
be obtained for the rated time without applying initially an excessively high current, the
value of the current may be permitted to fall during the test below the specified value, the
duration being increased appropriately, provided that the maximum value of the current is
not less than that specified.

If the testing station is unable to make these tests on d.c., they may, if agreed between
manufacturer and user, be made on a.c., provided suitable precautions are taken: for
instance, the peak value of current shall not exceed the permissible current.
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c) Behaviour of the equipment during and after the test

Behaviour of the equipment during the test shall be defined in the relevant product

standard.

After the test, it shall be possible to operate the equipment by its normal operating means.

8.3.4.4 Co-ordination with short-circuit protective devices and rated conditional short-

circuit current

Test conditions and procedures, where applicable, shall be stated in the relevant product

standard.

8.4 TegtsforEMC

Emission and immunity tests are type tests and shall be carried oqt

repredentative

conditions, both operational and environmental, using the manuyfas ons for
installatjon.

The tesfs shall be carried out in accordance with the refere kank ver, the
product|standard shall specify any additional measures erify\the perf¢rmance
criteria ¢f the product (e.g. application of dwell times).

8.4.1 Immunity

8.4.1.1 | Equipment not incorporati

No testq are necessary. See 7.3.2.1.

8.4.1.2 | Equipment incorpuarating-e

Equipment utilizing cirouits r 8 are passive (for example diodes, rg¢sistors,

varistors, capacitors, s

level is given and jus

are not required to be tested.

Tests shall be 2CE 3 alugs given in Table 23 except where a diffefent test

Perform i S giverm-in the product standard based on the acceptancq criteria

given in

842 Ek

8.4.2.1 ot incorporating electronic circuits

No testd are’necessary. See 7.3.3.1.

8.4.2.2 Equipment incorporating electronic circuits

The product standard shall specify the details of the test methods. See 7.3.3.2.
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Table 1 — Standard cross-sections of round copper conductors
and approximate relationship between mm2 and AWG/kcmil sizes

(see 7.1.7.2)

Rated cross-section

2

AWG/kcmil size

Equivalent metric area

2

mm mm
0,2 24 0,205
0,34 22 0,324
0,5 20 0,519
0,75 18 0,82
4
1,5 16 1,3
2,5 14 2,
4 12 3,
6 3
10 8,4
16 3,3
25 21,2
35 33,6
- 42,4
50 53,5
70 67,4
95 85,0
- 107,2
120 127
150 0 kemil 152
185 Q 380 kcemil 177

- 400 kcmil 203
240 500 kemil 253
30 600 kcmil 304

NOTE

le 2 — Temperature-rise limits of terminals

(see 7.2.2.1 and 8.3.3.3.4)

Terminal material

Temperature-rise limits

1) 3)

K
Bare copper 60
Bare brass 65
Tin plated copper or brass 65
Silver plated or nickel plated copper or brass 70

Other metals

2)

" The use in service of connected conductors significantly smaller than those listed in Tables 9 and 10 could
result in higher terminals and internal part temperatures and such conductors should not be used without the
manufacturer’s consent since higher temperatures could lead to equipment failure.

2)
3)

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

Different values may be prescribed by product standards for different test conditions and for devices of small
dimensions, but not exceeding by more than 10 K the values of this table.
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Table 3 — Temperature-rise limits of accessible parts
(see 7.2.2.2 and 8.3.3.3.4)

Accessible parts Temperature-rise limits 1)
K
Manual operating means:
Metallic 15
Non-metallic 25

Parts intended to be touched but not hand-held:
Metallic 30

Non-met&llic

Parts which need not be touched during normal operation2):

Exteriors pf enclosures adjacent to cable entries: 40
Metallic 50
Non-metgllic 2082
Exterior of enclosures for resistors <
Air issuing from ventilation openings of enclosures for resistors 02)
1) Diffgrent values may be prescribed by product standards fgr dif] _ t M@ and for devices|of small

dimg¢nsions but not exceeding by more than 10 K the v

2) The|equipment shall be protected agai Is or accidental confact with
pergonnel. The limit of 200 K may be exceeded i i cturer. Guarding and lo¢ation to
prevent danger is the responsibility of the Il provide appropriate infgrmation,
in a¢cordance with 5.3.
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Table 4 — Tightening torques for the verification of the mechanical
strength of screw-type terminals
(see 8.3.2.1, 8.2.6 and 8.2.6.2)

Diameter of thread Tightening torque
mm Nn
Metric Range of diameter | ] 1
standard
values
1,6 <1,6 0,05 0,1 0,1
2,0 >1,6 up to and including 2,0 0,1 0,2
2.5 220 upto-andircluding—=28 Q.2 Q.4
3)0 >2,8 up to and including 3,0 0,25 ,5
k >3,0 up to and including 3,2 0,3 ,6
35 >3,2 up to and including 3,6 0,4 8
J0 >3,6 up to and including 4,1 0, ,2
45 >4,1 up to and including 4,7 D ,8
5 >4,7 up to and including 5,3 % ,0
g >5,3 up to and including 6,0 ,0
g >6,0 up to and including 8,0 3 ,0
1P >8,0 up to and includi 10 6 ,0
1P i i - - 14,0
14 i i - - 19,0
16 - - 24,0
2 - - 34,0
24 _ _ 50,0
Colump | Applies o scre ich, when tightened, do not protrude from the hole, and
: tightened by means of a screwdriver with a blade widé¢r than
Colump Il Appligs to nuts and s h are tightened by means of a screwdriver.
Colump 111 Afpli crews/which can be tightened by means other than a screwdriver.



https://iecnorm.com/api/?name=0ba5999b27058eba5b0f1b6e57810c3e

60947-1 © IEC:2004 -199 -

Table 5 — Test values for flexion and pull-out tests for round copper conductors

(see 8.2.4.4.1)

Conductor cross-section Diameter of Height Mass Pulling force
bushing hole" 2) H"Y
mm? AWG/kemil mm mm kg N
0,2 24 6,5 260 0,2 10
0,34 22 6,5 260 0,2 15
0,5 20 6,5 260 0,3 20
0,75 18 6,5 260 0,4 30
1,0 - 6,5 260 0,4 35
1, +6 65 266 o4 40
255 14 9,5 280 0, 50
4 12 9,5 280 \ 60
6,0 10 9,5 280 1, 50
10 8 9,5 280 \g,o 90
16 6 13,0 300 20 100
25 4 13,0 300 <\ \4,@ 135
- 3 14,5 3 N 5) 156
35 2 14,5 m 6,8 190
- 1 15,9 34 8,6 36
50 0 N 6343/ G :> 9,5 7. 1)
70 00 19\ 368 \_/ 10,4 285
95 000 19 \36Q 14 351
- 0000 19,1 68 14 47
120 250 ke 22\ Q \o 14 do7
150 300 kehjl \( 2%& i)\/(oea 15 47
185 350 kemil (25,4 432 16,8 503
- 400 kemil 5, 432 16,8 503
240 <>O§cmil \2%,:\\> 464 20 578
300 600 kerfiN_ [\ A 28,6/ 464 22,7 578
N Tole i
2) If th bushing
havi
values for pull-out test for flat copper conductors
(see 8.2.4.4.2)
Maximum width of Pulling force
T em N
12 100
14 120
16 160
20 180
25 220
30 280
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Table 7 — Maximum conductor cross-sections and corresponding gauges
(see 8.2.4.5.1)

Conductor Gauge (see Figure 2)
cross-section
Flexible Rigid Permissible
conductors condt_xctors Form A Form B deviation
(solid or foraandb
stranded)
Marking Diameter Width Marking Diameter
a b a
mm? mm? mm mm mm mm
1,5 1,5 A1 2,4 1,5 B1 1,9
25 2.5 A2 2.8 2.0 B2 24 0
10,05
25 4 A3 2,8 2,4 B3 /\( 2,7
4 6 A4 3,6 3,1 B4 NS
6 10 A5 43 4,4 \/b
10,06
10 16 A6 5,4 5,
16 25 A7 7,1 9
25 35 A8 8,3 8 0
10,07
35 50 A9 10,2 10,0
50 70 A10 12,3 12,0
70 95 A11 4,2 14,0 0
10,08
95 120 A12 16, 16,0
120 150 A13 ,2 18,0
150 185 A14 20(2\ 20,0
185 240 W\Yiz 22,0
0
240 300 A1 63 24,0 B16 26,0 _
I\ s 0,09
NOTE| For conductor cross-secti of differently skaped solid or stranded standard conductors other|than
those given in thjg table, unpreparedsconducter of/appropriate cross-section may be used as the gadge,
the forlce of insertiQ e)'Q not greater than 5 N,

N\

able 8 — Tolerances on test quantities
(see 8.3.4.3, item a))

ANS
|NS\\) Tests under no-load, normal load Tests under short-cifjcuit

and overload conditions conditions
+5,4 0
— Current] ¢ % - Power factor + 0,05 - Power factor ~0.05
- Voltage +50 % - Time-constant +105 % - Time-constant +205%

(including power frequency recovery
voltage)

- Frequency +5 % - Frequency +5 %

NOTE 1 Where maximum and/or minimum operating limits are stated in the product standard, the above
tolerances do not apply.

NOTE 2 By agreement between manufacturer and user, tests made at 50 Hz may be accepted for operation at
60 Hz and vice versa.
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Table 9 — Test copper conductors for test currents up to 400 A inclusive*

(see 8.3.3.3.4)

Range of test current ) Conductor size 2 3)4)
A mm? AWG/kcmil
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
29 32 0,0 10
32 50 10 /\(
50 65 16 6
65 85
85 100
100 115 2
115 130 1
130 150 0
150 175 00
175 200 000
200 225 0000
225 250 250 keil
250 275 Q 0 300 kefnil
275 00 ) 185 350 keil
300 5 185 400 kemil
350 [ 400 240 500 keil
* See nqtes foIIowI{g T}ble<1
1e\10 pper conductors for test currents above 400 A
and up to 800 A inclusive*
<\ (see 8.3.3.3.4)
Conductors 2 3). 4)
Rapge of test t” Metric kcmil
A Number Size Number Slize
mm? kemil
400 500 2 150 2 250
500 630 2 185 2 350
630 800 2 240 3 300

* See notes following Table 11.
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Table 11 — Test copper bars for test currents above 400 A
and up to 3 150 A inclusive
(see 8.3.3.3.4)

Range of test current ) Copper bars 2):3). 4), 5), €)
Number Dimensions Dimensions
A mm Inches
400 500 2 30 x 5 1 x 0,250
500 630 2 40 x 5 1,25 x 0,250
630 800 2 50 x 5 1,5 x 0,250
800 1 000 2 5 0,250
1 000 1250 2 5 0,250
1250 1600 2 0.250
1600 2 000 3 Do 250
2000 2 500 4 0.250
2500 3150 3 0.250
NOTES fo Tables 9, 10 and 11
NOTE 1| The value of test current shall be greater than the firgt valjue)in th r equal
to the sgcond value in that column.
NOTE 2| For convenience of testing and witk given
for a stafted test current may be used.
NOTE 3| The tables give alternative sizes for gonductorsN\n rs in
millimetfes and inches. Comparison between
NOTE 4| Either of the two cogduc
NOTE 5| Bars are assum
horizontpl may be used if $pedcifj
NOTE 6| Where fs een
pair cenfres. /\
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Table 12 — Impulse withstand test voltages
Rated impulse Test voltages and corresponding altitudes
withstand voltage
Uimp Ui 2150
kV

kV Sea level 200 m 500 m 1000 m 2000 m
0,33 0,35 0,35 0,35 0,34 0,33
0,5 0,55 0,54 0,53 0,52 0,5
0,8 0,91 0,9 0,9 0,85 0,8
1,5 1,75 1,7 1,7 1,6 1,5
55 265 -8 -8 277 5
4,0 48 48 4,7 44| )
6,0 7.3 7.2 7.0 87 X
8,0 9,8 9,6 9,3 N\ %0 8,

12 14,8 14,5 14/ 3, 1Y

NOTH

Table 12 uses the characteristics of a homogeneous field, ca;e\B ?\ee 2. 5\6§)

Table 12A — Dielectric test vol
to the rated msulatl

Rated insulation voltage C tes Ita & DC test voltage 2), 3)
Ui (rw.s.)
\Y \Y,
U; <60 1415
60 < U, < 300 2120
300 < U; <69 1890 2 670
690 < U; < 80 2 830
800 < oo 3110
1000<U.y56Q 3820

als

paragraph of IEC

60664-1.

mgay be used only if an alternating test voltage cannot be applied| See
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Table 13 — Minimum clearances in air

Minimum clearances

Rated impulse mm
withstand Case A Case B
voltage . . s .

U Inhomogeneous field conditions Homogeneous field ideal conditions
‘mp (see 2.5.63) (see 2.5.62)
kv Pollution degree Pollution degree

1 2 3 4 1 2 3 4
0,33 0,01 0,01
0,5 0,04 0,2 0,04 0,2

0, 0,1 0,8 0,1 7 8 1,6
0,5 0,5 1,6 0,3 0, \

w

1,5 1,5 1,5 0,6 Q\

3 3 3 1,2 Q \

5,5 5,5 5,5 5,5 2 2 2
8 8 8 3 3

14 14 14 14 %5\ 4,5 4,5

©

N ® O RN o

NOTE The values of minimum clearances in air are based on 1 50 ps e volta e, for barometric pressure
of 80 kPp, equivalent to normal atmospheric pressure at 2 000 se

Table 14 — Test vdgltages cr s the op acts of
equipment suit ris atlo

Rated Test voltages and\corresponding altitudes
impulse
withstdn \(\ 2150
voltage
imp ~ kV
K Sealevel | 200m | 500m | 1000m | 2000m

1,8 1.7 1,7 1,6 1,5
N 1,7 1,7 1,6 15
1 1,7 1,7 1,6 1,5

2,3 2,2 2,2 2
3,5 3,5 3,4 3,2 3
6,2 6,0 5,8 5,6 5
9,8 9,6 9,3 9,0 8
12,3 12,1 11,7 11,1 10

18,5 18,1 17,5 16,7 15
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Table 15 — Minimum creepage distances

Rated Creepage distances for equipment subject to long term stress
insulation mm
voltage of Pollution degree Pollution degree Pollution degree Pollution degree
equipment
“nraed [ 19 | 29 | 1 2 ; :
a.c. r.m.s.
ord.c. 4 Material group Material group Material group Material group
% N 2 N | I Ma | Nib I I lia | b | I Ma | Nib
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 | 0,42 | 0,42 0,42 1,05 | 1,05 1,05 1,6 1,6 1,6
16 0.025 1 0.04 0.1 0.45 | 045 0.45 1.1 1.1 1.1 16 1 1.6 1,6
20 0,025 0,04 | 0,11 | 0,48 | 0,48 0,48 1,2 1,2 1,2 \(1,6 ,6 1,6
25 0,025 | 0,04 [0,125| 0,5 0,5 0,5 1,25 | 1,25 1,25 < 1, (» 1,7
32 0,025 0,04 | 0,14 | 0,53 | 0,53 0,53 1,3 1,3 1, \% 1,8
40 0,025 ( 0,04 | 0,16 | 0,56 0,8 1,1 1,4 1,6 9 4 3
50 0,025 0,04 | 0,18 | 0,6 0,85 1,2 1,5 1,7 2 2, 3,2
63 0,04 (0,063 | 0,2 0,63 0,9 1,25 1,6 1, 1 , 3,4
80 0,063 0,1 0,22 | 0,67 | 0,95 1,3 1,7 1,%: 2,2 2,8 3,6
100 0,1 0,16 | 0,25 | 0,71 1 1,4 1, 2 4 3 3,8
125 0,16 | 0,25 | 0,28 | 0,75 | 1,05 1,5 119 M 2,5 3,2 4
160 0,25 0,4 0,32 0,8 1,1 1,6 ,2 3,2 4 5
200 0,4 0,63 | 0,42 1 1,4 2 5 2,8 4 5 6,3
250 0,56 1 0,56 | 1,25 1,8 2; 2 6 5 6,3 8
320 0,75 1,6 0,75 1,6 2,2 3,2 4 4,5 6,3 8 10
400 1 2 1 2 2,8 \\>6 6,3 8 10 2,5
500 1,3 2,5 1,3 ,5 3,6 3 1 8 10 12,5 16
630 1,8 | 32 | 1,8 4 3, 4,5 6,3 8 9 10 12,56 | 16 20 3
800 2,4 4 2 \\ 5, 10 11 12,5 16 20 25
1000 3,2 5 ,2 7,? 1 12,5 14 16 20 25 32
1250 Q 4, 6,3 9 2,5 16 18 20 25 32 40
1600 6 8 M >16 20 22 25 32 40 50
2 000 ﬁv\m\\u\ 20 25 28 32 40 50 63
2 500 ,5 18 25 32 36 40 50 63 80
3200 < 12,5\ 16 }/ 32 40 | 45 50 3 63 80 | fro0
4 000 \&6 \K/ 28 40 50 56 63 80 100 125
5000 /\ \ 0 25 36 50 63 71 80 100 125 160
6 300 \x \2&/ 32 45 63 80 90 100 125 160 200
8 000 2 40 56 80 100 110 125 160 200 250
10 000 \ 0 50 71 100 125 140 160 200 250 320
1) Material grodps 1, Il, llla, llib.
2) Material groups |, Il, Illa.

3)

4)

corresponding to the lower values 125 V, 200 V, 400 V, 630 V and 800 V respectively may be used.

5)
6)

The values given in these two columns apply to creepage distances of printed circuit materials.

The values of creepage distances stated for 250 V can be used for 230 V (¥10 %) nominal voltage.

Values of creepage distances in this area have not been established. Material group Illb is in general not
recommended for application in pollution degree 3 above 630 V and in pollution degree 4.

As an exception, for rated insulation voltages 127 V, 208 V, 415/440 V, 660/690 V and 830 V, creepage distances

NOTE 1

It is appreciated that tracking or erosion will not occur on insulation subjected to working voltages of 32 V and

below. However, the possibility of electrolytic corrosion has to be considered and for this reason minimum creepage
distances have been specified.

NOTE 2 Voltage values are selected in accordance with the Ry, series.
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Table 16 — Values of power-factors and time-constants corresponding to test
currents, and ratio n between peak and r.m.s. values of current
(see 8.3.4.3, item a))

Test current Power-factor Time-constant n
A ms
I< 1500 0,95 5 1,41
1500< /< 3000 0,9 5 1,42
3000< /< 4500 0,8 5 1,47
4500< /< 6000 0,7 5 1,53
6000 < /< 10000 0.5 5 1,7
10 00p < /< 20 000 03 10 /\( 2.0
2000p < /< 50 000 0.25 15 D\
50 00p < | 0.2 15 2
Table 17 — Limits of actuator test force for given actygator
(see 8.2.5.2. 1
Type of actuator* @/ﬂt forc Upper limit force
(N N
Push-buttbn (a) \s\_/ 150
One-finger operated (b) 150
Two-finggr operated (c) 200
One-hand operated (d and e) Q 150 400
Two-hand operated (f and g}\ N\ 200 600
l \ ~—"

* See Figfire 16.

<

Table 1B — Vacan

Table 1

>

Table 20 — Test values for conduit pull-out test
(see 8.2.7.1)

) X i Conduit diameter Pulling force
Conduit designation ) )
according to IEC 60981 Inside Outside
mm mm N
12 H 12,5 17,1 900
16 Hto 41 H 16,1 to 41,2 21,3 to 48,3 900
53 Hto 155 H 52,9 to 154,8 60,3 to 168,3 900
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Table 21 — Test values for conduit bending test

(see 8.2.7.2)
Conduit diameter .
Conduit designation Insid Outsid Bending moment
according to IEC 60981 nside utside
mm mm N
12 H 12,5 17,1 351
16 Hto 41 H 16,1 to 41,2 21,3 to 48,3 70
53 Hto 155 H 52,9 to 154,8 60,3 to 168,3 70

for an outgoing conduit.

") This value is reduced to 17 Nm for enclosures which have only provision for an incoming conduit, but not

(see 8.2.7.1 and 8.2.7.3)

Table 22 — Test values for conduit torque te

K

Conduit diameter T
Conduit designation Insid Outsid orquye
afpcording to IEC 60981 nside uiside
mm mm \
N\
12 H 12,5 7.1 \> 90
16 H to 41 H 16,1 to 41,2 1\3 to4 120
53 H to 155 H 52, 4 to GSQ 180
Table 23 —(Tests fo - mmunlty
(s e

Ty of\eét

Test level required

Electrostgtic dlscharge immuni 8 kV / air discharge
IEC 61009-4-2 or
4 kV / contact discharge
Radiated fadio- freque n|ty test 10 V/m
(80 MHz to 1 GHz)
IEC 61009-4-3
Electrical 2 kV on power ports D

IEC 6100

fast tr urst i test
D-4-4 3"5\

1 kV on signal ports 2

1,2/50 ps e%m ity test 2 kV (line to earth)
IEC 6100(> U& 1 kV (line to line)
Conductef radio® equenc Mmlty test (150 kHz to 80 MHz) 10V

IEC 61000-4-6

Power fre 30 A/m

IEC 6100

=48

quenc‘y magnetic field immunity test

30 % reduction for 0,5 cycle

Voltage dips and interruptions immunity test
IEC 61000-4-11 60 % reduction for 5 and 50 cycles

100 % reduction for 250 cycles

Immunity to harmonics in the supply No requirements %)

IEC 61000-4-13

Y Power port: the point at which a conductor or cable carrying the primary electrical power needed for the
operation of an equipment or associated equipment is connected.

Signal port: the point at which a conductor or cable carrying information for transferring data or signals is
connected to the equipment. The applicable ports are stated in the product standard.

Not applicable for ports with a rated voltage of 24 V d.c. or less.
Applicable only to equipment containing devices susceptible to power frequency magnetic fields.

Requirements are under study for the future.
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Table 24 — Acceptance criteria when EM disturbances are present

Item

Acceptance criteria
(performance criteria during

tests)

A

B

(]

Overall performance

No noticeable changes of

the operating
characteristic.

Operating as intended

is self-recoverable

Temporary degradation or
loss of performance which

Temporary degradation or
loss of performance which
requires operator
intervention or system
reset !

Operation

of power and

control circuits

No maloperation

is self-recoverable

Temporary degradation or
loss of performance which

Temporary degradation or
loss of performance which

tem

requi
inferventian or sy
et "

Operation| of displays No changes to display Temporary visible change hanent
and contrgl panels information. or loss of information.
Only slight light intensity and/or
fluctuation of LEDs, or ting
slight movement of Id be
characters ication
d.
le
Informatidn processing Undisturbed Erroneous procesping of

and sensihg functions communication and a information.
interchange to extefnal
devices !_oss of Qata and/pr
information.
Errors in communjcation.
<\ Not self-recoveralple
D Specifiq requirements shall bg{et}ﬁ%(in th})\}w:t\sta%da\vg)
1N

=
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@ Clamping unit

N

)
N\
N
W\
\\§
W
A
JIECON/ B NN
NN
AN
v Platen N N
]
Bushing
hole

1IEC 670/96

Dimensions in rhillimetres

N

Form A Form B [EC 67209

Dimensions in millimetres

Figure 2 — Gauges of form A and form B
(see 8.2.4.5.2 and Table 7)
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S
—— S = Supply
(o] U1, U2 = Voltage sensors
Vv = Voltage measuring device
F = Fusible element (8.3.3.5.2, item Qg))
VA = Load circuit (see Figure 8)
[] F R = Fault current limiting resistor
D = Equipment under test (including connecting
cables)
I--I NOTE - Outline includes metallic screen or
— UI1 RI UIIU:UDUIG
Ll '
B = Temporary connectio r calibratign
I4 = Current sensor
T = Earth - One ear ipe or
supply side)
-1
|
-_.Ir_ -+
1
|
ISk
| 1
'L_l
-]
—J

single-phase a.c. or on d.c.
(see 8.3.3.5.2)

g test circuit for the verification of making
dpacities of a single-pole equipment
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S
h S = Supply
pu
Q ? QN U1, U2, U3 = Voltage sensors
) ( ) ! Vv = Voltage measuring device
N = Neutral of supply (or artificial neutral)
[:I F(2) F = Fusible element (8.3.3.5.2, item g))
(3) 4 = Load circuit (see Figure 8)
R = Fault current limiting resistor
— M D = Equipment under test (including connecting

includ metallic screen or

B bration
|1,|2
T (load side or
»—-1| b—1
|
s e - i
N o
ud |, \’ || U3 X’ ! ‘D
L | |
U R U T Ip—
Ig lg
[ S p -

CM673/96
NOTE] cted between phase and neutral.
NOTE] equipment jntended for use in phase-earthed systems or if this diagram is usled for the
test of the tral andMadjagent peotes of a 4-pole equipment, F shall be connected to one phase of the [supply.

In the|ca NeZ: hall be\connected to the negative of the supply.
NOTE anada, F shall be connected

- tod pply for equipment marked with a single value of Ug;

— to the.neutral for equipment marked with a twin voltage (see note to 5.2).

Figure 4 — Diagram of the test circuit for the verification of making
and breaking capacities of a two-pole equipment on
single-phase a.c. or on d.c.

(see 8.3.3.5.2)
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S S = Supply
U1, U2, = Voltage sensors

U,3, U4,
’_< : )_ U,5, U 6

-

3 neutral)

L| F = Fusible element
|

(8.3.3.5.2, item g))

L Z =L oad-circHit{sesFigu

Ui

C
™
<

w
L

1

By

iay ]
v 1

}—-l P - D—-l

HC 67496

he neutral*fqr equipment marked with a twin voltage (see note to 5.2).

\% = Voltage measuring device
F(2) N = Neutral of supply (or artificial

re 8)
esistor
(including

%s metallic

s for

point only
de)

supply.

Figure 5 — Diagram of the test circuit for the verification of making and

breaking capacities of a three-pole equipment
(see 8.3.3.5.2)
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o ° o TN U1, U2,

,_@_ U3, U4,
U5, U6

Supply

Voltage sensors

Voltage measuring device

Neutral of supply (or
artificial neutral)

Fusible element

M——r—
-
10
-
I

U3 (VR U2
(notp) {note) (note) ]
b —1 =2
| |
e T
U \’ | us \o |
|

NOTE

gy capacities of a four-pole equipment
(see 8.3.3.5.2)

the test circuit for the verification of making and

imiting

or test
ecting

e includes
or

Temporary connections
for calibration

Current sensorp

Earth — One egrthing
point only (load side or
supply side)
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Current

Voltage

Time

RN

Instant of

\)G “Nime

IEC 676/96
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? S = Supply
?1 Q2 03 D = Equipment under test
C = Phase adjustment selector
switch
[_________ ______ E— B = Diode
l | A = Recorder
X’ x‘ \‘ | R, = Resistor
D G = High-frequency generator
= = o - d R = load circuikrasistor
! X

1l
[0

il i& R"@(\\

=@ =0 @{Q( x@\) )’

The relat enerator G and the diode shall be as shown. No other pqint of the
circuit thg gure shall be earthed.

Fig 8 i of a’load circuit adjustment method: load star-point earthed
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= Supply
= Equipment under test

01 20 30
= Phase adjustment
_ selector switch

Diode
Recorder

[

Resistor

_ High-frequency generator

Load cirguit resistor

S
|
|
|
|
1
|
|
|
|

|
O X T O X0 >» OO ”
]

©
n

O
ES)
1

IET 22/98

The relat int of the
circuit thg
In this fig f phase 1
(the first

Figu thed
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s s = Supply
o U1,U2 = Voltage sensors
\% = Voltage measuring device
A = Closing device
R4 = Adjustable resistor
R, (note) F = Fusible element (8.3.4.1.2, item d))
= Adjustable reactor
R = Fault current limiting resistor
. m D = Equipment undertest (including
/ix {note) I-J F connecting cables) ‘
llic
o [] R P _
| :
X’ A {note) T 3 i i y
r b))
p—
1.1
BRI
uz || X) |
L7 e
|_i8

NOTE]
the su

cated either on the high-voltage side or on the low-voltape side of
beip{g located on the low-voltage side.

he test circuit for the verification of short-circuit
king capacities of a single-pole equipment on
single-phase a.c. or on d.c.

(see 8.3.4.1.2)
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R, (1)

X m

X1 F (3}

—
| I—

£
O X
-

Supply

Voltage sensors

Voltage measuring device

Closing device

Adjustable resistor

Neutral of supply (or artificial neutral)
Fusible element (8.3.4.1.2, item d))
Adjustable reactor

Fault current limiting resistor

Equipment under test (including connecting
cables)

U
(2) H A B

|1, |2
A1) T

NOTE]
the su

NOTE]

NOTE]
test o

In the
NOTE]

one phase~af the Supply for equipment marked with a single value of U,;

the neutral for equipment marked with a twin voltage of U, (see note to 5.2).

NOTE - Outline include etalli¢ screen or
enclosure.

ation

ge side of

e supply.

Figure 10 — Diagram of the test circuit for the verification of short-circuit
making and breaking capacities of a two-pole equipment on
single-phase a.c. or on d.c.

(see 8.3.4.1.2)
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S S = Supply
’ U1, U2, = Voltage sensors
oN U3, U4,
u,5, U6,
\% = Voltage measuring device
R, (1) A = Closing device
R = Adjustable resistor
N = Neutral of supply (or artificial
neutral)
X /t X ["] E(3) F = Fusible element (8.3.4.1.2,
(1) ) J 4) itefn d))
LL' l' ctoils

ng resistor

zst

ing cables)
ifcludes
enclosure.

tions for

= -] P—1 I3 rrent sensors
IS Y A S O o >Earth - O th int
—-T | | ; ar ne earthjng point
! | | only (load side or pupply side)
Ur4 | I Ur5 ¥’ : Ur6 X’ = Shunt resistor (8.3.4.1.2, item
| | | D b
N Y AN AU Sy VDS RIS S Y 2

[ &

IEC 680/96

NOTE
the su

IloCated either on the high-voltage side or on the low-voltage side of
located on the low-voltage side.

NOTE] 7 be connected between phase and neutral.
NOTE] tended for use in phase-earthed systems or if this diagram is usled for the
test o 2 ent pefe of a four-pole equipment F, shall be connected to one phase of thg supply.

NOTE[% A da, F shall be connected

- tolthe,neutral foregGipment marked with a twin voltage of U, (see note to 5.2).

making and breaking capacities of a three-pole equipment
(see 8.3.4.1.2)
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S S = Supply
* N u.1, U.2, = Voltage sensors
oN U3, U4,
U5, U6,
v \% = Voltage measuring device
R4 = Adjustable resistor
R, R, R, N = Neutral of supply
F = Fusible element (8.3.4.1.2,
item d))

= Adjustable reactors
= Fault current limiting resistor

Closing™device

VR
(2)
y’(load side o
b—1 -1 shunt resistor (8
B I (. b))

NOTE
the su

NOTE|
NOTE]

are omitte

\> IEC 681796

lgcated either on the high-voltage side or on the low-voltal
located on the low-voltage side.

making and breaking capacities of a four-pole equipment
(see 8.3.4.1.2)

test
ting cables)

'Scludes

enclosure.
ctions for

hing point
supply side)
3.4.1.2, item

ge side of

1 and C2
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N
~N
S
A1
Current {
AN
ENVEE
~L_ N N a) = Calibration of
circuit
Prqspective peak

Lirrent

Ve

cal
current
lue)

Voltage

Applied vpltage
(r.m.s. vdlue)

1
Current

TN -: ----- v b) = O or CO pperation

—= = Supply vdltage,
242 (r.m.s. vdlue)

IEC 682/96

Making capacity (peak value) = A1 (see 8.3.4.1.8, items b) and c))

Ao

242

Breaking capacity (r.m.s. value) = (see 8.3.4.1.8, items b) and ¢))

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.
Figure 13 — Example of short-circuit making and breaking test record

in the case of a single-pole equipment on single-phase a.c.
(see 8.3.4.1.8)
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_._._..>J e

a) Calibration of the circuit

Prospective peak making

current = A,

esporlding to

t has
hlue

pacity:
U = B1

acity:
u=8B

alue

U i | Time
! I
Voltage ; I
I
' I
» ! !
’ i
B ‘ T
¢ 1 |
! ! Time
| 1
| |
I l
i i
|
Curren
y G c) Oscillogram corresponding to a
Voltagq break before the current has
reached its maximum
g Short-circuit breaking cgpacity:

Current | = A, at voltagd U = B,

Short-circuit making capacity:
Current | = A, at voltagd U = B

Current]
U Time
Voltagg
1
% A
B
LNy B
v ’
. ! i Time
1
IEC 683/96

Figure 14 — Verification of short-circuit making and breaking capacities on d.c.

(see 8.3.4.1.8)
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/
Current

\\
~
SN

lime

IEC 231/04
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90°
’
o 90° F g90°
F A
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{a) (b) {c) (d)
// 90° F
7 A
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(e,

(e)

5.2.1 and Table 17)

(g)

~
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Annex A
(informative)

Examples of utilization categories for low-voltage

switchgear and controlgear

Nature of . s Relevant
current Category Typical applications IEC product
standard
a.c. AC-20 Connecting and disconnecting under no-load conditions
AC-21 Switching of resistive loads, including moderate overloads \
AC-22 Switching of mixed resistive and inductive loads, including modgerate 947-3
overloads \/
AC-23 Switching of motor loads or other highly inductive loads
AC-1 Non-inductive or slightly inductive loads, resista X
AC-2 Slip-ring motors: starting, switching off
AC-3 Squirrel-cage motors: starting, switching/6ff motors runni
AC-4 Squirrel-cage motors: starting, plugging\), ing
AC-5a Switching of electric di
AC-5b Switching of incandesceqt la 60947-4-1
AC-6a Switching of transformer
AC-6b Switching of capacitor by
AC-8a Hermet
overloa
AC-8b Herm:/r;{igerarssm\m otof control with automatic resetting of
overloa
AC-52<‘ 0 ring\mot sétgré 8 h duty with on-load currents for start,
AC-52b
AC-53a
AC\53b 60947-4-2
A
AC-58b ntrol of hermetic refrigerant compressor motors with automatic resetting
of overload releases: intermittent duty
AC-51 Non-inductive or slightly inductive loads, resistance furnaces
AC-55a |Switching of electric discharge lamp controls
AC-55b [ Switching of incandescent lamps 60947-4-3
AC-56a |[Switching of transformers
AC-56b [ Switching of capacitor banks
AC-12 Control of resistive loads and solid-state loads with isolation by
optocouplers
AC-13 Control of solid-state loads with transformer isolation 60947-5-1
AC-14 Control of small electromagnetic loads
AC-15 Control of a.c. electromagnetic loads
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Nature of Relevant
Category Typical applications IEC product
current
standard
AC-12 Control of resistive loads and solid state loads with optical isolation
AC-140 |Control of small electromagnetic loads with holding (closed) current 60947-5-2
< 0,2 A, e.g. contactor relays
AC-31 Non inductive or slightly inductive loads
AC-33 Motor loads or mixed loads including motors, resistive loads and up to
30 % incandescent lamp loads 60947-6-1
AC-35 Electric discharge lamp loads
AC-36 Incandescent lamp loads (
AC-40 Distribution circuits comprising mixed resistive and reactive logds Nhaving a
resultant inductive reactance
AC-41 Non-inductive or slightly inductive loads, resistance furnaces \/
AC-42 Slip-ring motors; starting, switching off
. . . _ 60947-6-2
AC-43 Squirrel-cage motors: starting, switching off motg
AC-44 Squirrel-cage motors: starting, plugging®), i
AC-45a |Switching of electric discharge lamp con oIs
AC-45b [ Switching of incandescent lamps
AC-7a Slightly inductive loads/forhous lian es@ simildr applications d109
5
AC-7b Motor-loads for householthapplications
a.c. and A Protection of circuits, wj rated short-time withstand current
d.c. 6(0947-2
B Protection of circuits, wjth a sh hstand current
d.c DC-20
DC-21
DC-22 6(0947-3
DC-23 i .g. i
DC-1 ctive or stig fnductive loads, resistance furnaces
DC-3 , starting, plugging®, inching?). Dynamic breaking of motors
\ . . . . . . 60947-4-1
C-5 \%‘ tarting, plugging®), inching?). Dynamic breaking of motors
/\E<C S candescent lamps
C-1 W resistive loads and solid-state loads with isolation by
op{ocouplers
DCt13 htrol of electromagnets 60p47-5-1
DC-14 Control of electromagnetic loads having economy resistors in circuit
DC-12 Control of resistive loads and solid state loads with optical isolation
60947-5-2
DC-13 Control of electromagnets
DC-31 Resistive loads
DC-33 Motor loads or mixed loads including motors 60947-6-1
DC-36 Incandescent lamp loads
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Nature of Relevant
current Category Typical applications IEC product
standard
DC-40 Distribution circuits comprising mixed resistive and reactive loads having a
resultant inductive reactance
DC-41 Non-inductive or slightly inductive loads, resistance furnaces
_ _ . . . 1) . . 2) . .
DC-43 rirz)ttjg;tsmotors. starting, plugging'’, inching“’. Dynamic breaking of d.c. 60947-6-2
DC-45 |Series-motors: starting, plugging?), inching?). Dynamic breaking of d.c.
motors
DC-48 Switching of incandescent lamps
) By glugging is understood stopping or reversing the motor rapidly by reversing or prim connections
whilg¢ the motor is running.
2) By ihching (jogging) is understood energizing a motor once or repeatedly f perigds in small
movements of the driven mechanism.
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Annex B
(informative)

Suitability of the equipment when conditions for operation in service

differ from the normal conditions

If the conditions for operation in service and the application differ from those given in this
standard, the user shall state the deviations from the standard conditions and consult the

manufacturer on the suitability of the equipment for use under such conditions.

B.1 Iiixamples of conditions differing from normal

B.1.1 Ambient air temperature

The expected range of ambient air temperature can be lower tha

B.1.2 Altitude

The altifjude of the place of installation is more than 2

B.1.3 Atmospheric conditions
The atmosphere in which the equipment

than the values specified in 6.1.3 or
gases, ¢tc.

The eqdipment is to be ins
B.1.4 Conditions
The eqlipment ms b
either permanently 0
service o abnormal &

B.2 (

The usd
with oth
conditio

r than

tay Have a relative humidity
al amount of dust, acids, ¢

ns/of-installation and temperature-rise prescribed by this standard and/or the
product|stahdard and also to enable him to provide space. where necessary. to spi

+40 °C.

greater
orrosive

position
osed in

hections
ting the
relevant

ead out

conductors within the enclosure.

B.3 Auxiliary contacts

The user shall specify the number and type of auxiliary contacts to be supplied to satisfy

requirements such as signalling, interlocking, and similar functions.
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B.4 Special applications

The user shall indicate to the manufacturer if the equipment could be used for special
applications not covered by this standard and/or the relevant product standard.

@%
8



https://iecnorm.com/api/?name=0ba5999b27058eba5b0f1b6e57810c3e

60947-1 © IEC:2004 - 261 -

Annex C
(normative)

Degrees of protection of enclosed equipment

Introduction

Where an IP Code is stated by the manufacturer for enclosed equipment and for a device with
integral enclosure it shall comply with the requirements of IEC 60529, and the following
modifications and additions.

NOTE F|gure C.1 gives further information to facilitate the understanding of the IP cod 0529.

Clauseg and subclauses of IEC 60529 applicable to enclosed equipy detailed

in this ahnex.

Clause and subclause numbers of this annex correspond to

C.1 $cope

This anmex applies to the degrees of protection | 6 i e at rated
voltages :

C.2 Object

Clause P of IEC 60529 apf

C.3 Definitio
Clause |3 of IEC N

notes 1

llowing,

external
ve parts

"A part
influenc
and mo

NOTE Thi lies.

C.4 Designation

Clause 4 of IEC 60529 applies except for letters H, M and S.

C.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 applies.
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C.6

Clause

cC.7

Clause

C.8

Clause

C.9

Clause

c.10

Clause

Degrees of protection against ingress of water indicated by the second

characteristic numeral

6 of IEC 60529 applies.

Degrees of protection against access to hazardous parts indicated by

the additional letter

7 of IEC 60529 applies.

$upplementary letters

B of IEC 60529 applies except for letters H, M and S.

Examples of designations with IP Code

D of IEC 60529 applies.

Marking

If the IF Code is designated for one mgunting positiQ

0623 of| ISO 7000 placed next to the \P

vertical

symbol
bnt, e.g.

C.11 (

c.11.1 lies.

Cc.11.2 EC 60829 applies with the following additions:

All tests energized state.

Certain devices (e-g.€xposed faces of push-buttons) can be verified by inspection.
The temperature of the test samplie shalt mot deviate from the actuai ambient temper

more than 5 K.

ture by

Where equipment is mounted in an empty enclosure which already has an IP Code (see 11.5 of
IEC 60529) 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

inst

ructions.
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b) For IP6X dust test.

This shall be verified by inspection and compliance with the enclosure manufacturer's
instructions.

c) For IP5X dust test and IPX1 to IPX8 water tests.

Testing of the enclosed equipment is only required where the ingress of dust or water may
impair the operation of the equipment.

NOTE 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 equipment configuration should, therefore, be separately
considered.

C.11.3 Subclause 11.3 of IEC 60529 applies with the following addition:

Drain and ventilating holes are treated as normal openings.

C.11.4 | Clause 11.4 of IEC 60529 applies.

C.11.5 |Where an empty enclosure is used as a compgne 3 eqliipment,

clause 11.5 of IEC 60529 applies.

C.12 Tests for protection against access to dicated by |the
first characteristic numeral

Clause [12 of IEC 60529 applies exceptYor 12,3

C.13 1 d by
the first charac

Clause

C.13.4

Enclose tegory 2

of 13.4

NOTE 1 Fe testing

according

Enclose tegory 1

of 13.4

NOTE 2 |Eor enclosed equipment according to this standard, a degree of protection IP5X is generally deemed

satisfactory

C.13.5.2 Acceptance conditions for first characteristic numeral 5

The following text to be added:

Where dust deposits could raise doubts as to the correct functioning and safety of equipment,
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 equipment 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.
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Before being placed in the test chamber the equipment shall be stored at room temperature for
at least 4 h before the test.

The test duration shall be 24 consecutive hours.

After this period the equipment 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 Us max with a
minimum of 1 000 V.

C.14 Tests for protection against water indicated by second characteristic
numeral

C.14.1 | Subclause 14.1 of IEC 60529 applies.

C.14.2 | Subclause 14.2 of IEC 60529 applies.
C.14.3

The equ
2 Ug mgx. with a minimum of 1 000 V.

C.15 Tests for protection against ac
jadditional letter

Clause [I5 of IEC 60529 applies.

The relgvant pr Annex B
of IEC g0529, taking'i

Further | illustrati
Figure ¢.1).

bs (see
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C.1a - FIRST NUMERAL

Protection against ingress of solid objects

Protection of persons

against access to

IP Requirements Example hazardous parts with:
0 No protection ? Non-protected
1 Full penetration of 50 mm diameter sphere Back of hand

not allowed. Contact with hazardous parts S,

not permitted

®

“
g T

%,

%,
“Lrppgn

\

2 Full penetration of

hazardous parts

12,5 mm diameter
sphere not allowed. The jointed test finger

shall have adequate clearance from

m
RSy

uun‘l—!‘umu,
o ),

—
o

Finger

3 The access probe of 2,5 mm diameter shall

not penetrate

oo

4 The access probe of 1,0 mm diamefer skall Wire
not penetrate
(\
5 Limited ingress of /dust p itte (n%\ Wire
harmful deposit)
6 Totally prote% al ingress of\dust Wire

AN
3

Figure C.1 — IP Codes

—

ontinued)



https://iecnorm.com/api/?name=0ba5999b27058eba5b0f1b6e57810c3e

60947-1 © IEC:2004 -271 -

C.1b - SECOND NUMERAL

Protection against harmful ingress of water Protection
IP Prescriptions Example from water
0 No protection ? Non-protected
bbbbbbbbinb
bbbbbbbbibd
Protected against vertically falling drops of bob o . _—
1 water. Limited ingress permitted . ‘::: Vertically dripping
oo bbb
Protected against vertically falling drops of \Ig . o
2 water with enclosure tilted 15° from the rIRPIng Up 1p*° from
: .. . . the wertigal
vertical. Limited ingress permitted
. K \)
Protected against sprays to 60° from the . .
3 vertical. Limited ingress permitted Limited spraying
4 Protected against water splashed fr all Splashing from hll
directions. Limited ingress permitte directions
w
Protected against jets\ of water. LAimit 4 Hosing jets fronj all
5 . ’ > C . ;
ingress permitted directions
AN aN
6 Protectedns strong\_jets™\ of x/ Strong hosing jqts from
Limited ingressperm all directions
Protexted a st the effectg of immersion . .
7 Temporary immersion
ee 15&1 m
\u>
8 Protected ag t long periods of immersion Continuous immersion

under pressure

(continued)
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C.1c — ADDITIONAL LETTER (optional)

Requirements

Example

Protection of
persons against
access to hazard-
ous parts with:

A

For use with first
numeral 0

Penetration of 50 mm
diameter sphere up to barrier
must not contact hazardous
parts

e,

104y,
%,
,

"t

v

z,

Koo

Back of hand

B

Test finger penetration to a

O

\)
I

For ude with first maximum of 80 mm must not i inger
numerkls 0 and 1 contact hazardous parts S
Wi
ke
Wire of 2,5 mm diameter Ay
c x 100 mm long must not Q) Y
For ude with first contact hazardous parts v 45 Tool
numerkls 1 and 2 when spherical stop face is S W)
partially entered GO N
AN\ /N >
Wire of 1,0 mm diafeter 1';;;"'W"::.
D x 100 mm long must %
contact hazardous parts Wire

For uge with first
numerpls 2 and 3

when spherical stop
partially entered

W

N

o 2

> g
rersennaanni it
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Annex D
(informative)

Examples of terminals

D Optional

f N

N
sy
d

\', “‘
>

NA =

Direct pressure through screw head

o
3
o] @
7 /s
2
o}
g
=
o
3
ol
9]
-
O
k=]
[=5
=]
=)
s

P
.
hY

Indirect pressure through intermediate part
IFC |687/96

Fixed part

Washer or clamping plate

Anti-spread device

O 0O|lm >

Conductor space

NOTE Examples shown here do not prohibit the conductor being divided either side of the screw.

Screw terminal

Screw-type terminal in which the conductor is clamped under the head of one or more screws. The clamping
pressure may be applied directly by the head of the screw or through an intermediate part, such as a washer,
clamping plate or anti-spread device.

Figure D.1 — Screw terminals
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-
. | \\\-‘:_

SN

Part of device Part of device
with cavity for terminal with-cavity for terminal
Terminals without pressure plate Termi ith pressure plate

fermmals with indirect pressure
IEC 688/96

A Fixed part
B Body of the clamping unit

D Conductor space

Pillar terminal

Screw-type terminal in which the conductor is inserted into a hole or cavity, where it is clamped under the shank
of the screw or screws. The clamping pressure may be applied directly by the shank of the screw or through an
intermediate part to which pressure is applied by the shank of the screw.

Figure D.2 — Pillar terminals
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B
/
D\\ f %Optional
—
% Nl AN
\ ¢ 1 \\ //z\\\&“
D U ' ¢
= s E A IEC 689/9
A Fixed part
B Washer or clamping plate
C Anti-spread device
D Conductor space
E Stud
NOTE Tpe part which retains the conductor in position may be of ingtlating 2 i ressure
necessary to clamp the conductor is not transmitted through the insulatiQg
Stud termynal
Screw-tyge terminal in which the conductor is clamped unde may be

applied d
anti-spred

d device.

rectly by a suitably shaped nut or thpough an

plate or
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A Saddle

B—ixetd }Jdlt
C Stud
D Conductor space

rminal

e terminal in whi ed under a saddle by means of two or more screws

— Saddle terminals

>

690/96

or nuts.
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N

h

2

F
A Locking means
B Cable lug or bar
E Fixed part
F Stud
IEC 691/96
Lug termipal
Screw terfminal or st@ iha d q able lug or bar by means of a screw or nut.
g % IEC 1779/01
NOTE Ekafoplés of overall dimensions of cable lugs are given in Annex P.

Figure D.5 — Lug terminals
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Y
E?
/
B
— 1] 1 S JE—
A Fixed part
D Conductor space
Mantle tefminal
Screw-tyge terminal in which the conductor is clamped again as¢ ofpa slolin a threaded stud by mepns of a
nut. The [conductor is clamped against the ba as itashap d washer under the npt, by a
central pdg if the nut is a cap nut, or by equal ting the pressure from the n
conductolf within the slot.

IEC 692/9

t to the
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Screwless-type terminal with indirect pressure

Screwless-type terminal with-dir

Screwless-type terminals

essure

minal with actuating element
( IEC 232/9

By
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Annex E
(informative)

Description of a method for adjusting the load circuit

To adjust the load circuit to obtain the characteristics prescribed above, several methods may
be applicable in practice. One of them is described below.

The principle is illustrated in Figure 8.
The osdgillatory frequency f of the transient recovery voltage and the value
essentiglly determined by the natural frequency and the damping
these Values are independent of the voltage and frequenc
adjustm voltage
and freg b test of
the equ s of the
recover bf which
is synch
To pernji a high-
frequeng brator is
chosen
a) 2 kH
b) 4 kH
Connec
— a difopping resisto 1l circuit
impgdance ( 000 s~ 1)
for cases a) and B
- an used in
com
curre
Due to ffe va )} , ircuit i i ihductive
and, at theinstam eft zero, the applied voltage across the load circuit will be at|its peak
value e components of the load circuit are suitable, it must be checkefd on the
screen that\the cOryg of the transient voltage at its initiation (point A in Figure E.1) has a
practically.horizontal tangent.

The actual value of the factor y is the ratio Uyy/Uqo; U1 is read on the screen, Uqy is read

between the ordinate of point A and the ordinate of the trace when the load circuit is no longer
energized by the generator (see Figure E.1).

When observing the transient voltage in the load circuit with no resistor R, or capacitor Cy 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.
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