INTERNATIONAL IEC
STANDARD 60947-1

Edition 3.2
2001-12

Edition 3:1999 consolidated with amendments 1:2(@00\en\d 2:2001

Low-voltage switchgear anc

Part 1:
General rules

A

isNEnglish-language version is derived from the original
ﬁ ual publication by leaving out all French-language

ges. Missing page numbers correspond to the French-
anguage pages.

Reference number
IEC 60947-1:1999+A1:2000+A2:2001(E)



https://standards.iteh.ai/catalog/standards/iec/8b89b1c8-7ad5-45aa-9a90-055a9de271f8/iec-60947-1-1999

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the base
publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

issued, is also available from the following:
e |EC Web Site (www.iec.ch)

. Catalogue of IEC publications



http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/ justpub
mailto:custserv@iec.ch
https://standards.iteh.ai/catalog/standards/iec/8b89b1c8-7ad5-45aa-9a90-055a9de271f8/iec-60947-1-1999

INTERNATIONAL IEC
STANDARD 60947-1

Edition 3.2
2001-12

Edition 3:1999 consolidated with amendments 1:2M 2:2001

e

nao

Low-voltage switchgear

Part 1:
General rules

O

0 IEC 2001 Copyright - all rights reserved

No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical,
including photocopying and microfilm, without permission in writing from the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 91902 11 Telefax: +41 22919 03 00 E-mail: inmail@iec.ch Web: www.iec.ch

Commission Electrotechnique Internationale
International Electrotechnical Commission
MexayHapofHas OnektpoTtexHuyeckas Komuceus



https://standards.iteh.ai/catalog/standards/iec/8b89b1c8-7ad5-45aa-9a90-055a9de271f8/iec-60947-1-1999

60947-1 © IEC:1999+A1:2000+A2:2001 -3-

CONTENTS
FOREW O R DD ... e e e 11
S €= £ =Y = | T 13
1.1 SCOPE AnNd ObDJECT . e 13
1.2 NOMMaAtiVe TEfEIrENCES ... .. e 15
D2 B 1Y i1 o T (o] 1= 19

2.1 GeNEral tOIMIS o e s 27
2.2 Switching deviCes .......cooiiiiiiiiii e, : 33

2.3 Parts of switching devices .........ocooiiiiiiiiiiiii N 37
2.4 Operation of switching devices 43
2.5 Characteristic quantities..........ccooooviiiii QL e 51
D22 T I =] £ S AP NP WD, NPT W 65
3 Classification ........ooiiiiiiii i D NN NN N 67
4  Characteristics .....c.ocovvviiiiiiiiiiie b G NG N 67
41 General ....ccoooeiviiiiiiiiiiii AN, \ 69
4.2 Type of equipment .............NG.. 0\ 69
4.3 Rated and limiting values for tha.main 69
L VL (T2 Yd o] g I o7= 1 {=Te [ oV A N N PP 81
4.5 Control circuits 81
4.6 Auxiliary circuit 83

4.7 Relays and release 83

4.8 Co-ordipqtion 83
4.9 Switchv 83
5 Product informatio 83
5.1 83
5.2 85
5.3 87
6 Norma 89
6.1 89
6.2 Conditions’during transport and StOrage ..........coiviiiiiiiiiiiiii 91
8.3 MOUNTING . e 91
7  Constructional and performance requirements..........cocoiiiiiiiiii i 93
7.1 Constructional reqUIremMeNnts. ... ..o 93
7.2  Performance reqUIrEmMENTS .. ... 107
7.3 Electromagnetic compatibility (EMC) ... 123
LS T I == £ PP 125
8.1 KNS Of 10t 125
8.2 Compliance with constructional requirements ...........ccoooiiiiiiii 129
8.3 P eI OIMANCE e e 141

8.4 T EStS fOr EM C . e e e e 181


https://standards.iteh.ai/catalog/standards/iec/8b89b1c8-7ad5-45aa-9a90-055a9de271f8/iec-60947-1-1999

60947-1 © IEC:1999+A1:2000+A2:2001 -5-

Annex A (informative) Examples of utilization categories for low-voltage switchgear

E= [ Lo [ o0} 1 { o] o =Y 241
Annex B (informative) Suitability of the equipment when conditions for operation in

service differ from the normal conditionS...........c.cooiiiiii i 243
Annex C (normative) Degrees of protection of enclosed equipment......................l. 245
Annex D (informative) Examples of terminals............coooiiiiiii i 259
Annex E (informative) Description of a method for adjusting the load circuit ....................... 271
Annex F (informative) Determination of short-circuit power-factor or time-constant............. 275
Annex G (informative) Measurement of creepage distances and clearances....................... 279

Annex H (informative) Correlation between the nominal voltage of the supp
and the rated impulse withstand voltage of equipment.............o UM NG 291

Annex J (informative) Items subject to agreement between manufactdrerand\user ....\...... 295

Annex L (normative) Terminal marking and distinctive number .. ..\ N NN 297

Figure 4 — Diagram of th i 3 ification of making and breaking
capacities of a tw \sihgle-phase a.c. or on d.c. (see 8.3.3.5.2) .............. 213
Figure 5 — Diagrﬁ} S{ e Verification of making and breaking

capacities of a thre i S 23,852 215

Figure 6 — Diagra uit for the verification of making and breaking

capacities of a \ ) e e 217

Figure 7 of the recovery voltage across contacts of

the first ghase ar under ideal conditions (see 8.3.3.5.2, item €)) ....cooiiiiiiiiiiiiiiii 219

Figure 8a — of albad circuit adjustment method: load star-point earthed................ 221
of a load circuit adjustment method: supply star-point earthed ............ 223

Figure 9 — Diagram of the test circuit for the verification of short-circuit making and
breaking capacities of a single-pole equipment on single-phase a.c. or on d.c.
(SEE 8.3.4. 1.2 i 225

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.

(SE B.3.4. 0 2 it 227
Figure 11 — Diagram of the test circuit for the verification of short-circuit making and
breaking capacities of a three-pole equipment (see 8.3.4.1.2) ... 229

Figure 12 — Diagram of the test circuit for the verification of short-circuit making and
breaking capacities of a four-pole equipment (see 8.3.4.1.2) ... i 231

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) ... 233


https://standards.iteh.ai/catalog/standards/iec/8b89b1c8-7ad5-45aa-9a90-055a9de271f8/iec-60947-1-1999

60947-1 © IEC:1999+A1:2000+A2:2001 -7-

Figure 14 — Verification of short-circuit making and breaking capacities on d.c.
(S8 B.3.4.1 .8 ittt et 235

Figure 15 — Determination of the prospective breaking current when the first calibration
of the test circuit has been made at a current lower than the rated breaking capacity

(S€E 8.3.4.1.8, I1EIM D)) oeeiiii i 237
Figure 16 — Actuator test force (see 8.2.5.2.1 and table 17) ......ccooiiiiiiiiiiii e, 239
FIGUIE C.1 — [P COUES ettt et et eans 253
Figure D.1 — SCrew termMinNals ... .. oo e e e enas 259
Figure D.2 — Pillar terminals ... e 261
Figure D.3 = Stud terminals ....... ..o

Figure D.4 — Saddle terminals...........ooooiiii i,

Figure D.5 — Lug terminals .........cooooiiiiiiii e LN

Figure D.6 — Mantle terminals ... NG N\ e
Figure D.7 — Screwless-type terminals ...........ccooiiiiiiiiiiiininge e N e e o e N eees

Figure E.1 — Determination of the actual value of the factor

Table 9 — Test copper conductors for test currents up to 400 A inclusive (see 8.3.3.3.4) ..... 193
Table 10 — Test copper conductors for test currents above 400 A and up to 800 A inclusive

(SEE 8.3.3.3.4) i e 193
Table 11 — Test copper bars for test currents above 400 A and up to 3 150 A inclusive

(SEE 8.3.3.3.4) it e 195
Table 12 — Impulse withstand test voltages .......c.oviuiiiiiii 197
Table 12A — Dielectric test voltage corresponding to the rated insulation voltage................. 197
Table 13 — Minimum ClearanCes iN @il ........c.oiuiiiiiii e 199

Table 14 — Test voltages across the open contacts of equipment suitable for isolation ........ 199


https://standards.iteh.ai/catalog/standards/iec/8b89b1c8-7ad5-45aa-9a90-055a9de271f8/iec-60947-1-1999

60947-1 © IEC:1999+A1:2000+A2:2001 -9-

Table 15 — Minimum creepage diStanCes ......... ..o 201
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))...........cc.cceeen. 203
Table 17 — Limits of actuator test force for given types of actuator (see 8.2.5.2.1)............... 203
Table 18 — VaCaNt ... e 203
Table 19 — VaCaNt ... 203
Table 20 — Test values for conduit pull-out test (see 8.2.7.1) ... 203
Table 21 — Test values for conduit bending test (see 8.2.7.2) ..., 205
Table 22 — Test values for conduit torque test (see 8.2.7.1 and 8.2.7.3) .....cooeeiviiiiiiniinneennn. 205
Table 23 — Tests for EMC — Immunity (see 8.4.1.2) ..o, o NG 205

Table 24 — Acceptance criteria when EM disturbances are present..... a

O


https://standards.iteh.ai/catalog/standards/iec/8b89b1c8-7ad5-45aa-9a90-055a9de271f8/iec-60947-1-1999

60947-1 © IEC:1999+A1:2000+A2:2001 -11 -

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 1: General rules

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for stardardization comprising
all national electrotechnical committees (IEC National Committees). The object of| is to promote
international co-operation on all questions concerning standardization in the electricaNand_electrgnic fields. To
this end and in addltlon to other actlvmes the IEC publlshes Internatlonal S a dards Their p paratlon is

participate in this preparatory Work International, governmental and non-gove ta i liaising
with the IEC also partrcrpate in this preparatlon The IEC coIIaborates closely e i nization for

2) The formal decisions or agreements of the IEC on technical

3) The documents produced have the form of recommendationg for jfte 3 2 are published in the form
of standards, technical specifications, technical reporis ¢ accepted by the National
Committees in that sense.

4) In order to promote international unificatiqn, IE Nati i dertake to apply IEC International
Standards transparently to the maximum t_pessible_ in their nagional and regional standards. Any
divergence between the |IEC Standard and t ing i or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marklng procedure to\ indig

6) Attention is drawn to the possibilit

International St r
switchgear and ¢

A vertical line
amendments 1 and

Annexes C, L, M and N form an integral part of this standard.
Annexes A, B, D, E, F, G, H, J, O and P are for information only.
The contents of the corrigendum of April 1999 have been included in this copy.

The committee has decided that the contents of the base publication and its amendment will
remain unchanged until 2004. At this date, the publication will be

e reconfirmed;

e withdrawn;

« replaced by a revised edition, or
¢ amended.

The contents of the corrigendum of December 2002 have been included in this copy.
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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 the need for testing to different standards.

application, e.g. temperature-rise, dielectric properties, etc.

For each type of low-voltage switchgear and controlgeg
necessary to determine all requirements and tests:

1) this basic standard, referred to as "Part 1" in th
types of low-voltage switchgear and controlgear;

2) the relevant equipment standard hefej kefexred to %the

applicable), or it may
deviate from it, L@
NOTE The product stane
controlgear are:
60947-2:
60947-3:
60947-4:
60947-5:

60947-6:
60947-7:

1.1 Scope and object

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.

1.2 Normative references

The following referenced documents are indispensable for the applicaj
dated references, only the edition cited applies. For undated refere
the referenced document (including any amendments) applies.

IEC 60050(151):1978, International Electrotechnical Vocabuja
and magnetic devices

IEC 60050(441):1984, International Electrotechnica
Switchgear, controlgear and fuses

Chapter 441:
IEC 60050(604):1987, International (IEV) — Chapter 604:

IEC 60050(826):1982, International EIl ahulary (IEV) — Chapter 826: Electrical
installations of buildings

IEC 60068—2—3:193,
IEC 60071-1:1993;

insulating materials unger moist conditions

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

IEC 60269-1:1986, Low-voltage fuses — Part 1: General requirements

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

IEC 60364-4-443:1990, Electrical installations of buildings — Part 4: Protection for safety —
Chapter 44: Protection against overvoltages — Section 443: Protection against overvoltages of
atmospheric origin or due to switching

IEC 60417-2:1998, Graphical symbols for use on equipment — Part 2: Symbol originals
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IEC 60439-1:1992, Low-voltage switchgear and controlgear assemblies — Part 1: Type-tested
and patrtially type-tested assemblies

IEC 60445:1988, 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 60529:1989, Degrees of protection provided by enclosures (IP code)

IEC 60617-7:1983, Graphical symbols for diagrams — Part 7: Switchgear, controlgear and
protective devices

IEC 60664-1:1992, Insulation coordination for equipment within low-va y %S — Part 1:
Principles, requirements and tests — Basic safety publication
Amendment 1 (2000)

IEC 60695-2-1/0:1994, Fire hazard testing — Part 2: Test mg
wire test methods — General

preet 0: Glow-

IEC 60695-2-1/1:1994, Fire hazard testing — Part 2:
wire end-product test and guidance

stion 1/sheet 1: Glow-

Ctromagnetic compatibility (EMC) — Part 3: Limits — Section 3:

Limitation of voltage fljuctuations and flicker in low-voltage supply systems for equipment with

rated current <16 A

IEC 61000-4-2:1995, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 2: Electrostatic discharge immunity test — Basic EMC publication

IEC 61000-4-3:1995, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 3: Radiated, radio-frequency, electromagnetic field immunity test

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

IEC 61000-4-5:1995, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 5: Surge immunity test
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IEC 61000-4-6:1996, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 6: Immunity to conducted disturbances, induced by radio-frequency fields
Amendment 1 (2000)

IEC 61000-4-8:1993, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 8: Power frequency magnetic field immunity test — Basic EMC Publication
Amendment 1 (2000)

IEC 61000-4-11:1994, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 11: Voltage dips, short interruptions and voltage variations immunity tests
Amendment 1 (2000)

IEC 61000-4-13:—, Electromagnetic compatibility (EMC) — Part 4-13: Testing and measure-
ment techniques — Harmonics and interharmonics including mains signalling~at a.c. power
ports, low-frequency immunity tests — Basic EMC Publication 1)

equipment

CISPR 11:1997, Industrial, scientific and medical
Electromagnetic disturbance characteristics — Limits and
Amendment 1 (1999)

2 Definitions

Reference Page

"a" contact.........{... \ 2.3.12 39
Actuating force 2417 47
Actuating system 1 a itchi i 2.3.16 41
ACTUATOT N e o e e e e 2.317 41
Ambientair teriperat 2.1.9 29
Anti-pumpi 2.3.20 41
Applied voltage~{for a W|tch|ng device) 2.5.32 57
Arcing contact 2.3.8 39
Arcing time (of a multipole switching device)........ccoooiviiiiiiiiin, 2.5.41 59
Arcing time (of a pole or @ fUSE)....c.uieii i 2.5.40 59
AUtOMALIC CONTIOL ... 24.5 43
Auxiliary circuit (of a switching device) ... 234 37
AUXIlIAryY CONtaCT ... oo 2.3.10 39
Auxiliary switch (of a mechanical switching device) .............c.coiiiin. 2.3.11 39
B
MM CONTACT. .. 2.3.13 39
Back-up proteCtion ... 2.5.24 55
Break CONtaCT ... ... 2.3.13 39
Breaking capacity (of a switching device or a fuse) .........ccoooiiiiiiiiiiiinins 2.5.12 53
Breaking current (of a switching device or a fuse) .......c...ccoooiiiiiiiiins 2.5.11 53
Break time. ... 2.5.42 59

1) To be published.
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Reference Page

CirCUIT-DrEeaker ...
ClampPing UNit ...t
ClBAMANCE. ...t
Clearance between open contacts (gap) -.coecoveniieiiiiii e
Clearance between POIES......c..iiuiii i
Clearance to earth. ...
Closed position (of a mechanical switching device)...........ccooevviviiiiiinninnns
Closing operation (of a mechanical switching device)............c..co.ociiinil.
ClOSING IME Lot
Comparative tracking index (CT1) ..o
Conditional short-circuit current (of a circuit or a switching device)
CoNAUCHIVE Part .. e

Contact (of a mechanical switching device)........cc.ccoiiiiiiiiiiiiiininnn, N

Contact PIECE ....ivieii e KN

Control switch (for control and auxiliary circuits)
Conventional non-tripping current (of an,over-cu

Creepage distance
Critical load current

EleCtriC SNOCK .. .. e 2.1.20 31
BN C OS U ..t e 2.1.16 31
Exposed conducCtive part..... ... 2.1.11 29
Extraneous conductive part ... 2.1.12 29
F
Functional overvoltage. ..o 2.5.54.3 61
FUS . e e 2.2.4 31
Fuse-combination unit ... 2.2.7 31
FUuse-element. ... 2.2.6 31
FUSE-IINK Lo e e 2.2.5 31
H

Homogeneous (Uniform) field..........c.oviiiiiiiiii e 2.5.62 65
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Independent power operation (of a mechanical switching device)............... 2.4.16
INdicator light ... 2.3.19
Indirect over-current relay or release ........coooviiiiiiiiiii i 2.4.29
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Isolating distance (of a pole of a mechanical switching device)
Isolation (isolating function) ...,

Joule iNte@ral (J28) ....ccceeee e

Let-through current..........cooii D
Let-through (current) characteristic
Lightning overvoltage .........ccocovviiiiiiiiiiie fo,

Limiting value ... AL NG N
LiVe Part ... e .
Local control........cccocoveiviiiiniinn e e

1Y/ P15 TN eT0] 0] = o1 SR P U N (e N N S S
Make time. ........
Making capacity
Manual control

[N Lo 41T F= T B 2= 1 = 2.5.1
0]
Open position (of a mechanical switching device) ........coccoiiiiiiiiiiiiiiiennnnns 2.4.21
Opening operation (of a mechanical switching device) ..........c..cooeciiinils 2.4.9
Opening time (of a mechanical switching device) .........c.ccoiiiiiiiiinnns 2.5.39
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L@ A =T o U (= | PP 21.4
Over-current disCrimination..... ..o 2.5.23
Over-current protective co-ordination of over-current protective devices..... 2.5.22
Over-current relay Or rel€ase ........oouuiiiiiiiii i 2.4.25
OVEIIOAA ... e 21.7
(@ AV7=T o To = T I XU 1 = o | 2.1.8
Overload relay Or release. . ..o 2.4.30
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