IEC 62986:2017-09(en)

IEC 62986

Edition 1.0 2017-09

INTERNATIONAL
STANDARD

Plugs, socket-outlgfscand'cuplérs with afcuatéoritacts \V
(standards.iteh.ai)

IEC 629862017
https/standards.iteh.ai/catalog/standards/sist/77054ef-806¢-4a6b-b76d-
849d8655d698/iec-62986-2017




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, 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
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables-to, find IEC, publications by a
variety of criteria (reference (number) text, |technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online-and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 20 000 terms and definitions in
English and French, with equivalent terms in 16 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65-000.-electrotechnical -terminology entries in English and
Erench extracted from ithe ‘Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected fromyearlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

lf<you- wish to give us your feedback on this publication or
needifurtherlassistance;:please’ contact the Customer Service
Centreycsc@iec.ch.



IEC 62986

Edition 1.0 2017-09

INTERNATIONAL
STANDARD

Plugs, socket-outletstand couplers with-arcuate‘contacts

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.120.20 ISBN 978-2-8322-4870-6

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- IEC 62986:2017 © IEC 2017

CONTENTS

FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 6
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 8
1 oo ] o1 S PP 9
P N[0 4 4 =Y OV LT =) (= =Y g Lo = 9
3 Terms and definitions ... e 10
S € 7= o T=Y - | 16
4.1 General reqQUITEMENTS ...iui e e 16
4.2 General NOtES ON 1ESES ... 16

B StANAArd FAlING S .ottt 17
B  ClasSifiCatioN ..o e 18
6.1 Y eTo7o] o 1Yo I do TN o 10 [ o Yo 1= 0SS 18
6.2 According to the method of connecting the cable ..., 18

7 =T o Q1 o N 18
S I B 1 0 =T 0 1] o S PP PTRPPR 20
9  Protection against electric ShOCK ... 21
10 Provisions for earthing ... 21
11 Terminals and termMINatIONS, ;. .. s erras e eras ssas e e ras ssas eease s e st oe e s s e e st e s e s e e eeneeneenaenns 22
11.1  Common requirements for terminals and terminations......o.. ..., 22
11.2  Screw type terminals L &l i Ll A Il G O T 24
11.3  Mechanical tests on terminals ... ... 26

12 Resistance to ageing of rubber and thermoplastic material ..................oooiiiiiin. 28
13 General construction®.. o S A LT 806c-4abb-b76d- 29
14 Construction of socket-outlets ... 29
15 Construction of plugs and CONNECIOrS .........oouiiiiiii e 30
16 Construction of appliance iNIetS .......coeniiii i 31
17  Degrees Of ProteCION ... e 31
18 Insulation resistance and dielectric strength ... 32
TO  BreaKing CapaCily ...oeu i 33
D24 O I Lo T g = 1o oY= = 14 T ] o TS 36
D2 T =T oY o 1= = (0T = N 37
22 Flexible cables and their connection ... .. ... 38
221 Cable @nChorages .. .. oo 38
22.2 Requirements for plugs and CoONNECtOrs .........oieiiiiii e 38
22.21 Non-rewirable plugs and CoONNECIOrS .........oouiiiiiiiii e 38
22.2.2 Rewirable plugs and CONNECLOrS ... ...ccuiiiiiiiii e 38
22.3  PUI ST i 39
23 Mechanical strength ..o e 41
D22 T B =Y o 1= - | PSP 41
23.2  Impact test apparatus ... 42
23.3  NOIMAI US ot 42
23.4 T est deSCriPtiON oo 43
23.5 Socket-outlets and appliance inlets ... 44
23.6 Rewirable plugs and CONNECIOIS ......iuiiiiiii e 44

23.7 Non-rewirable plugs and CONNECIOrS ..........iiiiiiiiii e 45



IEC 62986:2017 © |IEC 2017 -3-

23.8 Accessories with screwed glands ..........ooouiiiiiiiii 46
D22C TS B = 11 o 1= PSP 46
23.9.1 (7Y 1= - | PP 46
23.9.2 Perpendicular stress test .. ... 47
23.9.3 AXIal SIrESS 1St oo 47
23.9.4 Tensile strength test ... 48
23.9.5 Blade retention (compression) test .........oviiiiiiiii i 48

24 Screws, current-carrying parts and connNectionS...........c.ovviiiiiiiiiiii e 48
25 Creepage distances, clearances and distances through sealing compound.................... 50
26 ReSIStancCe 10 heat. .. ..o 51
27 Resistance to fire and to tracking..... ... 52
28 Corrosion and resistance t0 rUSTING ..o 54
29 Conditional short-circuit current withstand test..............ooiiiiiii 55
29.1  Short-CirCUIt CUITENt L. o 55
29.2 Ratings and test CoONAItioNS ... ... 55
29.3 TSt CIMCUIt e 55
29.4  Calibration ..o 58
29.5 TSt PrOCEAUIE ..o e 58
29.6 Behaviour of the equipment under test..........cooiiiiiiiiiii 58
29.7 Acceptancerconditions ... A il L A L 59
30 Electromagnetic compatibDility ........c.oiuiiirii s g et 59
301 ImmuUNity ... 59
T = 1 01111 o] o PP PTIPPRN 59
STANDARD SHEETS ... euiietieteieenssenssienesenesenassnesammsemsrs s mmmsry sss «sssts s esssensesnseenseenneenaeenneens 60
STANDARD SHEET L5-20 125 V, 200A;dW05pole threerWine ..........coceoviiiiiiiiiiiiiieieeeeeee, 62
STANDARD SHEET L5-30 125 V, 30 A, two-pole three-wire ..........ccoooiiiiiiiiiiiin 63
STANDARD SHEET L25-30 240 V, 30 A, two-pole three-wire ...........ccoeeeiiiiiiiiiiiiieieeeeeeen, 64
STANDARD SHEET L6-20 250 V, 20 A, two-pole three-wire ..........c.ccovviiiiiiiiiiiiiiiceeeen, 65
STANDARD SHEET L6-30 250 V, 30 A, two-pole three-wire ..........c.ccovviiiiiiiiiiiiiiieeeen, 66
STANDARD SHEET L7-20 277 V, 20 A, two-pole three-wire ..........ccoooiiiiiiiiiiiiiiin 67
STANDARD SHEET L7-30 277 V, 30 A, two-pole three-wire ..........ccoooiiiiiiiiiiiiiin 68
STANDARD SHEET L24-20 347 V, 20 A, two-pole three-wire ...........coooeviiiiiiiiiniiieeeeen 69
STANDARD SHEET L8-20 480 V, 20 A, two-pole three-wire ..........c.ccooviiiiiiiiiiiiiieeeen, 70
STANDARD SHEET L8-30 480 V, 30 A, two-pole three-wire ..........c.ccooviiiiiiiiiiiiiiiiceee, 71
STANDARD SHEET L9-20 600 V, 20 A, two-pole three-wire ..........c.ccovviiiiiiiiiiiiicieceeen, 72
STANDARD SHEET L9-30 600 V, 30 A, two-pole three-wire ..........c.ccooviiiiiiiiiiiiiiiceeeen, 73
STANDARD SHEET L14-20 125/250 V, 20 A, three-pole four-wire...........ccooeeviiiiiiiniiineenneenn. 74
STANDARD SHEET L14-30 125/250 V, 30 A, three-pole four-wire...........ccoooevviiiiiiieinennnnnn. 75
STANDARD SHEET L15-20 250 V, 20 A, three-pole four-wire ............cccooiiiiiiiiiiiiiiiin, 76
STANDARD SHEET L15-30 250 V, 30 A, three-pole four-wire ..........cccooceviiiiiiiiiiiniiiiineeeenn, 77
STANDARD SHEET L16-20 480 V, 20 A, three-pole four-wire ..........ccoccoviiiiiiiiiiiniiieineeen. 78
STANDARD SHEET L16-30 480 V, 30 A, three-pole four-wire .............coooiiiiiiiiiiiiiiiiien, 79
STANDARD SHEET L17-30 600 V, 30 A, three-pole four-wire .............coooiiiiiiiiiiiiiiin, 80
STANDARD SHEET L21-20 120/208 V, 20 A, four-pole five-wire ..........cccoccoviiiiiiiiiiiineeen, 81

STANDARD SHEET L21-30 120/208 V, 30 A, four-pole five-wire .............cccocooiiiiin, 82



-4 - IEC 62986:2017 © IEC 2017

STANDARD SHEET L26-30 240/415 V, 30 A, four-pole five-wire ...........ccoooiiiiiiiiiiiiice 83
STANDARD SHEET L22-20 277/480 V, 20 A, four-pole five-wire ..........cccocoviiiiiniiiiinceen, 84
STANDARD SHEET L22-30 277/480 V, 30 A, four-pole five-wire .........cccocoviiiiiiiiiiineeen, 85
STANDARD SHEET L23-20 347/600 V, 20 A, four-pole five-wire ...........cccoooviiiiiiiiiiiiees 86
STANDARD SHEET L23-30 347/600 V, 30 A, four-pole five-wire ...........cccooiviiiiiiiiiiiiees 87
71 0] [ Yo = o 2 /278 PP 88
Figure 1 — Diagram showing the uses of the acCesSOories .......c..oovviiiiiiiiiii e 11
Figure 2 — Pillar terminals ..o e 14
Figure 3 — SCrew termMiNals ......ooii e e 14
Figure 4 — Stud termMINaAlS .. ... e 14
Figure 5 — Saddle terminals . ... 15
Figure 6 — Mantle terminals. ... ... e 15
Figure 7 — Gauges for testing insertability of round unprepared conductors having the
maximum specified CrosSS-SECHON ... ... ...t 25
Figure 8 — Flexing test arrangement. ... ... 27
Figure 9 — Circuit diagrams for breaking capacity and normal operation tests ....................... 35
Figure 10 — Apparatus for testing the cable anchorage ............ccocoiiiii i, 40
Figure 11 — Impact test apparatus ' —/Rendulum assembly . .. 0 L Ve 43
Figure 12 — Arrangement for mechanical $trength téstfor plugs and connectors ................... 45
Figure 13 — Apparatus for flexing test ... 46
Figure 14 — Arrangement for contact blade(strength tests for plugs..........ccooveiiiiiiiiinin. 47
Figure 15 — Ball-pressure apparatus, ... ....;covciremeneerronsssnsserns ................................................ 52
Figure 16 — Arrangement and dimensions of the electrodes for the tracking test................... 54
Figure 17 — Diagram of the test circuit for the verification of short-circuit current

withstand of a two-pole equipment on a single-phase AC.........oo e 56
Figure 18 — Diagram of the test circuit for the verification of short-circuit current

withstand of a three-pole equUIPMENT ... 57
Figure 19 — Diagram of the test circuit for the verification of short-circuit current

withstand of a four-pole equIipMeENt ... 58
Table 1 — Standard rating S .....c.u i 17
Table 2 — Voltage COlOUI COUR.. .. e e e e 20
Table 3 — Size for connectable CONAUCIOrS.........iiiiiii 22
Table 4 — Flexing under mechanical load testing for copper conductors............ccccooiviiinnn. 27
Table 5 — PUING fOICE ..t e e e e e 28
Table 6 — Voltage for dielectric strength test ... 33
Table 7 — BreaKing CapaCity . ... e 35
Table 8 — Normal Operation ... . ... e 37
Table 9 — Test current and nominal cross-sectional area...........ccccovviiiiiiiiiiii i, 37
Table 10 — Cable fY P i e 38
Table 11 — Metric Cables .. 40
Table 12 — AW G Cables ..o e 41

Table 13 — Pulling force and torque test values...........ooviiiiiiii i 41



IEC 62986:2017 © |IEC 2017 -5-

Table 14 — IMPaCt fOrCE ..o e e e 45
Table 15 — Test force for glands ..o e 46
Table 16 — Torque values for terminal SCreWS ..........ooviiiiiiiiiii e 49
Table 17 — Distances through sealing compound ............cooiiiiiiiii e, 51

Table 18 — Standard SHEEtS ... e 60



1)

2)

3)

4)

5)

6)

7)

8)

9)

-6- IEC 62986:2017 © IEC 2017

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PLUGS, SOCKET-OUTLETS AND COUPLERS WITH
ARCUATE CONTACTS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable_efforts_are made to ensure that the technical content of IEC
Publications is accurate, IEC Jcannot be held responsible for the way/ in \which/they are used or for any
misinterpretation by any end user.

In order to promote international uniformity/ IEC National! Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not providedany attestation'of ‘conformity. Independént certification ‘bodies provide conformity
assessment services and, in some aréas)access to/lEC,marks ©of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |IEC 62986 has been prepared by subcommittee 23H: Plugs, socket-
outlets and couplers for industrial and similar applications, and for electric vehicles, of IEC
technical committee 23: Electrical accessories.

The text of this International Standard is based on the following documents:

FDIS Report on voting
23H/386/FDIS 23H/387/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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In this standard, the following print types are used:

— requirements: in roman type;
— conformity statements: in italic type;

— notes: in small roman type.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

The object of this document is to provide for a safe, compact and practical IEC system of
standardized plugs and socket-outlets with arcuate contacts. It contains performance and
dimensional requirements taking into account essential differences in the infrastructures and
installation rules throughout the world.
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PLUGS, SOCKET-OUTLETS AND COUPLERS WITH
ARCUATE CONTACTS

1 Scope

This document sets the general and dimensional interchangeability requirements for plugs,
socket-outlets, connectors and appliance inlets with arcuate contacts of standardized
configurations (hereinafter referred to as accessories), with a rated operating voltage not
exceeding 600 V AC at a frequency of 50 Hz and 60 Hz and with rated currents of 20 A and
30 A, primarily intended for commercial use indoors, in conditions where the presence of
water is negligible.

This document applies to accessories for use when the ambient temperature is normally
within the range of -25 °C to +40 °C. These accessories are intended to be connected to
cables of copper or copper alloy only.

Interchangeability requirements are defined for IP20 accessories.

NOTE The conditions of use indoors are based on the limitations given by IEC 60364-5-51:2005, Table 51A, AD1.

Socket-outlets or appliance inlets incorporated in or [fixed[totelectrical equipment are within
the scope of this document.

2 Normative references

The following documents“are referred to-in"the 'text in’such’a‘way that 'some or all of their
content constitutes requirements ‘of this-document.”For'dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60227 (all parts), Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V

IEC 60228:2004, Conductors of insulated cables

IEC 60245-4, Rubber insulated cables — Rated voltages up to and including 450/750 V —
Part 4: Cords and flexible cables

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

IEC 60269-2, Low-voltage fuses — Part 2: Supplementary requirements for fuses for use by
authorized persons (fuses mainly for industrial application) — Examples of standardized
systems of fuses A to K

IEC 60309-1:1999, Plugs, socket-outlets and couplers for industrial purposes — Part 1:
General requirements

IEC 60309-1:1999/AMD1:2005

IEC 60309-1:1999/AMD2:2012

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

IEC 60529, Degrees of protection provided by enclosures (IP Code)
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IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests

ISO 1456, Metallic and other inorganic coatings — Electrodeposited coatings of nickel, nickel
plus chromium, copper plus nickel and of copper plus nickel plus chromium

ISO 2081, Metallic and other inorganic coatings — Electroplated coatings of zinc with
supplementary treatments on iron or steel

ISO 2093, Electroplated coatings of tin — Specification and test methods
NMX-J-436-ANCE-2014/CSA C22.2 No.49-14/ANSI/UL 62, Flexible Cords and Cables

UL 1581, Reference Standard for Electrical Wires, Cables and Flexible Cords

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE The application of accessories is shown in Figure 1.

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

o |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp
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Figure 1 — Diagram showing the uses of the accessories

3.1

plug and socket-outlet

means enabling the connection at will of a flexible cable to fixed wiring. It consists of two
parts:

[SOURCE: IEC 60309-1:1999, 2.1]

3.1.1

socket-outlet

part intended to be installed with the fixed wiring or incorporated in equipment. A socket-outlet
may also be incorporated in the output circuit of an isolating transformer

[SOURCE: IEC 60309-1:1999, 2.1.1]
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3.1.2

plug
part integral with or intended to be attached directly to one flexible cable connected to the
equipment or to a connector

[SOURCE: IEC 60309-1:1999, 2.1.2]

3.2
cable coupler
means enabling the connection at will of two flexible cables. It consists of two parts:

[SOURCE: IEC 60309-1:1999, 2.2]

3.21
connector
part integral with or intended to be attached to one flexible cable connected to the supply

Note 1 to entry: In general, a connector has the same contact arrangement as a socket-outlet.

[SOURCE: IEC 60309-1:1999, 2.2.1]

3.2.2

plug
part integral with or intended to-be. attached to,one,flexible ,cable connected to the equipment
or to a connector

Note 1 to entry: The plug of a cable coupler’is identical to 'the plug of‘a"plug and socket-outlet".

[SOURCE: IEC 60309-1:1999, 2.2.2]

3.3

appliance coupler

means enabling the connection at will of a flexible cable to the equipment. It consists of two
parts:

[SOURCE: IEC 60309-1:1999, 2.3]

3.31
connector
part integral with, or intended to be attached to, one flexible cable connected to the supply

Note 1 to entry: In general, the connector of an appliance coupler is identical to the connector of a cable coupler.

[SOURCE: IEC 60309-1:1999, 2.3.1]

3.3.2
appliance inlet
part incorporated in, or fixed to, the equipment or intended to be fixed to it

Note 1 to entry: In general, an appliance inlet has the same contact arrangement as a plug.

[SOURCE: IEC 60309-1:1999, 2.3.2]

3.4
rewirable plug or connector
accessory so constructed that the flexible cable can be replaced

[SOURCE: IEC 60309-1:1999, 2.4]
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3.5

non-rewirable plug or connector

accessory so constructed that the flexible cable cannot be separated from the accessory
without making it permanently useless

[SOURCE: IEC 60309-1:1999, 2.5]

3.6
rated current
current assigned to the accessory by the manufacturer

[SOURCE: IEC 60309-1:1999, 2.11]

3.7
rated operating voltage
nominal voltage of the supply for which the accessory is intended to be used

[SOURCE: IEC 60309-1:1999, 2.13]

3.8

basic insulation

insulation necessary for the proper functioning of the accessory and for basic protection
against electric shock

[SOURCE: IEC 60309-1:1999, 2.14]

3.9

supplementary insulation (protective insulation)

independent insulation/.provided in..addition.te. the-basicsinsulation,jin order to ensure
protection against electric shock insthe.eventoof a failure of the basic insulation

[SOURCE: IEC 60309-1:1999, 2.15]

3.10
double insulation
insulation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60309-1:1999, 2.16]

3.1

reinforced insulation

improved basic insulation with such mechanical and electrical qualities that it provides the
same degree of protection against electric shock as double insulation

[SOURCE: IEC 60309-1:1999, 2.17]

3.12
terminal
conductive part provided for the connection of a conductor to an accessory

[SOURCE: IEC 60309-1:1999, 2.18]

3.121

pillar terminal

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
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