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BRITISH STANDARD

National foreword

This British Standard is the UK implementation of EN IEC 62477-1:2023.
Itis identical to IEC 62477-1:2022, incorporating corrigendum

April 2024. It supersedes BS EN 62477-1:2012+A12:2021, which

is withdrawn.

The start and finish of text introduced or altered by corrigendum is
indicated in the text by tags. Text altered by IEC corrigendum April 2024
is indicated in the text by (Ac].

The UK participation in its preparation was entrusted to Technical
Committee PEL/22, Power electronics.

Alist of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

© The British Standards Institution 2024
Published by BSI Standards Limited 2024

ISBN 978 0 539 31625 4
ICS 29.200

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 October 2023.

Amendments/corrigenda issued since publication

Date Text affected

31 May 2024 Implementation of IEC corrigendum April 2024
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EUROPEAN STANDARD EN IEC 624771
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ICS 29.200 Supersedes EN 62477-1:2012; EN 62477-
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English Version

Safety requirements for power electronic converter systems and
equipment - Part 1: General
(IEC 62477-1:2022)

Exigences de sécurité applicables aux systémes et Sicherheitsanforderungen an Leistungselektronik-
matériels électroniques de conversion de puissance - Umrichtersysteme und -betriebsmittel - Teil 1: Allgemeines
Partie 1: Généralités (IEC 62477-1:2022)

(IEC 62477-1:2022)

This European Standard was approved by CENELEC on 2023-08-09. CENELEC members are bound to comply with the CEN/CENELEC
Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration.
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Management Centre or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CENELEC member into its own language and notified to the CEN-CENELEC Management Centre has the
same status as the official versions.
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EN IEC 62477-1:2023 (E)

European foreword

The text of document 22/355/FDIS, future edition 2 of IEC 62477-1, prepared by IEC/TC 22 "Power
electronic systems and equipment" was submitted to the IEC-CENELEC parallel vote and approved by
CENELEC as EN IEC 62477-1:2023.

The following dates are fixed:

» latest date by which the document has to be implemented at national (dop) 2024-05-09
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2026-08-09
document have to be withdrawn

This document supersedes EN 62477-1:2012 and all of its amendments and corrigenda (if any).

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

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC 62477-1:2022 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standard indicated:

IEC 60068-1:2013 NOTE Approved as EN 60068-1:2014 (not modified)

IEC 60068-2-14 NOTE Approved as EN IEC 60068-2-14

IEC 60068-2-31:2008 NOTE Approved as EN 60068-2-31:2008 (not modified)

IEC 60073:2002 NOTE Approved as EN 60073:2002 (not modified)

IEC 60085 NOTE Approved as EN 60085

IEC 60112:2020 NOTE Approved as EN IEC 60112:2020 (not modified)

IEC 60204-1:2016 NOTE Approved as EN 60204-1:2018

IEC 60216 (series) NOTE Approved as EN 60216 (series)

IEC 60320-1:2015 NOTE Approved as EN 60320-1:2015 (not modified)

IEC 60332-1-2:2004 NOTE Approved as EN 60332-1-2:2004 (not modified) + A11:2016

IEC 60332-1-2:2004/A1:2015 NOTE Approved as EN 60332-1-2:2004/A1:2015 (not modified)
IEC 60332-1-3:2004 NOTE Approved as EN 60332-1-3:2004 (not modified)
IEC 60332-1-3:2004/A1:2015 NOTE Approved as EN 60332-1-3:2004/A1:2015 (not modified)
IEC 60332-2-2:2004 NOTE Approved as EN 60332-2-2:2004 (not modified)
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IEC 60364-1:2005
IEC 60364-4-44:2007

NOTE
NOTE

IEC 60364-4-44:2007/A1:2015 NOTE

IEC 60364-5-52:2009
IEC 60445:2021

IEC 60695-10-3:2016
IEC 60695-11-5:2016
IEC 60695-11-10:2013
IEC 60721 (series)
IEC 60865 (series)
IEC 60865-1

IEC 60909 (series)
IEC 60909-0:2016
IEC 60947 (series)
IEC 60947-1:2020
IEC 60947-2:2016
IEC 60947-2:2016/A1:2019
IEC 60947-6-1:2021
IEC 60691

IEC 61082-1

IEC 61084 (series)
IEC 61140:2016

IEC 61148:2011

IEC 61386 (series)
IEC 61439-1:2020
IEC 61508 (series)
IEC 61558 (series)
IEC 61643-11:2011
IEC 61643-12

IEC 62311:2019
IEC/IEEE 82079-1:2019
ISO 9773:1998

IEC 60127 (series)
IEC 60309-1
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Approved as HD 60364-1:2008 + A11:2017
Approved as HD 60364-4-444:2010

Approved as HD 60364-4-443:2016

Approved as HD 60364-5-52:2011 + A11:2017
Approved as EN IEC 60445:2021 (not modified)
Approved as EN 60695-10-3:2016 (not modified)
Approved as EN 60695-11-5:2017 (not modified)
Approved as EN 60695-11-10:2013 (not modified)
Approved as EN 60721 (series)

Approved as EN 60865 (series)
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IEC 60317 (series) NOTE Approved as EN IEC 60317 (series)
IEC 60730 (series) NOTE Approved as EN IEC 60730 (series)
IEC 60931 (series) NOTE Approved as EN 60931 (series)
IEC 60940 NOTE Approved as EN 60940

IEC 60947 (series) NOTE Approved as EN IEC 60947 (series)
IEC 60691 NOTE Approved as EN 60691

IEC 61008 (series) NOTE Approved as EN 61008 (series)
IEC 61009 (series) NOTE Approved as EN 61009 (series)
IEC 61010-1 NOTE Approved as EN 61010-1

IEC 61051-2 NOTE Approved as EN IEC 61051-2

IEC 61058-1 NOTE Approved as EN IEC 61058-1

IEC 61071 NOTE Approved as EN 61071

IEC 61439 (series) NOTE Approved as EN IEC 61439 (series)
IEC 61558-2-16 NOTE Approved as EN IEC 61558-2-16
IEC 61810-1 NOTE Approved as EN 61810-1

IEC 61984 NOTE Approved as EN 61984

IEC 62368-1:2018 NOTE Approved as EN IEC 62368-1:2020 (not modified) + A11:2020
IEC 62423 NOTE Approved as EN 62423
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available
here: www.cencenelec.eu.

Publication Year Title EN/HD Year

IEC 60050-112 - International Electrotechnical Vocabulary - - -
Part 112: Quantities and units

IEC 60050-113 - International Electrotechnical Vocabulary - - -
Part 113: Physics for electrotechnology

IEC 60050-114 - International Electrotechnical Vocabulary - - -
Part 114: Electrochemistry

IEC 60050-151 - International Electrotechnical Vocabulary - - -
Part 151: Electrical and magnetic devices

IEC 60050-161 - International  Electrotechnical Vocabulary. - -
Chapter 161: Electromagnetic compatibility

IEC 60050-192 - International electrotechnical vocabulary - - -
Part 192: Dependability

IEC 60050-426 - International  Electrotechnical Vocabulary - -

(IEV) - Part 426: Explosive atmospheres

IEC 60050-441 - International Electrotechnical Vocabulary. - -
Switchgear, controlgear and fuses

IEC 60050-442 - International Electrotechnical Vocabulary - - -
Part 442: Electrical accessories

IEC 60050-551 - International Electrotechnical Vocabulary - - -
Part 551: Power electronics

IEC 60050-601 - International  Electrotechnical Vocabulary. - -
Chapter 601: Generation, transmission and
distribution of electricity - General

IEC 60050-826 - International Electrotechnical Vocabulary - - -
Part 826: Electrical installations

IEC 60068-2-2 2007 Environmental testing - Part 2-2: Tests - Test EN 60068-2-2 2007
B: Dry heat

IEC 60068-2-6 2007 Environmental testing - Part 2-6: Tests - Test EN 60068-2-6 2008
Fc: Vibration (sinusoidal)
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Publication Year Title EN/HD Year
IEC 60068-2-52 2017 Environmental testing - Part 2-52: Tests ¢ EN IEC 60068-2-52 2018
Test Kb: Salt mist, cyclic (sodium chloride

solution)
IEC 60068-2-68 1994 Environmental testing - Part 2-68: Tests - EN 60068-2-68 1996
Test L: Dust and sand
IEC 60068-2-78 2012 Environmental testing - Part 2-78: Tests - EN 60068-2-78 2013
Test Cab: Damp heat, steady state
IEC 60320 series Appliance couplers for household and similar - -
general purposes
IEC 60364 series Low-voltage electrical installations HD 60364 series
IEC 60364-4-41 2005 Low-voltage electrical installations - Part 4- HD 60364-4-41 2017
(mod) 41: Protection for safety - Protection against
electric shock
+ A1 2017
- - + A1 2017
- - +A12 2019
IEC 60364-5-54 2011 Low-voltage electrical installations - Part 5- HD 60364-5-54 2011
54: Selection and erection of electrical
equipment - Earthing arrangements and
protective conductors
- - +A11 2017
+ A1 2021 + A1 2022
IEC 60384-14 2013 Fixed capacitors for use in electronic EN 60384-14 2013
equipment - Part 14: Sectional specification -
Fixed capacitors for electromagnetic
interference suppression and connection to
the supply mains
IEC 60417 - Graphical symbols for use on equipment. - -
Index, survey and compilation of the single
sheets.
IEC 60529 1989 Degrees of protection provided by enclosures EN 60529 1991
(IP Code)
- - + corrigendum May 1993
+ A1 1999 + A1 2000
+ A2 2013 + A2 2013
IEC 60617 - Standard data element types with associated - -
classification scheme for electric components
- Part 4: IEC reference collection of standard
data element types and component classes
IEC 60664-1 2020 Insulation coordination for equipment within EN IEC 60664-1 2020
low-voltage supply systems - Part 1:
Principles, requirements and tests
IEC 60664-3 2016 Insulation coordination for equipment within EN 60664-3 2017
low-voltage systems - Part 3: Use of coating,
potting or moulding for protection against
pollution
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Publication Year Title EN/HD Year

IEC 60664-4 2005 Insulation coordination for equipment within EN 60664-4 2006
low-voltage systems - Part 4: Consideration
of high-frequency voltage stress

- - + corrigendum Oct. 2006

IEC 60695-2-10 2013 Fire hazard testing - Part 2-10: Glowing/hot- EN 60695-2-10 2013
wire based test methods - Glow-wire
apparatus and common test procedure

IEC 60695-2-11 2021 Fire hazard testing - Part 2-11: Glowing/hot- EN IEC 60695-2-11 2021

wire based test methods - Glow-wire
flammability test method for end products
(GWEPT)

IEC 60695-2-13 2010 Fire hazard testing - Part 2-13: Glowing/hot- EN 60695-2-13 2010
wire based test methods - Glow-wire ignition
temperature (GWIT) test method for
materials

+ A1 2014 + A1 2014

IEC 60695-10-2 2014 Fire hazard testing - Part 10-2: Abnormal EN 60695-10-2 2014
heat - Ball pressure test method

IEC 60695-11-20 2015 Fire hazard testing - Part 11-20: Test flames - EN 60695-11-20 2015
500 W flame test method

+ A1 1995 - -
+ A2 1996 - -

IEC 60721-3-3 1994 Classification of environmental conditions - - -
Part 3: Classification of groups of
environmental parameters  and their
severities - Section 3: Stationary use at
weatherprotected locations

+ A1 1995 - -
+ A2 1996 - -

IEC 60721-3-4 1995 Classification of environmental conditions — - -
Part 3: Classification of groups of
environmental parameters and their
severities — Section 4: Stationary use at non-
weatherprotected locations

+ A1 1996 - -
IEC 60730-1 2013 Automatic electrical controls — Part 1: EN 60730-1 2016
(mod) General requirements

+ A1 2015 + A1 2019
+ A2 2020 + A2 2022

IEC 60738-1-1 2008 Thermistors — Directly heated positive step- EN 60738-1-1 2008
function temperature coefficient — Part 1-1:
Blank detail specification — Current limiting
application — Assessment leve EZ

IEC 60755 2017 General safety requirements for residual - -
current operated protective devices
IEC 60799 2018 Electrical accessories — Cord sets and ENIEC 60799 2021

interconnection cord sets
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Publication Year Title EN/HD Year
IEC 60947-7 series Low-voltage switchgear and controlgear EN 60947-7 series
IEC 60949 1988 Calculation of thermally permissible short- - -
circuit currents, taking into account non-
adiabatic heating effects
+ A1 2008 - -
IEC 60990 2016 Methods of measurement of touch current EN 60990 2016
and protective conductor current
IEC 61032 1997 Protection of persons and equipment by EN 61032 1998
enclosures - Probes for verification
IEC 61180 2016 High-voltage test techniques for low-voltage EN 61180 2016
equipment - Definitions, test and procedure
requirements, test equipment
IEC 61189-3 2007 Test methods for electrical materials, printed EN 61189-3 2008
boards and other interconnection structures
and assemblies - Part 3: Test methods for
interconnection structures (printed boards)
IEC 61204-7 2016 Low-voltage switch mode power supplies - EN IEC 61204-7 2018
Part 7: Safety requirements
IEC 61558-1 2017 Safety of transformers, reactors, power EN IEC 61558-1 2019
supply units and combinations thereof - Part
1: General requirements and tests
IEC 62109-1 2010 Safety of power converters for use in - -
photovoltaic power systems - Part 1: General
requirements
ISO/IEC Guide 2014 Safety aspects - Guidelines for their inclusion - -
51 in standards
IEC Guide 104 2019 The preparation of safety publications and - -
the use of basic safety publications and
group safety publications
IEC Guide 116 2018 Guidelines for safety related risk assessment - -
and risk reduction for low voltage equipment
ISO 3746 2010 Acoustics - Determination of sound power EN ISO 3746 2010
levels and sound energy levels of noise
sources using sound pressure - Survey
method using an enveloping measurement
surface over a reflecting plane
ISO 3864 series Safety colours and safety signs - -
ISO 3864-1 2011 Graphical symbols - Safety colours and - -
safety signs - Part 1: Design principles for
safety signs and safety markings
ISO 7000 - Graphical symbols for use on equipment_- - -
Registered symbols
ISO 7010 - Graphical symbols - Safety colours and - -
safety signs - Registered safety signs
ISO 9614-1 1993 Acoustics - Determination of sound power EN ISO 9614-1 2009
levels of noise sources using sound intensity
- Part 1: Measurement at discrete points
Documents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

-2- IEC 62477-1:2022 © |EC 2022

CONTENTS
O ] T I PP 11
INTRODUGCTION ..ttt et e e e e et e e et et e et e et e et e et e e eanns 14
1 1o o 1= S P 16
2 NOrmMative referENCES ... e 17
3 Terms and definitioNs ... 20
4 Protection against Nazards ... ... 33
4.1 LT =Y o =T - ¥ S 33
4.2 Single fault conditions and abnormal operating conditions ..................cccccceeveuienn... 33
4.3 Short-circuit and overload protection........ ..o 34
4.3.1 GBNEIAL . 34
4.3.2 Input short-circuit withstand strength and output short-circuit current
= o 11 L1 36
4.3.3 Short-circuit coordination (backup protection) .........cc.ccooiiiiiiiiiii 37
4.3.4 Protection by several deViCes .......cooiiiiiiii e 37
4.4 Protection against electric ShOCK ..o 37
4.41 LT o= = | P 37
4.4.2 DeCiSiVe VOItaQe CIAaSS .......cueeiie e 40
4.4.3 Means for basic protection (protection against direct contact)........................ 44
4.4.4 Means for fault protection (protection against indirect contact) ...................... 45
4.4.5 Means for enhanced proteCtion..............oou i 55
4.4.6 Protective means for equipment ClassSes .......c.covuiiiiiiiiiii e, 56
4.4.7 INSUIALION ..o 58
4.4.8 Compatibility with residual current-operated protective devices (RCD)........... 75
4.4.9 Capacitor diSCharge......cuieii e 76
4.5 Protection against electrical energy hazards .........ccocoiiiiiiiiinii e, 76
4.51 GENEral ACCESS @rEAS . ...ttt 76
4.5.2 SErViCe @CCESS @IrQAS ... e 77
4.6 Protection against fire and thermal hazards ..o, 77
4.6.1 Circuits representing a fire hazard .............cooiiiiiiiiii i 77
4.6.2 Components representing a fire hazard ... 77
4.6.3 FIrg @NCIOSUIES ..o e 79
4.6.4 Temperature mMits ... oo 83
4.6.5 Limited POWEE SOUIMCES ... uueiiiei e et e e e e 86
4.7 Protection against mechanical hazards ..o 87
4.71 LT o= = | P 87
4.7.2 Specific requirements for liquid cooled PECS ...........cooiiiiiiiiieeeeeee, 88
4.7.3 Mechanical hazards from rotating parts ..o, 89
4.7.4 SAID BUGES et 90
4.8 PECS with multiple sources of SUPPIY ...ooviiiiiiiii e 90
4.9 Protection against environmental Stresses ..o 91
4.10 Protection against excessive acoustic noise hazards ...........c.cooviiiiiiiiiiiineeen. 92
411 Wiring and CONNECHIONS ... i e e e e 93
4.11.1 GBNEIAL L. s 93
4.11.2 Insulation of CONAUCTOrS .. ..o i 93
4.11.3 SHrANAEA Wil ..o 95
4.11.4 Routing and Clamping ... e 95
4.11.5 Identification of conductors and terminals....................... 00 DOCUBBentS

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

IEC 62477-1:2022 © |EC 2022 -3-

4.11.6 Splices and CONNECLIONS ....oouiieii e e e 96
4.11.7 AcCCESSIbIE CONNECLIONS ... 96
4.11.8 Interconnections between parts of the PECS ... 97
4.11.9 SUPPIY CONNECHIONS ... e e 97
4.11.10 Field wiring terminals and internal terminals ...........c...cooiiiii i 99
4.11.11 Means for shield connection of shielded wire or shielded cable ................... 101
I o o oY1 = 1 101
4.12.1 L= a1 =Y PN 101
4.12.2 Handles and manual CoNtrolS..... ... 102
4.12.3 Cast Metal ..o 102
4.12.4 Sheet Metal ..o 103
4.12.5 Stability requirement for enclosure..............coooiiiiiiiiii 105
4.12.6 SN Tl T e 106
4.12.7 Polymeric enclosure stress relief ..o 106
4.12.8 Polymeric enclosure UV resistanCe..........ccuiiiiiiiiiiiiii e 106
N B 010 1] o Yo T ¢ =1 1 1 £ PP 106
4.13.1 LY o =T = | 106
4.13.2 e O =T 4153 o] = PP 107
4.13.3 Mains SUPPIY COPAS ... e 107
4.13.4 Capacitors and RC units bridging insulation.............ccc.ccoivoiiiiiiiniin i, 107
4.13.5 WouNd COMPONENES ...oeii e e aeea e 107
4.13.6 Plug and socket-outlets ... 108
4.14 Protection against electromagnetic fields ...........cooiii i 108
T =TS =Y o [ =Y 0 = L € 108
5.1 L= a1 = Y USSP 108
5.1.1 Test objectives and classification...........oooi i 108
5.1.2 Selection of test SaMPIES .. ... 108
5.1.3 SequeNnCe Of teSTS .. i 108
5.1.4 Earthing CoNditioNS ......oeii 109
5.1.5 General conditions for teStS ... 109
5.1.6 COMPIIANCE .. 110
5.1.7 TESE OVEIVIEW ..o e 110
5.2 Test SpPeCifiCatioNs .. ... 112
5.2.1 Visual inspection (type test and routing teSt)............ccovviiiiiiiiiiiiiiiiiiieeeen, 112
5.2.2 Mechanical teSTS .. ..o 112
5.2.3 Electrical teStS . i 121
5.2.4 Abnormal operation and simulated faults tests..............cooiiiiiiiin 141
5.2.5 Material eSS . oo 148
5.2.6 Environmental tests (fype teSIS).....cuiiuiiuiiiiiii e 153
5.2.7 Hydrostatic pressure test (type test, routine test).........cco.ccovviiiiiiiiiiiiniennnen. 157
5.2.8 Electromagnetic fields (EMF) ... 158
6 Information and marking requIremMeNnts ..ot 158
6.1 L= a1 = Y USSP 158
6.2 Information for selection ... ... 160
6.2.1 LY o =T = 160
6.2.2 Instructions and markings pertaining to accessories ............ccccoevviiiiiiinann.. 162
6.3 Information for installation and commisSIONING .........cocoviiiiiiiiii e, 162
6.3.1 GBNEIAL i 162
6.3.2 Mechanical considerations.............coooiiiii i A Doculments

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

-4 - IEC 62477-1:2022 © |EC 2022

6.3.3 ENVIrONME Nt L 162
6.3.4 Handling and mounting ........couiiii e 162
6.3.5 Enclosure temperature. ... ... 163
6.3.6 OPEN tYPE PECS ... 163
6.3.7 CONNECHIONS e 163
6.3.8 (701001 4 a1 117 o1 0 11 o U PP 165
6.3.9 Protection requirements ... . ..o e 165
6.4 Information for intended USE ..o 167
6.4.1 L= a1 =Y PPN 167
6.4.2 AQJUSTMENT Lo 167
6.4.3 Labels, signs, symbols and signals..........coooiiiiiiiiiiii i 168
6.4.4 HOt SUMaCES oo e 170
6.4.5 Control and device Marking .........ccouviiiiiiiie e 170
6.5 Supplementary information ... ... 170
6.5.1 MaiNtENANCE ... 170
6.5.2 Capacitor diSCharge......c.ieiii e 171
6.5.3 Auto restart/bypass CONNECION .........oiuiiiiii e 171
6.5.4 Other NAzZardsS ... ... 171
6.5.5 PECS with multiple sources of SUPPIY ..o 171
6.5.6 Replaceable fuses in neutral of single-phase PECS..............coooiiiiiiiiiienen. 171
Annex A (normative) Additional information for protection against electric shock ............... 173
A.1 L= a1 = Y USSP 173
A.2 Protection by means of DVC AS ... 173
A3 Protection by means of protective impedance ................ooooiiiiiiiiiiiiiiii, 173
A.4 Protection by using limited voltages .........cooiiiii i 174
A.5 Evaluation of the working voltage of Circuits.............ooiiiiiii 175
A.5.1 L= a1 =Y PPN 175
A.5.2 Classification of the working voltage ..o, 175
A.5.3 AC WOrKiNG VOITQQE........eeieee e e 176
A.5.4 DC WOrKIiNG VOITAQGE. ... ..o e 176
A.5.5 Pulsating working vOoltage ...........ooouiiiiiiiii e 177
A.6 The concept of protective means accordingto 4.4........ccooiiiiiiiiiiiiiiieeeean, 178
A.6.1 LY o =T = | 178
A.6.2 Examples of the use of elements of protective means................cc.coeeeeinni. 178
Annex B (informative) Considerations for the reduction of the pollution degree .................. 180
B.1 L= a1 - Y PP 180
B.2 Factors influencing the pollution degree ... 180
B.3 Reduction of influencing factors .........coooiiiiiii i 180
Annex C (informative) Symbols referred to in this document ..............coooiiiiiiiiiin e 181
C.1 SYMDOIS USEA ...t 181
C.2 Determination of contrast....... ..o 182
Annex D (normative) Evaluation of clearance and creepage distances....................cc..coo.... 184
D.1 M EaS UM BN .. e e 184
D.2 Relationship of measurement to pollution degree .............ccccoceoieiiiiiiiiiiiiiinannn. 184
D.3 = 0 410 = P 185
Annex E (normative) Altitude correction for clearances ............c.cooooiiiiiiiiiiiiiiiieeee 191
E.1 Correction factor for clearances at altitudes above 2 000 m ..., 191
E.2 Test voltages for verifying clearances at different altitudes .....................] Docdments

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

IEC 62477-1:2022 © |EC 2022 -5-

Annex F (normative) Clearance and creepage distance determination for frequencies

greater than 30 KHz ... e 193
F.1 General influence of the frequency on the withstand characteristics.................... 193
F.2 O 1=T: T 1o o - 193

F.21 LY o =T = | 193
F.2.2 Clearance for inhomogenous fields ...........cooeiiiiiiiiiiiii e 194
F.2.3 Clearance for approximately homogenous fields ...............cocooiiiiiiiiiinnnnn. 195
F.3 CreepPage diSTANCE ........c..iiu e 196
F.4 N Yo ) o [T E Y0 - 11 o o 197
F.41 LY o =T = | 197
F.4.2 Approximately uniform field distribution without air gaps or voids................. 197
F.4.3 OFN I CASES .ot 198

Annex G (informative) Cross-sections of round conductors ............coooiiiiiiiiiiiiini, 199

Annex H (informative) Guidelines for RCD compatibility .........ccocooiiiiiiiiii, 200
H.1 Selection Of RCD 1Y P ... i i 200
H.2 Fault current waveforms. ... ..o 201

Annex | (informative) Examples of overvoltage category reduction..............cccceeeviiiiininnnnns. 204
1.1 LT =Y o =T ¥ P 204
1.2 Protection to the surroundings (S€€ 4.4.7.2) ..o, 204

.21 Circuits connected to mains supply (see 4.4.7.2.3) ...cocooiieiiiiiiiiiiiiiiiiiceen, 204
1.2.2 Circuits connected to the non-mains supply (see 4.4.7.2.4) .........c.ccceevenn.... 207
1.2.3 Protection between circuits (s€e 4.4.7.2.7) oo 207
1.3 Functional insulation (S€€ 4.4.7.3) ..o 208
1.4 FUM NI @XamMPIES e e 208
1.5 Circuits with multiple supplies (s€e 4.4.7.2.1) .o 209

Annex J (informative) Burn thresholds for touchable surfaces ............ccccooiiiiiiiiinnnnn. 210
J.1 L= a1 - Y PSPPI 210
J.2 BUrn thresholds. .. ... e 210

Annex K (informative) Table of electrochemical potentials ..., 214

Annex L (informative) Measuring instrument for touch current measurements.................... 215
L.1 Measuring INStrUMeENt 1. . e 215
L.2 Measuring INStrUMENT 2. .. . e 215
L.3 Measuring INStrUMENt B . e 216

Annex M (normative) Test probes for determining access .........ccovviiiiiiiiiiiniin e, 217

Annex N (informative) Guidance regarding short-circuit current................ccooeiiiiiiiiinnn, 220
N.1 L= a1 = Y USSP 220
N.2 Coordination of short-circuit current ..o 221

N.2.1 LY o =T = | 221
N.2.2 Conditional short-circuit current (Ioc) and minimum required prospective

short-circuit current (Igp mp) «--eoeoeeeeeeee 221

N.2.3 Short-time withstand current (Igy) ........ooooovviiii 223
N.3 Guidance for specification of short-circuit current and short-circuit protective

AEVICE ... e 224

N.3.1 LY o =T = | 224

N.3.2 Example 1: Two or more PECS with different ratings .............cooviiiiinnnn. 225

N.3.3 Specification of Jog vovvvveeei 226

N.3.4 Specification of Joyy wovvvvvviei DO‘Clﬁgﬁents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

-6 - IEC 62477-1:2022 © |EC 2022

N.3.5 Example 2: One PECS with more than onerating .............cccoooiiiiiiinnnne. 227
N.3.6 Additional explanation on terms, definitions and specifications .................... 228
N.4 Short-circuit rating and single fault conditions testing............c.ccoooiiiiiiiiinnn, 229
N.4.1 GBNEIAL .t 229
N.4.2 Exemption from short-time withstand current testing............ccooocoiiiiiinin. 231
N.5 Guideline for short-circuit analysis ..........coiiiiiiii 231
Annex O (informative) Guidelines for determination of clearance and creepage
(0 F 1] = T o= TP 232
01 Guideline for determination of clearances ............cooooiiiiiiiiiiiiiiiii 232
0.2 Guideline for determination of creepage distances..............ccooocoiviiiiiiiiiininn. 233
0.3 Minimum spacings within solid insulation or similar..............ccocooiiiiiiiiiii e 233
Annex P (informative) Protection of persons against electromagnetic fields for
frequencies from O HZ up t0 300 GHzZ ... 235
P.1 General influence of electromagnetic fields to persons...........ccoooviviiiiiiiieennnn. 235
P.1.1 LY o =T = | 235
P.1.2 Low-frequency electric fields effects (1 Hz to 100 kHz) ............coooiiiiinnn. 235
P.1.3 Low-frequency magnetic fields effects (1 Hz to 100 kHz) .............c.coeeninni. 235
P.1.4 Low-frequency electric and magnetic fields effects ..........c.oooviiiiinn. 235
P.1.5 High-frequency electromagnetic fields effects (100 kHz to 300 GHz) ........... 235
P.1.6 Current knowledge on low-level effects........ccocoiiiiiii . 236
P.1.7 Biological effects versus adverse health effects...........ccoooiiiiiiii. 236
P.1.8 Influence of EMF on passive and active medical implants............................ 236
P.2 Requirements from ICNIRP LF guidelines against exposure to EMF ................... 236
P.2.1 Adoption of exposure limits from ICNIRP ..o, 236
P.2.2 Limits of EMF exposure for transportation and storage ................c.cool. 238
P.3 Protection of persons against exposure of EMF ..o, 238
P.3.1 LY o =T = | 238
P.3.2 EMF requirements for general public access areas.............ccociiiiiiiiiinan.e. 239
P.3.3 EMF requirements for general access areas, service access areas and
reStriCted @CCESS @IrBAS .. ..u e 239
P.3.4 EMF requirements for transportation and storage .............ccoooiiiiiiiiin. 239
P.4 Electromagnetic fields (EMF) test (type test)......oounieniiniiiiiiii e, 240
P.4.1 General test set Up for EMF ..o 240
P.4.2 EMF test (fyP@ tEST) coovnieeii e 240
P.5 Electromagnetic fields (EMF) marking ..........cocooeeiiiiiiiiii e 240
Annex Q (informative) Maximum disconnection times.............cooiiiiiiiiii i, 241
Annex R (informative) Risk assessment according to IEC Guide 116 ...........cccoeeiiiiiniinnnnn. 242
R.1 LT 1= - ¥ PP 242
R.2 RISK @SSESSMENT ... oo 242
Annex S (informative) Guidance to product technical committees ...............cooooiiiiiini. 244
BB O G AP Y e 245

Figure 1 — Protective means for protection against electric shock considering Class /

equipment and Class [l @QUIDIMENT ............iu i 39

Figure 2 — Protective means for protection against electric shock considering Class /Il

equipment or accessible Circuits 0f DV C AS ... e 40

Figure 3 — Example of a PECS assembly and its associated protective equipotential

0o ¢ Lo ¢ o TR PP 47
Documents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

IEC 62477-1:2022 © |EC 2022 -7-

Figure 4 — Example of a PECS assembly and its associated protective equipotential

bonding through direct metallic contact ... 48
Figure 5 — Time-voltage zones for accessible circuits of DVC As and DVC B - DC

during Single fault CONAITIONS ..........cou i e 52
Figure 6 — Time-voltage zones for accessible circuits of DVC As and DVC B — AC peak

during single fault CONAILIONS..............coue e e e e 53
Figure 7 — Time-voltage zones for conductive accessible parts during single fault

CONAIEIONS ..ottt ettt ettt et e e e et e e aeanas 54
Figure 8 — Fire enclosure bottom openings below an unenclosed or partially enclosed
fire-hazardous COMPONENL. ... .. ... e 81
Figure 9 — Fire enclosure baffle construction...............oooiiiii i, 82
Figure 10 — Example for interconnections within permanently connected PECS and

between parts Of them ... e 93
Figure 11 — Example of cable as an arrangement of insulated conductors..................c.... 94
Figure 12 — Detachable mains supply cords and connections.........c..ccoiviiiiiiiiiiii i, 98
Figure 13 — Example for evaluation of wire bending space...........cccoeeiviiiiiiiiiii i 101
Figure 14 — Supported and unsupported enclosure Parts ........cccoeeiiiiiiiiii e 103
Figure 15 — Impact test using a steel ball ... 118
Figure 16 — Voltage test proCedUIeS ........oouiiiiii e 127
Figure 17 — Partial discharge test procedure ..o 129
Figure 18 — Protective equipotential bonding impedance test for separate PECS with

power fed from the PECS with protection for the power cable ..., 134
Figure 19 — Protective equipotential bonding impedance test for sub-assembly with

accessible parts and with power fed from the PECS..........cooo e, 135
Figure 20 — Electric strength test instrument ... 138
LT LU =2 B 1 = o o | = S 139
Figure 22 — Initial position of mandrel ....... ... 139
Figure 23 — Final position of mandrel ... 139
Figure 24 — Position of metal foil on insulating material.................ocooiiii 140
Figure 25 — Circuit for high-current arcing test ..o 148
Figure 26 — Test fixture for hot-wire ignition test ..., 150
Figure A.1 — Protection by DVC As with enhanced protection................cccccoieiiiiiiiniinannn.. 173
Figure A.2 — Protection by means of protective impedance ................c.ccccoeeeiiiiiiiiiiinainennn, 174
Figure A.3 — Protection by using limited voltages .........ccooiiiiiii e 174
Figure A.4 — Typical waveform for AC working voltage............ccccoiiiiiiiiiiiiiiii e 176
Figure A.5 — Typical waveform for DC working voltage...............coouiiiiiiiiiiiiiiiiiiieeeen 176
Figure A.6 — Typical waveform for pulsating working voltage ................ccccoeiiiiiiiiiiininen, 177
Figure D.1 — Example of measurements including @ groove ...........ccccoeviiiiiiiiiiiieeeeeea 185
Figure D.2 — Example of measurements including a groove ...........cooooviiiiiiiiiiincincneeen, 185
Figure D.3 — Example of measurements including a groove ...........ccocoviiiiiiiniiniincineeeen, 185
Figure D.4 — Example of measurements including a rib...........ccooiiiiiiiiiiii i 186
Figure D.5 — Example of measurements providing protection of type 2...........ccceeiiiiinnnn.. 186
Figure D.6 — Example of measurements providing protection of type 1.l 186
Figure D.7 — Example of measurements providing protection of type 1.l 187
Figure D.8 — Example of measurements providing protection of type 1........ccocoiiiiiiinnnnen. 187
Figure D.9 — Example of measurements including a barrier (cemented joinf). .......... Docqlg;ents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

-8 - IEC 62477-1:2022 © |EC 2022

Figure D.10 — Example of measurements including a barrier.............cc.cooiiiiiiiiiiie i 188
Figure D.11 — Example of measurements including @ gap .......cooovveiiiiiiiniin e 188
Figure D.12 — Example of measurements including @ gap .......cooeovviiiiiiiiniin e 189
Figure D.13 — Example of measurements including an isolated conductive part.................. 189
Figure D.14 — Example of measurements in inner layer of PWB...........ccoooviiiiiiiiiieieeen 189
Figure D.15 — Example of measurements on enclosure of insulating material to a part

1= o PR 190
Figure F.1 — Diagram for dimensioning of clearances..............c.cooiiiiiiiiiiiiiiiiiii e 194
Figure F.2 — Diagram for dimensioning of creepage distances ................cccccoeeiiiiiiiiiinnnnn... 196
Figure F.3 — Permissible field strength for dimensioning of solid insulation according to
Lo AT = T it I PSSP 198
Figure H.1 — Flow chart leading to selection of the RCD type upstream of a PECS ............. 200
Figure H.2 — Symbols for marking depending on the type of RCD ...........ccoiiiiiiiiiiiiien 201
Figure H.3 — Fault current waveforms in connections with power electronic converter

Lo T o PP 203
Figure 1.1 — Basic protection evaluation for circuits connected to the origin of the

iNStallation MainNS SUPPIY ... ... e 204
Figure 1.2 — Basic protection evaluation for circuits connected to the mains supply ............. 205

Figure 1.3 — Basic protection evaluation for single and three phase PECS not
permanently connected to the mains SUPPIY ... 205

Figure 1.4 — Basic protection evaluation for circuits connected to the origin of the
installation mains supply where internal SPDs are used.........ccoooiiiiiiiiiiiiiieeeeee 205

Figure 1.5 — Basic protection evaluation for circuits connected to the mains supply
where internal SPDS @re USEU........iiuuiiiiiiei e e e e e ees 206

Figure 1.6 — Example of enhanced protection evaluation for circuits connected to the
mains supply where internal SPDS are USed ..........c.iiiiiiiiiiiii e 206

Figure 1.7 — Example of enhanced protection evaluation for circuits connected to the
mains supply where internal SPDs are USed .........oouiiiiiiiiiiii e 206

Figure 1.8 —Example of enhanced protection evaluation for circuits connected to the
mains supply where internal SPDS are USed ..........o.iiiiiiiiiiiii e 207

Figure 1.9 — Basic protection evaluation for circuits connected to the non-mains supply ..... 207
Figure 1.10 — Basic protection evaluation for circuits connected to the the origin of the

installation NON-MaiNS SUPPIY ... 207
Figure 1.11 — Functional insulation evaluation within circuits affected by external

AN S B NS e e 208
Figure 1.12 — Basic protection evaluation for circuits connected to the mains supply ........... 208
Figure 1.13 — Insulation evaluation for accessible circuit of DVC AS .......ccooviiiiiiiiiiiiiinnn, 208
Figure 1.14 — PEC with mains supply and non-mains supply without galvanic isolation........ 209

Figure 1.15 — Transformer (basic protected) PEC inverter with SPD and transformer to
reduce impulse voltage for functional and basic protection................cccoeeiiiiiiiiiiiiinineen, 209

Figure J.1 — Burn threshold spread when the skin is in contact with a hot smooth
surface made of bare (uncoated) metal..........ccooiiiiiii i 210

Figure J.2 — Rise in the burn threshold spread from Figure J.1 for metals which are
coated by shellac varnish. ... e 211

Figure J.3 — Rise in the burn threshold spread from Figure J.1 for metals coated with
the SPeCIfic MAatEIIAlS ... ie i e e 211

Figure J.4 — Burn threshold spread when the skin is in contact with a hot smooth
surface made of ceramics, glass and stone materials ...............coooiiiiiiiiiin il Docu?liﬁents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

IEC 62477-1:2022 © |EC 2022 -9-

Figure J.5 — Burn threshold spread when the skin is in contact with a hot smooth

surface Made Of PlaSHICS ..iuuiin e 213
Figure L.1 — Measuring inStrument 1. ... e 215
Figure L.2 — Measuring inStrument 2. ... . 215
Figure M.1 — Sphere 50 mm probe according to IEC 61032:1997, test probe A................... 217
Figure M.2 — Jointed test finger according to IEC 61032:1997, test probe B........................ 218
Figure M.3 — Test rod 2,5 mm according to IEC 61032:1997, test probe C.................oeci. 219
Figure M.4 — Sphere 12,5 mm test probe according to IEC 61032:1997, test probe 2.......... 219
Figure N.1 — Example of short-circuit current curve under specification of /og........ovvvvennnne. 222
Figure N.2 — Example of tripping characteristic of a circuit breaker ......................... 223
Figure N.3 — Example of tripping characteristic of a current-limiting fuse............................. 223
Figure N.4 — Example of short-circuit current curve under specification of Zgyy ....ovvvvvininnnnn. 224
Figure N.5 — Two PECS with different specifications.............cccocoiiiiiiiii i 225
Figure N.6 — One PECS with different specification for each input mains supply port.......... 227
Figure N.7 — Flowchart for classification of 1o O Igyy «vvvvvveviiiiiiiiiiiiiiiiiiiiiiiiiiiii 230
Figure 0.1 — Flowchart for determination of clearance ...............cooooiiiiiiiiiiiiii 232
Figure O.2 — Flowchart for determination of creepage distance..............................ie. 233
Table 1 — Alphabetical list Of terms ... 20
Table 2 — Voltage limits for the decisive voltage classes DVC..........ccocoviiiiiiiiiiiiiiiiiinienn. 42
Table 3 — Minimum protection requirements for circuit under consideration........................... 43
Table 4 — PE conductor cross-sectional @rea ..........ooouiiiiiiiiiiiiiii e 49
Table 5 — Limits for access of t0UCh CUITeNt...........oooiiiiiii e 56
Table 6 — Definitions of pollution degrees ... 59
Table 7 — Impulse withstand voltage and temporary overvoltage versus system voltage ....... 61
Table 8 — Clearances for functional insulation, basic insulation or supplementary

insulation for iNhomMogeneous fields ..o 66
Table 9 — Creepage QiSTANCES ........couiiuie e e 69
Table 10 — Generic materials for the direct support of uninsulated live parts......................... 71
Table 11 — Thin sheet material thickness through insulation requirements ............................ 72
Table 12 — Flammability classes and classification standards ................ccccooiiiiiiiin e, 78
Table 13 — Permitted openings in fire enclosure bottoms .............ccoooiiiiiiii i, 82
Table 14 — Maximum measured temperatures for internal materials and components ........... 84
Table 15 — Maximum measured temperatures for accessible parts of the PECS.................... 86
Table 16 — Limits for sources without an overcurrent protective device .................cc.cceeueenn... 87
Table 17 — Limits for power sources with an overcurrent protective device............................ 87
Table 18 — Environmental service conditions ... ... 92
Table 19 — Wire bending space from terminals to enclosure................oooiiiiiiiiiiiiiiiiien. 100
Table 20 — Thickness of sheet metal for enclosures: carbon steel or stainless steel........... 104
Table 21 — Thickness of sheet metal for enclosures: aluminium, copper or brass............... 105
Table 22 — Environmental conditions for tests ... 109
Table 23 — TeSt OVEIVIBW ..o et 110
Table 24 — Pull values for handles and manual control securement.........................] Docdﬁ‘lents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

-10 - IEC 62477-1:2022 © |EC 2022

Table 25 — Values for physical tests on strain relief of enclosure ....................coocoiiiiiiiinl. 120
Table 26 — Impulse withstand voltage test procedure ........ ..o 122
Table 27 — Impulse withstand voltage teSt...........cc.iiiui it 123
Table 28 — AC or DC test voltage for circuits connected directly to mains supply ................ 125
Table 29 — AC or DC test voltage for circuits connected to non-mains supply without
LEMPOrary OVEIVOIAGQES. . ... ettt e et et e e e en 125
Table 30 — Partial discharge test... ... 129
Table 31 — Test duration for protective equipotential bonding test..................ooiiiil 136
Table 32 — AC short-time withstand current test, minimum PECS requirements .................. 145
Table 33 — Environmental testS .. ... 153
Table 34 — Dry heat test (steady state) ... 154
Table 35 — Damp heat test (steady state).......ccoooiniiiiiii 155
Table 36 — Vibration teSt ... ... 156
Table 37 — Salt Mist teSt .. o e 156
Table 38 — DUSE teS .o e 157
Table 39 — SaNd 1eS .. i e 157
Table 40 — Marking [0CatioN ... ..o e e 159
Table A.1 — Examples for protection against electric shock ... 179
Table C.1 — SYMDOIS USEA ...ceiii e e 181
Table D.1 — Width of grooves by pollution degree .............coueeiiiiiiiiiiiei e, 184
Table E.1 — Correction factor for clearances at altitudes between 2 000 m and
24 I 00 oo PP 191
Table E.2 — Test voltages for verifying clearances at different altitudes .............................. 192
Table F.1 — Minimum values of clearances in air at atmospheric pressure for
inhomogeneous field CONAItIONS ........couiii e 195
Table F.2 — Multiplication factors for clearances in air at atmospheric pressure for
approximately homogeneous field conditions ............coiiiiiii i 195
Table F.3 — Minimum values of creepage distances for different frequency ranges ............. 197
Table G.1 — Standard cross-sections of round conductors............coooiiiii i 199
Table K.1 — Table of electrochemical potentials .............ccooiiiiiiiiii e, 214
Table O.1 — Minimum spacings within solid insulation or similar...................cccoviiiiiinenn.. 234
Table P.1 — Limits of EMF for general public eXposure...........coooiiiiiiiiiiii e 237
Table P.2 — Limits of EMF for occupational exposure ........ ..o 238
Table P.3 — Limits for magnetic flux density of static magnetic fields (2013/35/EU)............. 238
Table P.4 — EMF t@St OVEIVIEW ... e 240
Table 41.1 — Maximum disconnection times ... ... e 241
Table R.1 — Risk @SS@SSMeENt .. . i 242
Documents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

IEC 62477-1:2022 © |EC 2022 -1 -

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY REQUIREMENTS FOR POWER ELECTRONIC
CONVERTER SYSTEMS AND EQUIPMENT -

Part 1: General

FOREWORD

1) 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.

2) 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.

3) 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 cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) 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.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) 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.

8) 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.

9) 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.

IEC 62477-1 has been prepared by IEC technical committee 22: Power electronic systems and
equipment. It is an International Standard.

This document is developed according to the intent of ISO/IEC Guide 51 and IEC Guide 116.
It has the status of a group safety publication in accordance with IEC Guide 104.

This second edition cancels and replaces the first edition published in 2012 and
Amendment 1:2016. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
a) PECS emitting or receiving radio waves added in the Scope;

b) simplification of the concept of DVC As including the voltage-time-zones;
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c) improved consistency of the concept "protection" versus "insulation" according to
IEC 61140;

d) limits for touch current updated and limits for PE conductor currents added;
e) thin sheet of tape materials reworked and tests added;

f) inner layers of multi-layer printed wiring boards added;

g) mechanical hazards updated;

h) requirements for enclosures updated;

i) requirements for wiring and connections updated;

j) polymeric enclosure requirements updated;

k) requirements for components added;

I) several test added (e.g. UV, working voltage, SPD, preconditioning);
m) information and marking requirements updated;

n) requirements for the contrast of symbols added,;

0) several annexes updated.

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

Draft Report on voting

22/355/FDIS 22/356/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all the parts in the IEC 62477 series, published under the general title Safety
requirements for power electronic converter systems and equipment, can be found on the IEC
website.

In this document, terms in italic are defined in Clause 3.

NOTE Due to the requirement in ISO/IEC Directive Part 2, the defined term is in singular. In this document, also
the plural is in italic.
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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.

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

The contents of the corrigendum 1 (2024-04) have been included in this copy.

Documents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

- 14 - IEC 62477-1:2022 © |EC 2022

INTRODUCTION

This document relates to products that include power electronic converters, with a rated system
voltage not exceeding 1 000 V AC or 1 500 V DC. It specifies requirements to reduce risks of
fire, electric shock, thermal, energy and mechanical hazards, except functional safety as
defined in IEC 61508 (all parts). The objectives of this document are to establish a common
terminology and basis for the safety requirements of products that contain power electronic
converters across several IEC technical committees.

During the update of the document, feedback from technical committees which used the
IEC 62477-1 as reference document has been taken into consideration.

Modifications have been made to 4.4.2 and Annex A considering the safe to touch voltage
DVC As under normal operating conditions and single fault conditions. On request from TCs
using this document as a reference document, the determination of DVC As has been simplified.
The determination of DVC As in IEC 62477-1:2012 and IEC 62477-1:2012/AMD1:2016 was
developed based on IEC TS 60479-1:2005" and IEC TR 60479-5:2007 and in details taking
different environmental condition, size of body contact area and body reaction into
consideration. This change also included time-voltage zones in Annex A for relevant body
reactions, environmental conditions and contact area.

NOTE See IEC 60479-1:2018 for further information about effects of current on human beings and livestock.

This document follows the simplified concepts of the basic safety standard IEC 61140:2016,
5.2.6, considering two situations in Table 2 of this document:

a) dry and large contact areas;
b) all other cases.

For the temporary increase of voltage during single fault conditions, it was decided to use the
more simplified approach to limit the voltage to the maximum voltage of DVC B which is also
used by other committees.

This document has been developed with the intention

e tobe used as areference document for product committees inside TC 22 in the development
of product standards for power electronic converter systems and equipment,

e to replace IEC 621032 as a product family standard providing minimum requirements for
safety aspects of power electronic converter systems and equipment in apparatus for which
no product standard exists, and

NOTE The scope of IEC 62103 contains reliability and electromagnetic compatibility aspects, which are not
covered by this document.

e to be used as a reference document for product committees outside TC 22 in the
development of product standards of power electronic converter systems and equipment
intended renewable energy sources. TC 82, TC 88, TC 105 and TC 114, in particular, have
been identified as relevant technical committees at the time of publication.

Technical committees using this document should carefully consider the relevance of each
paragraph in this document for the product under consideration and reference, add, replace or
modify requirement as relevant. Product specific topics not covered by this document are in the
responsibility of the technical committees using this document as reference document.

T This publication has been withdrawn.

2 This publication has been withdrawn. Documents
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This group safety standard will not take precedence over any product specific standard
according to IEC Guide 104. IEC Guide 104 provides information about the responsibility of
product committees to use group safety standards for the development of their own product

standards.
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SAFETY REQUIREMENTS FOR POWER ELECTRONIC
CONVERTER SYSTEMS AND EQUIPMENT -

Part 1: General

1 Scope

This part of IEC 62477 applies to power electronic converter systems (PECS), any specified
accessories, and their components for electronic power conversion and electronic power
switching, including the means for their control, protection, monitoring and measurement, such
as with the main purpose of converting electric power, with rated system voltages not exceeding
1000V AC or 1500V DC.

This document also applies to PECS which intentionally emit or receive radio waves for the
purpose of radio communication.

This document can also be used as a reference standard for product committees producing
product standards for:

e adjustable speed electric power drive systems (PDS);

e standalone uninterruptible power systems (UPS);

e Jow voltage stabilized DC power supplies;

e bidirectional power converters.

For PECS and their specified accessories for which no product standard exists, this document
provides minimum requirements for safety aspects.

This document has the status of a group safety publication in accordance with IEC Guide 104
for power electronic converter systems for solar, wind, tidal, wave, fuel cell or similar energy
sources.

According to IEC Guide 104, one of the responsibilities of technical committees is, wherever
applicable, to make use of basic safety publications and/or group safety publications in the
preparation of their product standards.

Guidance for use of this group safety publication for product committees is given in Annex S.

This document

o establishes a common terminology for safety aspects relating to PECS,

e establishes minimum requirements for the coordination of safety aspects of interrelated
parts within a PECS,

e establishes a common basis for minimum safety requirements for the PECS portion of
products that contain PECS,

e specifies requirements to reduce risks of fire, electric shock, thermal, energy and
mechanical hazards, during use and operation and, where specifically stated, during service
and maintenance, and

e specifies minimum requirements to reduce risks with respect to PECS designed as
pluggable and permanently connected equipment, whether it consists of a system of
interconnected units or independent units, subject to installing, operating and maintaining
the PECS in the manner prescribed by the manufacturer.
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This document does not cover

¢ telecommunications apparatus other than power supplies to such apparatus,
e functional safety aspects as covered by, for example, IEC 61508 (all parts), and

e electrical equipment and systems for railways applications and electric vehicles.
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 60050-112, International Electrotechnical Vocabulary (IEV) — Part 112: Quantities and units
(available at www.electropedia.org)

IEC 60050-113, International Electrotechnical Vocabulary (IEV) — Part 113: Physics for
electrotechnology (available at www.electropedia.org)

IEC 60050-114, International Electrotechnical Vocabulary (IEV) — Part 114: Electrochemistry
(available at www.electropedia.org)

IEC 60050-151, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical and
magnetic devices (available at www.electropedia.org)

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Part 161: Electromagnetic
compatibility (available at www.electropedia.org)

IEC 60050-192, International Electrotechnical Vocabulary (IEV) — Part 192: Dependability
(available at www.electropedia.org)

IEC 60050-426, International Electrotechnical Vocabulary (IEV) — Part 426: Explosive
atmospheres (available at www.electropedia.org)

IEC 60050-441, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and fuses (available at www.electropedia.org)

IEC 60050-442, International Electrotechnical Vocabulary (IEV) — Part 442: Electrical
accessories (available at www.electropedia.org)

IEC 60050-551, International Electrotechnical Vocabulary (IEV) — Part 551: Power electronics
(available at www.electropedia.org)

IEC 60050-601, International Electrotechnical Vocabulary (IEV) — Part 601: Generation,
transmission and distribution of electricity — General (available at www.electropedia.org)

IEC 60050-826, International Electrotechnical Vocabulary (IEV) — Part 826: Electrical
installations (available at www.electropedia.org)

IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat
IEC 60068-2-6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-52:2017, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic
(sodium chloride solution) Documents
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IEC 60068-2-68:1994, Environmental testing — Part 2-68: Tests — Test L: Dust and sand

IEC 60068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

IEC 60320 (all parts), Appliance couplers for household and similar general purposes
IEC 60364 (all parts). Low-voltage electrical installations

IEC 60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protection against electric shock
IEC 60364-4-41:2005/AMD1:2017

IEC 60364-5-54:2011, Low voltage electrical installations — Part 5-54: Selection and erection of
electrical equipment — Earthing arrangements and protective conductors
IEC 60364-5-54:2011/AMD1:2021

IEC 60384-14:2013, Fixed capacitors for use in electronic equipment — Part 14: Sectional
specification — Fixed capacitors for electromagnetic interference suppression and connection
to the supply mains

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

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
IEC 60529:1989/AMD1:1999
IEC 60529:1989/AMD2:2013

IEC 60617, Graphical symbols for diagrams (available from http://std.iec.ch/iec60617)

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests

IEC 60664-3:2016, Insulation coordination for equipment within low-voltage systems — Part 3:
Use of coating, potting or moulding for protection against pollution

IEC 60664-4:2005, Insulation coordination for equipment within low-voltage systems — Part 4:
Consideration of high-frequency voltage stress

IEC 60695-2-10:2013, Fire hazard testing — Part 2-10: Glowing/hot-wire based test methods —
Glow-wire apparatus and common test procedure

IEC 60695-2-11:2021, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
Glow-wire flammability test method for end-products (GWEPT)

IEC 60695-2-13:2010, Fire hazard testing — Part 2-13: Glowing/hot-wire based test methods —
Glow-wire ignition temperature (GWIT) test method for materials
IEC 60695-2-13:2010/AMD1:2014

IEC 60695-10-2:2014, Fire hazard testing — Part 10-2: Abnormal heat — Ball pressure test

IEC 60695-11-20:2015, Fire hazard testing — Part 11-20: Test flames — 500 W flame test
methods
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IEC 60721-3-3:1994, Classification of environmental conditions — Part 3-3: Classification of
groups of environmental parameters and their severities — Stationary use at weatherprotected
locations

IEC 60721-3-3:1994/AMD1:1995

IEC 60721-3-3:1994/AMD2:1996

IEC 60721-3-4:1995, Classification of environmental conditions — Part 3: Classification of
groups of environmental parameters and their severities — Stationary use at non-
weatherprotected locations

IEC 60721-3-4:1995/AMD1:1996

IEC 60730-1:2013, Automatic electrical controls — Part 1: General requirements
IEC 60730-1:2013/AMD1:2015
IEC 60730-1:2013/AMD2:2020

IEC 60738-1-1:2008, Thermistors — Directly heated positive step-function temperature
coefficient — Part 1-1: Blank detail specification — Current limiting application — Assessment
level EZ

IEC 60755:2017, General safety requirements for residual current operated protective devices
IEC 60799:2018, Electrical accessories — Cord sets and interconnection cord sets
IEC 60947-7 (all parts), Low-voltage switchgear and controlgear — Part 7: Ancillary equipment

IEC 60949:1988, Calculation of thermally permissible short-circuit currents, taking into account
non-adiabatic heating effects
IEC 60949:1988/AMD1:2008

IEC 60990:2016, Methods of measurement of touch current and protective conductor current
IEC 61032:1997, Protection of persons and equipment by enclosures — Probes for verification

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

IEC 61189-3:2007, Test methods for electrical materials, printed boards and other
interconnection structures and assemblies — Part 3: Test methods for interconnection structures
(printed boards)

IEC 61204-7:2016, Low-voltage switch mode power supplies — Part 7: Safety requirements

IEC 61558-1:2017, Safety of transformers, reactors, power supply units and combinations
thereof — Part 1: General requirements and tests

IEC 62109-1:2010, Safety of power converters for use in photovoltaic power systems — Part 1:
General requirements

ISO/IEC Guide 51:2014, Safety aspects — Guidelines for their inclusion in standards

IEC Guide 104:2019, The preparation of safety publications and the use of basic safety
publications and group safety publications

IEC Guide 116:2018, Guidelines for safety related risk assessment and risk reduction for low
voltage equipment
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ISO 3746:2010, Acoustics — Determination of sound power levels and sound energy levels of
noise sources using sound pressure — Survey method using an enveloping measurement
surface over a reflecting plane

ISO 3864 (all parts), Graphical symbols — Safety colours and safety signs

ISO 3864-1:2011, Graphical symbols — Safety colours and safety signs — Part 1: Design
principles for safety signs and safety markings

ISO 7000, Graphical symbols for use on equipment — Registered symbols (available from
http://www.graphical-symbols.info/equipment)

ISO 7010, Graphical symbols — Safety colours and safety signs — Registered safety signs
(available at https://www.iso.org/obp)

1ISO 9614-1:1993, Acoustics — Determination of sound power levels of noise sources using
sound intensity — Part 1: Measurement at discrete points

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-112:2010,
IEC 60050-113:2011, IEC 60050-114:2014, IEC 60050-426:2020, IEC 60050-151:2001,
IEC 60050-161:1990, |IEC 60050-192:2015, IEC 60050-441:1984, |IEC 60050-442:1998,
IEC 60050-551:1998, IEC 60050-601:1985, IEC 60050-826:2004, IEC 60664-1:2020, and the
following apply.

Table 1 provides an alphabetical cross-reference listing of terms.

Table 1 — Alphabetical list of terms

Term Term Term Term Term Term
number number number
abnormal operating 3.1 fire enclosure 3.29 power semiconductor 3.57
condition device

abnormal operation

accessible 3.2 functional insulation 3.30 prospective short- 3.58
circuit current (Icp)

accessory 3.3 hand-held equipment 3.31 protective 3.59
equipotential bonding
adjacent circuit 3.4 hazardous live part 3.32 protective impedance 3.60
basic insulation 3.5 installation 3.33 electrically protective 3.61
screening
protective screening
basic protection 3.6 impulse withstand 3.34 reinforced insulation 3.62
voltage
class | equipment 3.7 live part 3.35 restricted access area 3.63
class Il equipment 3.8 low voltage (LV) 3.36 routine test 3.64
class Ill equipment 3.9 mains supply 3.37 sample test 3.65
clearance 3.10 minimum required 3.38 service access area 3.66

prospective short-

circuit current ([cp,mr)
commissioning test 3.1 movable equipment 3.39 short-circuit backup 3.67
protection
component 3.12 non-mains supply 3.40 short-circuit protective 3.68

device (SCPD)
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Term Term Term Term Term Term
number number number
conditional short- 3.13 open type PECS 3.41 short-time withstand 3.69
circuit current (7_.) current (/)
creepage distance 3.14 general access area 3.42 single fault condition 3.70
decisive voltage class 3.15 ordinary person 3.43 skilled person 3.71
(DVC)
de-energized 3.16 output short-circuit 3.44 solid insulation 3.72
current
double insulation 3.17 overcurrent protective 3.45 supplementary 3.73
device (OCPD) insulation
direct plug-in 3.18 overvoltage category 3.46 surge protective 3.74
equipment (OVC) device (SPD)
DVC As 3.19 PE 3.47 system 3.75
DVC B 3.20 peak withstand 3.48 system voltage 3.76
current (1 ,)
pk
DvC C 3.21 PE conductor 3.49 temporary overvoltage 3.77
electric breakdown 3.22 permanently 3.50 touch current 3.78
connected equipment
electrical insulation 3.23 pluggable equipment 3.51 type test 3.79
insulation type A
electronic power 3.24 pluggable equipment 3.52 ventricular fibrillation 3.80
conversion type B
enclosure 3.25 pollution degree 3.53 visual inspection 3.81
enhanced protection 3.26 port 3.54 working voltage 3.82
fault protection 3.27 power electronic 3.55 zone of equipotential 3.83
converter (PEC) bonding
field wiring terminal 3.28 power electronic 3.56
converter system
(PECS)
3.1

abnormal operating condition

abnormal operation

temporary operating condition that is not a normal operating condition and is not a single fault
condition of the equipment itself

Note 1 to entry: An abnormal operating condition may be introduced by the equipment or by a person and may
result in a failure of a component, a device or insulation.

[SOURCE: IEC 62368-1:2018, 3.3.7.1, modified — Note 1 to entry has been removed, and
Notes 2 and 3 to entry have been grouped and rephrased.]

3.2
accessible
able to be touched by means of the standard test finger

Note 1 to entry: For standard test finger, refer to Figure M.2.

Note 2 to entry: The term "accessible" is used to refer to an accessible circuit, an accessible connection, an
accessible part or an accessible surface.
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3.3

accessory

additional part, component or equipment intended to expand capabilities and/or functionality
of the PECS

Note 1 to entry: Some examples are:
. external filter,
e communication, control or input/output interface Kkits,
e external SPD for reduction of transient.
e additional enclosure parts or Kkits,
. additional ventilation kits,
e mechanical bonding or cable support kits, or
e additional measuring device, instrument etc.

Note 2 to entry: Expanded capabilities is considered to be electrical, mechanical, thermal or acoustic characteristics
of the PECS when installed and operating as intended.

Note 3 to entry: Accessories and accessory kits might be factory or field installed.

3.4
adjacent circuit
circuit having a requirement to be protected from the circuit under consideration

3.5
basic insulation
insulation applied to hazardous live parts to provide basic protection against electric shock

[SOURCE: IEC 60050-826:2004, 826-12-14, modified — The definition has been reformulated.]

3.6

basic protection

protection against electric shock under fault-free conditions through the use of insulation or
distance or a combination of both

Note 1 to entry: For more information, refer to 4.4.3.

[SOURCE: IEC 60050-195:2021, 195-06-01, modified — The words " under fault-free conditions
through the use of insulation or distance or a combination of both" have been added, as well as
the note to entry.]

3.7

class | equipment

PECS in which protection against electric shock does not rely on basic protection only, but
which includes an additional safety precaution in such a way that means are provided for the
connection of conductive accessible parts to the protective (earthing) conductor in the fixed
wiring of the installation, so that conductive accessible parts cannot become live in the event
of a failure

3.8

class Il equipment

PECS in which protection against electric shock does not rely on basic protection only, but in
which additional safety precautions are provided, there being no means of connection for the
PE conductor or reliance upon installation conditions

Note 1 to entry: Supplementary insulation or reinforced insulation are additional safety precautions.
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3.9

class Ill equipment

PECS in which protection against electric shock relies on supply at DVC As and in which
voltages higher than those of DVC As are not generated and there is no means for protective
earthing

3.10
clearance
shortest distance in air between two conductive parts

Note 1 to entry: This distance can be measured along a string stretched the shortest way between these conductive
parts.

[SOURCE: IEC 60664-1:2020, 3.1.4, modified — The note to entry has been added.]

3.1

commissioning test

test on a device or PECS performed on site, to prove the correctness of installation and
operation

[SOURCE: IEC 60050-411:1996, 411-53-06, modified — The word "machine" has been replaced
by "device" and "equipment" with "PECS".]

3.12

component

part of a PEC or PECS, which cannot be physically divided into smaller parts without losing its
particular function

[SOURCE: IEC 60050-151:2001, 151-11-21, modified — The words "constituent part of a device"
have been replaced by "part of a PEC or PECS".]

3.13
conditional short-circuit current

ICC
RMS value of a prospective short-circuit current available from a source, under conditions
specified by the PECS manufacturer, using a specific type of short-circuit protective device

Note 1 to entry: See also Figure N.1.
Note 2 to entry: The source might be a mains supply or non-mains supply.

Note 3 to entry: The declared /_ is the minimum current value used for calibration of the supply source.

3.14
creepage distance
shortest distance along the surface of a solid insulating material between two conductive parts

[SOURCE: IEC 60664-1:2020, 3.1.5]

3.15

decisive voltage class

bDvC

classification of voltage range used to determine the protective means against electric shock
and the requirements of protection between circuits

3.16
de-energized
free from all potential energy hazards
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3.17
double insulation
insulation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60050-826:2004, 826-12-16]

3.18

direct plug-in equipment

PECS in which the mains supply plug forms an integral part of the PECS enclosure so that the
PECS is supported by the mains supply socket-outlet

[SOURCE: IEC 60050-903:2014, 903-04-07, modified — "Equipment" replaced by "PECS" and
"mains" by "mains supply".]

3.19

DVC As

voltage classification of a circuit providing only safe to touch voltage, under normal operating
conditions and single fault condition, and limited overvoltages

Note 1 to entry: See 4.4.2.2 and Table 2.

3.20

DvC B

voltage classification of a circuit which stays within the voltage limits between DVC As and
DVC B under normal operating conditions and single fault conditions

Note 1 to entry: See 4.4.2.3 and Table 2.

3.21

DvC C

voltage classification of any circuit not meeting the protection requirements or voltage limits for
DVC B or DVC As

Note 1 to entry: See 4.4.2.4 and Table 2.

3.22

electric breakdown

failure of insulation under electric stress when the discharge completely bridges the insulation,
thus reducing the voltage between the electrodes almost to zero

[SOURCE: IEC 60664-1:2020, 3.1.44]

3.23

electrical insulation

insulation

electrical protection between circuits or conductive parts provided by clearance or creepage
distance or solid insulation or combinations of them

Note 1 to entry: For the protection against electric shock, insulation types like clearance, creepage distances and
solid insulation are used as means for basic protection, fault protection and enhanced protection. Further means for
basic protection, fault protection and enhanced protection are specified in 4.4.3, 4.4.4 and 4.4.5.

3.24

electronic power conversion

change of one or more of the characteristics of an electric power system essentially without
appreciable loss of power by means of power semiconductor devices

Note 1 to entry: Characteristics are, for example, voltage, number of phases and frequency, including zero

frequency.
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[SOURCE: IEC 60050-551:1998, 551-11-02, modified — The words "electronic valve devices"
have been replaced by "power semiconductor devices".]

3.25
enclosure
housing affording the type and degree of protection suitable for the intended application

Note 1 to entry: This document provides requirements for the enclosure according to IEC 60529:1989,
IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013 as well as additional requirements for mechanical and
environmental impact. The purpose of the additional requirements is to ensure the ability of an enclosure to provide
basic protection under the environmental conditions specified by the manufacturer.

[SOURCE: IEC 60050-151:2001, 151-13-08, modified — Note 1 to entry has been added.]

3.26

enhanced protection

protective means having a reliability of protection not less than that provided by two
independent protective means

Note 1 to entry: Enhanced protection can be realized through the use of insulation or distance or a combination of
both. For more information, refer to 4.4.5.

[SOURCE: IEC 61140:2016, 3.19, modified — The words "protective provision" has been
replaced by "protection" in the term, and "provision" by "means" in the definition.]

3.27
fault protection
protection against electric shock under single fault conditions

Note 1 to entry: For low-voltage installations, systems and equipment, fault protection generally corresponds to
protection against indirect contact as used in IEC 60364-4-41:2005 and |IEC 60364-4-41:2005/AMD1:2017, mainly
with regard to failure.

Note 2 to entry: For more information, refer to 4.4.4.

[SOURCE: IEC 60050-195:2021, 195-06-02, modified — The notes to entry have been added.]

3.28
field wiring terminal
terminal provided for connection of external conductors to the PECS

3.29

fire enclosure

part of the PECS intended to minimize the spread of fire or flames from within the enclosure to
outside the enclosure

3.30

functional insulation

insulation between conductive parts within a circuit that is necessary for the proper functioning
of the circuit, but which does not provide protection against electric shock

Note 1 to entry: Functional insulation may, however, reduce the likelihood of ignition and fire.

3.31
hand-held equipment
PECS intended to be held in the hand during normal use

[SOURCE: IEC 60050-195:2004, 826-16-05, modified — The words "electric equipment" have
been replaced by "PECS".]
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3.32
hazardous live part
live part which can give a harmful electric shock

Note 1 to entry: In this document a hazardous live part does not meet the requirements of DVC As in 4.4.2.2.

[SOURCE: IEC 60050-195:2021, 195-06-05, modified — The hyphens have been deleted from
the term, the words "under certain conditions" have been deleted from the definition and the
note to entry added.]

3.33
[~<c) (electrical) installation
assembly of electrical equipment to fulfil specific purposes

Note 1 to entry: The word "installation" is also used in this document to denote the process of installing a PECS. In
these cases, the word does not appear in italics.

[SOURCE: IEC 60050-826:2022, 826-10-01, modified — the note to entry has been added.]

3.34

impulse withstand voltage

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

[SOURCE: IEC 60050-442:2014, 442-09-18]

3.35

live part

conductor or conductive part intended to be energized in normal operating conditions, including
a neutral conductor, but by convention not a PE conductor or protective earth neutral

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

[SOURCE: IEC 60050-195:2021, 195-02-19, modified — The words "and mid-point conductor,
but excluding the PEN conductor, PEM conductor and PEL conductor" have been replaced by
"but by convention not a PE conductor or protective earth neutral".]

3.36
low voltage

Lv
set of voltage levels used for the distribution of electricity and whose upper limit is
generally accepted to be 1 000 V AC or 1 500 V DC

[SOURCE: IEC 60050-601:1985, 601-01-26, modified — The words "for alternating current" have
been replaced by "AC", and the words "or 1 500 V DC" have been added.]

3.37
mains supply
low voltage AC or DC power distribution system for supplying power to AC or DC PECS

Note 1 to entry: In the USA and Canada, the term "mains supply" is called "utilities".

3.38

minimum required prospective short-circuit current
Icp,mr

RMS value of a minimum prospective short-circuit current, which shall be available from

the source to ensure operation of the specific type of short-circuit protective device
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3.39
movable equipment
PECS that is either

— 18 kg or less in mass and not fixed in place, or

— provided with wheels, casters, or other means to facilitate movement by an ordinary person
as required to perform its intended use

3.40

non-mains supply

low voltage AC or DC power network that is not energized directly from the AC mains supply or
DC mains supply

Note 1 to entry: Examples of non-mains supplies are those which are isolated by a transformer or supplied by a
battery, generator, solar arrays, wind generator, tidal systems, wave, fuel cell or similar sources not directly
connected to the AC or DC power distribution system.

3.41

open type PECS

PECS intended for incorporation within an enclosure or assembly that will provide protection
against hazards

3.42
general access area
area of the PECS to which both ordinary persons and skilled persons are permitted access

Note 1 to entry: General access areas do not require the use of a tool or key.

3.43
ordinary person
person who is not a skilled person

Note 1 to entry: Ordinary person is the term applied to all persons other than skilled persons. Ordinary persons
include not only users of the equipment, but also all persons who may have access to the equipment or who may be
in the adjacency of the equipment. Under normal operating conditions or abnormal operating conditions, ordinary
persons should not be exposed to parts comprising energy sources capable of causing pain or injury. Under a single
fault condition, ordinary persons should not be exposed to parts comprising energy sources capable of causing injury.

Note 2 to entry: Instructed person is not used in this document.

[SOURCE: IEC 60050-826:2004, 826-18-03, modified — Instructed person deleted, notes to
entry added.]

3.44
output short-circuit current
available current that flows at the output port of the PECS when a short-circuit is applied

3.45

overcurrent protective device

OCPD

device provided to interrupt an electric circuit in case the current in the electric circuit exceeds
a predetermined value for a specified duration

[SOURCE: IEC 60050-826:2004, 826-14-14, modified — The abbreviated term "OCPD" has been
added, and the word "conductor" have been deleted from "conductor current".]

3.46

overvoltage category

ovc

numeral defining a transient overvoltage condition

Note 1 to entry: Overvoltage categories |, Il, 1ll and IV are used. See 4.4.7.1.4 for informaticn. Documents
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[SOURCE: IEC 60664-1:2020, 3.1.20, modified — The abbreviated term "OVC" has been added,
and the reference has been updated in the note to entry.]

3.47

PE

earthing of a point in a system, or equipment, for protection against electric shock in case of a
fault

Note 1 to entry: In the USA and Canada, the term "ground" is used instead of "earth".

3.48

peak withstand current

Lok

value of peak short-circuit current, declared by the PECS manufacturer, which can flow under
specified conditions

Note 1 to entry: For the purpose of this document, ka refers to the initial asymmetric peak value of the prospective
test current.

[SOURCE: IEC 61439-1:2020, 3.8.10.2, modified — The definition is modified for PECS
application.]

3.49

PE conductor

conductor in the building installation wiring, or in the power supply cord, connecting a main
protective earthing terminal in the equipment to an earth point in the building installation for
safety purposes

3.50

permanently connected equipment

PECS that can only be connected to or disconnected from the electric power system by the use
of a tool

Note 1 to entry: In this document, electric power system is considered as either mains supply or non-mains supply.

[SOURCE: IEC 60050-151:2014, 151-11-29, modified — "Equipment" replaced by "PECS" and
note to entry added.]

3.51

pluggable equipment type A

PECS that is intended for connection to the mains supply via a non-industrial plug and socket-
outlet or via a non-industrial appliance coupler, or both

Note 1 to entry: For non-industrial plug and socket-outlets, see IEC TR 60083:2015 or a national equivalent. For
non-industrial appliance couplers, see IEC 60320-1.

[SOURCE: IEC 60050-903:2014, 903-04-08, modified — The word "equipment" has been
replaced by "PECS" and "mains" by "mains supply".]

3.52

pluggable equipment type B

PECS that is intended for connection to the mains supply via an industrial plug and socket-
outlet or an appliance coupler, or both

Note 1 to entry: For industrial plug and socket-outlets, see IEC 60309-1 or a national equivalent. For non-industrial
appliance couplers, see IEC 60320-1.

[SOURCE: IEC 60050-903:2014, 903-04-09, modified — The word "equipment" has been
replaced by "PECS" and "mains" by "mains supply".]
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3.53
pollution degree
numeral characterizing the expected pollution of the micro-environment.

Note 1 to entry: Pollution degrees 1, 2, 3 and 4 are used in this document. See 4.4.7.1.3 for information.

[SOURCE: IEC 60664-1:2020, 3.1.25, modified — Note to entry added.]

3.54

port

access to a device or network where electromagnetic energy or signals may be supplied or
received or where the device or network variables may be observed or measured

[SOURCE: IEC 60050-131:2002, 131-12-60, modified — The note has been deleted.]

3.55

power electronic converter

PEC

device or part thereof for the purpose of electronic power conversion, including signalling,
measurement, control circuitries and other parts, if essential for the power conversion function

3.56

power electronic converter system

PECS

system consisting of power electronic converter(s) intended to work together with other
equipment

3.57

power semiconductor device
semiconductor device used for electronic power conversion

3.58

prospective short-circuit current

Icp

RMS value of the current which would flow if the supply conductors to the circuit are short-
circuited by a conductor of negligible impedance located as near as practicable to the supply
terminals of the PECS

[SOURCE: IEC 61439-1:2020, 3.8.7, modified — The word "current" has been replaced by "RMS
value of the current”, and "assembly" by "PECS" and Note to entry deleted.]

3.59
protective equipotential bonding
equipotential bonding for the purposes of safety

EXAMPLE Protection against electric shock

[SOURCE: IEC 60050-195:2021, 195-01-15, modified — The hyphens have been removed from
the term, and the example has been added.]

3.60

protective impedance

impedance connected between hazardous live parts and conductive accessible parts, of such
value that the current, in intended use and under single fault conditions, is limited to a safe
value, and which is so constructed that its ability is maintained throughout the life of the PECS
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3.61

electrically protective screening

protective screening

separation of electric circuits and/or conductors from hazardous live parts by an electrically
protective screen connected to the protective equipotential bonding system and intended to
provide protection against electric shock

[SOURCE: IEC 60050-195:2021, 195-06-18, modified — The word "electrically" has been added
to "protective screening", and the term "protective shielding" has been deleted.]

3.62

reinforced insulation

insulation of hazardous live parts which provides a degree of protection against electric shock
equivalent to double insulation

Note 1 to entry: Reinforced insulation may comprise several layers which cannot be tested separately as basic
insulation or supplementary insulation.

[SOURCE: IEC 60664-1:2020, 3.1.33]

3.63
restricted access area
area to which only electrically skilled persons with the proper authorization have access

[SOURCE: IEC 60050-195:2021, 195-04-04, modified — The words "and electrically instructed
persons" have been removed.]

3.64

routine test

test to which each individual device is subjected during or after manufacture to ascertain
whether it complies with certain criteria

[SOURCE: IEC 60050-411:1996, 411-53-02, modified — The word "machine" has been replaced
by "device".]

3.65
sample test
test on a number of devices taken at random from a batch

3.66

service access area

enclosed electrical area intended for service, maintenance and commissioning while the PECS
is energized and to which only skilled persons are permitted access

Note 1 to entry: Service access areas require the use of a tool or key.

3.67

short-circuit backup protection

protection that is intended to operate when other protective means within a system or equipment
fail to clear a fault

3.68
short-circuit protective device

[%c1) SCPD (ci]
device intended to protect a circuit or parts of a circuit against short-circuit currents by
interrupting them

Note 1 to entry: A short-circuit protective device is suitable for protection against short-circuit only, notfor protection
against overload. An OCPD may also incorporate the function of a SCPD. ocuments
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[SOURCE: IEC 61439-1:2020, 3.1.11, modified — The note to entry has been added.]

3.69
short-time withstand current
1

cw
RMS value of short-time current, declared by the PECS manufacturer, which can flow under
specified conditions, defined in terms of current and time

[SOURCE: IEC 61439-1:2020, 3.8.10.3, modified — The word "rated" has been removed from
the term, the words "AC or mean value of DC" have been removed from the definition,
"assembly" has been replaced by "PECS", and "that can be withstood" by "which can flow".]

3.70
single fault condition
condition in which one failure is present which could cause a hazard covered by this document

Note 1 to entry: If a single fault condition results in other subsequent failures, the set of failures is considered as
one single fault condition.

Note 2 to entry: Examples of hazards include, but are not limited to, electric shock, fire, energy, mechanical, sound
pressure etc.

3.7

skilled person

person with relevant education and experience to enable him or her to perceive risks and to
avoid hazards which the equipment can create

Note 1 to entry: Skilled person is a term applied to persons who have training or experience in the equipment
technology, particularly in knowing the various energies and energy magnitudes used in the equipment. Skilled
persons are expected to use their training and experience to recognize energy sources capable of causing pain or
injury and to take action for protection from injury from those energies. Skilled persons should also be protected
against unintentional contact or exposure to energy sources capable of causing injury.

Note 2 to entry: It has not been considered necessary to differentiate between the safety means applicable for
skilled persons and instructed (trained) persons as defined in IEC 61140:2016. The same safety means apply for
both.

[SOURCE: IEC 60050-826:2004, 826-18-01, modified — The adverb "electrically" has been
removed from the term, the word "electricity" has been replaced by "the equipment”, and the
note to entry has been added.]

3.72

solid insulation

solid insulating material or a combination of solid insulating materials, placed between two
conductive parts or between a conductive part and a body part

[SOURCE: IEC 60664-1:2020, 3.1.6]

3.73
supplementary insulation
independent insulation applied in addition to basic insulation for fault protection

Note 1 to entry: Basic insulation and supplementary insulation are separate, each designed for basic protection
against electric shock.

[SOURCE: IEC 60664-1: 2020, 3.1.31, modified — The note to entry has been added.]
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3.74
surge protective device

SPD
device that contains at least one non-linear component that is intended to limit surge voltages
and divert surge currents

[SOURCE: IEC 61643-11:2011, 3.1.1, modified — The note to entry has been removed.]

3.75
system
set of interrelated and/or interconnected independent elements

Note 1 to entry: A system is generally defined with the view of achieving a given objective, for example by
performing a definite function.

3.76
system voltage
voltage used to determine insulation requirements

Note 1 to entry: See 4.4.7.1.7 for further consideration of system voltage.

3.77
temporary overvoltage
overvoltage at power frequency of relatively long duration

[SOURCE: IEC 60664-1:2020, 3.1.12]

3.78

touch current

electric current passing through a human body or through an animal body when it touches one
or more accessible parts of an electrical installation or electrical equipment

[SOURCE: IEC 60050-826:2004, 826-11-12]

3.79

type test

test of one or more devices made to a certain design to show that the design meets certain
specifications

3.80

ventricular fibrillation

cardiac fibrillation, limited to the ventricles, leading to ineffective circulation and then to heart
failure

Note 1 to entry: Ventricular fibrillation stops blood circulation.

[SOURCE: IEC 60050-891:1998, 891-01-16]

3.81

visual inspection

scrutiny by eye of an item carried out either without dismantling, or with the addition of partial
dismantling as required in order to arrive at a reliable conclusion as to the condition of an item

[SOURCE: IEC 60050-426:2020, 426-14-02, modified — The adjective "visual" has been deleted
from the term, and the definition has been rephrased.]

Documents

Document Sharing Hub

Full document details: BS EN IEC 62477-1:2023


http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023
http://www.avadocuments.com/doc/bs-en-iec-62477-1-2023

IEC 62477-1:2022 © |EC 2022 - 33 -

3.82

working voltage

AC or DC voltage, at rated supply conditions (without tolerances) and worst case operating
conditions, including RMS, recurring peak and mean values that occurs by design in a circuit or
across protection means

3.83

zone of equipotential bonding

zone where all simultaneously conductive accessible parts are electrically connected to prevent
hazardous voltages appearing between them

Note 1 to entry: For equipotential bonding, it is not necessary for the parts to be earthed.
4 Protection against hazards

4.1 General

Clause 4 defines the minimum requirements for the design and construction of a PECS and
specified accessories for the intended use, to ensure its safety during installation, normal
operating conditions and maintenance for the expected life cycle of the PECS. Consideration is
also given to minimize hazards resulting from reasonably foreseeable misuse.

Information about the intended use, normal operating conditions and specified accessories shall
be stated in the documentation.

Protection against hazards shall be maintained under normal, abnormal and single fault
conditions, as specified in this document.

Clause 4 provides safety means for protection against hazards for ordinary persons. This
document also considers relaxed safety means for skilled persons considering installation and
maintenance of the PECS.

NOTE It has not been considered necessary to differentiate between the safety means applicable for skilled persons
and instructed persons as defined in IEC 61140:2016. The same safety means apply for both.

Where the PECS is intended to be used together with specified accessories, the safety
evaluation and test shall include these, unless it can be shown that it does not affect the safety
of either equipment.

Risk assessment of the PECS might show hazards which are not covered by this document.
For information, refer to Annex R.

For marking, see 6.2.

4.2 Single fault conditions and abnormal operating conditions

The PECS and specified accessories shall be designed to avoid operating modes or sequences
that can cause a single fault condition or component failure leading to a hazard, unless other
means to prevent the hazard are provided by the installation and are described in the installation

information provided with the PECS, see Clause 6. The requirements in 4.2 also apply to
abnormal operating conditions as applicable.

An analysis shall be performed to identify potential hazards.

This analysis shall include situations where a single fault condition in any component, basic
protection, fault protection or port would result in:

e electrically induced mechanical force and thermal hazard according to 4.3; Documents
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e an impact on the decisive voltage determination according to 4.4.2;

e arisk of electric shock due to:

degradation of the basic protection according to 4.4.3, or

degradation of the fault protection according to 4.4.4;
e arisk of energy hazard according to 4.5;

e a risk of degradation due to emission of flame, burning particles, molten metal or fire
according to 4.6;

e arisk of thermal hazard due to high temperature according to 4.6; or

e arisk of mechanical hazard according to 4.7.
NOTE This document does not provide any requirement to protect against chemical hazard.

The analysis and testing shall include the effect of short-circuit and open-circuit conditions of
the component. Testing is necessary unless analysis can conclusively show that no hazard will
result from failure of the component. Compliance shall be checked by test of 5.2.4.6.

The effect of other identified abnormal operating condition and single fault condition shall be
tested according to the applicable testin 5.2.4.

The evaluation of components (see 4.13) shall be based on the expected stress occurring in
the life cycle of the PECS including, but not limited to:

e specified climatic and mechanical conditions according to 4.9 (temperature, humidity,
vibration, etc.);

e electrical characteristics according to 4.4.7.1 (expected impulse voltage, working voltage,
temporary overvoltage, etc.); or

¢ micro-environment according to 4.4.7 (pollution degree, humidity, etc.).

Components evaluated according to relevant product standards in 4.13 are considered to meet
these requirements and do not need any further investigation, if tested under conditions that
fulfill the conditions for which the PECS is designed.

Clearance and creepage distances for supplementary insulation, double insulation and
reinforced insulation, designed according to 4.4.7.4 and 4.4.7.5, are considered to meet these
requirements and do not need any further investigation.

Functional insulation on printed wiring boards (PWB) and between legs of components
assembled on PWBs not fulfilling the requirements for clearance and creepage distance in
4.4.7.4 and 4.4.7.5 shall meet the requirement of 4.4.7.7.

Consideration shall be given to potential safety hazards associated with major component parts
of the PECS, such as flammability of transformer and capacitor fluids.

4.3 Short-circuit and overload protection
4.3.1 General

The PECS shall not present a hazard under short-circuit or overload conditions at any port,
including phase to phase, phase to earth and phase to neutral. Adequate information shall be
provided in the documentation to allow proper selection of external wiring and protective devices
(see 6.3.9.6) taking into account the automatic disconnection of supply in 4.4.4.4.
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To ensure proper coordination with short-circuit protective devices (SCPD) and the available
prospective short-circuit current, the PECS manufacturer shall specify and test for each mains
supply port of the PECS:

e conditional short-circuit current (I.) according to 4.3.2.2; or

e short-time withstand current (I,,) according to 4.3.2.3.

Individual mains supply ports of a PECS shall have specific short-circuit ratings of either 7 or
1., or of both.

cw?

Only in case where compliance does not rely on the current limiting characteristic of SCPD, the
I, in 4.3.2.3 can apply.

In case an output port is connected or intended to be connected to the input mains supply port,
the output port shall also be specified with an I, or I, rating (e.g. bypass between input mains
supply port and output port).

For marking, see 6.2.1.4.

See Annex N for further information.

Protective systems or devices shall be provided or specified in sufficient quantity and location
so as to detect and/or interrupt or limit the current flowing in any possible fault current path,
caused by any internal or external faults.

NOTE 1 In this document, the term "overcurrent" covers both short-circuit and overload.

NOTE 2 Local installation codes will still usually require provision of such protection for the purposes of protecting
the input wiring in the installation.

If the PECS complies with all normal, abnormal and single fault conditions in this document
without such protection provided, specification of overcurrent protection for input circuits is not
necessary for the protection of the PECS.

No protection is required against overcurrent to earth on ports that either

e has no connection to earth; or

e has double insulation or reinforced insulation between live parts and all parts connected to
earth.

NOTE 3 Under a single fault condition in an IT system, no short-circuit current or a limited short-circuit current will
flow. The interruption of the short-circuit current in an IT system (see 4.4.7.1.5) is done when a second fault occurs.
Typically, only detection is done after the first fault in an IT system.

NOTE 4 Where double insulation or reinforced insulation is provided, a short-circuit to earth would be considered
to be two faults.

For PECS designed as pluggable equipment type A, the protective device is provided in the
installation and shall not require any specific characteristics other than that required in local
installation codes.

For PECS designed as pluggable equipment type B or permanently connected equipment, this
protection may be provided by devices external to the PECS, in which case the documentation
shall state the need for the protection to be provided in the installation and shall include the
specifications for the required short-circuit and/or overload protection (see 6.3.9.6).

NOTE 5 IEC 60364 (all parts) provides requirements for short-circuit and overload protection of the input wiring in

the installation. The above requirement ensures that the user is informed about any special characteristics of the
protective devices for the protection of the PECS, in addition to the requirements in IEC 60364 (all

local installation codes. ‘Btaeljtiﬁents
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If a protective device interrupts the neutral conductor, it shall also simultaneously interrupt all
other supply conductors of the same circuit. It is permissible for the protective device to interrupt
the neutral conductor after the other supply conductors of the same circuit are interrupted.

For PECS that can not deliver short-circuit currents which are able to open SCPD, the output
short-circuit test 5.2.4.4 may be omitted.

Compliance shall be checked by analysis of single fault conditions according to 4.2 and by the
tests of 5.2.4.4 and 5.2.4.5.

4.3.2 Input short-circuit withstand strength and output short-circuit current ability
4.3.2.1 General

The interrupting capability of the overcurrent protective device shall be equal or greater than
the prospective short-circuit current of the mains supply or non-mains supply.

Protective devices provided or specified shall have adequate breaking capability to interrupt the
maximum prospective short-circuit current specified for the port to which they are connected.

If the result of one test is representative of the worst case, less severe combinations need not
be tested.

4.3.2.2 Conditional short-circuit current (I..) on input ports

In case where the PECS manufacturer selects the conditional short-circuit current (/;.) rating
according to 4.3.1, the following shall be specified:

e conditional short-circuit current (I.);
o characteristics of the short-circuit protective device; and
e minimum required prospective short-circuit current (/o m)-

Compliance is shown through evaluation according to 4.2, to determine the appropriate
combination of testing according to 5.2.4.4, 5.2.4.6 and 5.2.3.11.3 in order to evaluate single
fault conditions and abnormal operating conditions.

4.3.2.3 Short-time withstand current (I,,) on input ports

When the PECS manufacturer selects the short-time withstand current (I,,) rating according to
4.3.1, the following shall be specified:

e short-time withstand current (I,,);
e associated duration; and

e peak withstand current (ka).

Compliance is shown through evaluation according to 4.2 to determine the appropriate
combination of testing according to 5.2.3.11.3 and 5.2.4.4.3 in order to evaluate single fault
conditions and abnormal operating conditions.

4.3.2.4 Output short-circuit current ability

The ability of the PECS to deliver a current, in the event of a short-circuit at the output, shall be
defined in amperes and time.

NOTE The specification of current and time is to ensure sufficient information selecting the protective downstream
device for the final application. Documents
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Compliance is verified by test in 5.2.4.4.
For marking, refer to 6.2.

4.3.2.5 Combined input and output ports

For ports which are both input and output ports, the applicable requirements of both 4.3.2.1 and
4.3.2.4 apply.

4.3.3 Short-circuit coordination (backup protection)

Protective devices provided or specified shall have adequate breaking capability to interrupt the
prospective short-circuit current specified for the port to which they are connected.

For PECS designed as pluggable equipment type A, either the PECS shall be designed so that
the building installation provides short-circuit backup protection, or additional short-circuit
backup protection shall be provided as part of the PECS.

For PECS designed as pluggable equipment type B or permanently connected equipment, it is
permitted for short-circuit backup protection to be in the building installation.

If internal protection of the PECS is not rated for the prospective short-circuit current, the
documentation shall specify an upstream protective device, rated for this prospective short-
circuit current of that port. Analysis shall ensure the protection coordination so that the external
protection opens before the internal protection.

NOTE IEC 60364 provides requirements for upstream protective devices of the backup protection in the installation.
The above requirement ensures that the user is informed about any special characteristics of the upstream protective
devices for the backup protection of the PECS, in addition to the requirements in IEC 60364 or other local installation
codes.

Compliance shall be checked by

e visual inspection in 5.2.1, and
e simulation or tests of 5.2.4.4 and 5.2.4.5

For marking, refer to 6.3.9.6.

4.3.4 Protection by several devices

Where protective devices that require manual replacement or resetting are used in more than
one pole of a supply to a given load, those devices shall be located together. It is permitted to
combine two or more protective devices in one component.

Compliance shall be checked by visual inspection in 5.2.1.
For marking, see 6.5.6.

4.4 Protection against electric shock
4.41 General

Protection against electric shock depends on the decisive voltage class from 4.4.2 and
protection requirements from 4.4.2.7 and shall be provided by at least one of the following
means:

e basic protection from 4.4.3 in combination with fault protection from 4.4.4; or

e enhanced protection from 4.4.5.
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Protection under normal operating conditions is provided by basic protection, and protection
under single fault conditions is provided by fault protection.

Enhanced protection provides protection under both normal operating conditions and single
fault conditions.

For the use of means of basic protection in combination with fault protection and enhanced
protection, see 4.4.6 for different constructions.

Basic protection, fault protection and enhanced protection may be achieved by means of

e clearance and creepage distances (4.4.7.4 and 4.4.7.5);
e solid insulation (4.4.7.8);
e protection by means of enclosure and barriers (4.4.3.3); or

e a combination of those means.

Figure 1 and Figure 2 provide an overview of the fundamental concept for protection against
electric shock according to IEC 61140:2016.

Where not stated otherwise in this document, protection against electric shock is based on the
body reaction ventricular fibrillation.
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Concept

Means

Concept of IEC 62477-1 following the
fundamental concept of
IEC 61140:2016

Basic protection 4.4.3

* Basic insulation of live parts
4.43.2;

* Enclosures or barriers 4.4.3.3.

Fault protection 4.4.4.1

Protective equipotential bonding
4.4.4.2 in combination with the PE
conductor 4.4.4.3;

Automatic disconnection of supply
4.4.4.4;

Supplementary insulation 4.4.4.5;

Basic protection between circuits
4.4.4.6; or

Electrically protective screening
4.4.4.6.

Enhanced protection 4.4.5.1

* Double insulation 4.4.5.2;
* Reinforced insulation 4.4.5.3;

« Enhanced protection between circuits 4.4.5.4; or

» Protection by means of protective impedance 4.4.5.5

Examples | ‘

Means

Class | equipment 4.4.6.2

Basic protection 4.4.3

Fault protection 4.4.4.1

Basic protection by

One or combination of:

Protective equipotential bonding
4.4.4.2;

Example 1 o Sl S S e + » Automatic disconnection of supply
* Clearance 4.4.3.2 together with (4.4.4.4);
enclosure or barrier 4.4.3.3 « PE conductor 4.4.4.3; or
* Protective screening 4.4.4.7.
Class Il equipment 4.4.6.3
Basic protection 4.4.3 | | Fault protection 4.4.4.1
Example 2 Basic insulation 4.4.3.2 + Supplementary insulation 4.4.4.5
Enhanced protection 4.4.5.1

Example 3 Double insulation 4.4.5.2 or reinforced insulation 4.4.5.3

Figure 1 — Protective means for protection against electric shock considering Class /

equipment and Class Il equipment
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L Examples L L Means L

Class lll equipment 4.4.6.4 or accessible circuits of DVC As 4.4.2.2

Voltage limitation Table 2 Protection to surroundings Table 3

Enhanced protection 4.4.5.1 by one of:
« Double insulation 4.4.5.2;
+ * Reinforced insulation 4.4.5.3;

« Protective screen 4.4.4.7 and basic
insulation 4.4.3.2; or

Example 4 « Limitation of voltage 4.4.2.2

« protective impedance 4.4.5.5.

Figure 2 — Protective means for protection against electric shock considering Class Il
equipment or accessible circuits of DVC As

Additional protection according to IEC 61140:2016 can be provided by residual current-
operated protective devices (RCD). For further information, see 4.4.8.

NOTE In this document, 4.4.1 to 4.4.6 have been harmonized with the concepts of the horizontal standard
IEC 61140:2016 for protection against electric shock. Basic protection, fault protection, enhanced protection and the
combination of those means have been implemented.

4.4.2 Decisive voltage class
4.4.21 General

This document considers three different types of circuits for the protection against electric
shock: DVC As, DVC B and DVC C.

The determination of a decisive voltage class includes the following considerations:

e environmental conditions (dry, wet or salt-water-wet) for DVC As;

e normal operating conditions and single fault conditions for DVC As;

e size of body contact surface area for DVC As;

e maximum working voltage (AC RMS, AC peak and DC) (see Table 2);

e protection requirement between circuits and between circuits and surroundings (see
Table 3); and

e impulse withstand voltage (see Table 2 and Table 7).

The manufacturer defines the DVC for the individual output circuits and provides this information
with the documentation (see 6.2).

Input/output circuits with rated voltages within the limits of DVC As shall be investigated as
DVC As circuits. Only circuits which are classified as DVC As shall be accessible to ordinary
person.

For marking, see 6.2.1.3.

The probability of electric shock increases with voltage level, surface area of the conductive
accessible part or circuit in contact with the skin and the humidity condition of skin. To reduce
the likelihood of electric shock, it is important to determine the safe decisive voltage class
(DVC As).
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For the selection of the relevant decisive voltage class for accessible circuits, the following
apply:
o the reaction of the body (perception, pain, let-go, ventricular fibrillation);

e the area of the accessible part of the PECS in relation to the area of the part of the body
that may contact the accessible part; and

o the humidity condition of the body skin (dry, water-wet, saltwater-wet).

The values in Table 2 are based on a current path from the contact area hand to feet with the
person in standing position, unless otherwise noted.

NOTE 1 For further information about body reactions, contact areas and humidity skin condition, see
IEC 60479-1:2018.

NOTE 2 The design of a safe to touch DVC As circuit is simplified in this document. A more complex approach
considering the body reaction, contact area and humidity skin condition as described in IEC 60479-1:2018 for the

determination of DVC As can be used in a risk assessment (see IEC Guide 116) to show that an equivalent protection
against electric shock is achieved.

4.4.2.2 DVC As

Under normal operating conditions, abnormal operating conditions and single fault conditions,
the DVC As circuit shall meet the minimum requirements of:

o the voltage limits according to Table 2; and

o the protection requirement to the surroundings and adjacent circuits according to Table 3.

See Clause A.2, Clause A.3 and Clause A.4 for examples of these means.

NOTE Within the PECS, this document allows more than one DVC As circuit with different levels of DVC As.
4.4.2.3 DVC B
DVC B circuit shall meet the requirements of:

e the voltage limits according to Table 2;

e the protection requirement to the surroundings and adjacent circuits according to Table 3;
and

e an impulse withstand voltage according to Table 7 determined by the requirement of
4.47.2.4.

4.4.2.4 bvc cC
DVC C circuit shall meet the requirements of:

o the voltage limits according to Table 2;

e protection of persons and protection to the surroundings and adjacent circuits according to
Table 3; and

e an impulse withstand voltage and temporary overvoltage according to Table 7 determined
by the requirements of 4.4.7.1 to 4.4.7 .4.

The protection requirements to other DVC C circuits shall be based on the consequence of a
single fault condition (see 4.2). The protection shall be based on the highest working voltage
and impulse withstand voltage.

4.4.2.5 Interconnection of external SELV/PELV to DVC As circuits

External SELV/PELYV circuits intended to be connected to the PECS shall be investigated per
their rated voltage at the point of interconnection according to DVC As or DVC B as defined in

Table 2. Documents
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