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European foreword 
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The following dates are fixed: 
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level by publication of an identical national standard or by endorsement 
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(dow) 2021-07-26 

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.  

Endorsement notice 

The text of the International Standard IEC 62477-2:2018 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 standards 
indicated: 

IEC 60071-1:2006 NOTE Harmonized as EN 60071-1:2006 (not modified) 
IEC 60071-2:1996 NOTE Harmonized as EN 60071-2:1997 (not modified) 
IEC 60146-1-1 NOTE Harmonized as EN 60146-1-1 
IEC 60243-1:2013 NOTE Harmonized as EN 60243-1:2013 (not modified) 
IEC 60529:1989 NOTE Harmonized as EN 60529:1991 (not modified) 
IEC 60721-3 series NOTE Harmonized as EN 60721-3 series 
IEC 60990:2016 NOTE Harmonized as EN 60990:2016 (not modified) 
IEC 61936-1 NOTE Harmonized as EN 61936-1 
IEC 62271-200:2011 NOTE Harmonized as EN 62271-200:2012 (not modified) 
IEC 62271-201:2014 NOTE Harmonized as EN 62271-201:2014 (not modified) 
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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.cenelec.eu.  

 

Publication Year Title EN/HD Year 
IEC 60204-11 -   Safety of machinery - Electrical equipment 

of machines - Part 11: Requirements for 
equipment for voltages above 1 000 V AC 
or 1 500 V DC and not exceeding 36 kV 

- -   

IEC 60417-DB -   Graphical symbols for use on equipment - -   
IEC 60617-DB -   Graphical symbols for diagrams - -   
IEC 60730-1 -   Automatic electrical controls - Part 1: 

General requirements 
EN 60730-1 -   

IEC 61230 -   Live working - Portable equipment for 
earthing or earthing and short-circuiting 

EN 61230 -   

IEC 62271-102 -   High-voltage switchgear and controlgear - 
Part 102: Alternating current disconnectors 
and earthing switches 

EN IEC 62271-102 -   

IEC 62477-1 2012  Safety requirements for power electronic 
converter systems and equipment - Part 1: 
General 

EN 62477-1 2012  

- -    + A11 2014  
+ A1 2016   + A1 2017  
IEC Guide 104 -   The preparation of safety publications and 

the use of basic safety publications and 
group safety publications 

- -   

ISO/IEC Guide 51 2014 Safety aspects - Guidelines for their 
inclusion in standards 

- -   
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SAFETY REQUIREMENTS FOR POWER ELECTRONIC  

CONVERTER SYSTEMS AND EQUIPMENT –  
 

Part 2: Power electronic converters from 1 000 V AC or  
1 500 V DC up to 36 kV AC or 54 kV DC 

 
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. 

International Standard IEC 62477-2 has been prepared by IEC technical committee 22: Power 
electronic systems and equipment. 

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

FDIS Report on voting 

22/290/FDIS 22/293/RVD 

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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It has the status of a group safety publication in accordance with IEC Guide 104. 

This International Standard is to be used in conjunction with IEC 62477-1:2012 and  
IEC 62477-1:2012/AMD1:2016. 

This document supplements or modifies the corresponding clauses in IEC 62477-1:2012 and 
IEC 62477-1:2012/AMD1:2016. Where this document states "addition", "modification" or 
"replacement", the relevant requirement, test specification or explanatory matter in  
IEC 62477-1:2012 and IEC 62477-1:2012/AMD1:2016 is adapted accordingly. Where no 
change is necessary, this document indicates that the relevant clause or subclause applies. 
Where this document states “does not apply” this clause of the mentioned version of 
IEC 62477-1 does not apply to any section of the equipment. Products that are designed to be 
compliant to IEC 62477-1:2012 and IEC 62477-1:2012/AMD1:2016 are acceptable as 
components within the equipment designed to this document. Additional subclauses, tables 
and figures are numbered starting at 101. Additional annexes are numbered with double 
capital characters, starting with AA. 

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. 

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  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

Full document details: BS EN IEC 62477-2:2018

http://webstore.iec.ch/
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299U
https://doi.org/10.3403/30176299
http://www.avadocuments.com/doc/bs-en-iec-62477-2-2018
http://www.avadocuments.com/doc/bs-en-iec-62477-2-2018


IEC 62477-2:2018 © IEC 2018 – 9 –  

INTRODUCTION 

This part of IEC 62477 relates to products that include power electronic converters, with a 
rated system voltage from 1 000 V AC or 1 500 V DC up to 36 kV AC or 54 kV 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.  

This document has been developed with the intention 

• to be used as a reference document for product committees inside TC 22 in the 
development of product standards for power electronic converter systems and equipment; 

• to replace IEC 62103 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 aspects, which are not covered by this document. 

• 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 
intented renewable energy sources. Especially TC 82, TC 88, TC 105 and TC 114 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. 

This document will not take precedence on 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. 

The most significant differences compared to IEC 62477-1:2012 and  
IEC 62477-1:2012/AMD1:2016 are the following: 

• this document extends the range of rated system voltages for high-voltage (HV) up to 
36 kV AC or 54 kV DC; 

• this document adds arc fault rating label requirements with testing instructions. 
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SAFETY REQUIREMENTS FOR POWER ELECTRONIC  
CONVERTER SYSTEMS AND EQUIPMENT –  

 
Part 2: Power electronic converters from 1 000 V AC or  

1 500 V DC up to 36 kV AC or 54 kV DC 
 
 
 

1 Scope 

This part of IEC 62477 applies to power electronic converter systems (PECS) and equipment, 
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 from 1 000 V AC or 
1 500 V DC up to 36 kV AC or 54 kV DC. 

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

• adjustable speed electric power drive systems (PDS), 

• standalone uninterruptible power systems (UPS), and 

• stabilized DC power supplies. 

For PECS 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 and equipment 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. 

This document 

• establishes a common terminology for safety aspects relating to PECS and equipment, 

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

• establishes a common basis for minimum safety requirements for the PEC portion of 
products that contain PEC, 

• 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, 

• specifies minimum requirements to reduce risks with respect to pluggable and 
permanently connected equipment, whether it consists of a system of interconnected units 
or independent units, subject to installing, operating and maintaining the equipment in the 
manner prescribed by the manufacturer, 

• establishes an arc fault rating label requirement with testing instructions for PEC and 
PECS, and 

• covers power electronic converters and systems in open type design, which are catalog 
(pre-defined commercially available) power electronic converters and systems or 
engineered solutions from same. 
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This document does not cover 

• telecommunications apparatus other than power supplies to such apparatus, 

• functional safety aspects as covered by, for example, IEC 61508 (all parts), 

• electrical equipment and systems for railways applications and electric vehicles, and 

• power electronic converters and systems in open type design, which are – in their major 
part – dimensioned, designed and constructed according to the user’s individual 
requirements and specifications and follow power installation standards, for example 
IEC 61936-1. 

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 60204-11, Safety of machinery – Electrical equipment of machines – Part 11: 
Requirements for HV equipment for voltages above 1 000 V a.c. or 1 500 V d.c. and not 
exceeding 36 kV 

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

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

IEC 60730-1, Automatic electrical controls – Part 1: General requirements 

IEC 61230, Live working – Portable equipment for earthing or earthing and short-circuiting 

IEC 62271-102, High-voltage switchgear and controlgear – Part 102: Alternating current 
disconnectors and earthing switches 

IEC 62477-1:2012, Safety requirements for power electronic converter systems and 
equipment – Part 1: General  
IEC 62477-1:2012/AMD1:2016 

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

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

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 62477-1:2012 and 
IEC 62477-1:2012/AMD1:2016 apply, except as follows. 

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

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 
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3.24 
mains supply 
Replacement: 

power distribution system that supply power to a PEC or PECS 

Note 1 to entry: The voltage level can be any voltage within the range between 0 V and 36 kV AC or 54 kV DC. 

3.27 
open type 
Addition: 

Note 1 to entry: Open type HV equipment can also be installed behind a barrier, fence, building structure, etc. 
which is intended to provide the same protection as an enclosure. 

Additional terms and definitions: 

3.101  
high voltage PEC or PECS 
HV PEC or PECS 
PEC or PECS with a system voltage from 1 000 V AC or 1 500 V DC up to 36 kV AC or 
54 kV DC 

3.102  
operator access area 
area for which, under normal operating conditions, 

a) access is gained without the use of a tool, or  
b) the means of access is deliberately provided to the operator, or  
c) the operator is instructed to enter regardless of whether or not tools are needed to gain 

access 

Note 1 to entry: In this document, the terms "access" and "accessible", unless qualified, relate to operator access 
as defined above. 

4 Protection against hazards 

4.1 General 

4.1 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

This document is written primarily addressing equipment contained within an enclosure. This 
document makes allowance for its usage with open type equipment. It is recommended when 
using this document for open type equipment to also use an installation standard. 

If the manufacturer allows operation after a single fault condition, the manufacturer is 
responsible to provide all appropriate safety information in the product documentation  
(see 6.4.3.101). 

In cases where components are used as part of a PECS, and where the relevant product 
standard for the component does not provide safety requirements that are equal to or more 
severe than the requirements of this document, the components and the complete PECS 
cannot claim to meet this document, unless the PECS containing these components can be 
qualified according to the requirements of this document. 
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4.2 Fault and abnormal conditions 

Replacement: 

The PECS shall be designed to avoid operating modes or sequences that can cause a fault 
condition or component failure leading to a hazard, unless other measures to prevent the 
hazard are provided by the installation and are described in the installation information 
provided with the PECS. The requirements in 4.2 also apply to abnormal operating conditions 
as applicable. 

Circuit analysis or testing shall be performed to determine whether or not a failure of a 
particular component, including insulation systems, ports, etc., would result in a hazard. 

This analysis shall include situations where a failure of the component or the insulation 
(functional, basic and supplementary) would result in 

– an impact on the decisive voltage determination according to 4.4.2, 
– a risk 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, 
– a risk of energy hazard according to 4.5, 
– a risk of degradation of materials associated with the PECS including the enclosure due to 

flame, burning particles or molten metal caused by a fire or thermal hazard according to 
4.6.1 to 4.6.3, 

– a risk of thermal hazard due to high temperature according to 4.6.4, 
– a risk of mechanical hazard according to 4.7, 
– electromagnetic force and thermal hazard according to 4.3. 

NOTE This document does not provide any requirement to protect against chemical hazard. Product committees 
or manufacturers can consider this when it applies to their products. 

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

The evaluation of components shall be based on the expected stress occurring in the 
specified lifetime of the PECS including, but not limited to 

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

– electrical characteristics according to 4.4.7 (expected impulse voltage, working voltage, 
temporary overvoltage, etc.), and 

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

Components evaluated for their reliability according to relevant product standards are 
considered to meet these requirements and do not need any further investigation, if tested 
under conditions that meet the requirements of this document. 

Clearance and creepage distances on printed wiring boards (PWBs) including components 
mounted on PWBs, for functional, basic, supplementary 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 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. 
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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 

4.3.1 of IEC 62477-1:2012 and IEC 62477-1:2012/AMD1:2016 applies, except as follows: 

Reference to 4.6.5 to be replaced by reference to the new clause 4.5.1.101 included in this 
standard. 

Addition: 

The short-circuit withstand requirements, Icw or Icc, do not apply to HV PEC and PECS. 

NOTE 101 This does not remove the requirements for output short-circuit, overload, and breakdown of 
components or any pass criteria. 

4.3.2 Specification of input short-circuit withstand strength and output short-circuit 
current ability 

4.3.2.1 General 

4.3.2.1 of IEC 62477-1:2012 applies. 

4.3.2.2 Specification of the rated conditional short-circuit current (Icc) on input ports 

4.3.2.2 of IEC 62477-1:2012 and IEC 62477-1:2012/AMD1:2016 does not apply. 

4.3.2.3 Output short-circuit current ability  

4.3.2.3 of IEC 62477-1:2012 applies. 

4.3.2.4 Combined input and output ports 

4.3.2.4 of IEC 62477-1:2012 applies. 

4.3.3 Short-circuit coordination (backup protection) 

4.3.3 of IEC 62477-1:2012 applies. 

4.3.4 Protection by several devices 

4.3.4 of IEC 62477-1:2012 does not apply. 

4.3.5 Input ports short time withstand current, Icw 

4.3.5 of IEC 62477-1:2012/AMD1:2016 does not apply. 

4.4 Protection against electric shock 

4.4.1 General 

4.4.1 of IEC 62477-1 applies. 

Full document details: BS EN IEC 62477-2:2018

https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299
https://doi.org/10.3403/30176299U
http://www.avadocuments.com/doc/bs-en-iec-62477-2-2018
http://www.avadocuments.com/doc/bs-en-iec-62477-2-2018


IEC 62477-2:2018 © IEC 2018 – 15 –  

4.4.2 Decisive voltage class 

4.4.2.1 General 

4.4.2.1 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

DVC D circuits shall not be accessible while energized. 

4.4.2.2 Determination of decisive voltage class 

4.4.2.2.1 General 

4.4.2.2.1 of IEC 62477-1:2012 applies. 

4.4.2.2.2 Selection tables for contact area and skin humidity condition 

4.4.2.2.2 of IEC 62477-1:2012 applies. 

4.4.2.2.3 Limits of the working voltage for the DVC 

4.4.2.2.3 of IEC 62477-1:2012 applies, except as follows. 

Replacement of Table 5: 

Table 5 – Steady state voltage limits for the decisive voltage classes 

 Limits of working voltage 
V 

DVC AC voltage 
(r.m.s.) 

UACL 

AC voltage 
(peak) 

UACPL 

DC voltage 
(mean) 

UDCL 

A1 8 11,3 22 

A2 12 17 28 

A3 20 28,3 48 

A 30 a 42,4 60 

B 50 71 120 

C 1 000 4 500 b 1 500 

D > 1 000 > 4 500 > 1 500 

NOTE In some standards, SELV and PELV have similar limits to DVC B. 

a In this document, the DVC A limits are considered for one circuit only. When 
more than one DVC A circuit of the PECS is accessible and evaluation from 4.2 
shows that the voltage of the two circuit can add together under single fault 
condition, the limit is 25 V for AC voltage r.m.s. 

b The value of 4 500 V allows all low-voltage PECS to be covered by Table 9 of 
IEC 62477-1:2012 (possible reflections up to 3 x sqrt(2) x 1 000 V = 4 242 V). 

 

4.4.2.3 Requirements for protection against electric shock 

4.4.2.3 of IEC 62477-1:2012 applies, except as follows. 

Replacement of Table 6: 
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Table 6 – Protection requirements for circuit under consideration 

DVC of 
circuit 
under 

considerat- 
ion 

Protection 
against 

accessib- 
ility 

Protection to 
accessible 
conductive 

parts 
connected to 

PE 

Protection to 
accessible 
conductive 

parts that are 
not 

connected to 
PEg 

Protection to adjacent circuit 
of DVC: 

Asa B or  
Ax > As 

C D 

Asa No 1b 1 1c or 
2d 

2 Enhanced 
protection 

Enhanced 
protection 

B or  
Ax > As 

Basic 
protectione 

Basic 
protectione 

Basic 
protection 

 1c or 2d Enhanced 
protection 

Enhanced 
protection 

C Enhanced 
protection 

Basic 
protection 

Enhanced 
protection 

  1 or 2f Enhanced 
protection 

D Enhanced 
protection 

Basic 
protection 

Enhanced 
protection 

   2 

Key 

1 Protection is not necessary for safety, but can be required for functional reasons according to 
4.4.7.3. 

2 Basic protection for circuit of higher voltage. 

1 or 2 Depending on separation with other circuits. 

Ax > As Voltage less than DVC B but higher than DVC As, that does not meet 4.4.2.2. 
a A, A1, A2 or A3, whichever is appropriate according to 4.4.2.2. 
b If the considered circuit is designated as a SELV circuit, basic protection is required from earth and from 

PELV circuits. 
c Both circuits under consideration have the same DVC As level. 
d Both circuits under consideration have different DVC As level. 
e Except for "Finger tip", see Table 2. 
f Basic protection is required between galvanically isolated circuits (e.g. mains supply, UPS output, PV or 

generator output, auxiliaries). 
g Also applies to conductive parts connected to functional earth. 

 

4.4.3 Provision for basic protection 

4.4.3.1 General 

4.4.3.1 of IEC 62477-1:2012 applies. 

4.4.3.2 Protection by means of basic insulation of live parts 

4.4.3.2 of IEC 62477-1:2012 applies, except as follows. 

Addition, in the first paragraph, of the words "or D” after "DVC C". 

4.4.3.3 Protection by means of enclosures or barriers 

4.4.3.3. of IEC 62477-1:2012 applies except as follows. 

Replacement of the last paragraph with the following two paragraphs: 

Products containing circuits of DVC A, B, C or D, intended for installation in restricted access 
areas as defined in 3.48 of IEC 62477-1:2012 and IEC 62477-1:2012/AMD1:2016, need not 
have protective measures for protection against direct contact to hazardous live parts. 
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In the case of a PECS intended to be installed and operated without an enclosure, open type 
equipment, the user documentation shall require that other means of protection are provided 
by the installation (see 6.3.7.101). 

Addition: 

Additional requirements for DVC D circuits are located in 4.4.101. 

4.4.3.4 Protection by means of limitation of touch current and charge 

4.4.3.4 of IEC 62477-1:2012 applies except as follows. 

Replacement of the first paragraph, including the bullet list: 

The limitation of touch current shall not exceed a value of 3,5 mA AC or 10 mA DC. 

Product committees using this document as reference document may consider the touch 
current level of 0,5 mA AC/2 mA DC as threshold of perception as recommended by 
IEC 61140. 

4.4.3.5 Protection by means of limited voltages 

4.4.3.5 of IEC 62477-1:2012 applies. 

4.4.4 Provision for fault protection 

4.4.4.1 General 

4.4.4.1 of IEC 62477-1:2012 applies. 

4.4.4.2 Protective equipotential bonding 

4.4.4.2.1 General 

4.4.4.2.1 of IEC 62477-1:2012 applies. 

4.4.4.2.2 Rating of protective equipotential bonding 

4.4.4.2.2 of IEC 62477-1:2012 applies. 

4.4.4.3 PE conductor 

4.4.4.3.1 General 

4.4.4.3.1 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

For IT systems, the manufacturer may consider designing the PE conductor following 
4.4.4.2.2. 

NOTE 1 For IT systems not operating under earth fault condition, the prospective short-circuit current can be low, 
because the only path of the current is through parasitic capacitance and leakage resistance and is not driven by 
any shorted supply. This could allow for reducing the size of the earth conductor. Reduction of the earth conductor 
can be enhanced by monitoring of earth faults and appropriate circuit disconnection to avoid damage to the earth 
conductor. 

NOTE 2 When considering the sizing of the PE conductor, the installer follows local regulations. 
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4.4.4.3.2 Means of connection for the PE conductor 

4.4.4.3.2 of IEC 62477-1:2012 applies. 

4.4.4.3.3 Touch current in case of failure of PE conductor 

4.4.4.3.3. of IEC 62477-1:2012 applies. 

4.4.4.4 Automatic disconnection of supply 

4.4.4.4 of IEC 62477-1:2012 only applies to the low-voltage parts or sections of the PEC or 
PECS. 

4.4.4.5 Supplementary insulation  

4.4.4.5 of IEC 62477-1:2012 applies. 

4.4.4.6 Simple separation between circuits 

4.4.4.6 of IEC 62477-1:2012 applies. 

4.4.4.7 Electrically protective screening 

4.4.4.7 of IEC 62477-1:2012 applies. 

4.4.5 Enhanced protection 

4.4.5.1 General 

4.4.5.1 of IEC 62477-1:2012 applies. 

4.4.5.2 Reinforced insulation 

4.4.5.2 of IEC 62477-1:2012 applies. 

4.4.5.3 Protective separation between circuits 

4.4.5.3 of IEC 62477-1:2012 applies. 

4.4.5.4 Protection by means of protective impedance 

4.4.5.4 of IEC 62477-1:2012 applies. 

4.4.6 Protective measures 

4.4.6.1 General 

4.4.6.1 of IEC 62477-1:2012 applies. 

4.4.6.2 Protective measures for protective class I equipment 

4.4.6.2 of IEC 62477-1:2012 applies. 

4.4.6.3 Protective measures for protective class II equipment 

4.4.6.3 of IEC 62477-1:2012 applies. 
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4.4.6.4 Protective measures for protective class III equipment or circuits 

4.4.6.4.1 General 

4.4.6.4.1 of IEC 62477-1:2012 applies. 

4.4.6.4.2 Connection to PELV and SELV circuits 

4.4.6.4.2 of IEC 62477-1:2012 applies. 

4.4.7 Insulation 

4.4.7.1 General 

4.4.7.1.1 Influencing factors 

4.4.7.1.1 of IEC 62477-1:2012 applies. 

4.4.7.1.2 Pollution degree 

4.4.7.1.2 of IEC 62477-1:2012 applies. 

4.4.7.1.3 Overvoltage category (OVC) 

4.4.7.1.3 of IEC 62477-1:2012 applies. 

4.4.7.1.4 Supply system earthing 

4.4.7.1.4 of IEC 62477-1:2012 applies. 

4.4.7.1.5 Determination of impulse withstand voltage and temporary overvoltage 

4.4.7.1.5 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

For system voltages up to and including 1 000 V AC or 1 500 V DC, Table 9 of 
IEC 624771:2012 applies. For system voltages from 1 000 V AC or 1 500 V DC up to 36 kV 
AC or 54 kV DC, Table 101 applies. 
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Table 101 – Impulse withstand voltage and temporary 
overvoltage versus system voltage from 

1 000 V AC or 1 500 V DC up to 36 kV AC or 54 kV DC 

Column 1 2 3 4 5 6 

System voltage 

V 

(4.4.7.1.6) 

Up to and including 

Impulse withstand voltage 
V 

Temporary 
overvoltage 

V Overvoltage Category 

AC DC I II III IV r.m.s./peak 

> 1 000 > 1 500 4 000 6 000 8 000 12 000 3 000 / 4 250 c 

3 600 5 400 9 000 a 16 000 a 20 000 b 40 000 b 10 000 / 14 150 b 

7 200 10 800 17 500 a 29 000 a 40 000 b 60 000 b 20 000 / 28 300 b 

12 000 18 000 29 000 a 42 500 a 60 000 b 75 000 b 28 000 / 39 600 b 

17 500 26 300 40 000 a 55 000 a 75 000 b 95 000 b 38 000 / 53 750 b 

24 000 36 000 52 000 a 75 000 a 95 000 b 125 000 b 50 000 / 70 700 b 

36 000 54 000 75 000 a 95 000 a 125 000 b 145 000 b 70 000 / 99 000 b 

Interpolation is permitted. 

NOTE 1 Basic impulse level (BIL) and lightning impulse (LI) are identical to impulse withstand voltage. 

NOTE 2 Table 101 differs for 1 000 V from Table 9 of IEC 62477-1:2012 because the values have been taken 
out of different reference standards. 

a These values have been derived or extrapolated from Tables 4 and 5 of IEC 62103:2003. 
b These values have been derived or extrapolated from Table 2 of IEC 60071-1:2006. 
c This value has been taken from IEC 60146-1-1. 

 

4.4.7.1.6 Determination of the system voltage 

4.4.7.1.6.1 For mains supply 

4.4.7.1.6.1 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

For HV PEC and PECS supplied by an AC mains supply, the system voltage is the r.m.s. 
value of the supply voltage between phases. 

4.4.7.1.6.2 For non-mains supply 

4.4.7.1.6.2 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

Note 4 and Note 5 of 4.4.7.1.6.1 of IEC 62477-1:2012 also apply for non-mains supply. 

4.4.7.1.7 Components bridging insulation 

4.4.7.1.7 of IEC 62477-1:2012 applies. 
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4.4.7.2 Insulation to the surroundings 

4.4.7.2.1 General 

4.4.7.2.1 of IEC 62477-1:2012 applies. 

4.4.7.2.2 Circuits connected to mains supply 

4.4.7.2.2 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

The surge protective device shall consider the rated voltage, the available energy that the 
system is allowed to be connected to, and any other design criteria required. 

4.4.7.2.3 Circuits connected to non-mains supply 

4.4.7.2.3 of IEC 62477-1:2012 applies. 

4.4.7.2.4 Insulation between circuits 

4.4.7.2.4 of IEC 62477-1:2012 applies. 

4.4.7.3 Functional insulation 

4.4.7.3 of IEC 62477-1:2012 applies. 

4.4.7.4 Clearance distances 

4.4.7.4.1 Determination 

4.4.7.4.1 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

The altitude correction factors may be calculated according to IEC 60071-2. 

For HV PEC and PECS, clearances for reinforced insulation shall be dimensioned to 
withstand 1,6 times the impulse withstand voltage, temporary over-voltage or working voltage 
(see Table 102). 
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Table 102 – Clearance distances for functional, basic  
or supplementary insulation 

Impulse 
withstand 
voltage a 

(from Table 101) 

Temporary 
overvoltage a b 

(peak) d 

Working voltage a b 
(recurring peak) c 

Minimum clearance distances in air  
up to 2 000 m above sea level 

V V V mm 

   Pollution degree 

1 2 3 4 

20 000 12 000 7 600 25 

40 000 26 000 16 000 60 

60 000 37 000 23 000 90 

75 000 48 000 30 000 120 

95 000 61 000 38 000 160 

125 000 80 000 50 000 220 

145 000 99 000 60 000 270 

170 000 116 000 70 000 320 

250 000 170 000 103 000 480 
a Interpolation is permitted for non-mains supply. 
b Interpolation is permitted, when clearance is determined from temporary overvoltage and working voltage. 
c This voltage is approximately 0,8 times the voltage required to break down the associated clearance. 
d Only relevant for determining insulation between surroundings and circuits (from IEC 60071-1:2006). 

 

4.4.7.4.2 Electric field homogeneity 

4.4.7.4.2 of IEC 62477-1:2012 applies. 

4.4.7.4.3 Clearance to conductive enclosures 

4.4.7.4.3 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

Also refer to 4.12.1. 

4.4.7.5 Creepage distances 

4.4.7.5.1 Insulating material groups 

4.4.7.5.1 of IEC 62477-1:2012 applies. 

4.4.7.5.2 Determination 

4.4.7.5.2 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

Creepage distances for PEC and PECS shall be dimensioned according to Table 103. 
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Table 103 – Creepage distances (in millimetres) 

Column 1 2 3 4 5 6 7 8 9 10 11 12 

Working 
voltage 
(r.m.s.) 

PWBs a Other insulators 

Pollution degree Pollution degree 

 1 2 1 2 3 

   
b 

Insulating material group Insulating material group 
V b, f c, f I II IIIa IIIb I II IIIa IIIb 

12 500   50 63 90 125 d d d d, e 

16 000   63 80 110 150     

20 000   80 100 140 200     

25 000   100 125 180 250     

32 000   125 160 220 320     

40 000   160 200 280 400     

50 000   200 250 360 500     

63 000   250 320 450 600     

Interpolation is permitted. 

a These columns also apply to components and parts on PWBs, and to other creepage distances with a 
comparable control of tolerances. 

b All material groups. 
c All material groups except IIIb. 
d Values for creepage distances are not determined for this range. For values, see IEC 60071-2:1996, Table 1. 
e Insulating materials of group IIIb are not normally recommended for pollution degree 3 above 630 V. 
f Above 12 500 V, use the values from columns 4 to 11, as appropriate. 

 

4.4.7.6 Coating 

4.4.7.6 of IEC 62477-1:2012 applies. 

4.4.7.7 PWB spacings for functional insulation 

4.4.7.7 of IEC 62477-1:2012 applies. 

4.4.7.8 Solid insulation 

4.4.7.8.1 General 

4.4.7.8.1 of IEC 62477-1:2012 applies. 

4.4.7.8.2 Material requirements 

4.4.7.8.2 of IEC 62477-1:2012 applies. 

4.4.7.8.3 Thin sheet or tape material 

4.4.7.8.3.1 General 

4.4.7.8.3.1 of IEC 62477-1:2012 applies. 

4.4.7.8.3.2 Material thickness equal to or more than 0,2 mm 

4.4.7.8.3.2 of IEC 62477-1:2012 applies. 
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4.4.7.8.3.3 Material thickness less than 0,2 mm 

4.4.7.8.3.3 of IEC 62477-1:2012 applies. 

4.4.7.8.3.4 Compliance 

4.4.7.8.3.4 of IEC 62477-1:2012 applies. 

4.4.7.8.4 Printed wiring boards (PWBs) 

4.4.7.8.4.1 General 

4.4.7.8.4.1 of IEC 62477-1:2012 applies. 

4.4.7.8.4.2 Use of coating materials 

4.4.7.8.4.2 of IEC 62477-1:2012 applies. 

4.4.7.8.5 Wound components 

4.4.7.8.5 of IEC 62477-1:2012 applies. 

4.4.7.8.6 Potting materials 

4.4.7.8.6 of IEC 62477-1:2012 applies. 

4.4.7.9 Connection of parts of solid insulation (cemented joints) 

4.4.7.9 of IEC 62477-1:2012 applies. 

4.4.7.10 Requirements for electrical withstand capability 

4.4.7.10.1 Basic or supplementary insulation  

4.4.7.10.1 of IEC 62477-1:2012 applies. 

4.4.7.10.2 Double or reinforced insulation  

4.4.7.10.2 of IEC 62477-1:2012 applies. 

4.4.7.11 Insulation requirements above 30 kHz 

4.4.7.11 of IEC 62477-1:2012 applies. 

4.4.8 Compatibility with residual current-operated protective devices (RCD) 

4.4.8 of IEC 62477-1:2012 applies. 

4.4.9 Capacitor discharge 

Replacement: 

For protection against electric shock hazard, capacitors within a PECS shall be discharged to 
a voltage less than 50 V, and not capable of creating a touch current greater than the values 
specified in 4.4.3.4 after the removal of power from the PECS: 

– for PECS pluggable equipment type A and B, the discharge time shall not exceed 1 s, or 
the hazardous live parts shall be protected against direct contact by at least IPXXB (see 
4.4.3.3); 
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– for permanently connected PECS, the discharge time shall not exceed 5 s; 
– for pluggable and permanently connected PECS with an appropriate interlock measure 

that prevents access to the capacitors until discharged, no discharge time is required. 

For any capacitor(s) that do not meet the above requirements, the information and marking 
requirements of 6.5.2 apply. 

Compliance is checked by test of 5.2.3.8 and 5.2.3.7. 

This requirement also applies to capacitors used for power factor correction, filtering, etc. 

NOTE Product committees using this document as reference document can consider the charge level 0,5 µC as 
threshold of perception as recommended by IEC 61140. 

Additional subclause: 

4.4.101 Access conditions for HV PEC or PECS 

Personnel shall be prevented from accessing the HV sections (transformer, converter, motor, 
etc.) of a PEC or PECS. This protection is either provided by an appropriate housing 
enclosure according to 4.12 with respect to personnel safety, or will be governed by the rules 
of the installation. 

a) Operating conditions 
If an enclosure is used, interlocks shall be used to prevent any access inside the 
enclosure of the HV PEC or PECS section when main circuit breaker(s) providing the high 
voltage to the circuit are on, and if hazardous live parts have not been earthed (see b)). 
Interlocks are required on doors that have quick opening mechanisms like a handle with a 
one, three or five point latch systems, or doors that have one point latch with key tool 
latches on the corners. Interlocks are not required where the door is fastened by bolts on 
all four sides (this could be three bolted sides and a bolted or welded hinge). 

b) Access for maintenance – Earthing instructions 
HV section(s) shall have provisions for safe earthing of de-energized HV parts during 
maintenance. 
Manufacturers are responsible to provide a safe method of attaching the site earthing to 
the product. 
If an earthing switch is provided with the PEC or PECS, the manufacturer shall provide 
instructions on its operation (see 6.5.101). 
The earthing contacts, or an indication that the contacts of the switches are closed, shall 
be visible by the maintenance personnel before accessing the equipment. 

NOTE 1 In particular cases (for example, load-commutated inverters), two earthing devices (one line side, 
one load side) can be required. 

If an earthing switch is not provided with the PEC or PECS, the manufacturer shall provide 
a method of connection for earthing which can be connected safely to the PEC or PECS 
(see 6.5.101). 
Earthing devices shall comply with the relevant requirements of IEC 62271-102 or 
IEC 61230. 
The operation of the earthing provisions shall be safe even in case of a fault in a 
discharge circuit. The requirements of 4.4.9 apply in normal and in fault condition of a 
discharge circuit and shall take into account stray capacitances of cables, load(s), 
transformers, etc. 

NOTE 2 It is advisable for the installation to provide earthing devices in sufficient quantity to facilitate 
maintenance work safely on de-energized HV parts.  
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4.5 Protection against electrical energy hazards 

4.5.1 Operator access areas 

4.5.1.1 General 

Replacement: 

Failure of any component within the PEC or PECS shall not release sufficient energy to lead 
to a hazard, for example, expulsion of material into an area occupied by personnel. 

The manufacturer shall ensure that energy transfer from the load to the PEC or PECS 
operator access area is considered where required. 

4.5 provides requirements for the electrical energy hazards that have not been typically 
covered in safety standards under normal operating conditions. 

NOTE 1 These hazards are not associated with electric shock in 4.4 or fire hazards in 4.6, because these topics 
are covered as listed. 

NOTE 2 These hazards are not associated with HV sections (see 4.4.101 a). 

Examples are heat, pressure explosion or chemical expulsion. 

The operator access areas of a PEC or PECS for installation in a general public area shall 
require a tool or a key to access. 

Equipment shall be designed to eliminate the risk of an electrical energy hazard in operator 
access areas in accordance with 4.2. 

A risk of injury due to an electrical energy hazard exists if 

– there is a hazardous electrical energy between any two or more uninsulated parts (one of 
which may be earthed) that can be bridged by a conductive object, and 

– the jointed test finger described in IEC 60529:1989, Figure 1, in any articulated position, 
can bridge two or more bare parts (one of which may be earthed), where a hazardous 
energy level exists. 

If a hazardous energy exists between the circuits under consideration, 

– the energy shall be limited according to 4.5.1.101, or  
– enclosures, barriers, guards, and similar means shall be provided, which can only be 

removed with the use of a tool or key. 

Compliance is checked by the non-accessibility test of 5.2.2.2. 

4.5.1.2 Determination of hazardous electrical energy level 

Replacement: 

A hazardous electrical energy level is considered to exist if 

– the voltage is 2 V or more, and 
– one or both of the following applies: 

• the power available exceeds the limit of limited power sources in 4.5.1.101, and 

• the stored energy exceeds 20 J. 

Compliance of the limited power sources shall be checked by 5.2.3.9 and the stored energy 
shall be checked by calculation as follows:  
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E = 0,5 CU2 

where 
E  is the energy, in joule (J); 
C  is the capacitance, in farad (F); 
U  is the measured voltage on the capacitor, in volt (V). 

Additional subclause: 

4.5.1.101 Limited power sources 

Where a limited power source is used by a manufacturer, the source shall comply with 
Table 104 or Table 105 as applicable. 

A limited power source shall comply with one of the following requirements: 

– the output is inherently limited in compliance with Table 104; or 
– a linear or non-linear impedance limits the output in compliance with Table 104 – if a 

positive temperature coefficient device (e.g. PTC) is used, it shall pass the applicable 
tests specified in IEC 60730-1; or  

– a regulating network limits the output in compliance with Table 104, both with and without 
a single fault in the regulating network; or 

– an overcurrent protective device is used and the output is limited in compliance with 
Table 105. 

In case the limited power source requirement depends on overcurrent protective device(s), 
the current rating of at least one of the protective device(s) in the current path shall not 
exceed the limit in Table 105. 

Where an overcurrent protective device is used, it shall be a fuse or a non-adjustable, 
non-autoreset, electromechanical device. 

A limited power source operated from an AC mains supply, or a battery-operated limited 
power source that is recharged from an AC mains supply while supplying the load, shall 
incorporate an isolating transformer. 

In any case, a limited power source shall pass the limited power source test of 5.2.3.9, to 
ensure that no hazardous energy is present. 

Table 104 – Limits for power sources without an 
overcurrent protective device 

Output voltagea 

Uoc 

Output current b d 

Isc 

A 

Apparent power c d 

S 

VA V AC V DC 

≤ 30 V r.m.s. ≤ 30 V DC ≤ 8 ≤ 100 

- 30 < Uoc ≤ 60 ≤ 150 / Uoc ≤ 100 
a Uoc: Output voltage measured in accordance with 5.1.5.3 with all load circuits disconnected. Voltages are for 

substantially sinusoidal AC and ripple-free DC. For non-sinusoidal AC and DC with ripple greater than 10 % 
of the peak, the peak voltage shall not exceed 42,4 V. 

b Isc: Maximum output current with any non-capacitive load, including a short-circuit. 
c S (VA): Maximum output apparent power in VA with any non-capacitive load. 
d Measurement of Isc and S are made 5 s after application of the load if protection is by an electronic circuit or 

a positive temperature coefficient device (e.g. PTC), and 60 s in other cases. 
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Table 105 – Limits for power sources with an  
overcurrent protective device 

Output voltagea 

Uoc 

Output current b d 

Isc 

A 

Apparent power c d 

S 

VA 

Current rating of 
overcurrent 

protective device e 

A V AC V DC 

≤ 20 ≤ 20 

≤ 1 000/Uoc ≤ 250 

≤ 5,0 

20 < Uoc ≤ 30 20 < Uoc ≤ 30 ≤ 100/Uoc 

– 30 < Uoc ≤ 60 ≤ 100/Uoc 
a Uoc: Output voltage measured in accordance with 5.1.5.3 with all load circuits disconnected. Voltages are for 

substantially sinusoidal AC and ripple free DC. For non-sinusoidal AC and for DC with ripple greater than 
10 % of the peak, the peak voltage shall not exceed 42,4 V. 

b Isc: Maximum output current with any non-capacitive load, including a short-circuit, measured 60 s after 
application of the load. 

c S (VA): Maximum output VA with any non-capacitive load measured 60 s after application of the load. 
d Current limiting impedances remain in the circuit during measurement, but overcurrent protective devices are 

bypassed. 

NOTE The reason for making measurements with overcurrent protective devices bypassed is to determine 
the amount of energy that is available to cause possible overheating during the operating time of the 
overcurrent protective devices. 

e The current ratings of overcurrent protective devices that break the circuit within 120 s with a current equal 
to 210 % of the current rating are specified in the table. 

 

NOTE The limited power source concept is intended for usage in operator access area. For more information, see 
IEC 60730-1. 

4.5.2 Service access areas 

4.5.2 of IEC 62477-1:2012 applies. 

4.6 Protection against fire and thermal hazards 

4.6.1 Circuits representing a fire hazard 

4.6.1 of IEC 62477-1:2012 applies. 

4.6.2 Components representing a fire hazard 

4.6.2.1 General 

4.6.2.1 of IEC 62477-1:2012 applies. 

4.6.2.2 Components within a circuit representing a fire hazard 

4.6.2.2 of IEC 62477-1:2012 applies. 

4.6.2.3 Components within a circuit not representing a fire hazard 

4.6.2.3 of IEC 62477-1:2012 applies. 

4.6.3 Fire enclosures 

4.6.3.1 General 

4.6.3.1 of IEC 62477-1:2012 applies, except as follows. 

Addition: 

Full document details: BS EN IEC 62477-2:2018
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