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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
1500 VDC up to 36 kV AC or 54 kV DC

FOREWORD
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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
compliaEt to TEC 62477-1:2012 and TEC 62477-1:2012/AMDT:2076 are acceptable as

components within the equipment designed to this document. Additional subclauseq, tables
and figlires are numbered starting at 101. Additional annexes are numbered\with| double
capital ¢haracters, starting with AA.

A list df all the parts in the IEC 62477 series, published under the, general titld 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 documentwill remain unchanged puntil the
stability|date indicated on the IEC website under "http://webstare.iec.ch" in the data rglated to
the spe¢ific document. At this date, the document will be
e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amepded.
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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

e 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 equiEment;

e to replace IEC 62103 as a product family standard providing minimum requiremgents for
safety aspects of power electronic converter systems and equipment in' apparptus for
whidh no product standard exists, and

NOTHE The scope of IEC 62103 contains reliability aspects, which are not covered by, this document.

e to be used as a reference document for product committeesy'6utside 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 1{14 have
been identified as relevant technical committees at the time&.of publication.

Technicpl 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 frequirement as relevant. Product specific topies not covered by this document are in
the resgonsibility of the technical committees using‘this document as reference documgnt.

This dogument will not take precedence on_any product specific standard according to IEC
Guide 1p4. IEC Guide 104 provides information about the responsibility of product compmittees
to use dgroup 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:

e this |[document extends_the range of rated system voltages for high-voltage (HY) up to
36 k\V AC or 54 kV DC;

e 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
1500 VDC up to 36 kV AC or 54 kV DC

Scope

This pant of IEC 62477 applies to power electronic converter systems (PECS) and eguipment,
their components for electronic power conversion and electronic power switchingy. ipcluding
the megns for their control, protection, monitoring and measurement, such as"with the main
purposg of converting electric power, with rated system voltages from) 1000V AC or

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

This dogument can also be used as a reference standard for producticommittees producing

product|standards for

For
requirements for safety aspects.

adjuptable speed electric power drive systems (PDS),
standalone uninterruptible power systems (UPS), and

stabjlized DC power supplies.

PHCS for which no product standard eXxists, this document provides npinimum

This do¢gument has the status of a group safety publication in accordance with IEC Gdide 104
for power electronic converter systems and’equipment for solar, wind, tidal, wave, fugl cell or

similar ¢nergy sources.

Accordipg to IEC Guide 104, one of the responsibilities of technical committees is, wherever
applicahyle, to make use of basi¢ safety publications and/or group safety publications in the

preparation of their productistandards.

This dogument

estaplishes a €common terminology for safety aspects relating to PECS and equipmient,

estaplishes>minimum requirements for the coordination of safety aspects of intgrrelated
part$ within'a PECS,

establishes a common basis for minimum safety requirements for the PEC partion 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,

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

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

e power electronic converters and systems in open type design, which are — in their major

part

— dimensioned, designed and constructed according to the user’s in

dividual

requirements and specifications and follow power installation standards, for example
IEC 61936-1.

2 Normative references

The foll
content
cited ap

any ame¢ndments) applies.

IEC 602
Require)
exceedi

IEC 604
symbold

IEC 606
IEC 607
IEC 612

IEC 622
disconn

IEC 624
equipmg
IEC 624

IEC Gui
and gro

pbwing documents are referred to in the text in such a way that some or all
constitutes requirements of this document. For dated references, ohly the
plies. For undated references, the latest edition of the referenced document (i

04-11, Safety of machinery — Electrical equipment ofmachines — R
iments for HV equipment for voltages above 1 000 V alc.yor 1500V d.c.
hg 36 kV

17, Graphical symbols for use on equipment {available at http://www.gn
.info/equipment)

17, Graphical symbols for diagrams (available at http://std.iec.ch/iec60617)
30-1, Automatic electrical controls — Part 1: General requirements
30, Live working — Portable equipment for earthing or earthing and short-circu

71-102, High-voltage switchgear and controlgear — Part 102: Alternating
bctors and earthing switches

77-1:2012, Safety~requirements for power electronic converter syster
bnt — Part 1: General
77-1:2012/AMD4:2016

de 104, (The preparation of safety publications and the use of basic safety pub
Lip safety publications

of their
edition
ncluding

art 11:
and not

aphical-

ting

current

ns and

ications

ISO/IEQ

3 Ter

Gulide 51:2014 annfy nepnr‘fe — Guidelines far their inclusion in standards

ms and definitions

For the purposes of this document, the terms and definitions given in IEC 62477-1:2012 and

IEC 624

77-1:2012/AMD1:2016 apply, except as follows.

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

address

e |EC
e |SO

es:

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

Online browsing platform: available at http://www.iso.org/obp


http://www.graphical-symbols.info/equipment
http://www.graphical-symbols.info/equipment
http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae
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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 strugture, etc.

which is intended to provide the same protection as an enclosure.

Additional terms and definitions:

3.101

high voltage PEC or PECS

HV PEQ or PECS

PEC or| PECS with a system voltage from 1 000 V AC or 1.500V DC up to 36 kY AC or

54 kV DC

3.102

operatdr 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 gperator is instructed to enter regardless of whether or not tools are needed|to gain
accegs

Note 1 tolentry: In this document, the terms "access" and "accessible", unless qualified, relate to operafjor access

as define

4 Prd

41 G

4.1 of IH

Additior:

above.
tection against hazards

eneral

C 6247712012 applies, except as follows.

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 th

is 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 anlalysis shall include situations where a failure of the component or thé\insulation
(functiopal, basic and supplementary) would result in
— an impact on the decisive voltage determination according to 4.4.2,
— arisk of electric shock due to

e degradation of the basic protection according to 4.4.3, or

e degradation of the fault protection according to 4.4 .4,
— arisk of energy hazard according to 4.5,

— arisk of degradation of materials associated with the PECS including the enclosurge due to
flamg, burning particles or molten metal caused by)a-fire or thermal hazard according to
4.6.1 to 4.6.3,

— arisk of thermal hazard due to high temperature.according to 4.6.4,
— arisk 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 c¢mmittees
or manufgcturers can consider this when it applies to their products.

Testing [is necessary unless analysis can conclusively show that no hazard will result from
failure qf the component. The ‘analysis or testing shall include the effect of short-cirguit and
open-cifcuit 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
specifief lifetime ofithe’ PECS including, but not limited to

— spegified climatic and mechanical conditions according to 4.9 (temperature, humidity,
vibrations-etc.),

— electrical characteristics according to 4.4.7 (expected impulse voltage, working |voltage,
temporary overvottage,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 PWBSs, 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

43 S
4.3.1

the PECS, such as flammability of transformer and capacitor fluids.

hort-circuit and overload protection

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 sho

NOTE 10
componet

4.3.2

4.3.2.1
4.3.2.1

4.3.2.2

4.3.2.2

4.3.2.3
4.3.2.3

43.2.4

4.3.2.4

4.3.3

4.3.3 of

4.3.4

rt-circuit withstand requirements, 1, or /..,

This does not remove the requirements for output short-circuit, overlead, and brea
ts or any pass criteria.

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

General

bf IEC 62477-1:2012 applies.

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

Output short-circuit current ability

pf IEC 62477-1:2012 applies.

Combined input and;output ports

pf [IEC 62477-1:2012 applies.

Short-circuit coordination (backup protection)

IEC 62477F-1:2012 applies.

Protection by several devices

do not apply to HV PEC and PECS.

down of

tircuit

Specification of the rated conditional short-circuit current (I..) on inpyt ports

4.3.4 of

4.3.5

4.3.5 of

44 P
4.41

4.4.1 of

TEC 62477-T:207TZ does not apply.

Input ports short time withstand current, /,,

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

rotection against electric shock
General

IEC 62477-1 applies.
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4.4.2 Decisive voltage class

4.4.21

General

15—

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

4.4.2.2.1

Determination of decisive voltage class

General

4.4.2.2.11 of IEC 62477-1:2012 applies.

442272

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

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

Replacgment of Table 5:

Table 5 — Steady state voltage limits for'the decisive voltage classes

Limits of working voltage

DVC AC voltage AC voltage DC voltage
(r.m(s)) (peak) (mean)
YacL UncpL UpcL
A1 8 11,3 22
A2 12 17 28
A3 20 28,3 48
A 30¢@ 42,4 60
B 50 71 120
C 1000 4500 ° 1500
D > 1000 > 4 500 > 1500

NOTE __1ln some-standards—SEL\. and PEL\/ havge similarlimits-to-DVC B
g T

4.4.2.3

a8 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).

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 Protection Protection to Protection to Protection to adjacent circuit
circuit against accessible accessible of DVC:
under accessib- conductive conductive a
considerat- ility parts parts that are As B or c D
ion connected to not Ax > As
PE connected to
PES
As? No 1b 1 1¢or 2 Enhanced | Enhanced
2d protection | protection
B or Basic Basic Basic 1¢ or 29 Enhanced | Enhanced
Ax > As protection® protection® protection protection | protection
Cc Enhanced Basic Enhanced Tor2 Emhanced
protection protection protection prptection
D Enhanced Basic Enhanced (19 2
protection protection protection n’ N
Key
1 Protection is not necessary for safety, but can be required for functional reasons accofding to
4.4.7.3.
2 Basic protection for circuit of higher voltage.
1or2 Depending on separation with other circuits.
Ax > As Voltage less than DVC B but higher than DVC As, that does hot meet 4.4.2.2.
a8 A, Al, 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 ahd from
PELY circuits.
¢ Both|circuits under consideration have the same DVC As level.
d  Both|circuits under consideration have different DVC\As level.
¢  Excqgpt for "Finger tip", see Table 2.
f Basif protection is required between galvahically isolated circuits (e.g. mains supply, UPS outpu{, PV or
gengdrator output, auxiliaries).
9 Alsolapplies to conductive parts connected to functional earth.

4.4.3 Provision for basic'protection

4.4.31 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 ofHEC 624 +26042-apptiesexceptasfotows:

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

4.4.3.3

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

Protection by means of enclosures or barriers

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.

Replacgment 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 recommerjded 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

4.4.4.2.11 of IEC 62477-1:2012 applies.

44427 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
4.442.2.

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.

4445 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
4.4.51 General

4.4.5.1 pf IEC 62477-1:2012 applies.

4.4.5.2 Reinforced insulation

4.4.5.2 pf IEC 62477-1:2012 applies:

4.4.53 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 | equipment

4.4.6.2 of IEC 62477-1:2012 applies.

4.4.6.3 Protective measures for protective class Il equipment

4.4.6.3 of IEC 62477-1:2012 applies.
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Protective measures for protective class lll 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 SELYV circuits

4.4.6.4.2 of IEC 62477-1:2012 applies.

447

4.4.71

Insulation

General

4.4.71.
4.4.7.1.

4.4.71.
4.4.7.1.

4.4.71.

4.4.7.1.

4.4.71.

4.4.7.1.

4.4.71.

4.4.7.1.

Addition:

For sy
IEC 624
ACor5

[ Influencing factors

| of IEC 62477-1:2012 applies.

p Pollution degree

P of IEC 62477-1:2012 applies.

B Overvoltage category (OVC)

B of IEC 62477-1:2012 applies.

1 Supply system earthing
t of IEC 62477-1:2012 applies.

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

stem  voltages upa*to and including 1000V AC or 1500V DC, Tab
77-1:2012 applies.) For system voltages from 1 000 V AC or 1 500 V DC up t
1 kV DC, Table~101 applies.

b Determination of impulse withstand voltage and temporary overvoltage

le 9 of
o 36 kV
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Table 101 — Impulse withstand voltage and temporary
overvoltage versus system voltage from
1000V AC or 1500 VDC up to 36 kV AC or 54 kV DC

IEC 62477-2:2018 © |IEC 2018

Column 1 2 3 4 5 6
System voltage Impulse withstand voltage Temporary
overvoltage
\Y
\
(4.4.7.1.6) Overvoltage Category
Up to and including
AC DC | 1 ]| 1\ r.m.s./peak
> 1 [aTaTal 1. 500 4000 6-000 2 000 12 000 20001492 0 [
3 6p0 5400 90002 16 000 @ 20 000 40 000 P 10 000 L 14150 P
7 2p0 10 800 17 500 @ 29 000 @ 40 000° 60 000 20 000/ 28 300
12 400 18 000 29 000 @ 42 5002 60 000 ° 75000 ° 28,000 / 39 600 °
17 500 26 300 40 000 2 55 000 @ 75000 ° 95 000 38 000/ 53750
24 oo 36 000 52 000 @ 75000 @ 95 000 ° 125 0002 50 000/ 70 700 ®
36 00 54 000 750002 95 000 2 125 000 ® 145000 P 70 000 / 99 |p00 ®
Interpolation is permitted.
NOTE 1| Basic impulse level (BIL) and lightning impulse (LI) are identi¢al to impulse withstand voltage.
NOTE 2| Table 101 differs for 1 000 V from Table 9 of IEC 6247%£1:2012 because the values have begn taken
out of different reference standards.
a Theje values have been derived or extrapolated from Tables 4 and 5 of IEC 62103:2003.
b Thede values have been derived or extrapolated from\Table 2 of IEC 60071-1:2006.
¢ This|value has been taken from IEC 60146-1-1.
4.471.6 Determination of the'system voltage
447161 For mains supply
4.4.7.1.6.1 of IEC 62477-4:2012 applies, except as follows.
Addition:
For HV|PEC aand’ 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 0of 4.4.7.1.6.1 of IEC 62477-1:2012 also apply for non-mains supply.

44.71.7

Components bridging insulation

4.4.7.1.7 of IEC 62477-1:2012 applies.
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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 surfge protective device shall consider the rated voltage, the available energy that the
system |s allowed to be connected to, and any other design criteria required.

4.4.7.2.8 Circuits connected to non-mains supply

4.4.7.2.8 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 altijude correction factors may be calculated according to IEC 60071-2.

For HV| PEC and PEGCS, clearances for reinforced insulation shall be dimensipned to
withstand 1,6 timessthe impulse withstand voltage, temporary over-voltage or working|voltage

(see Ta

ble 102),
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Table 102 — Clearance distances for functional, basic
or supplementary insulation

Impulse Temporary
withstand overvoltage 2 b Working voltage 2P Minimum clearance distances in air
voltage 2 (peak)gd (recurring peak) ¢ up to 2 000 m above sea level
(from Table 101)
\ \ \Y mm
Pollution degree
1 2 ‘ 3 ‘ 4
20 000 12 000 7 600 25
40666 26-666 +6-666 656
60[000 37 000 23 000 90
75[000 48 000 30 000 120
95(000 61 000 38 000 160
124000 80 000 50 000 220
144 000 99 000 60 000 270
170 000 116 000 70 000 320
25(@ 000 170 000 103 000 480

a8 Interpolation is permitted for non-mains supply.

¢ This yoltage is approximately 0,8 times the voltage required.to break down the associated clearance.

Only Jrelevant for determining insulation between surroundings and circuits (from IEC 60071-1:2006).

Interpolation is permitted, when clearance is determined from temporary overvoltage and working volfage.

4.4.7.4.2

Electric field homogeneity

4.4.7.4.2 of IEC 62477-1:2012 applies!

4.4.7.4.38

4.4.7.4.8 of IEC 62477-1:2042 -applies, except as follows.

Additior:

Clearance to conductive enclosures

Also refer to 4.12.1.

4.4.7.5 Créepage distances

4.4.7.5.7 Insulating material groups

4.4.7.5.1 of IEC 62477-1:2012 applies.

4.4.7.5.2

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

Addition:

Determination

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

Column1 | 2 3 4|5|6|7|8|9|10|11|12
Working PWBs 2 Other insulators
voltage
(r.m.s.) Pollution degree Pollution degree
1 2 1 2 3
b Insulating material group Insulating material group
v o f of [ I Ma | 1ib [ I Ila b
12 500 50 63 90 125 ¢ d d de
16 000 63 80 110 150
20 00p 80 100 140 200
25 00p 100 125 180 250
32 00p 125 160 220 320
40 00p 160 200 280 400
50 00p 200 250 360 500
63 00p 250 320 450 600
Interpolation is permitted.
2 Thesp columns also apply to components and parts on PWBs, ,and)to other creepage distancels with a
comgarable control of tolerances.
b All mpterial groups.
¢ All mpterial groups except Illb.
4 Valugs for creepage distances are not determined for this range. For values, see IEC 60071-2:1996, Table 1.
¢ Insulating materials of group Illb are not normally recommended for pollution degree 3 above 630 V.
f Above 12 500 V, use the values from columns, 410*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 6247421:2012 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)

4.4.7.8.41 General

4.4.7.8.

1 0flEC 62477-1:2012 nplr_\line

IEC 62477-2:2018 © |IEC 2018

4.4.7.8.

4.4.7.8.

4.4.7.8.

4.4.7.8.

4.4.7.8.

4.4.7.8.

4.4.7.9

4.4.7.9

4.4.7.10

4.4.7.1Q.

4.4.7.1(Q

4.4.7.1Q.

4.4.7.1(Q

4.4.7.11
4.4.7.11

1.2 Use of coating materials

1.2 of IEC 62477-1:2012 applies.

b Wound components

b of IEC 62477-1:2012 applies.

3

B Potting materials

b of IEC 62477-1:2012 applies.

pf [IEC 62477-1:2012 applies.

1 Basic or supplementary-insulation

.1 of IEC 62477-1:2012-applies.

2 Double or reinforced insulation

.2 of IEC 62477-1:2012 applies.

Insufation requirements above 30 kHz

of IEC 62477-1:2012 applies.

Connection of parts of solid insulation (cemented joints)

Requirements for electrical withstand capability

44.8

4.4.8 of

44.9

Compatibility with residual current-operated protective devices (RCD)

IEC 62477-1:2012 applies.

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 r\hnrgn level 05 “C as

threshold|of perception as recomfﬁended by IEC 61140.

Additiorlal subclause:

4.4.101 Access conditions for HV PEC or PECS

Personrel shall be prevented from accessing the HV sections (transférmer, converter, motor,
etc.) off a PEC or PECS. This protection is either provided by “an appropriate jhousing
enclosufe according to 4.12 with respect to personnel safety, or/will'be governed by the rules
of the irfstallation.

a) Opefating conditions

If ap enclosure is used, interlocks shall be used o prevent any access ingide the
enclpsure of the HV PEC or PECS section whenmain circuit breaker(s) providing the high
voltgge to the circuit are on, and if hazardous*live parts have not been earthed (see b)).
Interflocks are required on doors that have guick 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 net'required where the door is fastened by polts on
all four sides (this could be three bolted-sides and a bolted or welded hinge).

b) Access for maintenance — Earthing\instructions

HV pection(s) shall have provisions for safe earthing of de-energized HV part§ during
maintenance.

Manpfacturers are responsible to provide a safe method of attaching the site eanthing to
the product.

If anj earthing switeh) is provided with the PEC or PECS, the manufacturer shall|provide
instructions on its\eperation (see 6.5.101).

The |earthing contacts, or an indication that the contacts of the switches are closed, shall
be vjsible birthe maintenance personnel before accessing the equipment.

NOTHE I/ In particular cases (for example, load-commutated inverters), two earthing devices (one [line side,
one |lbad Qif‘lp) 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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rotection against electrical energy hazards
Operator access areas

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

operato
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4.5 pro
covered

NOTE 1
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NOTE 2
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If a hazIrdous energy exists between the circuits under consideration,
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vides requirements for the electrical energy hazards that have not been
in safety standards under normal operating conditions.

These hazards are not associated with electric shock in 4.4 or fire hazards in,4'6, because th¢
bd as listed.

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

bs are heat, pressure explosion or chemical expulsion.

rator access areas of a PEC or PECS for installation in a general public ar
b tool or a key to access.

ent shall be designed to eliminate the risk ‘of an electrical energy hazard in
breas in accordance with 4.2.

injury due to an electrical energy-hazard exists if

b is a hazardous electrical energy between any two or more uninsulated parts
h may be earthed) that can-be bridged by a conductive object, and

bridge two or more_bare parts (one of which may be earthed), where a ha
gy level exists.

nergy shail-be limited according to 4.5.1.101, or

rem

bsuress~barriers, guards, and similar means shall be provided, which can
ved. with the use of a tool or key.

ypically

se topics

ea shall

bperator

(one of

ointed test finger described in IEC 60529:1989, Figure 1, in any articulated position,

zardous

only be

iy iy PN~ ~\

4.51.2

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:

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

e 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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where
E ist
C ist
U ist

E=0,5CU?

he energy, in joule (J);
he capacitance, in farad (F);
he measured voltage on the capacitor, in volt (V).

Additional subclause:

4.5.1.101 Limited power sources

Where :;Ill;tcd PUVVCI LQUUTUT ;O uocd by d |||a||ufqutu|6|, thU SUUTUT Oha:: CUTT1 Iy With

Table 104 or Table 105 as applicable.

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

— the gutput is inherently limited in compliance with Table 104; or

— a linear or non-linear impedance limits the output in compliancé |with Table 104 — if a
posifive temperature coefficient device (e.g. PTC) is used, it-shall pass the apgplicable
testg 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 gvercurrent protective device is used and the~oeutput is limited in compliarlce with
Table 105.

In case|the limited power source requirement depends on overcurrent protective device(s),

the cu

exceed the limit in Table 105.

Where

pan overcurrent protective device' is used, it shall be a fuse or a non-adj

non-autpreset, electromechanical device.

A limite]

power

incorporate an isolating transformer.

In any

ensure {hat no hazardous energy is present.

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

rient rating of at least one of the protéctive device(s) in the current path shall not

ustable,

d power source operaied from an AC mains supply, or a battery-operated limited
qource that is recharged from an AC mains supply while supplying the lodd, shall

tase, a limitéd .power source shall pass the limited power source test of 5.2.3.9, to

Output voltage? Output current ® @ Apparent power ¢ 9
UOC ISC S
V AC V DC A VA
<30Vrm.s. <30V DC <8 <100
- 30 < U, <60 <150/ U, <100

I

ap

Maximum output current with any non-capacitive load, including a short-circuit.

¢ S (VA): Maximum output apparent power in VA with any non-capacitive load.

ositive temperature coefficient device (e.g. PTC), and 60 s in other cases.

U,.: 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.

Measurement of /. and S are made 5 s after application of the load if protection is by an electronic circuit or
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Table 105 — Limits for power sources with an
overcurrent protective device

Output voltage? Output current 9 | Apparent power ¢4 Current rating of
overcurrent
Usc I S protective device ©
V AC V DC A VA A
<20 <20 <5,0
20 < U, <30 20 < U, <30 <1 000/U,, <250 <100/U,,
- 30 < U, <60 <100/U,,

subs]
10 %

b

ISCZ
appl
Curr

NOT|
the

€ The

¢ S (VA): Maximum output VA with any non-capacitive load measured 60 s after applicationof the load

bypassed.

overjcurrent protective devices.

to 210 % of the current rating are specified in the table.

d

of the peak, the peak voltage shall not exceed 42,4 V.

Maximum output current with any non-capacitive load, including a short-circuit, measured 6
cation of the load.

bnt limiting impedances remain in the circuit during measurement, but overcurrént\protective de

E The reason for making measurements with overcurrent protective devices bypassed is to d
amount of energy that is available to cause possible overheating{during the operating tim

current ratings of overcurrent protective devices that break the,circuit within 120 s with a curre

U,.: Output voltage measured in accordance with 5.1.5.3 with all load circuits disconnected. Voltages are for

ter than

D s after

ices are

btermine
e of the

nt equal

NOTE T
IEC 6073

4.5.2

4.5.2 of

46 P
4.6.1

4.6.1 of

4.6.2
4.6.2.1

4.6.2.1

he limited power source concept is intended for usage.in operator access area. For more inform
D-1.

Service access areas

IEC 62477-1:2012 applies.

rotection against fire and thermal hazards
Circuits representing a fire hazard

IEC 62477-1:2012)applies.

Components representing a fire hazard
General

DfJEC 62477-1:2012 applies.

Btion, see

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

4.6.3.1

Fire enclosures

General

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

Addition:
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Open type equipment is exempt from this requirement.

4.6.3.2 Flammability of enclosure materials

4.6.3.2 of IEC 62477-1:2012 applies.

4.6.3.3 Openings in fire enclosures
4.6.3.3.1 General
4.6.3.1 of IEC 62477-1:2012 applies.

4.6.3.3.2 Openings in the top and side of fire enclosures

4.6.3.3.2 of IEC 62477-1:2012 applies.

4.6.3.3.8 Openings in the bottom of a fire enclosure

4.6.3.3.8 of IEC 62477-1:2012 applies.

4.6.3.3.4 Doors or covers in fire enclosures

4.6.3.3.4 of IEC 62477-1:2012 applies.

4.6.4 Temperature limits
4.6.4.1 Internal parts

4.6.4.1 pf IEC 62477-1:2012 applies.

4.6.4.2 Accessible parts

4.6.4.2 pf IEC 62477-1:2012 applies,

4.6.5 Limited power sources

4.6.5 of|IEC 62477-1:2012:does not apply (see 4.5.1.101).

4.7 Plrotection against mechanical hazards
4.7.1 General
4.7.1 of|IEC(62477-1:2012 applies.

4.7.2 Specific requirements for liquid cooled PECS
4.7.2.1 General

4.7.2.1 of IEC 62477-1:2012 applies.

4.7.2.2 Coolant

4.7.2.2 of IEC 62477-1:2012 applies.

4.7.2.3 Design requirements
4.7.2.31 General

4.7.2.3.1 of IEC 62477-1:2012 applies.
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4.7.2.3.2 Corrosion resistance

4.7.2.3.2 of IEC 62477-1:2012 applies.

4.7.2.3.3 Tubing, joints and seals

4.7.2.3.3 of IEC 62477-1:2012 applies.

4.7.2.3.4 Provision for condensation

4.7.2.3.4 of IEC 62477-1:2012 applies.

4.7.2.3.5 Ceakage of coolant

4.7.2.3.p of IEC 62477-1:2012 applies, except as follows.
Replacgment of the second paragraph:

If and when a leak occurs, protection shall be provided to ensure that no insulation system is
compromised by the leakage under operation.

4.7.2.3.6 Loss of coolant

4.7.2.3.¢ of IEC 62477-1:2012 applies.

4.7.2.3.7 Conductivity of coolant

4.7.2.3.7 of IEC 62477-1:2012 applies.

4.7.2.3.8 Insulation requirements foricoolant hoses

4.7.2.3.8 of IEC 62477-1:2012 applies!

4.8 Ejquipment with multiple sources of supply

4.8 of IRC 62477-1:2012 applies, except as follows.
Addition to item a) of thellast paragraph:

This dog¢s not apply in a case where the PECS is designed for backfeeding.

4.9 Protection against environmental stresses

4 9 Of | CBIOIA77 1-9019 annlicnac aoaveaoant ac falloavaco
. SO0z 11 . &V T o U'J'JIIUO, UI\UU'JL Ao TUINTUVW O,
Addition:

In case of outdoors installations, additional design measures have to be met which are not
covered by this document.

NOTE 101 The data in Table 18 is only provided as an example. IEC 60721-3 (all parts) is intended to be used by
the manufacturer as a guide to set the requirements.

4.10 Protection against sonic pressure hazards
4.10.1 General

4.10.1 of IEC 62477-1:2012 applies.
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4.10.2 Sonic pressure and sound level

4.10.2 of IEC 62477-1:2012 applies.

4.11 Wiring and connections
4111 General
4.11.1 of IEC 62477-1:2012 applies.

4.11.2 Routing

4.11.2 of AEC 62477-1:2012 appline

4.11.3 | Colour coding
4.11.3 df IEC 62477-1:2012 applies.

4.11.4 | Splices and connections

4.11.4 of IEC 62477-1:2012 applies.

4.11.5 | Accessible connections

4.11.5 df IEC 62477-1:2012 applies.

4.11.6 |Interconnections between parts of the PECS

4.11.6 df IEC 62477-1:2012 applies.

4.11.7 | Supply connections
4.11.7 gf IEC 62477-1:2012 applies.

4.11.8 | Terminals
4.11.8.1 Construction requirements

4.11.8.1 of IEC 62477-1:2012 applies.

4.11.8.4 Connecting capacity

4.11.8.7 of IEC 62477-1:2012 applies.

4.11.8.3 Connection

4.11.8.3 of IEC 62477-1:2012 applies.

4.11.8.4 Wire bending space for wires 10 mm?2 and greater

4.11.8.4 of IEC 62477-1:2012 applies.

4.12 Enclosures
4.12.1 General

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

Addition:


https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae

-32 - IEC 62477-2:2018 © |IEC 2018

An enclosure that provides protection for personnel safety shall follow IEC 60204-11 where
applicable when an enclosure is provided.

If open type equipment utilizes an enclosure for any sub-assembly, this enclosure shall meet
the requirements in this document as applicable.

For open type equipment, the tests of 5.2.2.4 to 5.2.2.7 are not required, except when the
open type equipment uses an enclosure as a sub assembly. Then these tests are required for
the enclosure only.

4.12.2 Handles and manual controls

4.12.2 gf IEC 62477-1:2012 applies.

4.12.3 | Cast metal

4.12.3 gf IEC 62477-1:2012 applies.

4.12.4 | Sheet metal

4.12.4 gf IEC 62477-1:2012 applies.

4.12.5 | Stability test for enclosure

4.12.5 df IEC 62477-1:2012 applies, except as follows:
Addition:
The tes{s defined in IEC 62477-1:2012 are not applicable to large equipment.

The manhufacturer of large equipment~shall ensure that the equipment is not subcht to a
lateral fprce that would push the unit*onto a side in all situations the equipment is designed
for.

5 Test requirements

5.1 General

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

Additior:

This document does not cover the production quality measurement aspect of routine tests.
This document defines a minimum requirement for routine testing; however, routine testing
should be addressed by the manufacturers’ quality systems, specific to the entire product,
sub-assembly or component to guarantee the safety levels verified during type testing are
maintained during production, where this document is used as a reference.

5.1.1 Test objectives and classification

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

See Table 22 for the tests.
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5.1.2 Selection of test samples

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

The manufacturer is responsible to justify the technical
representative samples.

5.1.3 Sequence of tests

5.1.3 of IEC 62477-1:2012 applies.

rationale for

selection of

5.1.4 Earthing conditions
5.1.4 of|IEC 62477-1:2012 applies.

5.1.5 General conditions for tests
5.1.5.1 Application of tests

5.1.5.1 pf IEC 62477-1:2012 applies.

5.1.5.2 Test samples

5.1.5.2 pf IEC 62477-1:2012 applies.

5.1.5.3 Operating parameters for tests

5.1.5.3 pf IEC 62477-1:2012 applies.

5.1.6 Compliance

5.1.6 of|IEC 62477-1:2012 applies;-except as follows.
Addition:
The assfessment of poternitial impact shall be documented.

5.1.7 Test overview

5.1.7 of|IEC(62477-1:2012 and |IEC 62477-1:2012/AMD1:2016 applies, except as folloys.

Replacement of the following row of Table 22:

Table 22 — Test overview

Test Type Routine Sample

Requirement(s)

Specification

Limited power source test X

4.5.1.101

5.2.3.9

5.2 Test specifications

5.21 Visual inspections (type test, sample test and routine test)

5.2.1 of IEC 62477-1:2012 applies.
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Mechanical tests

Clearances and creepage distances test (type test)

5.2.2.1 of IEC 62477-1:2012 applies.

5.2.2.2

Non-accessibility test (type test)

5.2.2.2 of IEC 62477-1:2012 applies.

5.2.2.3
5.2.2.3

Ingress protection test (IP rating) (type test)

fIEC 62477-1:2012 appline, nyr‘npf as follows

Addition:

The en

Closure integrity test may be done without original componentsiinside unl

acceptance criteria require that components are mounted to evaluated compliance.

5.2.2.4
5.2.2.4.

5.2.2.4.

5.2.2.4.
5.2.2.4.

5.2.2.4.

5.2.2.4.

5.2.2.4.

5.2.2.4.

5.2.2.4.

Addition:

If the e
manufa

Enclosure integrity test (type test)
[ General

| of IEC 62477-1:2012 applies.

p Deflection test (type test)
p.1 General

P.1 of IEC 62477-1:2012 applies.

p.2 Steady force test, 30 N

P.2 of IEC 62477-1:2012 applies.

p.3 Steady force test, 250 N

P.3 of IEC 62477-1:2012 applies, except as follows.

nclosute will be subject to higher forces (according to intended usage ang
ttufer’s specification), that higher value shall be tested accordingly.

ess the

to the

5.2.2.4.3 Impact test (type test)

5.2.2.4.3 of IEC 62477-1:2012 applies.

5.2.24.4 Drop test

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

5.2.2.4.5 Stress relief test

5.2.2.4.5 of IEC 62477-1:2012 applies.

5.2.2.5

Stability test

Replacement:
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The manufacturer of large equipment shall, by calculation or test, ensure that a reasonable
force per size applied directly to the side will not cause the unit to tip onto its side.

It is allowed to use the test method described in IEC 62477-1:2012, 5.2.2.5, with test levels

that are

5.2.2.6

appropriate for large equipment, or analysis and calculation.

Wall or ceiling mounted equipment test

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

Addition:

Those t
support

5.2.2.7

5.2.2.7

Replace

bests are only applicable to HV PECS that is mounted on wall or ceiling withg
pd by the floor.

Handles and manual controls securement test

pf IEC 62477-1:2012 applies, except as follows.
ment of Table 23:

Table 23 — Pull values for handles and manual@ontrol securement

Ut being

Axial pull unlikely® Axial pull likely®
N N
Intended for Fingers 1 hand 2 hands Fingers 1 hand 2 hands
operjation by
Operfating means of 15 100 200 30 150 300
components?
Other 20 150 300 50 200 450
a8 Handles, knobs, grips levers and«the like intended to operate components, such as valve confrols,
electrical switch handles etc.

b "l ikely" means normal operational forces. "Unlikely" means foreseen misuse.

Addition:

NOTE This test is intended to check if open holes from removed handles would affect safety.

5.2.3 Electrical tests

5.2.3.1 General

5.2.3.1 of IEC 62477-1:2012 applies, except as follows.
Addition:
The selection of relevant sub-assemblies and components shall be according to 5.2.6.1.

The preconditioning according to 5.2.6.3.1 and 5.2.6.3.2 is only necessary in cases where this
is relevant for safety. The manufacturer is responsible to determine the relevancy for safety.

5.2.3.2 Impulse voltage test (type test and sample test)

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

Addition:
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Table 106 — Impulse test voltage

Column 1 2 3 4 5
System voltage Impulse withstand voltage for Impulse withstand voltage for
(see 4.4.7.1.6) insulation between circuits and | insulation between circuits and
their surroundings according to | their surroundings according to
over-voltage category lll overvoltage category IV
AC DC Basic or Reinforced Basic or Reinforced
supplementary supple-
mentary
\ \ \Y \Y \
1]001 1501 8 000 12 800 12 000 19 200
3(600 5400 20 000 32 000 40 000 64 000
7(200 10 800 40 000 64 000 60,000 96 000
12000 18 000 60 000 96 000 75.000 120000
17 500 26 250 75 000 120 000 95 000 1521000
24 000 36 000 95 000 152 000 125 000 200]000
34 000 54 000 125 000 200,000 145 000 2321000

Interpolation is permitted.

NOTE [fest voltages for overvoltage categories | and Il can*be-derived in a similar way from Table 101.

NOTE 2 |In some countries basic impulse level (BlL)»and lightning impulse (LI) means impulse voltage.

NOTE 3 |Impulse test voltages according to IE€ 60071-1:2006, Table 2, can be used. If this method is|selected,

the test data collected becomes the objective evidence which proves this requirement was met.

If the PEC includes a combination of different insulation systems, an impulse voltag¢ test of
the complete PEC is not required. Sub-systems can be tested separately and shall follow the
rules in}4.4.7.10.1 and 4.4.7:40.2.

5.2.3.3 Alternative\to impulse voltage test (type test and sample test)

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

Addition:

It is the manufacturer’s responsibility to prove equivalency, if this method is used for HV
circuits. See IEC 60071-2:1996, 5.2, for alternative test methods.

5.2.3.4 AC or d.c. voltage test (type test and routine test)

5.2.3.4.1 Purpose of test

5.2.3.4.1 of IEC 62477-1:2012 applies.

5.2.3.4.2 Value and type of test voltage

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

Addition:
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See Table 107 for HV values.

Table 107 — AC or DC test voltage for circuits connected
directly to HV mains supply

Column 1 2b 3b

Line to line Voltage for type testing circuits Voltage for type testing circuits
system voltage with basic insulation, and for all with protective separation, and
(see 4.4.7.1.6) routine testing between circuits and accessible

surfaces (non-conductive or
conductive but not connected to
protective earth, protective class
Il according to 4.4.6.3)

AC DT ACT.m.s. DT ACT.m.s. DQ
(v V) V) ) V) (M
1001 1501 3 000 4 250 4 800 6 870
3600 5400 10 000 14 150 16 000 22 6p0
7 200 10 800 20 000 28 300 32 000 45 3p0
12 000 18 000 28 000 39 600 44 800 63 3p0
17 500 26 250 38 000 53 700 60,800 85 9p0
24 0o 36 000 50 000 70 700 80 000 113 100
36 000 54 000 70 000 99 000 112 000 158 400

Interpolation is permitted.

2  Valugs from Table 2 of IEC 60071-1:2006.

b A voltage source with a short-circuit current of at least*Q}1 A according to 5.2.2.2 of IEC 61180-1:1992 is
used for this test.

5.2.3.4.3 Performing the voltage test
5.2.3.4.8 of IEC 62477-1:2012 applies.

5.2.3.4.4 Duration of the a.c. or d.c. voltage test

5.2.3.4.4 of IEC 62477-1:2012 applies.

5.2.3.4.5 Verification of the a.c. or d.c. voltage test

5.2.3.4.5 of IEC(62477-1:2012 applies.

5.2.3.5 Partial discharge test (type test, sample test)

5.2.3.5 of IEC 62477-1:2012 applies.

5.2.3.6 Protective impedance test (type test and routine test)

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

Compliance may alternatively be shown by calculation, If performed by calculation, the
tolerances of the components shall be taken into account.

5.2.3.7 Touch current measurement test (type test)

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

NOTE For HV PECs, this test can normally be omitted because fixed connection earthing measures are used (see

4.4.4.3.3)

5.2.3.8

Capacitor discharge test (type test)

Replacement:

When capacitor discharge time is required by 4.4.3.4 and 4.4.9, it shall be verified by a type

test and

When a

/or by calculation taking into account the relevant tolerances.

44 0O\ ic tnctallad o o~ oo

shall be
required
energy

5.2.3.9

5.2.3.9

5.2.3.10

5.2.3.1(
Additior
The inte

5.2.3.11
5.2.3.11
5.2.3.11

5.2.3.11
5.2.3.11

5.2.3.11

5.2.3.11

s present, are met by this control system.

Limited power source test (type test)

pf IEC 62477-1:2012 applies.

Temperature rise test (type test)

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

at the end of the sixth paragraph:

Protective equipotential bonding tests (type tests and routine test)
1 General

.1 of IEC 62477-1:2012 applies.

.2 Protective equipotential bonding impedance test
.21 Test conditions

.2.1 of IEG,62477-1:2012 applies.

2.2 Test current, duration and acceptance criteria

5.2.3.11

.2.20of IEC 62477-1:2012 applies.

rvals of the three successive readings are’limited to an upper limit of 30 min.

5.2.3.11

5.2.3.11

5.2.3.11

5.2.3.11

5.2.4

5.2.41

ontral avatona (o P acido ctarad anaran, o 41 test
VUTTLUNUT O‘yOLUIII \\JU\J _l'._l'.\.l, o TImTotdiToeuUu LtuU PIUV\JIIl ULUULUUOO (U oLluUTOU\U Ullhlvy, L= Y pe es

conducted to prove the functionality. If a manufacturer selects this optionf
to prove that the requirements of 4.4.9, which prevent access while the ‘cg

hey are
pacitive

.3  Protective equipotential bonding short-circuit withstand test (type test)

.3 of IEC 62477-1:2012 applies.

.4  Protective equipotential bonding continuity test (routine test)

.4 of IEC 62477-1:2012 applies.

Abnormal operation and simulated faults tests

General

Replacement:
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Protection against risk of thermal, electric shock and energy hazards in case of abnormal
operating condition of a PECS in combination with its installation shall be evaluated by

a) tests defined in 5.2.4 on a representative sample, or

b) calculation or simulation verified by tests as defined in 5.2.4.4 and 5.2.4.6 on a
representative model of PECS, where no damage other than opening of overcurrent
protective devices has occurred to the test sample.

NOTE A representative model means a PECS with similar power elements (for example, power semiconductor
devices, fuses, circuit breakers, capacitors, overcurrent detection and output inductances) and circuit topologies as
the PECS under consideration.

Before all abnormal tests, the test sample shall be mounted, connected, and operated as
describggmthe temperature 1ise test:

Simulated faults or abnormal operating conditions shall be applied one at a time. Fallts that
are the| direct consequence of a simulated fault or abnormal operating) conditipns are
considefed to be part of that simulated fault or abnormal operating condition.

In the dase of components or sub-assemblies of a PECS supplied-without an enclgsure, a
wire mgsh cage which is 1,5 times the individual linear dimensions of the PECS paft under
study shall be used to simulate the intended enclosure.

The PECS, and the wire mesh cage (if used), shall be earthed according to the requifements
of 4.4.4]2.2.

Cheese|cloth or surgical cotton shall be placed at.all' openings, handles, flanges, jo|nts and
similar |ocations on the outside of the enclosure“and the wire mesh cage (if usef), in a
manner| which will not significantly affect the(*cooling. Exception without cheese tloth or
surgicallcotton is allowed by using pass criteria according to 5.2.4.2.

Where the PECS under test is specified in its installation manual to require external means of
protectipn against faults, these specifiec means shall be provided for the test.

The volfages of accessible SELY, PELV and DVC As circuits as well as accessible [earthed
and unearthed conductive parts shall be monitored.

The supply shall be €apable of delivering the specified prospective short-circuit| current
(see 4.3.1) at the connection to the PECS, unless the circuit analysis of 4.2 demonstrgtes that
a lesser| value may)be used.

The indjvidual:tests shall be performed until terminated by activation of a protective dgvice or

mechaanm (internal or external), a component failure occurs that interrupts the fault
conditiohor the temperatures stabilize

5.2.4.2 Pass criteria

Additional subclauses:

5.2.4.2.101 General pass criteria

The text in 5.2.4.2 of IEC 62477-1:2012 and IEC 62477-1:2012/AMD1:2016 applies for
5.2.4.2.101.

5.2.4.2.102 Output short-circuit alternative pass criteria

The test in 5.2.4.6 is also considered passed, if there is no cheese cloth or surgical cotton
indicator installed, but after the test
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— the PECS is able to operate,
— there is no damage within the PECS, proved by visual inspection, and

— there are no traces of flames, loose particles or molten metal.

This is not applicable for the breakdown of components test (see also 4.2).

5.24.3 Protective equipotential bonding short-circuit withstand test (type test)
5.2.4.3.1 General

5.2.4.3.1 of IEC 62477-1:2012 applies.

5.2.4.3.2 Test conditions

5.2.4.3.2 of IEC 62477-1:2012 applies.

5.2.4.3.3 Protective equipotential bonding short-circuit test method

5.2.4.3.8 of IEC 62477-1:2012 applies.

5.2.4.3.4 Pass criteria

5.2.4.3.4 of IEC 62477-1:2012 applies.

5.2.4.4 Output short-circuit test (type test)
5.2.4.4.1 Load conditions

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

The output short-circuit test shallcbe performed on any power port that is designed|to feed
power out of the PEC.

5.2.4.4.2 Short-circuititest method

5.2.4.4.2 of IEC 62477-4.2012 applies, except as follows.
Addition:

See 5.2|4.2.1401 and 5.2.4.2.102 for pass criteria.

5.24.5 Output overload test (type test)

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

The output overload test shall be performed on any power port that is designed to feed power
out of the PEC.

For PECS where the overload condition is regarded as normal operation, the output overload
test is not required.

5.2.4.6 Breakdown of components test (type test)
5.2.4.6 of IEC 62477-1:2012 applies, except as follows.


https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae

IEC 62477-2:2018 © |IEC 2018 -41 -

Addition:

NOTE For general requirements, see 5.2.4.1; for pass criteria, see 5.2.4.2.
5.2.4.6.1 Load conditions
5.2.4.6.1 of IEC 62477-1:2012 applies.

5.2.4.6.2 Application of short-circuit or open-circuit

5.2.4.6.2 of IEC 62477-1:2012 applies.

5.2.4.6.3—TFest-sequence
5.2.4.6.8 of IEC 62477-1:2012 applies.

5.2.4.7 PWB short-circuit test (type test)
5.2.4.7 of IEC 62477-1:2012 applies.

5.2.4.8 Loss of phase test (type test)
5.2.4.8 pf IEC 62477-1:2012 applies.

5.2.49 Cooling failure tests (type tests)
5.2.49.1 General and pass criteria

5.2.4.9.1 of IEC 62477-1:2012 applies.

5.2.49.2 Inoperative blower motor test

5.2.4.9.2 of IEC 62477-1:2012 applies,-except as follows.
Addition:
The fan|or blower may be-made inoperative by mechanical or electrical means.

5.2.4.9.38 Clogged filter test

5.2.4.9.8 of IEC(62477-1:2012 applies.

5.2.49.4 Loss of coolant test

5.2.4.9.4 of IEC 62477-1:2012 applies.

5.2.4.10 Short time withstand current (1) test (type test)
5.2.4.10.1  General

5.2.4.10.1 of IEC 62477-1:2012/AMD1:2016 does not apply.
5.2.4.10.2 Short time withstand current test method

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

5.2.4.10.3 Compliance criteria

5.2.4.10.3 IEC 62477-1:2012/AMD1:2016 does not apply.
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5.2.5 Material tests
5.2.51 General
5.2.5.1 of IEC 62477-1:2012 applies.

5.2.5.2 High current arcing ignition test (type test)
5.2.5.2 of IEC 62477-1:2012 applies.

5.2.5.3 Glow-wire test (type test)

52530flEC62477-1:2012 appline

5.2.5.4 Hot wire ignition test (type test — alternative to glow-wire test)

5.2.5.4 of IEC 62477-1:2012 applies.

5.2.5.5 Flammability test (type test)
5.2.5.5 pf IEC 62477-1:2012 applies.

5.2.5.6 Flaming oil test (type test)
5.2.5.6 pf IEC 62477-1:2012 applies.

5.2.5.7 Cemented joints test (type test)
5.2.5.7 pf IEC 62477-1:2012 applies.

5.2.6 Environmental tests (type tests)
5.2.6.1 General

5.2.6.1 pof IEC 62477-1:2012 applies, except as follows.

Addition after the second paragraph:

NOTE Spgfety relevant sub-assemblies are typically control-related sub-assemblies.
5.2.6.2 Acceptance criteria

5.2.6.2 pf IEC,62477-1:2012 applies.

5.2.6.3 — Chmatic tests
5.2.6.3.1 Dry heat test (steady state)
5.2.6.3.1 of IEC 62477-1:2012 applies.

5.2.6.3.2 Damp heat test (steady state)
5.2.6.3.2 of IEC 62477-1:2012 applies.

5.2.6.4 Vibration test (type test)
5.2.6.4 of IEC 62477-1:2012 applies.
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5.2.6.5 Salt mist test (type test)
5.2.6.5 of IEC 62477-1:2012 applies.

5.2.6.6 Dust and sand test (type test)
5.2.6.6 of IEC 62477-1:2012 applies.

5.2.7 Hydrostatic pressure test (type test and routine test)

5.2.7 of IEC 62477-1:2012 applies.

6 Information and marking requirements

6.1 General

6.1 of IRC 62477-1:2012 applies, except as follows.

Addition of the arc fault information and marking requirements of Clause AA.7.

6.2

nformation for selection

6.2 of |[EC 62477-1:2012 and IEC 62477-1:2012/AMD1:2016 applies with excepti

4.3.1).

6.3

6.3.1 General
6.3.1 of [IEC 62477-1:2012 applies.

6.3.2 Mechanical considerations

6.3.2 of|IEC 62477-1:2012 applies:

6.3.3 Environment

6.3.3 of|IEC 62477-1.2012 applies.

6.3.4 Handling*and mounting
6.3.4 of [[EC(62477-1:2012 applies.

nformation for installation and commissioning

bn  (see

6.3.5 Enclosure temperature

6.3.5 of IEC 62477-1:2012 applies.

6.3.6 Connections
6.3.6.1 General

6.3.6.1 of IEC 62477-1:2012 applies.

6.3.6.2 Interconnection and wiring diagrams

6.3.6.2 of IEC 62477-1:2012 applies.
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6.3.6.3 Conductor (cable) selection

6.3.6.3 of IEC 62477-1:2012 applies.

6.3.6.4 Terminal capacity and identification

6.3.6.4 of IEC 62477-1:2012 applies.

6.3.7 Protection requirements

6.3.7.1 Accessible parts and circuits

6.3.7.1 of IEC 62477-1:2012 appline

IEC 62477-2:2018 © |IEC 2018

6.3.7.2 Type of electrical supply system
6.3.7.2 of IEC 62477-1:2012 applies.

6.3.7.3 Protective class
6.3.7.3.1 General
6.3.7.3.1 of IEC 62477-1:2012 applies.

6.3.7.3.2 Protective class | equipment

6.3.7.3.2 of IEC 62477-1:2012 applies.

6.3.7.3.8 Protective class Il equipment

6.3.7.3.8 of IEC 62477-1:2012 applies.

6.3.7.3.4 Protective class lll equipment

6.3.7.3.4 of IEC 62477-1:2012 applies.

6.3.7.4 Touch currentsmarking

6.3.7.4 of IEC 62477-152012 applies.

6.3.7.5 Compatibility with RCD marking
6.3.7.5 pf IEC)62477-1:2012 applies.

6.3.7.6 Cable and connection

6.3.7.6 of IEC 62477-1:2012 applies.

6.3.7.7 External protection devices

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

Additional subclause:

6.3.7.101 Open type equipment

In the case of a PECS intended to be installed and operated without an enclosure, the
documentation shall require that other means of protection are provided by the installation.
This information should include all relevant information highlighting potential hazards created

by the lack of an enclosure (see 4.4.3.3).
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6.3.8
6.3.8 of

Commissioning

IEC 62477-1:2012 applies.

6.4 Information for use

6.4.1
6.4.1 of

6.4.2
6.4.2 of

6.4.3
6.4.3.1

6.4.3.1

6.4.3.2
6.4.3.2

6.4.3.3
6.4.3.3

6.4.3.4
6.4.3.4

6.4.3.5
6.4.3.5

Addition

6.4.3.10

If the 1
respons
(see 4.1

General

IEC 62477-1:2012 applies.

Adjustment

\EC 62477-1:2012 applinc

Labels, signs and signals
General

pf [IEC 62477-1:2012 applies.

Isolators

bf IEC 62477-1:2012 applies.

Visual and audible signals

Df IEC 62477-1:2012 applies.

Hot surfaces

pf IEC 62477-1:2012 applies.

Control and device marking

bf IEC 62477-1:2012 applies, except as follows.
al subclause:

1 Operation in fault condition

nanufacturer allows operation after a single fault condition, the manufag
ible toxprovide all appropriate safety information in the product docum

).

turer is
entation

6.5 Information for maintenance

6.5.1

6.5.1 of

6.5.2

6.5.2 of

General

IEC 62477-1:2012 applies.

Capacitor discharge

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

Replacement, in the first paragraph, of the reference "4.4.3.4" by "4.4.9".

6.5.3

6.5.3 of

Auto restart/bypass connection

IEC 62477-1:2012 applies.
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6.5.4 Other hazards

6.5.4 of IEC 62477-1:2012 applies.

6.5.5 Equipment with multiple sources of supply
Replacement:

The installer responsible for the installation of the PEC or PECS shall provide information

specific

to the proper way to de-energize the system for servicing in all conditions.

In accordance with 4.8, where there is more than one source of supply energizing the PECS,

the mar
isolated

NOTE In
equipmen)|

Addition

6.5.101

For parts which are not directly earthed by an earthing switch,~the manufacturers shall

safety i
manual

Addition

101
The intg

The m4
necessy
installat
required
informat
transfer

In many
PEC or
will hay

ufacturer shall provide information to indicate which input or output ports
in order to perform maintenance of the equipment or respective part of thersys

many cases, the manufacturer of the PEC or PECS is not responsible for the) installati
t and would not be able to provide such information.

al subclause:

Access conditions for HV PEC or PECS

shall be
tem.

bn of the

provide

structions to perform earthing and this information{shall be included in a mainfenance

(see 4.4.101).

al clause:

nternal arc classification requirements
rnal arc classification requirements are defined in Annex AA.

in purpose of the internal arc classification is that the manufacturer prov

ides all

ry information in the product documentation and marking to ensure that the final

on can provide protection against an internal arc fault event. No arc fault te

to meet the minimum requirements of this document. It is intended t
ion is provided-in“full to the end user. The manufacturer can only be respor
this information-to the customer.

cases,(the organization that purchases the PEC or PECS is not the end uss
PECS;.but a system installer/integrator. In these cases, it is possible the manuy
e no-communication with the end user. When the system installer/integratg

sting is
hat this
sible to

r of the
facturer
r is the

direct ¢

pntact with the end user, they have the responsibility for the appropriate cla

uses of

this doc

ument to ensure safety is maintained.

The internal arc classification requirements ensure that arc fault tests are following a specific
guideline.

The se

If-contained Annex AA facilitates the transfer of all internal arc classification
requirements in one piece for the adaption into other standards.
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Annex A
(normative)

Additional information for protection against electric shock

A.1 General

Clause A.1 of IEC 62477-1:2012 applies.

A.2 Protection by means of DVC As

Clause A.2 of IEC 62477-1:2012 applies.

A.3 Protection by means of protective impedance

Clause A.3 of IEC 62477-1:2012 applies.

A.4 Protection by using limited voltages

Clause A.4 of IEC 62477-1:2012 applies.

A.5 Evaluation of working voltage and selection of DVC for touch voltag
RELV and SELV circuits

Clause A.5 of IEC 62477-1:2012 applies.

A.6 Evaluation of the working voltage of circuits

Clause A.6 of IEC 62477-1:20127applies.

A.7 Examples of theuse of elements of protective measures
Clause A.7 of IEC62477-1:2012 applies, except as follows.

Replacgment,)in the last paragraph, of "DVC C" by "DVC C or DVC D"

Replacement of Table A.4:
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Table A.4 — Examples for protection against electrical shock

Type of insulation

Insulation configuration

a

Accessible

conductive parts
connected to earth

by protective

b

Accessible parts
not conductive

Cc

Accessible parts conductive, but
NOT connected to earth by
protective equipotential bonding

equipotential
bonding
s D D A R M
A_B M | Bz AR 2Bl
1. Solid I Ae R M
= IEC IO
IEC
S A Z A MZ AZ M
> L
A M L, L, I:]«»lyd
> — K
2. Totally or L1 e > L
partially by air - | I<_l‘/|
clearance e N
S A Z M
= IEC IEC L,
—h |
IEC
3. Insulation for
adjacent CRCA BMA/S CRcA Zc C Rc AZc M
CirCUitS: l:llkl II 4_ S 1 S
Circuit A: lowdr IEC N |
voltage circuit = EC IEC
Circuit C: highjer
voltage circuit
DvC C or DVC|D
A 4 AB M A M
Z L,
I > D
. 1 T T
4. Requiremehnts T -« T PN
for apertures L
in enclosures !
-~ IEC
V4 TCC
IEC
live part L, clearance for basic insulation T test finger (Clause 12 of

—TTMoOmwW >

basic insulation for circuit A

C  basic insulation for circuit C
adjacent circuit
double insulation for circuit A
functional insulation for circuit A
insulation less than B

L, clearance for reinforced insulation

M conductive part

R reinforced insulation for circuit A
Rc reinforced insulation for circuit C

S surface of equipment

IEC 60529:1989)
Z supplementary insulation for

circuit A
Zc
circuit C

supplementary insulation for

* also applies to plastic screws

In row 4, these drawings are not valid for DVC B, C or D. Double or reinforced insulation is needed to any live part of DVC B,

C orD.
NOTE 1

the life of the equipment.

NOTE 2

In row 4, the insertion of the test finger is considered to represent the first fault.

In column c, a plastic screw is treated like a metal screw because a user could replace it with a metal screw during

2 Functional insulation is sufficient if the opening is covered during normal operation. It shall not be possible to remove the
cover without the use of a tool or key. If the opening is not covered during normal operation, basic insulation is required.
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Annex B
(informative)

Considerations for the reduction of the pollution degree

Annex B of IEC 62477-1:2012 applies.
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Annex C
(informative)

Symbols referred to in IEC 62477-1
Annex C of IEC 62477-1:2012 applies, except as follows.
Addition of the following row in Table C.1:

Table C.1 — Symbols used

~ Caution, risk of 443
\ ISO 7010 electric shock
\ Remaining time
1 and di . :
h; isplay; processing
p: IEC 60417-6042:2010-11 and (time to be indisated
NS IEC 60417-5416:2015-04

adjacent to-the
symbol)
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Annex D
(normative)

Evaluation of clearance and creepage distances

Annex D of IEC 62477-1:2012 applies only for the low-voltage section.
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Annex E
(informative)

Altitude correction for clearances

Annex E of IEC 62477-1:2012 applies.
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Annex F
(normative)

Clearance and creepage distance determination
for frequencies greater than 30 kHz

Annex F of IEC 62477-1:2012 applies.
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Annex G
(informative)

Cross-sections of round conductors

Annex G of IEC 62477-1:2012 applies.
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Annex H
(informative)

Guidelines for RCD compatibility

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

H.1 Selection of RCD type

Addition before the first paragraph:

NOTE HV PECS do not normally use RCDs, but different devices or systems, like current transformers,instead.
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Annex |
(informative)

Examples of overvoltage category reduction

Annex | of IEC 62477-1:2012 applies.
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Annex J
(informative)

Burn thresholds for touchable surfaces

Annex J of IEC 62477-1:2012 applies.
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Annex K
(informative)

Table of electrochemical potentials

Annex K of IEC 62477-1:2012 applies.
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Annex L
(informative)

Measuring instrument for touch current measurements

L.1  Measuring instrument

Article L.

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

Replacement of Figure L.1 by Figure 4 of IEC 60990:2016.

Addition,

in Figure L.1, of the following note:

Voltmeter|or oscilloscope (r.m.s. or peak reading) input resistance: > 1 MQ

Input capa

Frequenc

citance: < 200 pF

range: 15 Hz up to 1 MHz (appropriate for the highest frequency of interest)



https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae

- 60 - IEC 62477-2:2018 © |IEC 2018

Annex M
(informative)

Test probes for determining access

Annex M of |[EC 62477-1:2012 applies.
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Annex N
(informative)

Guidance regarding short-circuit current

Annex N of IEC 62477-1:2012/AMD1:2016 does not apply.
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Additional annex:

Annex AA
(normative)

Arc fault test and labelling requirements

AA.1 Overview

The purpose of Annex AA is to define an internal arc classification system. This includes
- | £i

marking

o o a naed-tactmathaoda
o A%

It is th
configur
configur

In the fd
In theseg
product

There a

Annex
exists f

reasongble manner. The manufacturer shall evaluate the applicability of Annex AA

product

AA.2 H
IEC 600

IEC 622
switchg

IEC 622
enclose
52 kv

IEEE C1

oo eana.an.
rocquomeToTtS artd TTC tCSTIIICtTotST

e intention of Annex AA to allow any possible equipment configuration,
ation, power configuration, etc. However, this document outlines the' most ¢
ation, which means the device under test is one PEC.

llowing pages, instructions are provided with respect to more.‘complex configu
cases, the manufacturer shall evaluate the applicability of these requirements
type, and provide definitions for the areas not addressed’by-Annex AA as reqy

e several concepts to provide personnel safety (see Clause AA.8).

AA can be used for non-PECS equipment assuming no internal arc fault s
pr that particular equipment. The manufacturer is responsible to apply th

type, and as required, provide definition~for areas not addressed by Annex AA

References
59, IEC standard current ratings

71-200:2011, High-voltage switchgear and controlgear — Part 200: AC metal-¢
bar and controlgear for rated voltages above 1 kV and up to and including 52 k|

71-201:20144 High-voltage switchgear and controlgear — Part 201: AC solid-in
i switchgear-and controlgear for rated voltages above 1 kV and up to and i

7.20.7-2007, IEEE guide for testing metal-enclosed switchgear rated up to 3

internal

design
ommon

rations.
to their
ired.

tandard
is in a
to their

nclosed
"

sulation
hcluding

8 kV for

arcing faults

CSA C22.2 No. 0.22-11:2011, Evaluation methods for arc resistance ratings of enclosed
electrical equipment

AA.3 Terms and definitions

AA.3.1

power electronic converter system

PECS

one or more power electronic converters intended to work together with other equipment

[SOURCE: IEC 62477-1:2012, 3.46]
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AA.3.2

internal arc classified PEC

IAC PEC

PEC for which a prescribed criterion defining protection of personnel is met in the event of an
internal arc fault

Note 1 to entry: The internal arc classification is described in AA.4.2.

Note 2 to entry: This is typically considered with a metal enclosure; however, all requirements of the type tests
should be met regardless of enclosure material type or in the absence of an enclosure.

Note 3 to entry: |ACs also apply to PECS.

Note 4 to entry: This note applies to the French language only

AA.3.3
accessibility type
characteristic related to the level of protection given to personnel accessing) a’defined area
around the enclosure of PEC

AA.3.4
classifi‘fd sides
characteristic related to the accessible sides having a defined level“of protection of pgrsonnel
given by the PEC in the event of an internal arc fault

AA.3.5
internal arc fault
breakddwn of any internal insulation system that resuits in an electrical arc

Note 1 tolentry: A mechanically secured short-circuit (bolted fault) is not an arc fault.

AA.3.6
internal arc fault event
event sfarting with an internal arc faulthyand ending when the available short-circuit clrrent is
removed

AA.3.7
arc current
current pf the arc at the point of arcing

AA.3.8
potential arc current
combination of\allpossible currents that could contribute to the arc current

AA.3.9
calibrated testcurrent
calibrated short-circuit current of the test laboratory

AA.3.10
external test current
resulting current from the test laboratory, applied to the PEC during the internal arc fault test

AA.3.11

internal energy storing component

component that stores energy and is able to contribute relevant energy in a relevant time
frame to the arc current

AA.3.12
available short-circuit current
current that can be supplied by one or more external sources
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AA.3.13
rated arc fault current
combination of the available short-circuit currents

Note 1 to entry: Designator for 3-phase AC current: 1,, for 1-phase AC current: 7, , for DC current: 7, , .

Note 2 to entry: It is equal to the test current minus the currents from internal energy sources if relevant. In this
case, the test current is higher than the rated arc fault current.

AA.3.14
actual arc duration
duration the arc is present during the test

AA.3.1

rated arc fault duration
duratior] when current is available from the test laboratory supply, at the point-of’cal|bration,
where the DUT is connected

Note 1 tolentry: Designator for 3-phase AC fault: ¢,, for 1-phase AC fault: ¢, , for DC fault’¢, ..

AA.3.16
device tnder test
DUT
piece offequipment of a PECS that is encompassed by a barrier of cotton indicators dyring the
test

Note 1 tolentry: This note applies to the French language only.

AA.3.17
interna
included within a device under test or a piece\of equipment of the PECS

Note 1 tolentry: See Figure AA.6.

AA.3.18
external
excludef from the PECS

Note 1 tolentry: May be required for functionality and/or safety, but is outside the referenced PECS.

AA.3.19
associdted protection
device, provided outside the device under test or piece of equipment, being part of a system
environment-that serves the purpose of limiting the arc energy

AA.3.2
complex geometry

geometry that deviates from a rectangular box in a way that impacts safety or testing
considerations

AA.3.21

surgical cotton

100 % cotton material, surgical grade (no impurities), with suitable properties to be used as
an indicator of flammability

Note 1 to entry: Can be new or stored to maintain new condition.

AA.3.22

skilled person

person with relevant education and experience to enable him or her to perceive risks and to
avoid hazards which electricity can create
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Note 1 to entry: In some countries, a skilled person is referred to as an "authorized person".

[SOURCE: IEC 60050-826:1998, 826-18-01, modified — The note has been added.]

AA.3.23

instructed person

person adequately advised or supervised by skilled persons to enable him or her to perceive
risks and to avoid hazards electricity can create

Note 1 to entry: In some countries, an instructed person is referred to as an "affected person".

[SOURCE: I|EC 60050-826:1998, 826-18-02, modified — The note has been added.]

AA.3.2
mock-u
component or sub-assembly which has similar form and fit of the original component and is
used for testing purposes to reduce cost without affecting the results

Note 1 tolentry: Not affecting the results means that if the mock-up can be part of theyareing event, then that part
needs to|be constructed so that it does not affect the results. This may requir€ usage of originally|designed
equipmen}t as part of the mock-up (AA.3.25).

AA.3.25
personal protective equipment
PPE
device or appliance designed to be worn by an individual/for protection against one pr more
health and safety hazards whilst performing live working-

AA.4 Ratings

AA.4.1 | General

Internal|arc classification (IAC) shall be“assigned and the product appropriately markef by the
manufagturer following the requirement of Annex AA.

Several| ratings shall be specified. These ratings are subdivided into accessibility type,
classifigd sides, rated arcsfault current (I5, Ipe, Ipqc). rated arc fault duration (¢4, tae:| tagc) if
associated protection js\required (APR) and if the classification refers to special conditions
(SC).

Special|conditions ‘are complex geometry, PECS of multiple units, exposed bottom, etq.

Examplé¢sdor-special conditions are provided in AA.4.2.7.

A PECS can consist of several units with different IAC ratings. In this case, the ratings for
each unit are determined independently considering energy sources provided by the
surrounding units. When physically connecting units with different IAC ratings, consideration
shall be given to the effects of interconnecting holes (such as cable penetrations) on the
integrity of the individual IAC ratings. The result of this may require a new IAC rating of the
combination.

AA.4.2 Internal arc classification
AA.4.2.1 General

Internal arc classified PEC and PECS that satisfy the requirements of this document are
designed and manufactured, in principle, to prevent or to contain the occurrence of internal
arc faults. This document allows for concepts that range from containing the internal arc fault
event within a strong physical housing to a design that would prevent the arc from occurring,
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and all options within that range. This allows the use of any protection scheme that follows
the requirements of this document.

IAC system gives a tested level of protection for personnel under normal operating conditions.
It is concerned with personnel protection under these conditions; it is not concerned with
personnel protection under maintenance conditions nor with service continuity.

The internal arc fault test verifies the effectiveness of the design in protecting personnel in
case of an internal arc fault, when the PEC is in normal service condition. The test does not
assess the behaviour of the PEC under any condition of maintenance or work, when parts of
the enclosure, including the low-voltage compartment, are open or dismantled.

As a miphimum requirement, the internal arc fault rating of the PECS shall be communifated to
the cusfomer (tested or untested) — see AA.7.3.2. This shall be provided with.customer
documehtation and with a label affixed to the PEC or PECS in accordance with-AAJ7.2 and
AA.7.3.

AA.4.2.p Accessibility type
AA.4.22.1 General

Accessipility is considered with respect to normal operation. Service condition (mainfenance
and / or[repair, etc.) may be different.

Severall|accessibility types to the PEC at the site of installation are defined in Table AA.1.



https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae

IEC 62477-2:2018 © |IEC 2018 - 67 -

Table AA.1 — Definition of accessibility types

Type Accessibility Potential physical barrier, test condition, distance 2
4a Unrestricted, general public area, Surgical cotton at 0 mm distance from all openings, seams or
enclosure boundary joints. No indicators at all other surface.
4b Unrestricted, general public area, Surgical cotton at d m distance, physical boundary prohibits
other physical boundary access (designed by the user), test shall be conducted

without the physical boundary (the line around the equipment
created by the cotton indicators acts as this physical

boundary)
3a Instructed persons only, Black cretonne 40 g/m?2 cotton indicator (AA.5.2.2) at
enclosure boundary 100 mm distance
3b :IIDtII..I\.:tE;L.JI MTIoUTTS Ull:y, B;db:’\ L:IU;.UIIIIC 40 UI’IIIQ DUU.UII illulibd‘lul (AASZZ) d‘l d m
other physical boundary distance, physical boundary prohibits access (designgd by
the user), test shall be conducted without the physicql
boundary (the line around the equipment created by the
cotton indicators acts as this physical boundary)
2a Skilled personnel only, Black cretonne 150 g/m? cotton indicator (AA.5.2.2) dt
enclosure boundary 100 mm distance
2b Skilled personnel only, Black cretonne 150 g/m? cotton indieator (AA.5.2.2) dt d m
other boundary (e.g. line on the floor, distance.

instruction, etc. ) . : . .
) No physical boundary is required as this rating assunpes

proper personal protective*equipment (PPE) will be uped by
skilled personnel in all(Cases where PPE is required.

1+ User is responsible to establish the Partly tested ©
safe approach distance and provide
any physical barrier needed without
specific guidance from the
manufacturer P

1 Not accessible P A physical barrier completely capable of stopping all
hazardous conditions associated with the arc fault event. It is
possible for one side through an entire PEC or PECS|to be
not accessible. This does not imply untested (see
AA.4.2.3.2).

0+ Accessibility evaluated by calculation™® Not tested by the manufacturer 9

0 Accessibility not evaluated P Not tested by the manufacturer ©

a8 The minimum approach distance shall be stated by the manufacturer (see AA.7.3.3). Local rules may require
addifional distance.

b Safely is to be established by the user. This is outside of the scope of this document. Among [possible
solufions are the concepts of a fire resisting barrier, approaching only with appropriate PPE, or B strong
physjcal housing witheut access to persons.

¢ Tested against-the criteria 1, 2, 3 and 5 for mechanical integrity, but not against criterion 4 for firg ignition
(see|AA.5.4.1.2 to AA.5.4.1.6). Safety is to be established by the user.

A pefformed,test which did not pass in all criteria can be a useful base for calculation.

€ The |nterral stored energy shall be stated by the manufacturer (see AA.7.3.3).

AA.4.2.2.2 Accessibility type general public (4a, 4b)

This document allows a PECS to obtain an IAC for usage in general public areas. This
document creates requirements to ensure a safe design while the PEC or PECS is energized,
The manufacturer should consider foreseeable misuse (associated with general public
persons, e.g. sleeping on the equipment). The manufacturers need to provide the appropriate
level of protection to the general public which is unaware of any potential hazard(s) in their
surroundings.
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AA.4.2.3 Classified sides

AA.4.2.3.1 Accessible sides

Each side of the PEC is restricted to one accessibility type. Combinations of accessibility
types are allowed on the PEC. The sides of the PEC which meet the criteria of the internal arc
fault test are designated as

F for front side

L for lateral side or L / L for left / right side (as viewed from front)

R for rear side

T for top side

B fof bottom side

The front side shall be clearly stated by the manufacturer. In complex geometrjes, the
manufacturer shall define the sides in detail.

NOTE 1 |For cases where bottom mounting of the equipment is the norm, and where this‘mounting is dirpctly on a
solid surface that would be considered impenetrable with respect to arcing effects, that side is cpnsidered
accessibility type 1 (not accessible). This exempts the bottom from all considerations of non-access|ble sides
except fof testing the effects of arc expulsion which can escape to an accessible side and the ingtallations
requiremgnts listed in AA.5.2.1.

NOTE 2 |For cases where rear mounting of the equipment is the normr, and where this mounting is dir¢ctly on a
solid surface that would be considered impenetrable with respect~tg, arcing effects, that side is cpnsidered
accessibility type 1 (not accessible). This exempts the rear from all"censiderations of non-accessible sides except
for simulgtion of the wall, testing the effects of arc expulsion which can escape to an accessible sid¢ and the
installatiohs requirements listed in AA.5.2.1.

A special case of accessible sides is where~@ physical barrier that prevents acgess by
personnel but is not capable of stopping the“hazardous conditions associated with|the arc
fault event. This could be a fence, a light curtain, etc. This creates a condition wher¢ a side

could bg considered non-accessible. However, in this case, the manufacturer shall sp¢cify the

safe disfance acceptable for installatiomof such a barrier (see AA.7.3.4).

A physical barrier that preventsiaccess by personnel but is not capable of stopping the
hazarddus conditions associated with the arc fault event shall be represented in a tést by a
cotton barrier at a distance specified by the manufacturer (see AA.5.2.2.2).

AA.4.2.3.2 Non-accessible sides

The malnufacturef/shall identify all non-accessible sides and provide details of thi$ in the
installation manual, including any specific information pertaining to the relgase of
arc-confainment (see AA.7.3.5).

The methedused-to-preventacecess—to-the-nron-aceessible-areashalretiablyprovidepersonal
safety.

A physical barrier completely capable of stopping all hazardous conditions associated with the
arc fault event is required. This physical barrier shall be simulated in a test (see AA.5.2.1).

AA.4.2.4

This do

Rated arc fault current

cument considers both AC and DC currents as rated arc fault currents. It

is also

considered that the rated arc fault current can be the superposition of AC and DC currents.

Any possible availability of AC and/or DC currents that is present in the PECS shall be
included, for example: 3-phase AC (1), 1-phase AC (I5.), DC (Ipgc)-
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When only a classical three-phase rating is specified, the rating for a 2-phase short-circuit is
by default ¥3/2 (87 %) of the three-phase rating, and need not be specified.

The standard value of rated arc fault currents may be selected from the R 10 series specified
in IEC 60059.

The manufacturer specifies the compartments to which the single phase-to earth internal arc
fault current rating applies. Such value should be assigned to PEC where its construction will
prevent the arc from becoming multiphase, as demonstrated during the internal arc fault test.

In the case where all HV compartments are only designed for single phase-to-earth internal
arc faults, [, rating shall not be assigned

The relationship between type of neutral earthing and the single phase-to-earthninternal arc
fault cufrent is provided in Table AA.2.

Table AA.2 - Single phase-to-earth internal arc fault current
depending on the network neutral earthing

Type of network neutral earthing Single phase-to-earth internal arc fault current
Isolated|neutral Up to V3/2 (87 %) of the three-phasé rated arc fault current 2
Impedar|ce earthed neutral 100 % of the single phase-to-earth rated arc fault current
Solidly darthed neutral 100 % of the three-phase rated/arc fault current

NOTE 1| If the single phase-to-earth rated arc fault current covers the condition of solidly earthed neptral, all
other eafthing conditions of the network are also covered.

NOTE 2| For systems with isolated neutral, the maximudm“single phase-to earth fault current could thegretically
reach lgvels up to V3/2 (87 %) of the three phase rated arc fault current (single phase-to-earth faul{ current
under c¢nditions of double-earth fault). However, double-earth faults at independent locations in the pfoximate
vicinity ¢f a single phase-to-earth fault subjected\PEC have a very low probability. Therefore, this condifion may
not be applicable and the customer can specify.a reduced single phase-to-earth arc fault current rating.

a8 Singlge phase-to-neutral internal arc fault-current.

NOTE Ajtwo-phase internal arc fault'is covered by the three-phase internal arc fault.

AA.4.2.5 Rated arc fault duration

Standard recommended values for the rated arc fault duration (¢5) are 0,1s, 0,2 s, 0|5 s and
1 s; however the manufacturer is allowed to define any other value.

NOTE Ekcessively long rated arc fault durations, based on the use of protection, is not the intept of this
document]

AA.4.2.6 Protection
AA.4.2.6.1 Associated protection required (APR)

If associated protection is required to meet the IAC rating, it shall be identified on the IAC
label.

The details regarding associated protection used shall be provided by the manufacturer in the
documentation (see AA.7.3.6).

AA.4.2.6.2 Internal protection

The details regarding internal protection used shall be provided by the manufacturer in the
documentation (see AA.7.4). This information shall include a marking on the product in the
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vicinity of the protective device. This information should specify the direct replacement of
identical parts for safety reasons. This information is not required on the IAC label.

AA.4.2.7 Special conditions

A special condition is a configuration of a PECS, which is not explicitly mentioned in this
document. In that case, the principles and methods required in this document shall be applied
accordingly as applicable by the manufacturer.

Examples of special conditions are:

— complex geometry of a PECS, which is other than a cuboid;

— a PECS that consists of multiple units not being attached but electrically connegted and
represented by one test.

The manufacturer shall supply all relevant detailed information in the customer’ documgntation
(see AAL7.3.7).

AA.5 Testing

AA.5.1 | General

In all cgses, the internal arc fault test shall be performed{considering all energy avajlable to
source fhe arc. This document allows many different dpplications with a variety of possible
power configurations. Clause AA.5 establishes general‘guidelines that shall be used tp define
the test|conditions for any application.

The tesf is used to verify the level of qualification for the PEC or PECS being considgered to
provide linformation on the IAC label for accessibility types other than 0 or 0+. The tesf covers
an interhal arc fault both within an enclosdre or open type equipment. The internal arc fault
test makes allowance for effects acting on all parts of the enclosure, such as |internal
overpregsure, thermal effects of the“arc or its roots, the effects of ejected hot gases and
glowing|particles.

NOTE 1 |The device under test can consist of a single cabinet or an arrangement of several cabingts and is
defined by the cotton barrier of the\test procedure. In case of several cabinets, the arc fault rating is valid only for
the partictilar line-up of the cabinets, not for the individual cabinets.

Different IAC labels for.the same PEC or PECS are allowed, provided they are tested.

The test of a cepresentative sample can be used for marking a product line under certain
conditiopns (see AA.5.4.3).

It 1 + Jal 4 ol 4 4 4 ol 1 +hla 4 4 4 1 4 ol 4 ol H t
IS acceplantetoagerate—a tesStet Ssampre—winottra retestasong—as—tne ageratea—equipmen

meets AA.5.4.3.

Derating in one value does not allow a higher value in another rated category without retest
(e.g. decreasing the rated arc fault current and increasing the rated arc duration would not be
allowed).

NOTE 2 It is in general not possible to calculate the permissible rated arc fault duration for a current which differs
from that used in the test. The maximum pressure during the test will generally not decrease with a shorter arcing
time and there is no universal rule according to which the permissible rated arc fault duration can be increased with
a lower test current.

The tests are not intended to cover, for example,

— the damage to internal partition and shutters not being accessible in normal operating
conditions,
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— external connections outside the enclosure, and
— the presence of gases with potential toxic characteristics.

Any devices or systems that are mitigating the formation or the effect of an arc are allowed to
be active during the test and for the modelling, if those fulfil the requirements of AA.8.3. This
includes segregation, current limiting devices, ultra-fast protection devices, etc.

AA.5.2 Test preparation
AA.5.2.1 Installation simulation for PEC

The simulation of a wall or ceiling is only done in conjunction with a non-accessible side. The
worst ¢ i i —ceth ; ; PEC or
PECS utilizes cable access ways and/or exhaust ducts, they shall be included in. the test or
simulated. It is the responsibility of the manufacturer to define and test thé“worst case
installatjon configuration allowed by the manufacturer and to describe the, safe insftallation
requirements in the installation manual(s) (see AA.7.3.8).

Selectign of walls and ceilings needs to be given proper considération. The clgarance
between a wall or ceiling and the equipment can have a direct effect én the results of the test.
It is pogsible that the wall could redirect arc exhaust into an aceessible area adjacent to the
non-accessible side. The distance between the equipment and“the wall can also |present
problems which are not intuitive, meaning this effect can be~more severe with more| or less
clearange. It is also possible that this effect can be less severe with more or less clgarance.
The mapufacturer is responsible for this determination~PECS may have one of the fpllowing
cases, hased on analysis.

— Thelpresence of a wall or ceiling in close proximity to the PECS that decreases safety for
the protection zone. In this case, the minimtGm allowable clearance shall be tesfted and
spegified in the installation manual.

— The|presence of a wall or ceiling in cloSe proximity to the PECS that increases s;fety for
the protection zone. In this case, the' maximum allowable clearance shall be tested and
spegified in the installation manuah

— A combination of the above.

If exposled pressure relief devices are utilized, the minimum clearance shall allow full fange of
motion ¢f the flaps.

For any accessible \side with no opening, or if the effects of an internal arc fault are
completely contaifed using other methodologies like the use of a plenum (gas dyct) that
covers all openings of the specific side, a wall or ceiling is not required for that sidg. These
other methodologies are part of the device under test. The manufacturer shall|specify
minimum requirements for the equipment used for these methodologies if that manufacturer
does nqgt provide this equipment with the PEC or PECS. The manufacturer shall adyise the
customer of the exit location of the arc exhaust (see AA.7.3.8). It is the installer and/or end
user responsibility to direct the exhaust safely.

NOTE 1 The dimensions of the installation simulation establish defined worst case test conditions; however, real
installation conditions generally deviate.

Accessible sides are tested with an indicator barrier and no walls are required for these sides.

NOTE 2 These requirements are valid for indoor and outdoor installations accordingly. Please note that, from the
point of view of internal arc fault, an indoor installation is generally considered the more severe case, which is
normally not valid for environmental influences.

In case of a combination of accessibility type 4 and any other type(s), a room simulation is
required to include the barrier between the sides of accessibility type 4 and adjacent sides of
accessibility type 0, 0+, 1 or 1+.
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AA.5.2.2 Indicators
AA.5.2.2.1 General

Indicators are pieces of black cotton cloth so arranged that their cut edges do not point
toward the device under test (DUT).

Black cretonne (cotton fabric approximately 150 g/m2) or black cotton-interlining lawn
(approximately 40 g/m2) or surgical cotton shall be used for indicators, depending on the
accessibility condition (see note of AA.5.2.2.2.2).

Care shall be taken to see that the vertical indicators cannot ignite each other. This is

achievef by fitting them in a frame of steel sheet, with a depth of 2 x 30 mm (Ig mm,) [(refer to
Figure AA.1).

Dimensions in millimetres

IEC

Figure AA.1 — Mounting frame for vertical indicators

With the horizontal indicators, care shall be taken that glowing particles do not accumulate.
This is achieved if the indicators are mounted without frame (refer to Figure AA.2).

The indicator dimensions shall be 150 mm x 150 mm (+18 mm).
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Surgica
PECS W

for accessibility type 4).

AA.5.2.2.2 Arrangement of indicators
AA.5.2.2.2.1 General

Indicatofrs shall be placed at each classified side on.a mounting rack, at distances de
on the type of accessibility (see Figures AA.3 to AA:5).

The dis
the enc

hot gases (e.g. handles). If the surface of‘the PEC is not regular, the indicators sh

placed {

front of the equipment, at the specified-distance, according to accessibility type.

NOTE The height of the equipment i§_the total height including any mounted accessories.

AA.5.2.p.2.2 Accessibility types 2a, 2b, 3a and 3b (skilled and instructed persgd

Black ¢
40 g/m?2

For acg

equipment,with height less than 2 000 mm,

IEC

Figure AA.2 — Horizontal indicator

cotton shall be applied to any seam, hole, opening, or any othet place on the
here fire or burning material can escape (surgical cotton indicators are only

PEC or
equired

pending

ance from the indicators fitted vertically to the PEC is measured from the surface of

osure, disregarding protruding elements not expected to influence the evacd

o simulate as realistically as pessible the position that a person usually may

etonne (cotton fabric approximately 150 g/m2 for accessibility types 2a and
for accessibility types 3a and 3b) shall be used for the indicators.

essibility“type 3b, the test shall be conducted without the physical bound

ation of
ould be
adopt in

ns)

2b and

ary. For

1 d' ry ball £i4d o ol i In 4 Ll 1 H P | HPA | £ 4l Do + 4l
a) Indicators—snan—pe—Titea voeTulaimry dat dai LIasSsSTicUu STuTS U UTe T U Uy tuUUurc1

eight of

2 000 mm (+ 50 mm) evenly distributed, arranged in a checkerboard pattern, covering
40 % to 50 % of the area (refer to Figure AA.3),

b) the distance from the indicators to the PEC shall be 100 mm (+ 5 mm) for accessibility
type 2a and d m (£5 %) for accessibility type 2b, where d is specified by the

man

ufacturer, and

c) indicators shall also be arranged horizontally at a height of 2 000 mm (+ 50 mm) above
the floor as described in Figure AA.3 and covering 40 % to 50 % of the whole area
between dimension d from Figure AA.3 (+ 5 %) and 800 mm (+ 30 mm) from the PEC.
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For equipment heights greater than 2 000 mm, the manufacturer shall select one of the two
following options.

Option 1

Indicators shall be fitted vertically at all classified sides of the PEC up to the height of the
equipment (+ 50 mm) evenly distributed, arranged in a checkerboard pattern, covering
40 % to 50 % of the area (refer to Figure AA.3).

The distance from the indicators to the PEC shall be 100 mm (£ 5 mm) for accessibility
type 2a and d m (£ 5 %) for accessibility type 2b, where d is specified by the manufacturer.

Indicators shall also be arranged horizontally at the height of the equipment (£50 mm)
above the floor as described in Figure AA.3 and covering 40 % to 50 % of the whole area

betw

Option 2:

Indig

2 000 mm (=50 mm) evenly distributed, arranged in a checkerboard, pattern, ¢

409
The
type
Indig

the [floor as described in Figure AA.3 and covering 40.% to 50 % of the whg

betw
from
(see

NOTE B
whereas
persons.

AA.5.2.2.2.3 Accessibility types 4a and 4b (general public area)

The surgical cotton indicators for the tést are applied in two areas:

e thei
distd
o thei
betw
or ty
In case
surgical
barrier f

een dimension 4 from Figure AA.S (£ O 7 ) and oUU mm (x sU mm) 1rom the g

ators shall be fitted vertically at all classified sides of the PEC up.-toithe h|

to 50 % of the area (refer to Figure AA.3).

distance from the indicators to the PEC shall be 100 mm (£ 5 mm) for acce
2a and d m (£ 5 %) for accessibility type 2b, where d is specified by the manuf

ators shall also be arranged horizontally at a height ef{2 000 mm (£ 50 mm

een dimension d from Figure AA.3 (£ 5 %) and 800 mm (+ 30 mm) plus dime
the PEC. 4, is the difference between the hgight of the equipment and 2
Figure AA.3).

ack cretonne (cotton fabric approximately 150 g/f?) is considered to represent workman’
otton-interlining lawn (approximately 40 g/m2) is_donsidered to represent light summer wear of

ndicating material shall be‘applied to all seams or openings of the enclosure,
nce, on all the sides with’accessibility type 4;

ndicating material<shall be applied to all edges of the enclosure where a joint
een the enclosufe)and the installation barrier of the restricted accessibility typ
pes 1, 1+.

of a combination of accessibility type 4 (general public) and accessibility type
cotton.'shall also be applied to the gap between the type 4 side and the i
or the type 2 or type 3 side.

C.

eight of
overing

ssibility
acturer.

) above
le area
nsion d,
000 mm

clothes,
nstructed

at 0 mm

is made
s 0, O+

5 2 or 3,
ndicator

h + 4+ £3 + th 1 bl £ h a +h 4 £ a

NOTE 1

Im + + i
oHetothHeTeguiremen—o—proreer—me—generarpuortrrommaZarasmeyareHRor—aware-—o—ana—<

/en touch

the equipment, the arrangement of the indicators for accessibility types 4 is intentionally more severe than for the
other accessibility types.

NOTE 2 Surgical cotton is used to ensure that the hazardous effects of the internal arc fault are completely

contained

inside of the enclosure barrier for the general public.

AA.5.2.2.2.4 Examples of possible indicator arrangements

d is only used for values above 100 mm and covers accessibility types 2b, 3b and 4b.
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Dimensions in millimetres

=— 2000

| Same height
1 as equipment

I
. -

<

Optipn 2 for
equipment height > 2000 equipment height > 2 000
Accessibility types:
2a and 39: x is 100 mm
4a: x is 0 mm,
2b, 3b, 44: x is d mm specified by the manufacturer
d, is the feight of the equipment above 2'm.
Figure AA.3 — Arrangement of indicators for different height of equipment
Dimensions in millimetres
<100y e im ==
<> 100
=rTrUTUh o o A ibl 2 L F s -
Acdessible 9¢ e . 8
= - Accessible 2
@ = !
z
d 8 1
:[ d - 2 - 2 |
|
IEC
Example a) Example b) Example c)

In example a), there is a gap in the coverage of the cotton indicators. This gap is left with an understanding of how
an actual test will be set up. It is assumed that the test lab personnel will place the cotton indicators stand as close
to the equipment as possible, however, it is permitted to have a clearance of 100 mm to allow for ease of setup

without compromising test integrity.

NOTE d, and d, are used to denote d because two different values are possible.

Figure AA.4 — Example for two adjacent accessible sides
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Dimensions in millimetres

Wall
A

Non-
accessible

o - =

Accessible

e e wm e wm oo

00

[
Wall

:

! ! - I Wath—=—=—= ! > i

Non-accessible ' Non-accessible

Accessible
Accessiblée

Non-accessible

Cotton barrier

Accessible

;

0Q

IEC

Figure AA.5 — Examples for an accessible side
to a'non-accessible side

When cpnsidering the application® of cotton barrier, the test shall be performed haying the
cotton parrier for each individual side installed based on that side. As is ev|dent in
Figure AA.5, this can cause\overlapping cotton barriers. It is important to remember that each

cotton barrier represents thé pass/fail criteria for its perspective side.

AA.5.2.8 Arrangement of equipment

The equlipmentishall be arranged as follows.

The |DUT shall be representative of the design being tested. It is allowed to fill| volume
insice—the—device—undertest-with—mock-ups—provided—they-have—the—same—volume as the
original items. Any possible area where the arc could propagate shall be suitable to
represent the original components in respect to material, geometry and mass of
conducting material.

If the design contains an internal energy source, and this energy is provided from an
external source during the test, then mock-ups are allowed. However, consideration shall
be given to conductive paths between the internal stored energy compartment and the
location of the arc ignition. Original components may be required in these locations.

The equipment shall be tested subject to the chosen accessibility type (see AA.4.2.2).
The DUT shall be earthed at the earthing point provided.

Ideally a new DUT would be used, however if a DUT is used, that has already been tested,
the same test criteria apply. No allowance is given based on re-use of a DUT.

Tolerances of geometrical dimensions of test arrangements shall be £ 5 % unless otherwise
required in this document.
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AA.5.3

Test conditions

AA.5.3.1 General

The test shall be carried out with the PEC in normal operating conditions. All other equipment,
for example measuring instruments and monitoring equipment, shall be in the position as it is
in normal service. If any cover has to be removed and/or any door has to be opened to
perform normal operations, the internal arc fault test shall be carried out with the cover and/or
door removed. Any maintenance work, including removing or replacing components (for
example HV fuses or any other removable component), is not considered to be normal
operation.

The test_shall he pprfnrmpd in that compartment of the device under test (

refer to

Figure A
The test

The nel
PECS. |
tests.

The teg
protecti

This do
energy
If a man

duration.

In cas¢
requiren
greater
ratings

significd
manufa
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Figures
setup re

A.6), which causes the most severe damage or effect on the persons.
shall be performed with the number of supply phases specified for the -PECS.

tral connection of the supply circuit shall be as of normal opergtion specified
For the test, this should be applied to create the worst condition to limit the nuy

t duration is not necessarily identical to the actual. arc duration. Any asj
bn specified to be mandatory for the installation is allowed to be used in the tesg

cument does not consider a design where the duration of the current from the
storing component(s) is longer than the durdtioen of the available short-circuit
ufacturer creates such a design, they shall*consider how to address the rated

of a PECS with a DC input.relevant for the energy source for the t
nents of this document can be applied accordingly with average DC current
than or equal to the equivalent total r.m.s. values of the corresponding AC
pbased on the equivalent DE-thermal effect. The corresponding DC peak curr
ntly differ in this adaption.-The same would apply concerning the voltage valu
turer is responsible to‘define the appropriate current and voltage levels and

method.

AA.6, AA.7, AAJ8, and AA.9 are provided as examples to aid in understand
quirementse

for the
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Figure AA.6 — General setup for testing — Detalils
— ] 1
I Calibrated
test current
Power source with
calibrated test ~
current Bolted short-
circuit
9 IEC

Figure,AA.7 — General setup for calibration

The tedt duration is thestime between making switch and breaking switch of

laboratqry.

The caliprated testycurrent is the calibrated short-circuit current of the test laboratory.

External

test current

Power source with
calibrated test
current

PECS
(internal
energy
included)

Device under test with
internal and associated
protection

IEC

Figure AA.8 — General setup for testing

he test

The actual arc duration is the minimum of the following three time values: tripping time of the
internal protection; tripping time of the associated protection; test duration.
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The external test current is typically some amount lower than the calibrated test current,
because the arc of the test has higher impedance and voltage drop than the bolted short-
circuit of the calibration.

The potential arc current in the PECS is a combination of the external test current and the
current from internal sources included in the test.

Ratings for the IAC-label:

— the rated arc fault duration is the test duration;

— the rated arc fault current is the calibrated test current minus the simulated current for
internal energy sources. which were not applied in the test.

Available short-circuit

current reduced by the
~ arc impedance
Grid or transformer PECS PEESiin
with available (with all operation with
short-circuit ~ internal mterngl and
current energy) assoma‘\ted
protection

IEC

Figure AA.9 — General setup for user installation

The actpal arc duration is the minimum of {the following three time values: tripping time of the
internal|protection; tripping time of the associated protection; tripping time of the exterpal user
installed protection.

The pofential arc current is they'combination of all available short-circuit currents pand the
currentd from all internal sources.

In case|of multi-port, relevancy available short-circuit currents from different power pprts are
combined as specified by the manufacturer.

NOTE Application( of suitable current-limiting fuses in combination with switching devices can limit fthe short-
circuit cufrent and-minimize the fault duration. It is well documented that the arc energy transferred dyring such
tests is npt prédictable by /2. In the case of current-limiting fuses, the maximum arc energy can occur pt current
levels belpwithe maximum interrupting rating of the fuse. Further, the effects of using current-limiting deyices that
employ pyrotechnic means to commutate current to a current-limiting fuse are considered when evaluatinig designs

utilizing such devices.

The contribution of external power sources or internal energy storing components to the arc
fault event shall be proven by the manufacturer’s analysis.

The manufacturer shall determine the realistic worst-case arcing condition possible in the
device under test in the real installation. The test shall be done with a current representing
the realistic worst-case arc in the real installation.

Guidance on the realistic worst-case:

— the manufacturer shall choose the location(s) to fire the arc to meet the location which
creates the highest damage in terms of the pass/fail criteria;
— consider the place where the maximum energy can be released in an arc;

— consider the essential aspects listed in AA.5.4.3.2;
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— consider the design parameters listed in AA.5.4.3.3;

— consider foreseeable misuse (not consider wantonly negligent misuse and non-specified
environment);

— consider single faults and consequent effects (not consider independent multiple faults).

The manufacturer shall document the results of the analysis and assumptions made in
determination of the realistic worst-case location and test current.

AA.5.3.2 Multiple port test condition

AA.5.3.2.1 General

PECSs
an inter

The lab
source.
from thd
sources

The cor
currents
inductar

NOTE U
However,
safe side,

The ma
current,
for port

AA.5.3.
AA.5.3.

The fol
exhaust
topology

AA.5.3.

may have multiple power ports which are supplied by different energy sourgce
nal arc fault.

It is the responsibility of the manufacturer to define one test with 'one powe
test laboratory to cover the energy in the real installation coming. from multipl
for this option. It is allowed to provide multiple energy sources. for the test.

nbination of the currents from multiple ports shall consider the real actual t
in the arc-relevant time frame, resulting from potentially different freq
ces and others.

sing only the current from the highest rated power, pert might not accurately consider a
taking the sum of all currents from the different power.ports as the superpositioned test curren
but can lead to an unnecessarily harsh test condition,

hufacturer shall define the contribution of each individual port that makes up
i.e. how the total tested current is split up between the different ports (e.g. m

P.2 Examples
P.2.1 General
owing examples are meant to show specific examples of PECS. This is

ve list. It is the-manufacturer’s responsibility to apply the rules of this docume
and construction. Figures AA.10, AA.11, and AA.12 only serve as guidance.

transformer and a motor at the output

1, max. y kA for port 2, max. z kKAfor ports 1 + 2, where z < x + y) See AA.4.2.7|.

5 during

oratories performing arc tests are normally supplying energy from' only on¢ power

source
e power

ransient
iencies,

| energy.
is on the

the test
ax. x kKA

not an
nt to his

p.2.2 Power drive system with 12-pulse diode rectifier supplied by an external

Terminal cabinet with grid Cabinet including diode rectifier,
armd-motor-ternrinats Betimkmverter
IEC

Figure AA.10 — Power drive system with 12-pulse diode rectifier supplied
by an external transformer and a motor at the output

An arc in the DC link cabinet will be supplied by the short-circuit currents from both
transformer secondary windings and the motor: all currents shall be combined.
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An arc in the terminal cabinet can result in various effects depending on the physical
construction. If the terminals are electrically separated so that an arc cannot bridge to a
second port, then the test shall include the current from only one port. If there is no clear
separation, the currents shall be combined.

NOTE The electrical separation described above could result in two tests.

AA.5.3.2.2.3 Power drive system with integrated transformer and a motor at the

output
Terminal cabinet with Cabinet includingic Cabinet with
integrated transformer DC link, inverter motor terminals

5T P
| ||

Figure AA.11 — Power drive system with integrated transformer
and a motor at the output

IEC

Place of the arc:

1) An arc in the cabinet with the integrated transformer could be supplied by the [full grid
shoft-circuit capacity. If the transformer sécondary side, respectively the DC]|link, is
electrically separated so that an arc cannotbridge from the transformer primary: [the test
current is the grid short-circuit current.

2) An grc in the motor terminal cabinet-will only be supplied by the motor assuming that the
inverter stops modulating in case«of the arc and the DC link is electrically separated: the
testicurrent is the motor short-citeuit current only.

3) An prc in the cabinet with,\the DC link: in case of multi-level DC link topglogy, a
mechanical construction might be possible which is separating the different DC links such
that| a potential arc iswlimited to one DC link: the test current is only the shoft-circuit
current of one transformer secondary system. In case of central DC link topology}, an arc
will pbe automatically’ supplied by all transformer secondary systems and the mgqtor: the
test|current is assombination of input and output current.

Number] of tests\needed:

Case a:|all eabinets are built with identical mechanical strength. The transformer cabjnet has
the lowestairvotume with tespecttothe othercabimetsTDuetothe factthatamarcturrent on
the transformer primary is substantially larger than any arc current after the transformer
secondary, it is sufficient to test the complete system as described in 1) above and only one
test is needed.

Case b: the transformer cabinet is mechanically stronger than the other cabinets or has a
larger air volume. In this case, two tests are needed to qualify the whole converter:

o one test with the transformer cabinet based on the test current as described in 1) above;
and

e a second test with the other cabinets using the method described in 3) above. The method
is valid for both examples of DC link listed in 3) above.

Mechanical strength of the cabinet and the air volume are two important criteria in the
determination if two tests are needed. There can be additional criteria based on AA.5.4.3.2
that shall be explored by the manufacturer and shall be considered if required.
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AA.5.3.2.2.4 Grid interconnection between 50 Hz and 60 Hz grids

Terminal cabinet DC link Terminal cabinet
active front end cabinet active front end

RN I
| |

LEC

An arc
connect

Figure AA.12 — Grid interconnection between 50 Hz
and 60 Hz grids

in the terminals will be supplied only by the short-circuit current from its g
on or transformer secondary system if the arc is electrically, separated sq

cannot bridge to the DC link: the test current is only that short-circuit current.

An arc i
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In case
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In case
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for the t

In case
open cin

If the e
either

urrents shall be combined.
B Voltage
shall generally be performed with at least the rated voltage of the specific poy

there is no internal or associated pratection, the test can be performed with
that is able to keep the arc for the’test duration and is able to create equiv3
tion as the rated voltage.

5 where the actual arc duration is limited by internal or associated protectio
cuit type, the test can pe-performed with a lower voltage that is able to keep
est duration and is able to create equivalent arc propagation as the rated volta

5 where the actual arc duration is limited by internal or associated protectio
cuit type, the\test shall be performed with at least the rated voltage.

ergy of(more than one power port has to be applied simultaneously in the sa

wn grid
that it

h the DC link will be supplied by the short-circuit currents from both sides: both short-

er port.

a lower
lent arc

n of the
the arc
he.

n of the

me test,

— each

power port shall be supplied by its rated voltage and test current simultaneou

sly, or

— the power port with the highest voltage shall be supplied with the arc fault test current, or

— the power port with the highest available short-circuit current shall be supplied with the arc

fault

test current.

AA.5.3.4 Current

AA.5.3.4.1 General

The external test current shall include the current of any relevant internal energy storing
component(s) if the relevant internal energy storing components and their available energy
are not included in the device under test during the test.

The relevant portions of transient available currents shall be decided by the manufacturer by
analysis and calculation taking into account the time-interval around the highest internal arc
fault damage.
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If the energy of more than one power port (according to AA.5.3.2) or additional energy
representing an internal power source (according to AA.5.3.1) have to be applied through a
power port, then the manufacturer shall ensure that no additional current limiting effects occur
and influence the test result.

AA.5.3.4.2 AC component

The test current shall be set within a + 5 % tolerance of the rated arc fault current (/5 or I5.).
If the applied voltage is equal to the rated voltage, this tolerance applies only to the
prospective current.

The current should remain constant. In any event the test shall be extended until the integral
of the rfm.s.value of the AT component of the current equals the value speciiied within a

tolerande of 18 %.The current shall be equal to the specified value at least during’fthe first
three hdlf-cycles and shall not be less than 50 % of the specified value at the end.of the test.

AA.5.3.4.3 Peak current

The insfant of closing shall be chosen so that the peak current is flowing'in one of the phases.

In case|any protection that serves the purpose of limiting the ‘enérgy of the arc is used, the
test voltpge shall be equal to the rated voltage of the equipment.

If the applied voltage is equal to the rated voltage, the peak value of the prospective| current
shall be[set to 2,5 times (for frequencies up to 50 Hz).or 2,6 times (for 60 Hz) the r.m/s. value

of the AC component mentioned in AA.5.3.4.2 with*a*tolerance of ;2 %.

In case |no protection that serves the purpose\of limiting the energy of the arc is used,|the test
voltage [may be lower than the rated voltage. In this case, the peak value of the prospective
current |s irrelevant, but the peak value of'the short-circuit current for the PEC under tgst shall
not drop below 90 % of the rated peak.value.

In case [of two-phase initiating ©fythe arc, the instant of closing shall be chosen to proyide the
maximum possible DC component.

AA.5.3.4.4 DC current

It is permmissible toyuse AC current to represent DC current in some testing applicatigns. It is
the manufacturer's responsibility to determine where this is acceptable and what measures
need to|be takento ensure test-equivalency. Examples of considerations would be as follows:

— the diffiCulty of interruption DC current;

— the overall effective energy with respect to the difference of AC and DC;

— consideration of the effective transients.

The test current shall be set within a + 5 % tolerance of the rated arc fault current (/54.). If the
applied voltage is equal to the rated voltage, this tolerance applies only to the prospective
current (see Table AA.2).

The current should remain constant. In any event, the test shall be extended until the integral
of the r.m.s. value of the AC component of the current equals the value specified within a

tolerance of (+18).The current shall be equal to the specified value at least during the first
three half cycles and shall not be less than 50 % of the specified value at the end of the test.

NOTE It would not be appropriate to include interruption protection with the test unless it can be verified that the
interruption time during the test would represent the worst case in time and energy.
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AA.5.3.5 Frequency

At a rated frequency of 50 Hz or 60 Hz, the frequency at the beginning of the test shall be
between 48 Hz and 62 Hz. Other frequencies shall not deviate from the rated value by more
than £10 %.

In case of the rated frequency of the relevant power port is outside the available frequency
range for generation during testing, the manufacturer should consider if the frequency has a
major effect on the results of the arcing test and make an effort to incorporate this into the
arcing test.

AA.5.3.6 Arc initiation

AA.5.3.6.1 General

The arc|shall be initiated between all the phases under test by means of a metal wire pf about
0,5 mm|in diameter or, in the case of a single phase-to earth arc fault cusrent, betwgen one
phase and earth.

The point of initiation shall be determined by the manufacturer to représent the worst ¢ase arc
fault condition(s). It is possible that more than one point of jinitation will be reqpired to
evaluate any particular design. If this is the case, more than oneé.arc fault test is requirged.

The number of phases to be tested, the connection arrangeéments, and the action to e taken
if other| phases are affected, shall be in accordancewith Table AA.3 according to the
construgtion of the compartment under test.

If a valge of I, (see AA.3.13) is assigned to.the power conversion equipment, at Igast one
compariment shall be tested single phase to*earth. If this value is greater than 87|% of I,
(see AAL3.13), any two phase tests shall useithe value of 7,5, for the test current.

AA.5.3.6.2 Compartments with solid insulation

In complartments where the live parts are covered by solid insulating material, the arc [shall be
initiated| at the following locations:
a) at gaps or joining surfaces between the insulation of insulation-embedded parts;

b) by perforation at insulated joints made on site when prefabricated insulating parts| are not
usedq;

c) whep a) and-b).are not applicable, by perforation or partial removal of solid insulatfon from
the conductors.

AA.5.3.6.3/, Connection compartments

AA.5.3.6.3.1 Compartments with plug-in solid insulation connections

For outer-cone plug-in connections, the phase(s) to be ignited shall be fitted with lugs without
insulation.

For inner cone connections, the initiation shall be made by perforating or partly removing their
insulation directly below the cable plug(s) of the phase(s) to be ignited.

The other phase(s) shall be provided with a plug-in connector as can be used in service, able
to be energized.

NOTE Experience shows that the fault generally does not evolve towards a three-phase fault; therefore, the
choice of the fitting for the other phase(s) is not critical.
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AA.5.3.6.3.2 Compartments with site-made solid insulation connections

For connection compartments in which connections are made with site-made solid insulation
connections, the phase(s) to be ignited shall be fitted with lugs without insulation.

AA.5.3.6.3.3 Compartments without plug in or site-made solid insulation connections

Cable connections without plug-in or site-made insulation connections shall be tested without
insulated cable ends. The ignition shall be made three-phase.

Cable lugs shall be fitted in their service configuration.

AA.5.3.6.4 Single phase compartments without any earthed metallic parts

For single phase compartments without any earthed metallic parts, a path shall)be |created
through(the insulation to the closest earthed metallic part.

Table AA.3 — Parameters for internal fault test according
to compartment construction

Test Number-of Action iflother
current phases/earth for arc phase affected
initiation
With bare conductors N Thrée N/A
Three phase Conductors with site-made
compartments, solid insulation Ia Wiree N/A
other than
connection
compartments Copdyctors yvith non site-made | 87 %,/a | Two Repeat as § phase
solid insulation test
I One phase and earth
Single phase I One phase and earth Repeat as § phase
compartments Ae test
Connections uninsulated or
fitted with site-made selid I, Three N/A
insulation
Connection Connections using outer cone 87 % I, | Two Repeat as § phase
compartents plugs (screened or test
unscreened) Iy One phase and earth
Conneetions using inner cone 87 % I, | Two Repeat as § phase
plugs Ine One phase and earth test

AA.5.3.Y . Test of sub-assemblies of PECS

If the manufacturer only tesis sub-assemblies, it is the responsibility of the manufacturer to
perform an analysis that defines worst case(s) of the final PECS. All worst case(s) require a
test. This includes sub-assemblies and connections in between.

The manufacturer shall document this analysis and testing.

The following example is meant to explain testing of sub-assemblies for a modular multilevel
converter connected to an IT-system. This example serves as guidance.

When considering fault for the setup of Figure AA.13, following types could occur:

1) faults within a PEC;
2) faults at the terminals;

3) faults between connections;
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4) faults between phases inside the PECS.

Sub-assembly

<4— Terminals

inals

/
;e

|
|
|
i , 1) z 2) / Term
!
|

I <4— Insulator - f
AT 7 L J

Side-view Top-view
Key
1) faults jwithin a PEC
2) faults fat the terminals
3) faults petween connections
4) faults petween phases inside the PECS

Figure AA.13 — Example for test of sub-assemblies of a PECS
AA.5.4 | Assessment
AA.5.4.1 Pass criteria
AA.5.4.1.1 General
Internal| arc classification (IAC). is;>demonstrated for the PEC (according to the
accessibility type) if the following,criteria are met.
AA.5.4.1.2 Deformation(criterion 1)
Correctly secured doors-and covers do not open. Deformations are accepted, provided
part comes as far.as‘the position of the indicators or the walls (whichever is the clo
every side. The PEC does not need to comply with its IP code after the test.
Accessipility.type 4 (general public) requires a minimum of IP2x upon completion of th

IEC

relevant

that no
sest) on

b test.

To extend the acceptance criterion to an installation mounted closer to the wall than tested,

two add

itional conditions shall be met:

— the permanent deformation is less than the intended distance to the wall;

— exhausting gases are not directed to the wall.

AA.5.4.1.3 Fragmentation (criterion 2)

— No fragmentation of the enclosure occurs.

— No ejection of fragments or of other parts of the PEC of an individual mass of 60 g or more
occur (no ejection of fragments or other parts for accessibility type 4, general public).

— Objects of an individual mass of 60 g or more falling to the floor in the immediate vicinity
of the PECS are accepted (in the case of accessible sides, this means between the PEC

and

the indicator rack).
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AA.5.4.1.4 Burn-through (criterion 3)

Arcing does not cause holes by burning through in the classified sides up to a height of
2 000 mm (no holes at all for accessibility type 4, general public).

NOTE Holes in the enclosure which are created after the duration of test by other effects than burning through are
disregarded.

AA.5.4.1.5 Indicators (criterion 4)

Indicators do not ignite due to the effect of hot gases or burning liquids.

If indicators have been ignited, the assessment criterion may be regarded as having been

met, if g

roof is established of the fact that the ignition was caused by glowing partiglels rather

than hot gases. Pictures taken by high-speed cameras, video or any other suitable"méfans can
be used| by the test laboratory to establish evidence.

Indicatofrs ignited as a result of paint or stickers burning are also excluded,

For acdessibility type 4 (general public) the cotton indicators shatl“not ignite un
circumstances.

AA.5.4.

1.6 Earthing (criterion 5)

The endlosure remains connected to its earthing point. Misual inspection is generally s
to asseps compliance. In case of doubt, the continuity of the earthing connection

checked.

AA.5.4.

In addit

P Test report

jon to any normal test report inform@tion, the following applies:

— desgription of the test unit with a drawing showing the main dimensions, details rel

the

mechanical strength, the arrangement of the pressure relief device and the m

fixing the PEC to the floor andfor to the walls;

— the
this

Bec

purpose, the manufacturer shall state the point of the PEC from which this dis

meafured;

faultl conditionsycan be different from the distance under normal operating conditi

test
ceili

ng height for installation. The ceiling height is always stated from the floor

floorl level’ where the PEC is actually placed. This is also the level where the i
racks aré placed during the IAC test.

der any

ufficient
shall be

evant to
bthod of

Jistance between the-upper part of the PEC and the ceiling of the room/builcﬂing; for

ance is

use the distance between the upper part of the PEC and the ceiling under intgrnal arc

bns, the

report_should give information about the validity of the test results regarding the

or false
ndicator

— point and method of initiation of the internal arc fault;

— drawings of test arrangement (room simulation, test specimen and mounting frame of
indicators) with respect to the accessibility type (see AA.4.2.2), classified sides (see
AA.4.2.3) and installation conditions (see AA.5.2);

— applied voltage and frequency;

— fort
a)

b)
c)
d)

he calibrated and the external test current:
r.m.s. value of the AC component during the first three half-cycles;

NOTE This value of the calibrated test current is the rated arc fault current unless intern
storage was simulated by the test laboratory.

highest peak value;
average value of the AC component over the actual duration of the test;
test duration;

al energy
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— oscillograms showing currents and voltages of the calibrated and the external test current;

— assessment of the test results, including a record of the observations in accordance with
AA.5.4.1;

— other relevant remarks.
AA.5.4.3 Transferability of results
AA.5.4.3.1 General

The transferability of results is relevant for design changes over the course of a product
lifetime, as well as for differences of scaling within a product line and also for covering similar
PECSs. The transferability of results covers the entire tested system including the associated
protectigom, ffany.

It is nof allowed to change the values of the tested IAC rating(s) without ahew fest, for
example changing the rated arc fault current based on analysis of essential aspect$ (up or
down).

NOTE This is not intended to allow a manufacturer to conduct only one test followed by many genefations of
changes ithout test. Ultimately, the manufacturer is responsible to maintain the validity of the original tpsted IAC
rating(s).

AA.5.4.8.2 Essential aspects

The validity of the results for a device under test can be“extended to another PECS provided
that the|original test was more onerous and this othePECS can be considered as s|milar to
the unitftested in the following aspects. This list is notiintended to be exhaustive:
— prespure over time, local dynamic pressure_distribution and propagation;
— flash vaporization behaviour of the condugcting material due to arcing;
— congtruction and strength of the enclosure;
— flammability of materials and therm@l effects affecting the integrity of the enclosure};
— insulation coordination;
— coordination of protection:
o gffectiveness of pressure relief device, if any;
o gffectiveness of-active protection, if any.
The mahufacturer is-responsible to account for these aspects in transferring data, if relevant
to the ipternal arg fault effect, according to analysis and/or models verified by tesj and/or

accepted scientific method(s). These essential aspects, which directly affect the internal arc
fault behaviour; shall be maintained to at least to the level of the originally tested design.

It is possible that a PEC or PECS will be installed info a sysiem having a Tower available
maximum fault current than the rated arc fault current level. Lower current levels can
influence the behaviour of the pressure relief devices and the burn through performance. Care
should be taken in the interpretation of the results for arc fault current levels lower than the
PEC or PECS is originally tested to.

AA.5.4.3.3 Design differences

The manufacturer is responsible to ensure that differences caused by component changes
and life cycle maintenance do not affect the PEC’s ability to maintain its tested IAC rating(s).
The manufacturer shall verify that these differences do not impact an essential aspect (as per
AA.5.4.3.2). This can be based on analysis and/or models verified by specific tests assuming
the IAC rating level can be verified using proven scientific methods. The following is a list of
design details that would likely be changed during the PEC lifecycle. This list is not intended
to be exhaustive:
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— construction;

— material;

— geometry and volume (including internal components);

— components used inside the enclosure;

— active protection;

— insulation systems;

— conducting material.

To determine if a new test is required, an analysis process is required to evaluate where the
design change would have an effect on the internal arc fault behaviour influencing an
essenti 5.4°.3.2). 5.4 cessary
additional tests for minor design changes (e.g. the obsolescence of componenip being

replaced by new components with the same form, fit and function). Again, the manufagturer is
responsfible to maintain the validity of the original tested IAC rating(s).

AA.5.4.8.4 Transferability of tests according to standards for metal'‘enclosed
switchgear

The tesf results of testing done prior to the release date of thisrdocument are allowgd to be
transferfed following the rules in AA.5.4.3. The standards considered acceptable |are the
existing[standards for metal enclosed switchgear, for exampleMEC 62271-200:2011 (pr prior)
or IEEH C37.20.7-2007 (or prior) or CSA C22.2 No. 0.22-11 (2011 or prior) and for solid
insulatign enclosed switchgear, for example I[EC 62271-201:2014 (or prior).

The tesf setup and results shall be evaluated against the criteria for testing in this dgcument
(see Clause AA.5).

— Test|setups of simple geometry can generally be transferred. Great care should be|used in
the analysis of complex geometry situations. It is acceptable to take a derating agproach,
accqgrding to AA.5.1, to meet these requirements with complex geometries.

— This[document considers multiple power ports and internally stored energy, which are able
to supply an internal arc faudlt, what the aforementioned standards do not cpnsider.
AA.5.3.2.1 shall be consideted when transferring results.

Exampl¢ of transfer from«EC 62271-200: Accessibility type A is transferred to accessibility
type 2b| with a required\distance of 300 mm for a standard rectangular geometry. |Type B
(genera| public) is transferred to type 3a (instructed persons) for a standard rectangular
geometry.

Exception forsarrangement of indicators (see AA.5.2.2.2): The horizontal indicators fof testing
accessiblessides F, L or R (see Figure AA.3) are accepted to be 500 mm, which follpws the
requirements of the aforementioned standards. This exception is not allowed in any nejw test.

All results of this analysis shall be documented, and the documentation and marking
requirements of this document shall be met.

AA.6 Arc-prohibiting design

AA.6.1 General

Clause AA.6 refers to concept 1 of Table AA.10.

A design that prohibits or prevents any possibility of an arc from occurring inside a PEC or
PECS will achieve the required safety associated with an arc fault event without the benefit of
having the arc fault test to prove this fact. There are many ways this could be accomplished in
theory, but the practical application of this concept will likely be limited based on cost or size
restrictions.
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For example, it would be possible to create a PEC or PECS with physical spacings that are so
large that even the worst possible transient voltage the system could create would not be able
to bridge the spacing in the worst possible atmospheric conditions (low pressure, humidity,
etc.). It is unlikely that a system this large could be marketed because other solutions that
contain divert, or redirect the arc energy will be smaller and more cost effective, and these
solutions require an arc test to validate compliance (this is not a recommended practice).

It may, however, be possible and practical to use a solution that prevents an arc in a small
section of a PEC or PECS. This could be accomplished by the usage of two independent
insulation systems, for example. In this case, if one insulation system was to fail, the second
insulation system would provide the required protection to prevent arcing and the damage
caused by an arc fault event.

Therefofe, it is acceptable to use concept 1 as a mitigation means of one potentinI arcing
location| removing the need to test that location within the PEC or PECS, but stilb haye other
locations) that require the arc fault test. In this case, the IAC label will be marked as| special
conditions apply, and information will be provided to the customer (see AAZ7.311).

Clause |AA.5 is not intended to be a method to utilize conventional' designs and ayoid the
requirements stated in AA.5.3.6.2 through AA.5.3.6.4.

For example:

— In althree phase circuit where each of the three phasés is completely encapsulated with
basit insulation, then if the basic insulation on ene“phase fails, the insulation|system
would still have the basic insulation on the other phase, so there can be no anc under
normal conditions. This is not a vaild application*of concept 1.

encgpsulated with basic insulation, if there exists a second insulation system for each
phage conductor. Then, if the basic insulation of a single conductor fails, there renpains an
additional basic insulation for that" individual phase which is above the | normal
congideration for spacings. This is.avalid application of concept 1.

— In the same three phase circuit wherecneach of the three phases is coerletely

AA.6.2 | Requirements

In general, two times double’ insulation between conductive parts is necessary to meet the
requirments of concept 1.

The manufacturer shall-take care to prevent foreseeable misuse, which would result i normal
operatidn without«he two times double insulation between any conductive parts.The fpllowing
is provided only(as*an example and not intended to be representative of all possible m|suses.

Exampl¢:deaving a tool over the basic insulated parts. This would cause a partial discharge
effect thaticauld sharten the insulation life and lead to an arc fault eventually This condition

shall be eliminated.

This document does not recommend the usage of air as part of the insulation system for
concept 1.

The guidance of this document, if a manufacturer was to use air insulation, is that the spacing
shall meet two time double insulation for every layer of basic insulation provided by air as a
minimum requirement. Additionally, the manufacturer shall also consider foreseeable misuse,
pollution, etc. Considerations should include the possibility of a tool or work material left to
bridge the circuit, possible contamination that could reduce creepage distances, etc. In
general, if air is used, the air gap should be extremely large and never under 0,5 m as this is
the length of a standard tool.

Double insulation (not two times double) is required between live parts and earth potential, if
all of the following conditions are fulfilled:
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IT system;

with supervision, that de-energizes the PEC immediately after a earth fault by tripping the
power source to the input terminals;

insulation between live parts and earth is designed based on phase-to-phase voltage.

Test and analysis shall be performed and documented to verify that no arc is possible in the
implemented design at any single fault, independent of the available short-circuit current. The
analysis shall follow standard engineering and scientific practices and shall be plainly evident.
This evidence shall be provided to the customer upon request (see AA.7.3.10).

The double insulation requirements call for a partial discharge measurement. The partial
discharg i i i i insulation
systemd. The 10 pC value is not proven for other insulation systems. However, thg partial

discharge measurement is still required for these systems. The manufacturer is respo

sible to

use the| partial discharge measurement to identify possible lifetime issues within infsulation

systemq.

AA.6.3 | Testing

Any deﬂign that utilizes concept 1 shall be rigorously tested and validated to ensure thpat it can

truly del

iver arc-prohibiting results.

Ultimatgly, the manufacturer will be responsible for any/failure in design of a concept 1.

Extremg caution should be used whenever considering this approach.

The us3gge of concept 1 is allowed without the inglusion of an arc fault test. This does not
imply that no testing is required to prove congept 1 valid. This document cannot|directly
specify [all testing that might be required foruxthe potential insulation systems that gould be
created|to meet the requirements of conceptil. The following requirements shall be met as a

minimum.

NOTE Ekception to AA.5.3.6.2 through AA.5.3:6.4 is included in the removal of the arc fault test requirement.

The |requirements stated in 4:2-shall be maintained. Therefore, if an insulation system is
used which provides an arc-prohibiting design, this design shall be tested and valifgated to
ensyre that a failure of an’'insulation system will not allow even the potential of an arc fault
evernt to occur.

this lis not possible, then the manufacturer shall determine how to apply requirements to
the festing.for which tables have not been provided. Simply doubling the required test
valug maynot properly address the specific insulation system’s need for testing.

est,of the insulation system is required for all changes to the insulation sysfem that
i i i include,
but are not limited to,

e decreases in physical separation,
e severe environmental conditions,
e changes in the materials used,
e change of supply vendors, and

e changes in geometry or configuration which might lead to additional electrical field
stress.

Routine testing of insulating components/parts, whether vendor supplied or self
manufactured, shall be required to ensure that the electrical properties of the supplied
materials are maintained. This may include AC/DC withstand testing, impulse testing,
partial discharge testing, or other valuable material testings which focus on the materials
ability to survive the environment or electrical stresses it will be subjected to. If the parts
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are vendor supplied, it is acceptable to have the vendor perform this testing, assuming the
vendor has the ability and qualification to do so.

AA.7 Information and marking requirements

AA.7.1 General

When a manufacturer assigns an internal arc classification, the information from Table AA.4
shall be provided.

Since any electrical equipment can be installed or operated in such a manner that hazardous

conditions can occur, compliance with the design requirements of this annex does not by itself
assure h safe installation. However, when equipment complying with those requirements is
properly selected, correctly installed and operated, the hazards will be minimized.
All information shall be in an appropriate language, and documents shall have idenfification
referenges. Drawing symbols shall conform to IEC 60417 or IEC 60617 as appropriate.
Symbols not shown in IEC 60417 or IEC 60617 shall be identified where\used.
NOTE Fprther guidance for the preparation of documentation is provided in IEC 61082-1, and for the pfeparation
of instruc{ions and manuals in IEC 62079.
Table AA.4 — Information requirements
Information Information Requirement Location 2 P
reference reference 1 2
IAC ratings AA.7.2 AA.4.1 X X
AA 4.2
Internal jarc classification AA.7.3.2 AA.4.21 © X
Accessibility type AA.7.3.3 AA.4.2.2.1 © X
Accessilble sides AA.7.3.4 AA.4.2.3.1 © X
Non-accessible sides AA.7.3.5 AA.4.2.3.2 ¢ X
Associaled protection required (APR) AA.7.3.6 AA.4.2.6.1 © X
Special fonditions AA.7.3.7 AA.4.2.7 ¢ X
Installation requirements AA.7.3.8 AA.5.2.1 X
AA.8.7
Multiple |port current/Conhtribution AA.7.3.9 AA.5.3.2.1 X
IAC congept AA.7.3.10 AA.8.1 ¢
Concepf 1 requirements AA.7.3.11 AA.6.2
AA.6.3
Protection AA.7.3.12 AA.8.4
Internally stored energy AA.7.3.13 AA.4.2.2.1
AA.8.6
Internal protection AA.7.4 AA.4.2.6.2 X X

a8 Location 1: on product (see AA.7.2 and AA.7.4); location 2: in installation manual or user’s manual or

maintenance manual (see AA.7.3).

The installation, user’s and maintenance manuals may be combined as appropriate and, if acceptable to the
customer, may be supplied in electronic format. When more than one of any product is supplied to a single
customer, it is not necessary to supply a manual with each unit, if acceptable to the customer.

¢ This information is also included in the IAC ratings (see AA.7.2).
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AA.7.2 IAC rating plate

When a manufacturer assigns an internal arc classification, the classification shall either be
verified by type tests according to Clause AA.5 or assigned the accessibility type 0 or 0+. The
classification shall be indicated by means of a designation as follows:

Classification: "IAC" (internal arc classification)

Type accessibility: 0, 0+, 1, 1+, 2a, 2b, 3a, 3b, 4a, 4b

Classified sides of the enclosure: F,L(L_L/LR), R, T,B

Distances for each accessible side: value in millimeter or meter

Rated arc fault current: Ip, Ipg, Ipgc OF in case of multi-port: 1%, Ipo*, Inge” [KA]
Rated a[c fault duration: tas taer tadc [S]

Associated protection required (APR): "yes" / "no"

Special|condition (SC): "yes" / "no"

Standard reference: "IEC 62477-2"

Multi-part designator (if applicable): ™ Multi-port split. See manual”
Concept 1 designator (if applicable): "No arc possible"

This designation shall be displayed on the PEC through a namegplate or other means.
When data is either not applicable or not tested, "-" shallkbe used in the data field.

Only tested values shall be used on the label. In\case of accessibility type 0+, the only
acceptaple entry in the comment box is "Evaluated by calculation". The calculated values
shall be|given in the documentation. Tables AA®G through AA.9 are provided as examp|le only.

Table AA.5 — Example for.concepts 2 and 3 (see Clause AA.8)

IAC F L R T B 1,* N APR $C
IEC 62447-2 3a 2a 1 1 1 30 kA 0,2s no no
Distancg [m]: 0,1 0,1 - - - * Multi-port split. See manual

TableAA.6 — Example for concept 4 (see Clause AA.8)
IAC F L R T B 1,* th APR s¢
IEC 62447-2 3b 3b 3b 1 1 30 kA 0,2s no ng
Distancg [m}: 5 5 5 - - * Multi-port split. See manual

Table AA.7 — Example for not tested or test failed
for concepts 5 and 6 (see Clause AA.8)

IAC F L R T B I, In APR sC

IEC 62447-2 0 0 0 0 0 - - - -

Distance [m]: - - - - - -
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Table AA.8 — Example for concept 1 (see Clause AA.8)

IAC F L R T B I, N APR SC
IEC 62447-2 4a 4a 4a 4a 4a - - - -
Distance [m]: 0 0 0 0 - No arc possible

Table AA.9 — Example for accessibility type 0+ for concepts 5 and 6 (see Clause AA.8)

IAC F L R T B Ia ty APR SC
IEC 62447-2 0+ 0+ 0+ 0+ 0+ - - - -
Distancg [m]: - - - - - Evaluated by calculation

The labgl shall be visible in plain sight during operation without opening an ac¢¢ess doqr.

AA.7.3 | Information in manuals
AA.7.3.1 General

Typically, different kinds of manuals exist, for example installation manual, user manual or
maintenjance manual. It is not important in which of the manuals the information of AA.7.3 are
given. In AA.7.3, the term "customer documentation" is usé€d for any manual. In addifion, the
customegr and the user should get this information)“before installations are bufilt. The
manufa¢turer should be able to provide the relevant documentation upon signirl\g of a
contract.

AA.7.3.2 Internal arc classification

The mahufacturer shall state in the custamer documentation the arc fault rating and whether
the arc [fault was tested or untested. Ahis information can be provided by simply placing a
copy of [the IAC label inside the customer documentation, or the manufacturer may choose to
break this information out. In this Case, the manufacturer could use AA.7.2 as refererce (see
AA.4.2)

AA.7.3.B Accessibility-type

In the apsignment ofithe’ accessibility type, if the manufacturer selects 2b, 3b, or 4b, then the
manufagturer shall;'specify the minimum approach distance in the customer documgntation.
Local rdles may~require additional distance. The manufacturer shall state that the|user is
responslible to-determine the correct approach distance considering these local rules (see
AA.4.2.2.1).

AA.7.3.4 Accessible sides

For normal geometries, the front side shall be clearly stated by the manufacturer in the
customer documentation. In complex geometries, the manufacturer shall define the sides in
detail in the customer documentation and mark it as a "special condition" on the IAC label
(see AA.4.2.2.1). Also see AA.4.2.3.1.

AA.7.3.5 Non-accessible sides

The manufacturer shall identify all non-accessible sides and provide details of this in the
customer documentation including any specific information pertaining to the release of
arc-containment. The information needs to include the location of the pressure relief
device(s), if any, any requirements to exhaust arc gases, and information about approach
distances, if applicable (see AA.4.2.3.2.).
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AA.7.3.6 Associated protection required (APR)

The details regarding associated protection used shall be provided by the manufacturer in the
customer documentation. This documentation shall include any relevant component
manufacturer information for purchased parts (i.e. circuit breaker, fuse, etc.). In the case
where the customer purchases the associated protection directly, the manufacturer shall
provide the needed requirements. Additionally, specific documentation about installation,
operation, maintenance and repair of any solution provided as part of the product shall be
included. In all cases, the manufacturer will supply information on the correct application of
the associated protection with respect to their product (see AA.4.2.6.1).

AA.7.3.7 Special conditions

AA.7.3.T cannot describe all details of all special conditions possible. It is the mandfgcturer’s
responglibility to provide the relevant information with respect to their design.

The follpwing examples of special conditions are provided as a guide or reference.

— Complex geometry of a PECS, which is other than a cuboid: clear and«detailed drayings of
the geometry highlighting all information that would naturally be-ptrovided for a|cuboid.
This| should include approach distances, accessibility types, ,potential pressufe relief
locagions, etc.

— A PECS that consists of multiple units not being attachedbut electrically connedted and
represented by one test:

e minimum and maximum cable lengths and size;

e gnalysis proving acceptability of one test;

e dpecial installation requirements;

e gpecial operating instructions based aon separated equipment if applicable;

e agtc.

The manufacturer shall supply all relevant detailed information in the customer documgntation
(see AAL4.2.7).

AA.7.3.8 Installation requirements
The manufacturer shall-state for installation in the customer documentation at least

— the fange(s) of_necessary clearances for the non-accessible sides (walls and ceilinp),
— the ¢xit location of exhaust,
— the fequirements on plenum (gas duct), if applicable,

— the ¢able access ways, if applicable, and

— the installation requirements for mixed accessibility types (see AA.8.7, if applicable).

See AA.5.2.1.

AA.7.3.9 Multiple port current contribution

The manufacturer shall state in the customer documentation the contribution of each
individual port that makes up the test current (see AA.5.3.2.1).

AA.7.3.10 IAC concept

The manufacturer shall state in the customer documentation which concept(s) according to
Table AA.10 have been applied (see AA.8.1).
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AA.7.3.11 Concept 1 requirements

The manufacturer shall provide evidence of their compliance with the requirements of concept
1 at the customer’s request (see AA.6.2).

AA.7.3.12 Protection

The manufacturer shall describe for any protective component which does not have its own
safety standard in the documentation how the reliability is ensured (see AA.8.4).

AA.7.3.13 Internal stored energy

The mapufacturer—shalprev &
normal pperation (see AA.4.2.2.1 and AA.8.6).

1 e—PREGS during

AA.7.4 | Product marking — Internal protection
This information shall include a marking on the product in the vicinity of the‘protective| device.

This information should specify the direct replacement of identical parts for safety reasons.
See AA[4.2.6.2.

AA.8 Internal arc classification concepts

AA.8.1 | General

Table AlA.10 shows an overview of the different concepts that could be employed tg reduce
the hazards associated with an arc fault.



https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae

IEC 62477-2:2018 © |IEC 2018

—97 -

Table AA.10 — Internal arc fault safety concepts

. What Con- User S Product Test
Time responsi- Measure Test purpose
happens | cept bility property method
Specific
prevention: )
Air and 1) no arc Arc-prohibiting :[Aer;llsyms,
creepage possible, arc design: verifving the
Anv time distances 1 nla would not start | segregation, Type test of the analysisg and
y changed, on its own indestructible design, analysis test ¥he
compo- 2) arc is not insulation, potential h :
nent fault bridging separation ;nssl:;tqlon
different power y
?)c;%edz:g;?igtr:on: Test the active
5 ms Arc is Avoid damage: and fast short- protection and
200 r’ns startin 2 stop the arc circuit SC capabitity,
9 evolving 2) breaker trip after prove reliability of
External 200 ms short-circuit | 2Ct1%€\eQuipment
limitation:
Arc is limit current, ;
evolved, limit Withstand Pf:t::t?on'
creates duration damage: '1)) ressure. reliete Test the Arcing test
200 ms pressure 3 withstand the ang stron withstand adccording
wave, full arc enclosureg capability of the tp Clause
heat and (pressure wave, 2) break - f enclosure AA.5
conduc- heat, gas) ) breaker, trip after
. ’ 200 ms-arc fault
ting gas
Restrict
access: Distance:
> 200 ms Enclosure 4 prevent Limit the area no access' Test the effect on
"explodes” persons of damage trict ’ ibilit the distance
from restrict accessibility
approaching
Restrict
Enclosure a?:\?::t: Housing: User has to keep
>200ms || . 0 5 P --= no access, structural
explodes persons t buildi inteqrit
from strong building integrity No test by
approaching the manu-
facturer
Rrotect Wear PPE: User has to
> 200 ms Equipment 6 Person . personal ensure proper
"burns" directly: protective PPE prop
against fire equipment
NOTE Thg time columnjisrintended to provide a generic example of possible timing for an arc fault event.
Each qf.Sdhe concepts 1 to 6 provides personnel safety and is an appropriate
concepthreastre:

The manufacturer is responsible for concepts 1 to 3 and can choose one or combinations to

offer.

For concept 4, the responsibility is on both the manufacturer and the user. The user is
responsible for concepts 5 and 6.

Present designs may employ concept 1 for portions of their overall design.

For concept 1, other tests are required instead of an arcing test (see Clause AA.6).

All PECs have to be labelled with an IAC label. Labelling is identical for concepts 2, 3 and 4.
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The manufacturer shall give information in the documentation which concept is used (see

AA.7.3.10).

It is not a requirement to enclose the PECS as long as it meets the criteria defined in
Table AA.10.

AA.8.2 Discription of risk and selection of equipment

If the PEC is installed, operated and maintained in accordance with the instructions of the
manufacturer, there should be little probability that an internal arc fault occurs, but it may not
be completely disregarded. Failure within the enclosure of PEC due either to a defect or an
exceptional service condition or maloperation may initiate an internal arc fault, which
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Table AA.11 — Locations, causes and examples of measures
to decrease the probability of internal arc faults

Locations where internal
arc faults are most likely
to occur

(1)

Possible causes of
internal arc faults

(2)

Examples of possible preventive measures

(3)

Connection compartments

Inadequate design

Selection of adequate dimensions
Use of appropriate materials

Faulty installation

Avoidance of crossed cables connections. Checking of

workmanship on site. Correct torque

Failure of solid or liquid

Checking of workmanship and/or dielectric tes

TAsuration
(defective or missing)

Site. Regular checking of liquid 1evels, where
applicable

ton

Disconngctors

Maloperation

Interlocks. Delayed reopening. Independent m

anual

operation. Making capacity for switches”and erthing

contacts

Use of plating. Encapsulatioh, where possible

Supplemental heatjng\te prevent condensation.

Switcheg switches. Instructions to personnel
Earthing[switches
Bolted cgnnections and Corrosion Use of corrosion inhibiting(coating and/or gregses.

Faulty assembly

Checking of workmanship by suitable means.
torque. Adequadte locking means

Correct

During racking-in or
racking-out of withdrawable
parts. E.g. due to dielectric
change of state in
combination with damage or
distortion of the plugging
contacts and/or shutters

Checking¢ofyworkmanship at site.

Instrumept transformers

Ferro-resonance

Avoidance of these electrical influences by su
design of the circuit

table

Dielectric tests on site

Short-circuit onstlow-voltage | Avoid short-circuit by proper means for example,
side for VTs protection cover, low-voltage fuses
Circuit-bfeakers Insufficientimaintenance Regular programmed maintenance instructiong to
personnel
All locatipns Error'by personnel Limitation of access by compartmentalisation.
Insulation embedded live parts. Instructions td
personnel
Aging under electric Partial discharge routine tests
stresses
Pollution, moisture ingress | Measures to ensure that the specified service
of dust, vermin, etc. conditions are achieved. Use of gas-filled
compartments
vervoltages Surge-protecton—Adeguate-rsulation—eeo-erdination.

AA.8.4 Protection

This document allows any and all possible protection methods.

The use of protection methods is not a requirement.

Measures may be adopted to provide the highest possible level of protection to personnel in
case of an internal arc fault. These measures are aimed to limit the external consequences of

such an event.

The following are some examples of these measures.
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Rapid fault clearance times initiated by detectors sensitive to light, pressure or heat or by
a differential busbar protection.

Application of suitable fuses in combination with switching devices to limit the let-through
current and fault duration; no protection is provided upstream of an open circuit protection.

Fast elimination of an arc by diverting the energy with a shorting mechanism by means of
fast-sensing and fast-closing devices. This protection device is capable of clearing an arc
by providing a lower impedance path within a finite distance based on the total circuit
impedance both upstream and downstream of the protection device.

Remote operation instead of operation in front of the PEC.

Pressure-relief device.

In case[of an internal protection device clears the arc in less time than the test duralion, the
rated arc fault duration is based on the test duration, which is the available duration ‘e{ the arc
fault tegt current. The capability of clearing any arc shall be verified by the~manufacturer,
where the protection device including connections shall not be damaged by-the internal arc

fault.

In case|of an internal protection device, that is interrupting the power,source with an open
circuit, the possibility that the arc is occurring within or upstream of the internal prptection

device ghall be considered within the PECS.

In case [an internal or associated protection device is intended-to interrupt DC current,|it is not
acceptaple to simulate this in the arc fault test to prove. the protective device meets the
interrupting requirement with respect to time. If AC cdrrent is used for the arc fault {est and
the protgction device is rated to interrupt this currentievel, the manufacturer is responsible to
prove the reliable time that the protective device™will interrupt the DC current. Then the
manufag¢turer shall ensure that the arc fault.test provides energy to the equipment being

tested for no less the duration the protective device is expected to provide DC current.

Any protection has to fulfill high requirements regarding reliability. This can be achigved by

means ¢f concepts such as

extremely reliable componentsi{mean time between failure — MTBF),
circyit breakers and fuses.meeting their product standards,
redundancy,

fail-§afe design, or

a combination ofithese means.

The mahufactucer shall describe for any protective component which does not have|its own

safety sfandard in the documentation how the reliability is ensured (see AA.7.3.12).

AA.8.5 ~Considerations for selection and installation

The customer shall make a proper selection, taking into account the characteristics of the
application, operating procedures and service conditions. As well, considering the protection
of the personnel during service, the following points shall be considered.

Not all PEC will have the same IAC.

An IAC rating of 0 indicates the equipment has not been tested. This does not indicate
that such a unit provides no protection. The level of protection potentially provided by the
PECS is not defined in this case.

The user shall ensure that the available short-circuit duration and current of their
installation is less than or equal to the manufacturer’s prescribed rated arc fault duration
and current.

The selection should be made by taking into account the foreseeable maximum level of
current and duration of the fault, in comparison with the rated values of the tested equipment.
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In addition, the installation instructions of the manufacturer should be followed. In particular,
the location of personnel during an internal arc fault event is important. The manufacturer
should indicate which sides of the PEC are classified as accessible, according to the testing
arrangement and the user should follow the instruction carefully. Allowing personnel to enter

an area

not designated as accessible may lead to personnel injury.

The protection of personnel in case of an internal arc fault is not only a matter of design and
IAC of the PEC, but depends also on the installation conditions. Internal arc faults inside PEC
can occur in a number of locations and can cause various physical phenomena. For example,
the arc energy resulting from an arc developed in any insulating fluid within the enclosure will
cause an internal overpressure and local overheating which will result in mechanical and
thermal stressing of the equipment. Moreover, the materials involved may produce hot
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Accessibility type: 0, 0+, 1, 1+, 2a, 2b, 3a, 3b

Accessibility type: PECS

0,0+, 1, 1+, 2a, 2b, 3a, 3b Accessibility type:

0, 0+, 1, 1+, 2a, 2b, 3a, 3b,

L LT LTI 4 VLS LIS LI LIS

Solid separation (e.g. wall) Accessibility type: 4a, 4b Solid separation (e.g. wall)

Solid separation (e.g. ceiling)

Solid separatlon
(e.g. wall)

// Accessibility type: 4a, 4b .
L YT TT LTI 7L 2/

Solid separation (e.g. floor)

Solidsseparatio
(e-g. wall)

7 ///////;/

Figure AA.14 — Installation example of mix
of accessibility types including 4a or 4b

All joinfs that provide separation between the .accessibility types shall be sealed

internal

arc fault effects. This includes the joint\between the PECS and the floor.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

EXIGENCES DE SECURITE APPLICABLES AUX SYSTEMES ET

MATERIELS ELECTRONIQUES DE CONVERSION DE PUISSANCE -

Partie 2: Convertisseurs électroniques de puissance entre 1 000
en courant alternatif ou 1 500 V en courant continu et 36 kV
2l i 54 K\ .

AVANT-PROPOS

La Cpmmission Electrotechnique Internationale (IEC) est une organisation mondiale/de nor
compgsée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IH
objet fle favoriser la coopération internationale pour toutes les questions de normalisation dans les
de I'dlectricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie deg
interngtionales, des Spécifications techniques, des Rapports techniques, des \Specifications acces
public| (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). lleur élaboration est conf
comitgs d'études, aux travaux desquels tout Comité national intéressé par/le sujet traité peut parti
organisations internationales, gouvernementales et non gouvernementales,” en liaison avec I'lEC, {
également aux travaux. L'IEC collabore étroitement avec I'Organisation™|nternationale de Normalisat
selon des conditions fixées par accord entre les deux organisations:

Les dg¢cisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans
du popsible, un accord international sur les sujets étudiés, .étant donné que les Comités nationau
intéregsés sont représentés dans chaque comité d'études.

Les Publications de I'lEC se présentent sous la forme.-de* recommandations internationales et son
commg telles par les Comités nationaux de I'lEC. Tous*les efforts raisonnables sont entrepris afin
s'assyre de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue respo
I'évenjuelle mauvaise utilisation ou interprétation quien est faite par un quelconque utilisateur final.

Dans |e but d'encourager l'uniformité internatignale, les Comités nationaux de I'lEC s'engagent, dan
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications
et rédionales. Toutes divergences entre“{outes Publications de I''EC et toutes publications nati
régionjales correspondantes doivent étrelindiquées en termes clairs dans ces dernieres.

L'IEC |elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indd
fournig$sent des services d'évaluation de conformité et, dans certains secteurs, accédent aux m4
conformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de c{
indépgndants.
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Tous les utilisateurs doiyent’s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucunle responsabilitéenne doit étre imputée a I'lEC, a ses administrateurs, employés, auxi
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des
nationfux de I'E€» pour tout préjudice causé en cas de dommages corporels et matériels, ou de
dommpge de_gquelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compri
de justice)/€t.les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'l

iaires ou
Comités
out autre
5 les frais
EC ou de

blications

L'attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 62477-2 a été établie par le comité d'études 22 de I'IEC:
Systémes et équipements électroniques de puissance.
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INTRODUCTION

La présente partie de I'lEC 62477 concerne les produits comprenant des convertisseurs
électroniques de puissance d'une tension systéme assignée entre 1 000V en courant
alternatif ou 1 500 V en courant continu et 36 kV en courant alternatif ou 54 kV en courant
continu. Elle spécifie des exigences permettant de réduire les risques d'incendie et de choc
électrique ainsi que les dangers thermiques, mécaniques et dus a I'énergie électrique, a
I'exception de la sécurité fonctionnelle définie dans I'lEC 61508 (toutes les parties). Elle a
pour objet d'établir une terminologie commune et la base applicable aux exigences de
sécurité des produits comprenant des convertisseurs électroniques de puissance pour
plusieurs comités d'études de I'lEC.

Le prés
o d'étr
I'éla

dec

o de 1
exig
de ¢
prod

NOTE
couvq
o d'étr
pour
élec

bnt document a été élaboré afin

e utilisé comme un document de référence par les comités de produits du’ CE
poration de normes de produits applicables aux systemes et matériels.'@lectn
bnversion de puissance;

emplacer I'lEC 62103 en tant que norme de famille de produits fournisg
bnces minimales pour les aspects de sécurité des systémes et\matériels électn
onversion de puissance dans les appareils pour lesquels (il n'existe pas de n
uit, et

Le domaine d'application de I''EC 62103 comporte des aspects relatifs a la fiabilité qui ne
rts par le présent document.

e utilisé comme un document de référence parJes comités de produits hors d

22 pour
oniques

ant les
oniques
brme de

sont pas

L CE 22

I'élaboration de normes de produits applicables aux systéemes et matériels

roniques de conversion de puissance destinés a étre utilisés avec des

d'én
ont

Il convient que les comités d'études ~qui utilisent le présent document tienng
particulierement compte de la pertinence de chaque alinéa du présent document

produit

les cas.
la respd
référend

Le pré

bergie renouvelable. Au moment de la publication, les CE 82, CE 88, CE 105 et
té notamment reconnus comme des comités d'études pertinents.

sources
CE 114

nt tout
pour le

h I'étude, et fassent référenceyajoutent, remplacent ou modifient les exigencgs selon

Les sujets spécifiques aux produits non couverts par le présent document relé
nsabilité des comités d'études qui utilisent le présent document comme docu
e.

sent document *ne prévaut nullement sur toute norme spécifique de

respons
pour |'é

conforn‘Ement au Guide 104 de I'IEC. Le Guide 104 de I'lEC fournit des information
[

bilité desycomités de produits quant a I'utilisation des normes groupées de
boratiofinde leurs propres normes de produits.

Les différences majeures par rapport a I'l'EC 62477-1:2012 et I'lEC 62477-1:2012/AM
sont IesTsuivantes:

vent de
ment de

produit
S sur la
sécurité

D1:2016

e le présent document élargit la plage des hautes tensions (HT) assignées du systéme
jusqu'a 36 kV en courant alternatif ou 54 kV en courant continu;

e le présent document ajoute des exigences en matiére de marquage de caractéristiques
assignées de défaut d'arc avec des instructions d'essai.
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EXIGENCES DE SECURITE APPLICABLES AUX SYSTEMES ET
MATERIELS ELECTRONIQUES DE CONVERSION DE PUISSANCE -

Partie 2: Convertisseurs électroniques de puissance entre 1 000 V

en courant alternatif ou 1 500 V en courant continu et 36 kV
en courant alternatif ou 54 kV en courant continu

Domaine d'application

La présente partie de I'lEC 62477 s'applique aux matériels et aux systémes éleetroniues de
conversjon de puissance (SECP), a leurs composants pour la conversion’de pyissance
électronfique et la commande (ouverture et fermeture) électronique de puissarce, y |compris
les moyens de commande, de protection, de surveillance et de mesure, ayant pour pfincipale
fonction|la conversion de puissance électrique, d'une tension systéme assignée entre|1 000 V
en courgant alternatif ou 1 500 V en courant continu et 36 kV en courantsalternatif ou 94 kV en

courant|continu.

Le présent document peut également étre utilisé comme normie de référence par les [comités

de prodtlits qui élaborent des normes de produits applicables ‘aux

systémes d'entrailnement électrique de puissance awitesse variable,
alimgntations sans interruption (ASI) autonomes;, et

alimgentations stabilisées en courant continu.

Pour lep SECP pour lesquels il n'existe_pas de norme de produit, le présent d¢cument

spécifie|des exigences minimales pour lesaspects de sécurité.

Le présent document a le statut “d’une publication groupée de sécurité conformément au
Guide 1p4 de I'lEC applicable_aux systémes et matériels électroniques de conversion de
puissanfe pour énergie solaire,_éolienne, des marées, des vagues, des piles a combustible

ou sourtes d’énergie analogues.

Conformément au Guide)104 de I'lEC, il incombe aux comités d'études d'utiliser, dans|toute la
mesure| du possible,.‘les publications fondamentales de sécurité et/ou les publications

groupégs de sécutite pour I'élaboration de leurs normes de produits.

Le prés¢nt document

étabi-l- oo taorminalanin ~oamaea e
T oo tCT T roTogTre— o ot

matériels et les SECP,

e—seéedrité—eoneermant les

P

établit les exigences minimales pour la coordination des aspects de sécurité des parties
interconnectées au sein d'un SECP,

établit une base commune applicable aux exigences minimales de sécurité de la partie du
convertisseur électronique de puissance (CEP) des produits comprenant un CEP,

spécifie des exigences permettant de réduire les risques d'incendie et de choc électrique
ainsi que les dangers thermiques, mécaniques et dus a I'énergie électrique, en cours
d'utilisation et de fonctionnement et, lorsque cela est spécifiquement indiqué, au cours des
opérations d'entretien et de maintenance,

spécifie les exigences minimales permettant de réduire ces types de risques concernant
les matériels enfichables et connectés en permanence, qu'ils soient constitués d'un
systéme d'unités interconnectées ou d'unités indépendantes, faisant I'objet d'opérations
d'installation, de fonctionnement et d'entretien du matériel tel que spécifié par le
constructeur,
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o établit les exigences en matiére de marquage de caractéristiques assignées de défaut
d'arc avec des instructions d'essai pour les CEP et SECP, et

e couvre les convertisseurs et systéemes électroniques de puissance de type ouvert, qui sont
des convertisseurs et systémes électroniques de puissance de catalogue (prédéfinis
comme étant disponibles sur le marché) ou des solutions techniques de catalogue.

Le présent document ne couvre pas

o |les appareils de télécommunications autres que les alimentations pour ce type d'appareil,

o les aspects de sécurité fonctionnelle tels que traités, par exemple, par I'lEC 61508 (toutes
les parties),
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77-1:2012, Exigences de sécurité applicables aux systemes et matériels
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3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 62477-1:2012 et de
I"EC 62477-1:2012/AMD1:2016 s'appliquent, avec les exceptions suivantes.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/
e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.24
réseau

Remplagement:

systémgd de distribution d'énergie alimentant un CEP ou un SEPC

Note 1 a J'article: Le niveau de tension peut étre compris entre 0 V et 36 kV en eourant alternatif ou|54 kV en
courant continu.

3.27
type ouyvert
Addition:

Note 1 a |'article: Un matériel HT de type ouvert peut égalemént étre installé derriere une barriere, une cléture,
une strucure de batiment, etc. destinée a assurer la méme protection qu'une enveloppe physique.

Termes|et définitions supplémentaires:

3.101
CEP ou|SECP HT
CEP ou| SECP dont la tension systéeme est entre 1 000 V en courant alternatif ou 1 500 V en
courant|continu et 36 kV en courant;alternatif ou 54 kV en courant continu

3.102
zone d'aAccés de lI'opérateur

zone a laquelle, dans les-eonditions normales de fonctionnement,
a) l'accés s'effectuéisans I'aide d'un outil, ou

b) le mayen d'acces est délibérément fourni a I'opérateur, ou

c) l'opéfatedr;a des instructions pour y accéder, qu'il ait besoin ou non d'un outil pour e faire

Note 1 a larticle: Dans le présent document, les termes "acces" et "accessible" sans qualificatif s'applifuent a la
zone d'acces de l'opérateur telle qu'elle est définie ci-dessus.

4 Protection contre les dangers

4.1 Généralités

Le 4.1 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

Le présent document est initialement rédigé pour des équipements ayant une enveloppe
physique. Il tient compte de leur utilisation avec un matériel de type ouvert. Lors de
['utilisation du présent document pour un matériel de type ouvert, il est recommandé de
s'appuyer également sur une norme d'installation.
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Si le constructeur autorise le fonctionnement aprés une condition de premier défaut, il est
tenu de fournir toutes les informations de sécurité appropriées dans la documentation du
produit (voir 6.4.3.101).

Si des composants sont utilisés dans le cadre du SECP et que la norme de produit
correspondante pour le composant ne précise pas d'exigences de sécurité de niveau similaire
ou supérieur a celui des exigences du présent document, les composants et le SECP complet
ne peuvent pas prétendre satisfaire au présent document, a moins que le SECP contenant
ces composants puisse étre qualifié conformément aux exigences du présent document.

4.2 Conditions anormales et de défaut

Remplagement.

Le SECPP doit étre congu de fagon a éviter les modes ou les séquences de fonetiopnement
susceptlbles de provoquer une condition de défaut ou une défaillance) dé composant
conduispnt a un danger, a moins que d'autres moyens ne soient fournis par 1'installation pour
empécher ce danger et soient décrits dans les informations d'installation fournies |avec le
SECP. |[Les exigences de 4.2 s'appliquent également aux conditiohs de fonctiopnement
anormal, le cas échéant.

L'analyge des circuits ou les essais doivent étre exécutés pour déterminer si la défaillance
d'un composant particulier, y compris les systémes d'isolation, les bornes d'accés, etc.,
entraingrait ou pas un danger.

Cette analyse doit inclure les situations dans lesquelles la défaillance du composant ou de
I'isolatign (fonctionnelle, principale et supplémentaire) entrainerait
— un effet sur la détermination de la tension,determinante selon 4.4.2,
— unrisque de choc électrique di a

e |a dégradation de la protection principale selon 4.4.3, ou

e |a dégradation de la protection en cas de défaut selon 4.4 .4,
— unrisque de danger di a I'énergie électrique selon 4.5,

— un (isque de dégradation® des matériaux lié¢ au SECP (y compris I'enveloppg¢) d0 a
I'ém(ssion de flamme;~de particules incandescentes ou de métal fondu engendrd par un
danger d'incendie ou,un danger thermique selon 4.6.1 a 4.6.3,

— unrisque de danger thermique du fait d'une température élevée selon 4.6.4,
— un risque de"danger mécanique selon 4.7,
— une force électromagnétique et un danger thermique selon 4.3.

NOTE Lg présent document ne spécifie aucune exigence de protection contre le danger chimique. Les cpmités de
produits ou les constructeurs peuvent tenir compte de ce fait lorsqu'il s'applique a leurs produits.

Les essais sont nécessaires a moins que l'analyse puisse indubitablement démontrer
I'absence de danger en cas de défaillance du composant. L'analyse ou les essais doivent
inclure les effets des conditions de court-circuit et de circuit ouvert du composant. La
conformité doit étre vérifiée par I'essai de 5.2.4.6.

L'évaluation des composants doit se fonder sur la contrainte prévue se produisant pendant la
durée de vie prévue du SECP, entre autres

— les conditions climatiques et mécaniques spécifiées selon 4.9 (température, humidité,
vibration, etc.),

— les caractéristiques électriques selon 4.4.7 (tension de choc prévue, tension de
fonctionnement, surtension temporaire, etc.), et

— le microenvironnement selon 4.4.7 (degré de pollution, humidité, etc.).
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Les composants évalués pour leur fiabilité conformément aux normes de produits appropriées
sont considérés comme satisfaisant a ces exigences et ne nécessitent pas d'étre soumis a
d'autres examens, si les essais sont réalisés dans les mémes conditions que celles
permettant de satisfaire aux exigences du présent document.

Les distances d'isolement dans l'air et les lignes de fuite sur les cartes de circuit imprimé
(CCl), comprenant les composants montés sur CCI, pour l'isolation fonctionnelle, principale,
supplémentaire et renforcée concues selon 4.4.7.4 et 4.4.7.5, sont considérées comme
satisfaisant a ces exigences et ne nécessitent pas d'étre soumises a d'autres examens.

L'isolation fonctionnelle sur CCI et entre les éléments des composants montés sur des CCIl ne
satisfaisant pas aux exigences relatives aux distances d'isolement dans Il'air et aux lignes de
fuite de[4.4.7.4 et 4.4.7.5 doit salisfaire a I'exigence de 4.4.7.7.

Les dangers de sécurité potentiels associés aux parties de composants importants du SECP
(I'inflammabilité du transformateur et les fluides de condensateur, par exemple) doivient étre
pris en ¢onsidération.

4.3 Protection contre les courts-circuits et les surintensités
4.3.1 Généralités

Le 4.3.1 de I'lEC 62477-1:2012 et I'lEC 62477-1:2012/AMD.1:2016 s'applique, a I'exception de
ce qui spit.

La réfénience au paragraphe 4.6.5 est a remplacer par la référence au nouveau parggraphe
4.5.1.101 inclus dans la présente norme

Addition:

Les exigences de tenue au court-circuit, 7;,, ou I, ne s'appliquent pas au CEP ou SECP HT.

NOTE 101 Cela ne décharge pas des. _éxigences relatives au court-circuit en sortie, a la surintensifé et a la
défaillance des composants ou des critéres éventuels de réussite/d'échec.

4.3.2 Spécification de _la.capacité de tenue au court-circuit en entrée et au courant de
court-circuit ensortie

4.3.2.1 Généralités

Le 4.3.4.1 de I'lE€*62477-1:2012 s'applique.

4.3.2.2 Spécification du courant assigné de court-circuit conditionnel (I;;) sur les
accés d'entrée

Le 4.3.2.2 de I'lEC 62477-1:2012 et I'lEC 62477-1:2012/AMD1:2016 ne s'applique pas.

4.3.2.3 Capacité de tenue au court-circuit en sortie

Le 4.3.2.3 de I'lEC 62477-1:2012 s'applique.

4.3.2.4 Acceés d'entrée et de sortie combinés

Le 4.3.2.4 de I'lEC 62477-1:2012 s'applique.

4.3.3 Coordination en court-circuit (protection de secours)

Le 4.3.3 de I'lEC 62477-1:2012 s'applique.
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4.3.4 Protection par plusieurs dispositifs

Le 4.3.4 de I'lEC 62477-1:2012 ne s'applique pas.

4.3.5 Courant de courte durée admissible des accés d'entrée, I,

Le 4.3.5 de I'lEC 62477-1:2012/AMD1:2016 ne s'applique pas.

4.4 Protection contre les chocs électriques

4.4.1 Généralités

Le 4.4.1-dellEC 62477-1 c'qppliqnn

4.4.2 Classe de tension déterminante
4.4.21 Généralités

Le 4.4.2.1 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:
Les circuits CTD D ne doivent pas étre accessibles lorsqu'ils sont sous tension.

4.4.2.2 Détermination de la classe de tension déterminante
4.4.2.2.1 Généralités

Le 4.4.4.2.1 de I'lEC 62477-1:2012 s'applique:

4.4.2.2.2 Tableaux de choix de la surface de contact et condition d'humidité d

peau

Le 4.4.2.2.2 de I'lEC 62477-1:20128"applique.

4.4.2.2.8 Limites de la tension de fonctionnement pour la CTD

Le 4.4.2.2.3 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Remplagement du-Tableau 5:

ela
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Limites de la tension de fonctionnement

4423
Le 4.4.2

\Y
CTD Tension Tension Tension
alternative alternative continue
(efficace) (créte) (moyenne)
UncL UncrL UpcL
A1 8 11,3 22
A2 12 17 28
A3 20 28,3 48
A 3049 42,4 60
B 50 71 120
C 1000 4500° 1500
D > 1000 >4 500 > 1500

CTD B.

NOTE Dans certaines normes, TBTS et TBTP ont des limites simijlaires a la

2 Dans le présent document,

le Tableau 9
3 xsqrt(2) x 1 000 V =4 242 V).

les

(reflexions

limites de la CTD A ne_sont prises en
considération que pour un circuit. Lorsque plusieurs circuits .CTD A du SECP
sont accessibles et que I'évaluation de 4.2 indique quefles:tensions des deux
circuits peuvent étre cumulées en condition de premier défaut, la limite est
25 V pour la tension alternative efficace.

b La valeur de 4 500 V permet & tous les SECP basse’tension d'étre couverts par
de I'lEC 62477-1:2012

possibles jusqu'a

Exigences de protection contretles chocs électriques

.3 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
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Remplacement du Tableau 6:
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Tableau 6 — Exigences de protection pour le circuit a I'étude

CTD du Protection Isolation par Isolation par Isolation par rapport au circuit
circuit a contre le rapport aux rapport aux adjacent de CTD:
I'étude contact parties parties a
direct conductrices conductrices As B ou c D
accessibles accessibles Ax >
mises a la terre non mises a la As
terre9
As? Non 10 1 1¢ou 2 Protection | Protection
2d renforcée renforcée
B ou Protection Protection Protection 1¢ ou 29 | Protection [-Pfotection
Ax > Al principale® principale® principale renforcée rgnforcée
C Protection Protection Protection 1 ou2f Piotection
renforcée principale renforcée rgnforcée
/ 7
D Protection Protection Protection /\\ 2
renforcée principale renforcée Ny
N
Légendé¢
1 La protection n'est pas nécessaire pour la sécurité, mais elle peut_etre exigée pour des| raisons
fonctionnelles selon 4.4.7.3.
2 Protection principale pour circuit de tension supérieure.
1ou?2 Selon la séparation avec les autres circuits.
Ax > As| Tension inférieure a la CTD B mais supérieure a la CTD,As, ne satisfaisant pas a 4.4.2.2.
a2 A, Al, A2 ou A3, selon le cas approprié selon 4.4.2.2.
b Si le|circuit pris en considération est de type & TBTS e protection principale est exigée de la terfe et des
circufits TBTP.
¢ Les ¢leux circuits a I'é¢tude ont le méme niveau de"CTD As.
4 Les dleux circuits a I'étude n'ont pas le mémeé™niveau de CTD As.
¢ Sauf|pour "Bout du doigt", voir le Tableau'2.
f Une |protection principale est exigée-éntre les circuits isolés galvaniquement (réseau, sortie UPY, PV ou
sortie de générateur, auxiliaires, (par‘exemple).
9 S'applique également aux patties conductrices raccordées a la terre fonctionnelle.
4.4.3 Dispositions -relatives a la protection principale
4.4.31 Géngralités
Le 4.4.3.1/del'IEC 62477-1:2012 s'applique.

4.4.3.2

Protection au moyen de l'isolation principale des parties actives

Le 4.4.3.2 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Ajout, dans le premier alinéa, des mots "ou D" aprés "CTD C".

4433

Protection au moyen d'enveloppes ou de barriéres

Le 4.4.3.3 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Remplacement du dernier alinéa par les deux alinéas suivants:

Les produits comprenant des circuits de CTD A, B, C ou D, destinés a étre installés dans des

zones

d'accés limité telles que définies en 3.48 de

I'"EC 62477-1:2012

et
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I'"EC 62477-1:2012/AMD1:2016, n'ont pas besoin de mesures de protection contre le contact
direct avec les parties actives dangereuses.

Dans le cas d'un SECP destiné a étre installé et utilisé sans enveloppe (matériel de type
ouvert), la documentation de I'utilisateur doit exiger que d'autres moyens de protection soient
fournis par l'installation (voir 6.3.7.101).

Addition:
Les exigences supplémentaires pour les circuits CTD D se trouvent en 4.4.101.

4.4.3.4 arge

Le 4.4.3.4 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Remplagement du premier alinéa, y compris la liste de puces:

La limitation du courant de contact ne doit pas dépasser une valeur)de 3,5 mA en|courant
alternatif ou de 10 mA en courant continu.

Les comités de produits qui utilisent le présent document comme document de référence
peuvent spécifier la valeur de courant de contact de 0,5 mA en courant alternatif/2 mA en
courant|continu comme seuil de perception tel que recommandé par I'lEC 61140.

4.4.3.5 Protection au moyen de tensions limitées

Le 4.4.3.5 de I'l|EC 62477-1:2012 s'applique.

4.4.4 Disposition relative a la protection en cas de défaut
4.4.41 Généralités

Le 4.4.4.1 de I'lEC 62477-1:2012 - 8lapplique.

4.4.4.2 Liaison équipotentielle de protection
4.4.4.2.1 Généralités

Le 4.4.4.2.1 de I'lEC:62477-1:2012 s'applique.

4.4.4.2.2 Caractéristiques assignées de la liaison équipotentielle de protectiojn

Le 4.4.4.22'de I'lEC 62477-1:2012 s'applique.

4.4.4.3 Conducteur de mise a la terre de protection
4.4.4.3.1 Généralités

Le 4.4.4.3.1 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

Pour les systémes IT, le constructeur peut concevoir le conducteur de mise a la terre de
protection selon 4.4.4.2.2.

NOTE 1 Pour les systemes IT ne fonctionnant pas dans les conditions de défaut a la terre, le courant de court-
circuit présumé peut étre faible, car le seul chemin du courant passe a travers la capacité parasite et la résistance
de fuite et n'est pas généré par une alimentation court-circuitée. Cela pourrait permettre de réduire la taille du
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conducteur de terre. La réduction de la taille du conducteur de terre peut étre améliorée en surveillant les défauts

a la terre

et la déconnexion de circuit appropriée afin d'éviter d'endommager le conducteur de terre.

NOTE 2 L'installateur suit les réglementations locales en matiére de dimensionnement du conducteur de mise a la

terre de p

4.4.4.3.2

rotection.

Le 4.4.4.3.2 de I'lEC 62477-1:2012 s'applique.

Dispositif de raccordement du conducteur de mise a la terre de protection

basse

44433 Courant de contact en cas de défaut du conducteur de mise a la terre de
protection

Le 4.4.433 de I'lEC 62477-1:2012 s'applique

4.4.4.4 Déconnexion automatique de I'alimentation

Le 4.4.4.4 de I'lEC 62477-1:2012 s'applique uniquement aux parties ou |sections

tension du CEP ou du SECP.

4445 Isolation supplémentaire

Le 4.4.4.5 de I'EC 62477-1:2012 s'applique.

4.4.4.6 Séparation simple entre les circuits

Le 4.4.4.6 de I'lEC 62477-1:2012 s'applique.

4.4.4.7 Ecran de protection électrique

Le 4.4.4.7 de I'|EC 62477-1:2012 s'applique.

4.4.5 Protection renforcée

4.4.51 Généralités

Le 4.4.9.1 de I'lEC 62477-1:2012 s'applique.

4.4.5.2 Isolation renforcée

Le 4.4.9.2 de I'lEC 62477-1:2012 s'applique.

4.4.53 Séparation de protection entre les circuits

Le 4.4.9.3\de I'lEC 62477-1:2012 s'applique.

4.4.5.4 Protection au moyen d'impédance de protection

Le 4.4.5.4 de I'lEC 62477-1:2012 s'applique.

4.4.6
4.4.6.1

Mesures de protection

Généralités

Le 4.4.6.1 de I'lEC 62477-1:2012 s'applique.

4.4.6.2

Mesures de protection pour appareil de protection de classe |

Le 4.4.6.2 de I'lEC 62477-1:2012 s'applique.
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4.4.6.3 Mesures de protection pour appareil de protection de classe Il

Le 4.4.6.3 de I'lEC 62477-1:2012 s'applique.

4.4.6.4 Mesures de protection pour appareil ou circuits de protection de classe Il
4.4.6.41 Généralités

Le 4.4.6.4.1 de I'lEC 62477-1:2012 s'applique.

4.4.6.4.2 Raccordement aux circuits TBTP et TBTS

Le 4.4.6.4.2de 'NEC 62477-1:2012 e'nppliqun

4.4.7 Isolation
4.4.71 Généralités
4.4.71.1 Facteurs d'influence

Le 4.4.7.1.1 de I'|EC 62477-1:2012 s'applique.

4.4.71.2 Degré de pollution

Le 4.4.7.1.2 de I'lEC 62477-1:2012 s'applique.

4.4.71.8 Catégorie de surtension (OVC)
Le 4.4.71.1.3 de I'lEC 62477-1:2012 s'applique.

4.4.71.4 Systémes de mise a la terre’de I'alimentation

Le 4.4.7.1.4 de I'|EC 62477-1:2012 s'applique.

4.4.71.5 Détermination de-la-tension de tenue aux chocs et de la surtension
temporaire

Le 4.4.7.1.5 de I'lEC 62477>1:2012 s'applique, a I'exception de ce qui suit.
Addition:

Pour leg tensions systéme jusqu'a et y compris 1 000 V en courant alternatif ou 1 500 V en
courant|continu, le Tableau 9 de I''EC 62477-1:2012 s'applique. Pour les tensions $ystéme
entre 1[{000V en courant alternatif ou 1500V en courant continu et 36 kV en |courant
alternatifou 54 KV €n courant continu, 1€ Tableau 10T s applque.
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Tableau 101 — Tension de tenue aux chocs et surtension temporaire par rapport
a la tension systéme entre 1 000 V en courant alternatif ou 1 500 V en courant continu et
36 kV en courant alternatif ou 54 kV en courant continu

Colonne 1 2 3 4 5 6
Tension systéme Tension de tenue aux chocs Surtension
v \% temporaire
(4.4.7.1.6) Catégorie de surtension \
Jusqu'a et y compris
Courant Courant | 1 ] v Efficace/créte
alternatif continu
> 1000 > 1500 4 000 6 000 8 000 12 000 3 000 /&-2k0 °
36p0 5400 9 000 @ 16 000 2@ 20 000 ® 40000 ° 10 Q00Y 14 [150 ©
7 2p0 10 800 17 500 2 29 000 @ 40 000 P 60 000 ° 20000/28B00°
12 (oo 18 000 29 000 @ 42 5002 60 000 75000 ° 28 000 / 39600 P
17 500 26 300 40 000 2 55000 @ 75000 ° 95 000 ® 38 000/53[50°
24 (oo 36 000 52 000 @ 750002 95 000 125 000 50 000/ 70[700 ®
36 goo 54 000 75000 @ 95 000 @ 125 000 © 145000 ° 70 000 /99000 ®

L'interpdlation est autorisée.

NOTE 1| Le niveau de choc de base (BIL) et la tension de choc de~foudre (LI) sont identiques a la tepsion de
tenue ayx chocs.

NOTE 2| Le Tableau 101 difféere sensiblement du Tableau 9%\de I'lEC 62477-1:2012 en ce qui conckrne les
1 000 V/|les valeurs étant issues de normes de référence différentes.

a8 Ces Jaleurs ont été déduites ou extrapolées du Tableau 4 et du Tableau 5 de I'lEC 62103:2003.
b Ces Jaleurs ont été déduites ou extrapolées du,Tableau 2 de I''EC 60071-1:2006.
¢ Cett¢ valeur est issue de I'lEC 60146-1-1.

4.471.6 Détermination de la‘tension systéme
4.4.71.61 Alimentation par le réseau

Le 4.4.71.1.6.1 de I'lEC(62477-1:2012 s'applique, a l'exception de ce qui suit.
Addition:

Pour leg CEP)ou SECP HT alimentés par un réseau en courant alternatif, la tension $ystéme
est la vdleurefficace de la tension d'alimentation entre phases.

4.4.7.1.6.2 Alimentation non fournie par le réseau

Le 4.4.7.1.6.2 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

La Note4 et la Note5 du4.4.7.1.6.1 de I''EC 62477-1:2012 s'appliquent également a
I'alimentation non fournie par le réseau.

4.4.71.7 Isolation par pontage des composants

Le 4.4.7.1.7 de I'lEC 62477-1:2012 s'applique.
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4.4.7.2 Isolation par rapport a I'environnement
4.4.7.21 Généralités

Le 4.4.7.2.1 de I'lEC 62477-1:2012 s'applique.

4.4.7.2.2 Circuits connectés au réseau

Le 4.4.7.2.2 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Addition:

Le disppsSitif de protection conire les suriensions doit prendre en consideration la]tension
assignég, I'énergie disponible a laquelle il est admis de raccorder le systéme, et tous autres
critéres [de conception exigés.

4.4.7.2.8 Circuits non connectés au réseau

Le 4.4.71.2.3 de I'lEC 62477-1:2012 s'applique.

4.4.7.2.4 Isolation entre circuits

Le 4.4.71.2.4 de I'lEC 62477-1:2012 s'applique.

4.4.7.3 Isolation fonctionnelle

Le 4.4.7.3 de I'lEC 62477-1:2012 s'applique.

4.4.7.4 Distances d'isolement dans l'air
4.4.7.4.1 Détermination

Le 4.4.7.4.1 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:
Les facteurs de correctign“d'altitude peuvent étre calculés selon I'lEC 60071-2.

Pour leg CEP et SECP HT, les distances d'isolement dans I'air de l'isolation renforcée| doivent
étre dinmpensionnées  pour résister a 1,6 fois la tension de tenue aux chocs, la suftension
tempordire ou fa-tension de fonctionnement (voir Tableau 102).
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Tableau 102 — Distances d'isolement dans I'air pour l'isolation fonctionnelle,
principale ou supplémentaire

Tension de tenue Surtension Tension de Distances d'isolement dans I'air
aux chocs ? temporaire 2 fonctionnement 2® | 1 inimales jusqu'a 2 000 m au-dessus du
(du Tableau 101) (créte) 9 (créte répétitive) © niveau de la mer
\Y \% \Y mm
Degré de pollution
1 2 ‘ 3 ‘ 4
20 000 12 000 7 600 25
40 000 26 000 16 000 60
601000 37 000 23 000 90
75]000 48 000 30 000 120
951000 61 000 38 000 160
124 000 80 000 50 000 220
144 000 99 000 60 000 270
170 000 116 000 70 000 320
250 000 170 000 103 000 480

2 L'intdrpolation est autorisée pour I'alimentation non fournie par le réseau.

b L'intdrpolation est autorisée, lorsque la distance d'isolement dansl'air est déterminée a partir de la siirtension
temppraire et de la tension de fonctionnement.

¢ Cettd tension est approximativement égale a 0,8 fois la\tension exigée pour interrompre la |distance
d'isolement dans |'air associée.

4 Unigliement pour la détermination de I'isolation entre.l'ehvironnement et les circuits (de I'lEC 60071-1:2006).

4.4.7.4.2 Homogénéité du champ électrique

Le 4.4.7.4.2 de I'lEC 62477-1:2012s"applique.

4.4.7.4.8 Distance d'isolement dans I'air avec des enveloppes conductrices

Le 4.4.1.4.3 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

Voir égdlement4.12.1.

4.4.7.5 Lignes de fuite

4.4.7.51 Groupes de matériaux isolants

Le 4.4.7.5.1 de I'lEC 62477-1:2012 s'applique.

4.4.7.5.2 Détermination

Le 4.4.7.5.2 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Addition:

Pour les CEP et SECP, les lignes de fuites doivent étre dimensionnées selon le Tableau 103.
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Tableau 103 — Lignes de fuite (en millimétres)

C 2018

Colonne1 | 2 3 4|5|6|7|8|9|10|11|12

Tension de ccl @ Autres isolants

fonctionne
ment Degré de Degré de pollution

(efficace) pollution
1 2 1 2 3
b Groupe de matériaux isolants Groupe de matériaux isolants
v o of | I ma | mb [ I Na b

12 500 50 63 90 125 ¢ ¢ ¢ e
16 00p 63 80 110 150
20 00p 80 100 140 200
25 00p 100 125 180 250
32 00p 125 160 220 320
40 00p 160 200 280 400
50 00p 200 250 360 500
63 00p 250 320 450 600

L'interpolation est autorisée.

a8 Ces ¢olonnes s'appliquent également a tous les composants et toutes les parties des CCl et aux autrps lignes
de fu|te ayant un contréle de tolérance comparable.

b Tous|les groupes de matériaux.

¢ Tousl|les groupes de matériaux, sauf Illb.

d  Les Jaleurs de lignes de fuite ne sont pas détermin&es pour cette plage. Pour obtenir ces valeur$, voir le
Tabldau 1 de I'lEC 60071-2:1996.

¢ Les rpatériaux isolants du groupe Illb ne sont_généralement pas recommandés pour le degré de p¢llution 3
au-dgla de 630 V.

f Au-déla de 12 500 V, utiliser les valeurs appropriées des colonnes 4 a 11.

4.4.7.6

Le 4.4.7

4.4.7.7

Le 4.4.7

Revétement

.6 de I'lEC 62477-1:2012 s'applique.

Espacements d'une carte de circuit imprimé pour une isolation fonctionnelle

.7 de I"\E€ 62477-1:2012 s'applique.

4.4.7.8

Isolation solide

4.4.7.8.1 Généralités

Le 4.4.7.8.1 de I'lEC 62477-1:2012 s'applique.

4.4.7.8.2 Exigences des matériaux

Le 4.4.7.8.2 de I'lEC 62477-1:2012 s'applique.

4.4.7.8.3 Matériau pelliculé ou ruban

4.4.7.8.3.1 Généralités

Le 4.4.7.8.3.1 de I'lEC 62477-1:2012 s'applique.
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4.4.7.8.3.2 Epaisseur des matériaux supérieure ou égale a 0,2 mm

Le 4.4.7.8.3.2 de I'lEC 62477-1:2012 s'applique.

4.4.7.8.3.3 Epaisseur des matériaux inférieure a 0,2 mm

Le 4.4.7.8.3.3 de I'lEC 62477-1:2012 s'applique.

4.4.7.8.3.4 Conformité

Le 4.4.7.8.3.4 de I'lEC 62477-1:2012 s'applique.

4.4.7.8.4 Cartes a circult imprime (CCI)
4.4.7.8.41 Généralités

Le 4.4.71.8.4.1 de I'lEC 62477-1:2012 s'applique.

4.4.7.8.4.2 Utilisation d'un matériau de revétement

Le 4.4.1.8.4.2 de I'lEC 62477-1:2012 s'applique.

4.4.7.8.9 Composants bobinés

Le 4.4.71.8.5 de I'lEC 62477-1:2012 s'applique.

4.4.7.8.6 Matériaux de remplissage

Le 4.4.7.8.6 de I'lEC 62477-1:2012 s'applique:

4.4.7.9 Raccordement des parties de.lisolation solide (joints scellés)

Le 4.4.71.9 de I'lEC 62477-1:2012 s'applique.

4.47.1(0 Exigences sur la capacité en tenue électrique
4.4.7.104.1 Isolation principale ou isolation supplémentaire

Le 4.4.1.10.1 de I'lEC 62477-1:2012 s'applique.

4.4.7.10.2 Double isolation et isolation renforcée

Le 4.4.71.10.2 de I'lEC 62477-1:2012 s'applique.

4.4.71 Exigences d'isolation au-dessus de 30 kHz

Le 4.4.7.11 de I'lEC 62477-1:2012 s'applique.

4.4.8 Compatibilité avec les dispositifs de protection a courant différentiel résiduel
(DDR)

Le 4.4.8 de I'lEC 62477-1:2012 s'applique.

4.4.9 Décharge de condensateurs

Remplacement:

Pour la protection contre le danger de choc électrique, les condensateurs a l'intérieur d'un
SECP doivent étre déchargés a une tension inférieure a 50 V et ne pas étre en mesure de
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créer un courant de contact supérieur aux valeurs spécifiées en 4.4.3.4 aprés la coupure de
I'alimentation du SECP:

pour le matériel SECP enfichable de types A et B, le temps de décharge ne doit pas

dépasser 1 s ou les parties actives dangereuses doivent étre protégées contre le contact
direct a un niveau minimal IPXXB (voir 4.4.3.3);

pour le SECP connecté en permanence, le temps de décharge ne doit pas dépasser 5 s;
pour les SECP enfichables et connectés en permanence avec un systéme de verrouillage

approprié empéchant l'accés aux condensateurs jusqu'a la décharge, aucun temps de
décharge n'est exigé.

Pour tous les condensateurs qui ne satisfont pas aux exigences ci-dessus, les informations et

les exigbnces de marquage de 6.5.2 s"appliquent.

La confgrmité est vérifiée par I'essai de 5.2.3.8 et de 5.2.3.7.

Cette exigence s'applique également aux condensateurs utilisés pour la.correction dy facteur
de puisgance, le filtrage, etc.

NOTE Legs comités de produits qui utilisent le présent document comme un(document de référencg¢ peuvent
spécifier le niveau de charge de 0,5 pC comme seuil de perception tel que reconimandé par I'lEC 61140.
Paragrajphe complémentaire:

4.4.101 Conditions d'accés pour le CEP ou SECP HT

Le persponnel ne doit pas pouvoir accéder aux seetions HT (transformateur, conveftisseur,
moteur,|etc.) d'un CEP ou d'un SECP. Cette _protection est assurée par une envelpppe de
boitier gppropriée conforme au 4.12 assurant la*sécurité du personnel ou fait I'objet de régles
d'installgtion.

a) Confitions de fonctionnement

b) Accés pounrl'entretien — Instructions de mise a la terre

Si unpe enveloppe est utilisée,ndes dispositifs de verrouillage doivent étre utilisgs pour
empgcher l'accés a l'intérieur.de I'enveloppe de la section HT d'un CEP ou d'up SECP
lorsque les disjoncteurs principaux qui fournissent la haute tension au circuit sonf activés
et que les parties actives dangereuses n'ont pas été mises a la terre (voir b)). Les
disppsitifs de verrouillage sont exigés sur les portes équipées de mécanismes d'oliverture
rapide (une poignég a-un, trois ou cing points de verrouillage, par exemple) ou defp portes
a un seul pointtde” verrouillage avec des verrous dans les coins. Les dispositifs de
verrpuillage ne)sont pas exigés si la porte est fermée par des boulons sur seg quatre
co6tép (il peut 8'agir de trois cotés boulonnés et d'une charniére boulonnée ou soudge).

Les pections HT doivent comporter des dispositifs de mise a la terre en toute sécyrité des
parti€s HT mises hors tension lors de lentretien.

Les constructeurs sont responsables de la fourniture d'une méthode sire de fixation du
produit a la référence de mise a la terre du site.

Si un interrupteur de mise a la terre est fourni avec le CEP ou le SECP, le constructeur
doit fournir des instructions sur son fonctionnement (voir 6.5.101).

Les contacts de terre ou une indication que les contacts des interrupteurs sont fermés
doivent étre visibles par le personnel d'entretien avant d'accéder au matériel.

NOTE 1 Dans des cas particuliers (des onduleurs a commutation par la charge, par exemple), deux
dispositifs de mise a la terre (I'un cbté réseau, I'autre c6té charge) peuvent étre exigés.

Si un interrupteur de mise a la terre n'est pas fourni avec le CEP ou le SECP, le
constructeur doit fournir une méthode de connexion pour la terre qui peut étre connectée
en toute sécurité au CEP ou au SECP (voir 6.5.101).

Les dispositifs de mise a la terre doivent satisfaire aux exigences correspondantes de
I''EC 62271-102 ou de I'lEC 61230.
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Le fonctionnement des dispositifs de mise a la terre doit étre sir méme dans le cas d'une
défaillance d'un circuit de décharge. Les exigences de 4.4.9 s'appliquent en condition
normale et en condition de défaut d'un circuit de décharge et doivent prendre en
considération les capacités parasites des cables, de la ou des charges, des
transformateurs, etc.

NOTE 2 Pour l'installation, il est utile de fournir une quantité suffisante de dispositifs de mise a la terre pour

faciliter la sécurité du travail d'entretien sur les parties HT hors tension.
4.5 Protection contre les dangers dus a I'énergie électrique
4.5.1 Zones d'accés de l'opérateur
4.5.1.1 —Généralités
Remplagement:
La défgillance d'un composant a l'intérieur du CEP ou du SECP ne _doit pas| libérer
suffisamiment d'énergie pour générer un danger, par exemple l'expulsion de matiére a
I'intériedr d'une zone occupée par le personnel.
Le consftructeur doit s'assurer que le transfert d'énergie de la charge vers la zone d'accés de
l'opérateur au CEP ou au SECP est pris en considération si nécessaire.
4.5 donjhe les exigences en matiére de dangers de l'énérgie électrique qui n'ont jpas été
généralgment couvertes par les normes de sécuritén.dans les conditions normples de
fonctionhement.
NOTE 1 |Ces dangers ne sont pas liés aux chocs électriqgues de 4.4 ou aux dangers d'incendie de 4.6, |puisqu'ils
sont couverts tels qu'énumérés.
NOTE 2 |[Ces dangers ne sont pas associés aux sections HT (voir 4.4.101 a)).
Il s'agit] par exemple, de la chaleur;yde la pression due a l'explosion ou de I'expulsion
chimiqug.
Les zonles d'accés de l'opérateur a un CEP ou un SECP destiné a étre installé dang un lieu
public dpivent exiger un outil.ou une clé pour y accéder.
Les malériels doivent étre congus de maniére a éliminer tout risque de danger di a I[énergie
électriglie dans les zanes d'accés de l'opérateur, conformément a 4.2.
Il existe|un risque de blessure résultant d'un danger d0 a I'énergie électrique
— en présénce d'une énergie electrlque dangereuse entre au moms deux partles non isolées

queIuUII\.alUUO \UUIIL :UIIU }JUUL ULIU mmoc d :G LUIIU} qul FUUVUIIL ULIU UUUIL \JII\JuIlUU par Un

objet conducteur, et

— si le doigt d'essai articulé décrit dans I'lEC 60529:1989, Figure 1, peut court-circuiter au
moins deux parties nues (dont l'une peut étre mise a la terre), s'il existe un
d'énergie dangereux.

Si une énergie dangereuse entre les circuits a I'étude existe,

— 1'énergie doit étre limitée selon 4.5.1.101, ou

niveau

— des enveloppes, barriéres, protections et dispositifs analogues doivent étre fournis et ne
pouvoir étre retirés qu'a l'aide d'un outil ou d'une clé.

La conformité est vérifiée par I'essai de non-accessibilité de 5.2.2.2.
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Détermination du niveau d'énergie dangereux

Remplacement:

L'existence d'un niveau d'énergie électrique dangereux est déterminée si

- late

nsion est égale ou supérieure a 2 V, et

— l'un et/ou I'autre des points qui suivent s'appliquent:

e |la puissance disponible dépasse la limite des sources a puissance
de 4.5.1.101, et

o [|'énergie emmagasinée dépasse 20 J.

La conjormité des sources a puissance limitée doit étre vérifiée par 5.2.3.9 gtdl

emmag

ou

E estl
C estl
U estl

Paragraphe supplémentaire:

4.5.1.101 Sources a puissance limitée

Si une dource a puissance limitée est utilisée ‘par un constructeur, elle doit étre confo

spécific

Une soyrce a puissance limitée doit satisfaire a I'une des exigences suivantes:

— la pyissance de sortie est limitée*par construction conformément au Tableau 104; g

— une
Tabl

exemple), il doit satisfajre aux essais applicables spécifiés dans I'lEC 60730-1; ou

— un dgircuit de régulation limite la puissance de sortie conformément au Tableau 1

fois
— un
conf

Lorsque
protecti

limitée

sinée doit étre vérifiée par le calcul suivant:
E=0,5CU?
énergie, en joule (J);

b capacité, en farad (F);

B tension mesurée sur le condensateur, en volt (V).

htions du Tableau 104 ou du Tableau105, selon le cas.

eau 104 — si un dispositif a coefficient de température positif est utilisé (G

bvec et sans-premier défaut dans le circuit de régulation; ou

Hispositif yde protection contre les surintensités limite la puissance dg
brmément au Tableau 105.

llexigence de limitation de source de puissance dépend du ou des dispo

énergie

[Mme aux

u

impédance linéaire ou.ron linéaire limite la puissance de sortie conformément au

TP, par

04, a la

sortie

5itifs de

n-contre ltes surintensites, Ia valeur au courant assigne dau moins run des OIapOSitifS

de protection dans le chemin de courant ne doit pas dépasser la limite indiquée dans le

Tableau

105.

Lorsqu'un dispositif de protection contre les surintensités est utilisé, il doit s'agir d'un élément
fusible ou d'un dispositif électromécanique non réglable et non réarmable.

Une source a puissance limitée fonctionnant sur un réseau d'alimentation en courant alternatif
ou une source a puissance limitée fonctionnant sur une batterie qui est rechargée sur un
réseau d'alimentation en courant alternatif pendant qu'elle fournit I'alimentation a la charge
doit comporter un transformateur d'isolement.

Dans tous les cas, une source a puissance limitée doit satisfaire a l'essai de source a
puissance limitée de 5.2.3.9, pour garantir I'absence de toute énergie dangereuse.
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Tableau 104 — Limites des sources de puissance sans dispositif
de protection contre les surintensités

Tension de sortie? Courant de sortie ® d Puissance apparente ¢ ¢
Uoc Isc s
V en courant alternatif V en courant continu A VA
< 30V efficace < 30 V en courant continu <8 <100
- 30 < U, <60 <150/ U, <100

a U,.: Tension de sortie mesurée conformément a 5.1.5.3 avec tous les circuits de charge déconnectés. Les
tensions sont sensiblement sinusoidales pour le courant alternatif et sans ondulation pour le courant
continu. Pour le courant alternatif non sinusoidal et pour le courant continu avec une ondulation supérieure a
10 %

b I : Gourant maximal de sortie avec une charge non capacitive quelconque, y compris un court-circuif.

Uc Ia vdicUul Uc CITIC, Td ICTISTUNT U CLITIT 11 UUIL PdS UCPASSCT 44,9 V.

c S (VA

4 Le mlesurage de I, et de S est réalisé 5 s aprés I'application de la charge si la protectipn,est assurép par un

): Puissance apparente de sortie maximale en VA avec une charge non capacitive quelconque.

circufit électronique ou un dispositif a coefficient de température positif (CTP, par exemple) et 60 s fans les
autrgs cas.
Tableau 105 — Limites des sources de puissance.avec dispositif
de protection contre les surintensités
Tension de sortie? Courant de sortie® d Puissance Valeur du ¢ourant
apparente ¢4 assignég du
Usc I g dispositjf de
V en|courant V en courant A protection cc.m'tree
alternatif continu VA les surintepsités
A
£ 20 <20 <5,
20 <|fu,, <30 20< U, <30 <1000/U,, <250 <100/,
- 30 < U, <60 <100/,
a8 Uoc:|Tension de sortie mesurée confoermément a 5.1.5.3 avec tous les circuits de charge déconnedtés. Les

tensijons sont sensiblement sinusoidales pour le courant alternatif et sans ondulation pour le|courant

continu. Pour le courant alternatif non sinusoidal et pour le courant continu avec une ondulation supgrieure a

10 % de la valeur de créte,Jatension de créte ne doit pas dépasser 42,4 V.
b

ISCZ

mes

Courant maximal de\sortie avec une charge non capacitive quelconque, y compris un couit-circuit,
ré 60 s aprés avoirappliqué la charge.

¢ S (VA): Puissance,'de sortie maximale en VA, avec une charge non capacitive quelconque, mesufée 60 s
aprep l'application de la charge.

Les jmpédances de limitation de courant sont maintenues pendant le mesurage, mais les dispofitifs de
protgction contre les surintensités sont contournés.

NOTE \la raison pour laquelle les mesurages sont effectués avec les dispositifs de protection cgntre les
surintensités contournés est de déterminer la quantité d'énergie disponible qui pourrait provoquer un
éventuel échauffement pendant le délai de fonctionnement des dispositifs de protection contre les
surintensités.

¢ Les valeurs du courant assigné du dispositif de protection contre les surintensités qui coupe le circuit en
moins de 120 s avec un courant égal a 210 % de la valeur du courant assigné sont spécifiées dans le
tableau.

NOTE Le concept de source a puissance limitée est destiné a étre utilisé dans la zone d'accés de |'opérateur.
Pour plus d'informations, voir I''EC 60730-1.
4.5.2 Zones d'accés pour la maintenance

Le 4.5.2 de I'lEC 62477-1:2012 s'applique.
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4.6 Protection contre les dangers d'incendie et thermiques
4.6.1 Circuits représentant un danger d'incendie

Le 4.6.1 de I'lEC 62477-1:2012 s'applique.

4.6.2 Composants représentant un danger d'incendie
4.6.2.1 Généralités

Le 4.6.2.1 de I'lEC 62477-1:2012 s'applique.

4.6.2.2 —_Composants dans un circuit représentant un dangerdiincendie
Le 4.6.2.2 de I'lEC 62477-1:2012 s'applique.

4.6.2.3 Composants dans un circuit ne représentant pas un danger d'incendie|

Le 4.6.2.3 de I'lEC 62477-1:2012 s'applique.

4.6.3 Enveloppes contre le feu
4.6.3.1 Généralités

Le 4.6.3.1 de I'lEC 62477-1:2012 s'applique, a I'exception~de ce qui suit.
Addition:
Le matériel de type ouvert n'est pas concerné par cette exigence.

4.6.3.2 Inflammabilité des matériaux.de I'enveloppe

Le 4.6.3.2 de I'lEC 62477-1:2012 s'applique.

4.6.3.3 Ouvertures dans lésenveloppes contre le feu
4.6.3.3.1 Généralités

Le 4.6.3.1 de I'lEC 62477-1:2012 s'applique.

4.6.3.3.2 Ouvertures dans le dessus et la paroi latérale des enveloppes contr¢ le feu

Le 4.6.3.3.2(de' I'lEC 62477-1:2012 s'applique.

4.6.3.3. Ouvertures dans le fond d'une enveloppe contre le feu

Le 4.6.3.3.3 de I'lEC 62477-1:2012 s'applique.

4.6.3.3.4 Portes et couvercles dans les enveloppes contre le feu

Le 4.6.3.3.4 de I'lEC 62477-1:2012 s'applique.

4.6.4 Limites de température
4.6.4.1 Parties internes

Le 4.6.4.1 de I'lEC 62477-1:2012 s'applique.
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4.6.4.2 Parties accessibles

Le 4.6.4.2 de I'lEC 62477-1:2012 s'applique.

4.6.5 Sources a puissance limitée

Le 4.6.5 de I'lEC 62477-1:2012 ne s'applique pas (voir 4.5.1.101).

4.7 Protection contre les dangers mécaniques

4.71 Généralités

Le 4.7.1 de 'lEC 62477-1:2012 e'appliqun

4.7.2 Exigences spécifiques pour le SECP refroidi par liquide
4.7.21 Généralités

Le 4.7.2.1 de I'lEC 62477-1:2012 s'applique.

4.7.2.2 Liquide de refroidissement

Le 4.7.4.2 de I'lEC 62477-1:2012 s'applique.

4.7.2.3 Exigences de la conception
4.7.2.3.1 Généralités

Le 4.7.4.3.1 de I'|EC 62477-1:2012 s'applique.

4.7.2.3.2 Résistance a la corrosion

Le 4.7.4.3.2 de I'|EC 62477-1:2012 s'applique.

4.7.2.3.8 Tuyauterie, durites.et joints d'étanchéité

Le 4.7.2.3.3 de I'lEC 62477%4:2012 s'applique.

4.7.2.3.4 Disposition pour la condensation

Le 4.7.2.3.4 de I'lEE 62477-1:2012 s'applique.

4.7.2.3.% Fuite du liquide de refroidissement

Le 4.7.23-5-de G624+ 2042 s apphaue—atexceptiondeece—gui-Suit
Remplacement du deuxieme alinéa:

Dans le cas et au moment d'une survenance d'une fuite, une protection doit étre fournie pour
assurer que la fuite en cours ne porte atteinte a aucun systéme d'isolation.

4.7.2.3.6 Perte du liquide de refroidissement

Le 4.7.2.3.6 de I'lEC 62477-1:2012 s'applique.

4.7.2.3.7 Conductivité du liquide de refroidissement

Le 4.7.2.3.7 de I'lEC 62477-1:2012 s'applique.
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4.7.2.3.8 Exigences d'isolation pour les tuyaux du liquide de refroidissement

Le 4.7.2.3.8 de I'lEC 62477-1:2012 s'applique.

4.8 Matériels a plusieurs sources d'alimentation

Le 4.8 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Addition au point a) du dernier alinéa:

Cela ne
49 P
Le 4.9d

Addition:

Dans le
étre sat

NOTE 10
parties) e

4.10 P
4.10.1
Le 4.10

4.10.2
Le 4.10

s'applique pas si le SECP est congu pour la rétro-alimentation.

rotection conire Ies contraintes environnementales

e I'"EC 62477-1:2012 s'applique, a I'exception de ce qui suit.

cas d'installations extérieures, des mesures de conception supplémentaires
sfaites, lesquelles ne sont pas couvertes par le présent doecument.

Les données du Tableau 18 sont fournies a titre d'exemple Gniquement. L'IEC 60721-3 (
5t destinée a étre utilisée par le constructeur pour I'aider a définiriles exigences.

rotection contre les dangers dus a la pression.acoustique
Généralités

1 de I'EC 62477-1:2012 s'applique.

Pression acoustique et niveau:de bruit

2 de I'lEC 62477-1:2012 s'applique.

4.11 Clablage et raccordements

4111

Le 4.11

4.11.2

Le 4.11

Généralités
1 de I'lEC 62477-1:2012 s'applique.

Cheminement

2 deI'\EC 62477-1:2012 s'applique.

4.11.3

Le 4.11.

4.11.4

Le 4.11.

4.11.5

Le 4.11.

4.11.6

Le 4.11.

doivent

outes les

—Codage couteur
3 de I'EC 62477-1:2012 s'applique.

Epissures et raccordements

4 de I'lEC 62477-1:2012 s'applique.

Connexions accessibles

5 de I'EC 62477-1:2012 s'applique.

Interconnexions entre les parties d'un SECP

6 de I'lEC 62477-1:2012 s'applique.


https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae

IEC 624

4.11.7

Le 4.11.

4.11.8
4.11.8.1
Le 4.11.
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Raccordement de I'alimentation

7 de I'EC 62477-1:2012 s'applique.

Bornes de connexion
Exigences de construction

8.1 de I'lEC 62477-1:2012 s'applique.

Capacité de raccordement

82 de I'NEC 62477-1:2012 e'alr_\pliqun

4.11.8.3
Le 4.11

Connexion

8.3 de I'lEC 62477-1:2012 s'applique.

4.11.8.4 Espace de courbure des cables de 10 mm?2 et plus

Le 4.11

412 E
4121

Le 4.12

Addition:

8.4 de I'EC 62477-1:2012 s'applique.
nveloppes
Généralités

1 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Lorsqu'line enveloppe qui assure la sécufité du personnel est fournie, elle doit sat

I''EC 60

Si le matériel de type ouvert utilise’ une enveloppe pour un sous-ensemble, cette en

doit sati

Pour le
lorsque
sont exi

4.12.2

Le 4.12

P04-11, si applicable.

sfaire aux exigences du_présent document, si applicable.

matériel de type ouvert, les essais de 5.2.2.4 a 5.2.2.7 ne sont pas exig
ledit matériel Gtilise une enveloppe en tant que sous-ensemble. Dés lors, ce
pés pour I'enveloppe uniquement.

Poignées et organes de commande manuels

2deTIEC 62477-1:2012 s'applique.

sfaire a

veloppe

ps, sauf
5 essais

4.12.3
Le 4.12.

4.12.4

Le 4.12.

4.12.5

Le 4.12.

Addition

Métaux coulés

3 de I'lEC 62477-1:2012 s'applique.

Tole

4 de I'lEC 62477-1:2012 s'applique.

Essai de stabilité pour enveloppe

5 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
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Les essais définis dans [I''EC 62477-1:2012 ne sont pas applicables aux matériels

encomb

rants.

Dans chaque situation pour laquelle le matériel a été congu, le constructeur de matériel
encombrant doit s'assurer que le matériel n'est soumis a aucune force latérale qui pourrait
faire basculer l'unité.

5 Exigences d'essai

5.1 Généralités

Le 5.1

Addition:

Le prés
product
minimal
de série
produit,

de sécdrité vérifiés lors des essais de type pendant la production, pour lesquels le

docume

5.1.1

Le 5.1.1

Addition:

Voir Tal

5.1.2

Le 5.1.2

Addition:

Il inconi
échantil

5.1.3

o [} L ]! ' | H e
< S dpPPIiyuT, a T TALTUUUIT UT LT YUl SUTL.

ent document ne couvre pas les aspects relatifs au mesurageée\de la qu
on des essais individuels de série. Le présent document idefinit une €
e pour les essais individuels de série. Toutefois, il convient gue/les essais ing
soient assurés par les systémes qualité du constructeur, specifiques a l'ense
du sous-ensemble ou du composant, de maniére a garantitr le maintien des

ht est utilisé comme référence.

Objectifs et classification des essais

de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

leau 22 pour les essais.

Sélection des échantillons pour les essais

de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

be au constructeur de préciser les raisons techniques qui justifient le ch
ons repfésentatifs.

Séquence d'essais

plité de
xigence
ividuels
mble du
niveaux
présent

oix des

Le 5.1.3 de I'lEC 62477-1:2012 s'applique.

5.1.4

Conditions de mise a la terre

Le 5.1.4 de I'lEC 62477-1:2012 s'applique.

5.1.5

5.1.5.1

Conditions générales d'essai

Application des essais

Le 5.1.5.1 de I'lEC 62477-1:2012 s'applique.

5.1.5.2

Echantillons d'essai

Le 5.1.5.2 de I'lEC 62477-1:2012 s'applique.
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5.1.5.3 Parameétres de fonctionnement pour les essais

Le 5.1.5.3 de I'lEC 62477-1:2012 s'applique.

5.1.6 Conformité

Le 5.1.6 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

L'évaluation de l'impact potentiel doit é&tre documentée.

5.1.7 Vue d'ensemble des essais

Le 5.1.71 de I'EC 62477-1:2012 et I'lEC 62477-1:2012/AMD1:2016 s'applique, al'exception de
ce qui spit.

Remplagement de la ligne suivante du Tableau 22:

Tableau 22 — Vue d'ensemble des essadis

Essai De Individuel Sur Exigence(s) Spécification
type de série prélévement

Essai dg source a puissance limitée X 4.5.1.101 5.4.3.9

5.2 Spécifications des essais

5.21 Inspections visuelles (essai de type, essai sur préléevement et essai indiyiduel
de série)

Le 5.2.1 de I'lEC 62477-1:2012 s'appligte.
5.2.2 Essais mécaniques

5.2.2.1 Distances d'iselement dans I'air et lignes de fuite (essai de type)

Le 5.2.4.1 de I'lEC 62477-1:2012 s'applique.

5.2.2.2 Essai~de non-accessibilité (essai de type)

Le 5.2.4.2 de NEC 62477-1:2012 s'applique.

5.2.2.3 — Essaf d'Intégrité de I'enveloppe (classification Py (essal de type)
Le 5.2.2.3 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Addition:

L'essai d'intégrité de I'enveloppe peut étre réalisé sans composant d'origine, sauf si les
critéres d'acceptation exigent de monter les composants en fonction de la conformité évaluée.

5.2.2.4 Essai d'intégrité de I'enveloppe (essai de type)
5.2.2.4.1 Généralités
Le 5.2.2.4.1 de I'lEC 62477-1:2012 s'applique.
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5.2.2.4.2 Essai de déformation (essai de type)

5.2.2.4.2.1 Généralités

Le 5.2.2.4.2.1 de I'lEC 62477-1:2012 s'applique.

5.2.2.4.2.2 Essai de force constante, 30 N

Le 5.2.2.4.2.2 de I'lEC 62477-1:2012 s'applique.

5.2.2.4.2.3 Essai de force constante, 250 N

Le 52.2.423de 'NEC 682477-1:2012 e'nlr_\lr_\liqnn1 a I'QYPnpfinn de ce qui suit

Addition:

Si l'env
spécific
conséqu

5.2.2.4.

Le 5.2.2

5.2.2.4.

Le 5.2.2

5.2.2.4.

Le 5.2.2

5.2.2.5

Rempla

Le cong

bloppe fait I'objet de forces plus importantes (en fonction de l'usage” prévu
btion du constructeur), ladite valeur supérieure doit étre soumise a l'e
ence.

B Essai de choc (essai de type)

.4.3 de I'lEC 62477-1:2012 s'applique.

( Essai de chute

4.4 de I'lEC 62477-1:2012 ne s'applique pas’

i) Relachement des contraintes

4.5 de I'lEC 62477-1:2012 s'appligue.

Essai de stabilité

cement:

tructeur de matériel encombrant doit, par calcul ou essai, s'assurer qu'un

raisonnable (par rappartya la taille) appliquée directement sur la partie latérale de I'

puisse f]

pire basculer'funité.

Il est afimis d'utiliser la méthode d'essai décrite en 5.2.2.5 de I'|EC 62477-1:2012 &

niveaux
des cald

d'essai appropriés pour le matériel encombrant, ou de procéder a une analy
uls’

et de la
5sai en

e force
inité ne

vec les
se ou a

5.2.2.6

Matériels fixés au mur ou au plafond

Le 5.2.2.6 de I'|EC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Addition:

Ces essais concernent uniquement les SECP HT fixés au mur ou au plafond et n'étant pas

posés a

5.2.2.7

u sol.

Fixation des poignées et organes de contréole manuels

Le 5.2.2.7 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Remplacement du Tableau 23:
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Tableau 23 - Valeurs de I'effort de traction pour la fixation des poignées
et organes de contréle manuels

Effort de traction axial improbableP

Effort de traction axial probable®

N N

Destiné a étre actionné | Doigts 1 main 2 mains Doigts 1 main 2 mains

par

Organes de manceuvre | 15 100 200 30 150 300

des composants ?

Autre 20 150 300 50 200 450

a8 Les poignées, boutons, leviers et organes analogues destinés a manceuvrer des composants, tels

quUiergeRes-de-commande-de—valveteviers-deaneetvre-tlestrigue—etes
b «Hrobable» signifie des forces opérationnelles normales. «Improbable» signifie une mauvaise utilisation
prévue.

Addition:
NOTE Ckt essai vise a vérifier si les orifices laissés par suite du retrait des poignees présentent un dapger pour
la sécuritée.
5.2.3 Essais électriques
5.2.3.1 Généralités
Le 5.2.3.1 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:
Le choiX des sous-ensembles et composants pertinents doit étre conforme a 5.2.6.1.
Le conditionnement préalable selon, 5:2.6.3.1 et 5.2.6.3.2 est uniquement nécessaire|lorsque
cela es{ pertinent pour la sécurité,'ll incombe au constructeur de déterminer la peftinence
pour la $écurité.
5.2.3.2 Essai de tension de choc (essai de type et essai sur préléevement)
Le 5.2.3.2 de I'lEC 624%7-1:2012 s'applique, a I'exception de ce qui suit.
Addition:
Voir le Tableau 106 pour des valeurs HT.
NOTE 1 Voir 5.1.1 pour I'applicabilité des essais.
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Tableau 106 — Tension d'essai de choc

Colonne 1

2

3

4

5

Tension systéme
(voir 4.4.7.1.6)

Tension de tenue aux chocs
pour l'isolation entre les
circuits et leur environnement
selon la catégorie de
surtension Il

Tension de tenue aux chocs
pour l'isolation entre les
circuits et leur environnement
selon la catégorie de
surtension IV

Alternative Continue Isolation Renforcée Isolation Renforcée
principale ou principale ou
supplémentaire supplémentaire
\ \Y \Y \ \Y \Y
160 50 8000 12800 127000 9 200
3[600 5400 20 000 32 000 40 000 64 000
7(200 10 800 40 000 64 000 60 000 9¢ 000
12000 18 000 60 000 96 000 75 000 12 000
17 500 26 250 75 000 120 000 95 000 15p 000
24000 36 000 95 000 152 000 1257000 20p 000
3¢ 000 54 000 125 000 200 000 145 000 23p 000

L'interpdlation est autorisée.

NOTE
partir du] Tableau 101.

| es tensions d'essai pour les catégories de surtension | et ll.peuvent étre déduites de fagon sifilaire a

NOTE 2
la tension|de choc.

NOTE 3

Dans certains pays, le niveau de choc de base (BIL) et la tension de choc de foudre (LI) correspondent a

Les tensions d'essai de choc selon le Tableau 2 de I'lEC 60071-1:2006 peuvent étre utiliséeq. Si cette

méthode ¢st choisie, les données d’essai recueillies attestent de maniére objective que I’exigence est sat{sfaite.

Si le CEP contient une combinaison de différents systémes d'isolation, il n'est pas gxigé de
procéder a un essai de tension .déchoc de I'ensemble du CEP. Les sous-systémes peuvent

étre soumis a l'essai séparément)et doivent suivre les régles de 4.4.7.10.1 et 4.4.7.10J2.

5.2.3.3
Le 5.2.3.3 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Addition:

Il incompg.al constructeur de démontrer I'équivalence, si cette méthode est utilisée pour les

circuits HE-Moeir 52 deHEC 600 1906 pourd-autres—mothodes-d-essail-

5.2.3.4 Essai de tension en courant alternatif ou en courant continu (essai de type et
essai individuel de série)

5.2.3.4.1 But de I'essai

Le 5.2.3.4.1 de I'lEC 62477-1:2012 s'applique.

5.2.3.4.2 Valeur et type de la tension d'essai

Le 5.2.3.4.2 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

Voir le Tableau 107 pour des valeurs HT.

Variante a I'essai de tension de choc (essai de type et essai sur préléviement)
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Tableau 107 — Tension d'essai alternative ou continue
pour circuits raccordés directement au réseau HT

Colonne 1 2b 3b
Tension systéme Tension pour essais de type des Tension pour essais de type des
entre phases circuits avec isolation principale circuits avec séparation de
(voir 4.4.7.1.6) et pour tous les essais individuels protection, et entre les circuits et
de série les surfaces accessibles (non
conductrices ou conductrices
mais non raccordées a la terre de
protection, protection de classe Il
selon 4.4.6.3)
Alternative Continue Alternative Continue Alternative Continue
v (V) efficace 2 (V) efficace (V)
V) V)
1001 1 501 3 000 4 250 4 800 6,870
3600 5 400 10 000 14 150 16 000 22 6p0
7 200 10 800 20 000 28 300 32 000 45 3p0
12 000 18 000 28 000 39 600 44 800 63 3p0
17 500 26 250 38 000 53 700 60 800 85 9p0
24 000 36 000 50 000 70 700 80/000 113 100
36 000 54 000 70 000 99 000 112 000 158 400

L'interpdlation est autorisée.

2  Valelrrs issues du Tableau 2 de I'lEC 60071-1:2006.

b Une pource de tension avec un courant de court-circuit d'aunioins 0,1 A selon 5.2.2.2 de I''EC 6118(-1:1992
est Utilisée pour cet essai.

5.2.3.4.3 Exécution de I'essai de tension

Le 5.2.3.4.3 de I'l[EC 62477-1:2012 s'applique.

5.2.3.4.4 Durée de l'essai de.tension en courant alternatif ou en courant continu

Le 5.2.3.4.4 de I'lEC 62477°4:2012 s'applique.

5.2.3.4.5 Vérification de I'essai de tension en courant alternatif ou en courant
continu

Le 5.2.3.4.5 de }'IEC 62477-1:2012 s'applique.

5.2.3.5 Essai de décharge partielle (essai de type, essai sur préléevement)

Le 5.2.3.5 de I'lEC 62477-1:2012 s'applique.

5.2.3.6 Impédance de protection (essai de type et essai individuel de série)

Le 5.2.3.6 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

La conformité peut d'autre part étre vérifiée par des calculs. Dans le cas d'une démonstration
par calcul, les tolérances des composants doivent étre prises en considération.

5.2.3.7 Mesure du courant de contact (essai de type)

Le 5.2.3.7 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
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Addition:

NOTE Pour les SECP HT, cet essai peut en principe étre omis, des mesures de mise a la terre de connexion fixes
étant utilisées (voir 4.4.4.3.3).

5.2.3.8

Décharge de condensateurs (essai de type)

Remplacement:

Si le temps de décharge des condensateurs est exigé par 4.4.3.4 et 4.4.9, il doit étre vérifié
par un essai de type et/ou par calcul, en tenant compte des tolérances applicables.

constru
I'accés

5.2.3.9

Le 5.2.3

5.2.3.10

Le 5.2.3
Ajout a
Les inte
5.2.3.11
5.2.3.11
Le 5.2.3

5.2.3.11
5.2.3.11

Le 5.2.3

5.2.3.11

asinée, un essai de type doit étre réalisé pour démontrer sa fonctionnalité. L

teur choisit cette option, il doit démontrer que les exigences de 4.4.9, quiem
bn présence de I'énergie capacitive, sont satisfaites par ce systéme de comma

Essai de source a puissance limitée (essai de type)

.9 de I'lEC 62477-1:2012 s'applique.

Essai d'échauffement (essai de type)
.10 de I'lEC 62477-1:2012 s'applique, a I'exception.de ce qui suit.
a fin du sixieme alinéa:
rvalles entre les trois lectures successiyessont limités a 30 min.

Essai de la liaison équipotentielle de protection (essai de type et essa
individuel de série)

.1 Généralités

.11.1 de I'EC 62477-112012 s'applique.

.2 Essai d'impédance de la liaison équipotentielle de protection
.21 Conditions d'essai

.11.2.1 deV'IEC 62477-1:2012 s'applique.

22 Courant d'essai, durée de I'essai et critéres d'acceptation

énergie
rsqu'un
échent
de.

Le 5.2.3

5.2.3.11

11.2.2 de I'IEC 62477-1:2012 s'applique.

.3 Essai de tenue au court-circuit de la liaison équipotentielle de protection

(essai de type)

Le 5.2.3.11.3 de I'lEC 62477-1:2012 s'applique.

5.2.3.11

.4  Essai de continuité de la liaison équipotentielle de protection (essai
individuel de série)

Le 5.2.3.11.4 de I'lEC 62477-1:2012 s'applique.
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5.2.4 Essais de fonctionnement anormal et de défauts simulés
5.2.41 Généralités

Remplacement:

La protection contre les risques de dangers thermiques ou liés a I'énergie et de chocs
électriques en cas de condition de fonctionnement anormal d'un SECP combiné avec son
installation doit étre évaluée par

a) les essais définis en 5.2.4 sur un échantillon représentatif, ou

b) un calcul ou une simulation vérifié(e) par des essais tels que définis en 5.2.4.4 et 5.2.4.6

sur , verture
des |dispositifs de protection contre les surintensités ne s'est produit sur |'échantillon
d'espai.

NOTE Up modele représentatif contient un SECP avec des éléments de puissance’ similafres (des
semicondpcteurs de puissance, des fusibles, des disjoncteurs, des condensateurs, des circuits de détdctions de
surintensités et des inductances de sortie, par exemple) et des topologies de circuits similaires a ceux dy SECP a
I'étude.

Avant dg réaliser I'ensemble des essais de fonctionnement anormal, I'échantillon d'essai doit
étre monté, raccordé et mis en fonctionnement comme décrit dans A'essai d'échauffempnt.

Les défauts simulés ou les conditions de fonctionnement{anormal doivent étre appligués un
par un gt I'un aprés l'autre. Les défauts qui sont la conséguence directe d'un défaut simulé ou
de conditions de fonctionnement anormal sont considérés comme une partie de cg défaut
simulé qu de la condition de fonctionnement anormakh

Dans le|cas de composants ou de sous-ensembles d'un SECP livré sans enveloppe, une cage
en treillls métallique de 1,5 fois les dimensions linéaires de la partie du SECP a I'étude doit
étre utilisée pour simuler I'enveloppe prévue.

Le SECP et la cage en treillis. métallique (s'il y a lieu) doivent étre mis a Ja terre
conformément aux exigences de 4(4:4.2.2.

De la gaze ou du coton hydrophile doit étre disposé(e) sur toutes les ouvertures, pIignées,
brides, |tous les joints ~ef*autres emplacements similaires sur les cOtés extérigurs de
I'enveloppe et de la cage’en treillis métallique (s'il y a lieu), de maniére a ne pas |affecter
sensiblgment le refreidissement. Une exception sans la gaze ou le coton hydrophile est
admise en appliquant'des critéres de réussite conformes au 5.2.4.2.

Lorsqueg le SECP soumis a l'essai fait état, dans son manuel d'installation, d'exigepces de
moyens| externes de protection contre les défauts, ces moyens spécifiques doivent étre
fournis pawnr 'essai

Les tensions des circuits TBTS, TBTP et CTD As accessibles ainsi que les parties
accessibles mises a la terre et les parties conductrices non mises a la terre doivent étre
surveillées.

L'alimentation doit étre capable de fournir le courant de court-circuit présumé spécifié
(voir 4.3.1) au point de raccordement du SECP, sauf si 'analyse du circuit de 4.2 indique
qu'une valeur inférieure peut étre utilisée.

Les essais individuels doivent étre réalisés jusqu'a l'activation d'un dispositif ou mécanisme
de protection (interne ou externe), la défaillance d'un composant qui interrompt la condition
de défaut ou la stabilisation des températures.


https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae

- 146 - IEC 62477-2:2018 © |IEC 2018

5.2.4.2 Criteres de réussite

Paragraphes complémentaires:

5.2.4.2.101 Critéres généraux de réussite

Le texte de 5.2.4.2 de I'lEC 62477-1:2012 et de I'lEC 62477-1:2012/AMD1:2016 s'applique au
5.2.4.2.101.

5.2.4.2.102 Criteres de réussite alternatifs de court-circuit en sortie

L'essai de 5.2.4.6 est également considéré comme satisfaisant, si aucun indicateur en gaze

ou en C ;

— le SECP est en mesure de fonctionner,
— une Jnspection visuelle démontre que le SECP n'est pas endommagé, et

— il n'ya aucune trace de flammes, de particules incandescentes ou de métal fondu.

Cela n'dst pas applicable pour I'essai de défaillance de composants (voir également 4 [2).

5.2.4.3 Essai de tenue au court-circuit de la liaison équipotentielle de protection
(essai de type)

5.2.4.3.1 Généralités
Le 5.2.4.3.1 de I'lEC 62477-1:2012 s'applique.

5.2.4.3.2 Conditions d'essai

Le 5.2.4.3.2 de I'|EC 62477-1:2012 s'appliquée:

5.2.4.3.38 Méthode d'essai de court-circuit de la liaison équipotentielle de proflection

Le 5.2.4.3.3 de I'lEC 62477-1:2042_s'applique.

5.2.4.3.4 Critéres d'acceptation
Le 5.2.4.3.4 de I'lEC 6247#7-1:2012 s'applique.

5.2.4.4 Essaide court-circuit en sortie (essai de type)

5.2.4.4.1 Conditions de charge

Le 5.2.4.4497de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Addition:

L'essai de court-circuit en sortie doit étre réalisé sur tout accés de puissance du CEP congu
pour fournir la puissance de sortie.

5.2.4.4.2 Méthode d'essai de court-circuit

Le 5.2.4.4.2 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

Voir 5.2.4.2.101 et 5.2.4.2.102 pour les critéres d'acceptation.
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5.2.4.5 Essai de surcharge en sortie (essai de type)

Le 5.2.4.5 de I'|EC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

L'essai de surcharge en sortie doit étre réalisé sur tout acces de puissance du CEP congu
pour fournir la puissance de sortie.

Pour le SECP dont la condition de surcharge est considérée comme un fonctionnement
normal, I'essai de surcharge en sortie n'est pas exigé.

5.2.4.6 Essai de défaillance de composants (essai de type)

Le 5.2.4.6 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

NOTE Ppur les exigences générales, voir 5.2.4.1. Pour les critéres d'acceptation, vain5.2.4.2.
5.2.4.6.1 Conditions de charge

Le 5.2.4.6.1 de I'lEC 62477-1:2012 s'applique.

5.2.4.6.2 Application d'un court-circuit ou d'un ¢ircuit ouvert

Le 5.2.4.6.2 de I'lEC 62477-1:2012 s'applique.

5.2.4.6.8 Séquence des essais

Le 5.2.4.6.3 de I'lEC 62477-1:2012 s'applique.

5.2.4.7 Essai de court-circuit des cartes de circuit imprimé (essai de type)

Le 5.2.4.7 de I'EC 62477-1:2012 s'applique.

5.2.4.8 Perte de phase (essai de type)

Le 5.2.4.8 de I'lEC 62477-1:2012 s'applique.

5.2.4.9 Essais de défaillance du systéme de refroidissement (essais de type)

5.2.4.9.1 Généralités et critéres d'acceptation

Le 5.2.4.9.1 de I'lEC 62477-1:2012 s'applique.

5.2.49.2 Moteur de ventilateur inopérant

Le 5.2.4.9.2 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

Le ventilateur ou le systéme de ventilation peut étre rendu inopérant par des moyens
mécaniques ou électriques.

5.2.4.9.3 Filtre colmaté

Le 5.2.4.9.3 de I'lEC 62477-1:2012 s'applique.
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5.2.49.4 Perte du liquide de refroidissement

Le 5.2.4.9.4 de I'lEC 62477-1:2012 s'applique.

5.2.4.10 Essai de tenue au courant de courte durée admissible (I,,) (essai de type)
5.2.4.10.1 Généralités

Le 5.2.4.10.1 de I'lEC 62477-1:2012/AMD1:2016 ne s'applique pas.

5.2.4.10.2 Méthode d'essai de tenue au courant de courte durée admissible

Le 5.2.4.10.2 de I'lEC 62477-1:2012/AMD1:2016 ne s'applique pas.

5.2.4.10.3 Critéeres de réussite

Le 5.2.4.10.3 de I'lEC 62477-1:2012/AMD1:2016 ne s'applique pas.

5.2.5 Essais de matériaux
5.2.51 Généralités

Le 5.2.9.1 de I'lEC 62477-1:2012 s'applique.

5.2.5.2 Essai d'inflammation par formation d'arc soeus courant électrique éleve (essai
de type)

Le 5.2.5.2 de I'lEC 62477-1:2012 s'applique.

5.2.5.3 Essai au fil incandescent (essai.de type)

Le 5.2.5.3 de I'lEC 62477-1:2012 s'appligue:

5.2.5.4 Essai d'inflammation au_fil chaud (essai de type — variante a I'essai aulffil
incandescent)

Le 5.2.9.4 de I'lEC 62477-1:;2012 s'applique.

5.2.5.5 Essai d'inflammabilité (essai de type)
Le 5.2.9.5 de I'EC)62477-1:2012 s'applique.

5.2.5.6 Essai a I'huile chaude enflammée (essai de type)

Le 5.2.9.6\de I'lEC 62477-1:2012 s'applique.

5.2.5.7 Essai des joints scellés (essai de type)

Le 5.2.5.7 de I'lEC 62477-1:2012 s'applique.

5.2.6 Essais environnementaux (essais de type)
5.2.6.1 Généralités

Le 5.2.6.1 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Ajout aprés le deuxieme alinéa:

NOTE Les sous-ensembles de sécurité sont en général des sous-ensembles de commande.
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Critéres d'acceptation

Le 5.2.6.2 de I'lEC 62477-1:2012 s'applique.

5.2.6.3

Essais climatiques

5.2.6.3.1 Essai de chaleur séche (régime permanent)

Le 5.2.6.3.1 de I'lEC 62477-1:2012 s'applique.

5.2.6.3.2 Essai de chaleur humide (régime permanent)

Le 5.2.

32 de 'NEC 682477-1:2012 c'nppliqnn

5.2.6.4
Le 5.2.6

5.2.6.5
Le 5.2.6

5.2.6.6
Le 5.2.6

5.2.7

Le 5.2.7

Essai de vibration (essai de type)

.4 de I'EC 62477-1:2012 s'applique.

Brouillard salin (essai de type)

.5 de I'lEC 62477-1:2012 s'applique.

Poussiéres et sable (essai de type)

.6 de I'lEC 62477-1:2012 s'applique.

Pression hydrostatique (essai de type et.essai individuel de série)

de I'lEC 62477-1:2012 s'applique.

6 Exigences relatives aux informations et au marquage

6.1 G
Le 6.1d

Addition
I'Article

6.2

I

Le 6.2

énéralités
e I'lEC 62477-1:2012.s"applique, a I'exception de ce qui suit.

des exigences._relatives aux informations et au marquage de défaut ¢
AA.7.

formations pour le choix

de( IIEC 62477-1:2012 et I'IEC 62477-1:2012/AMD1:2016 s'applique, a\

exceptiq

'‘arc de

ec des

ns{(voir 4.3.1).

6.3 Informations pour l'installation et la mise en service

6.3.1
Le 6.3.1

6.3.2
Le 6.3.2

6.3.3
Le 6.3.3

Généralités
de I'lEC 62477-1:2012 s'applique.

Considérations d'ordre mécanique

de I'lEC 62477-1:2012 s'applique.

Environnement

de I'lEC 62477-1:2012 s'applique.
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6.3.4 Manutention et montage

Le 6.3.4 de I'lEC 62477-1:2012 s'applique.

6.3.5 Température de I'enveloppe

Le 6.3.5 de I'lEC 62477-1:2012 s'applique.

6.3.6 Connexions

6.3.6.1 Généralités

Le 6.3.6.1 de I'NlEC 62477-1:2012 Q'Qppliqllﬂ

6.3.6.2 Schémas d'interconnexion et de cablage

Le 6.3.6.2 de I'EC 62477-1:2012 s'applique.

6.3.6.3 Choix des conducteurs (céables)

Le 6.3.9.3 de I'EC 62477-1:2012 s'applique.

6.3.6.4 Capacité de raccordement et identification desbornes

Le 6.3.9.4 de I'EC 62477-1:2012 s'applique.

6.3.7 Exigences de protection
6.3.7.1 Parties et circuits accessibles

Le 6.3.7.1 de I'EC 62477-1:2012 s'appliqué:

6.3.7.2 Type de systéme d'alimentation électrique

Le 6.3.7.2 de I'lEC 62477-1:20%2:8"applique.

6.3.7.3 Protection de classe
6.3.7.3.1 Généralités

Le 6.3.7.3.1 de I'IEE62477-1:2012 s'applique.

6.3.7.3.2 Matériel de protection de classe |

Le 6 3 29 d MNEC G247 7 49019 a'lanalio
DT O E S O T o L ZUTZ S appmgqucsT

6.3.7.3.3 Matériel de protection de classe Il

Le 6.3.7.3.3 de I'lEC 62477-1:2012 s'applique.

6.3.7.3.4 Matériel de protection de classe lll

Le 6.3.7.3.4 de I'lEC 62477-1:2012 s'applique.

6.3.7.4 Marquage du courant de contact

Le 6.3.7.4 de I'lEC 62477-1:2012 s'applique.


https://iecnorm.com/api/?name=c8ce1f6da4a43a5738099497af5ffdae

IEC 62477-2:2018 © |IEC 2018 - 151 -

6.3.7.5

Compatibilité avec le marquage DDR

Le 6.3.7.5 de I'lEC 62477-1:2012 s'applique.

6.3.7.6

Cable et connexion

Le 6.3.7.6 de I'lEC 62477-1:2012 s'applique.

6.3.7.7

Dispositifs de protection externes

Le 6.3.7.7 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Paragrajphie complementaire.

6.3.7.10

Dans le

que ce

1 Matériel de type ouvert

cas d'un SECP destiné a étre installé et utilisé sans enveloppe, lasdecumenta

moyens de protection incluent toutes les informations pertinentes sur les

exiger 3ue I'installation mette en place des moyens supplémentaires deprotection. Il

potenti

6.3.8
Le 6.3.8

6.4

I
6.4.1

Le 6.4.1

6.4.2

Le 6.4.2

6.4.3
6.4.3.1
Le 6.4.3

6.4.3.2
Le 6.4.3

Is dus a I'absence d'enveloppe (voir 4.4.3.3).

Mise en service

de I'lEC 62477-1:2012 s'applique.

formations pour l'utilisation

Généralités

de I'lEC 62477-1:2012 s'applique.

Réglage

de I'lEC 62477-1:2012 s'applique.

Etiquettes, panneaux et signaux
Généralités

.1 de I'lEC.62477-1:2012 s'applique.

Sectionneurs

.2/ de I'lEC 62477-1:2012 s'applique.

lion doit
tonvient
Hangers

6.4.3.3

Le 6.4.3

6.4.3.4
Le 6.4.3

6.4.3.5
Le 6.4.3

Signaux visuels et sonores

.3 de I'lEC 62477-1:2012 s'applique.

Surfaces brialantes

.4 de I'lEC 62477-1:2012 s'applique.

Marquage des appareils

.5 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Paragraphe complémentaire:
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6.4.3.101 Fonctionnement en condition de défaut

Si le constructeur autorise le fonctionnement aprés une condition de premier défaut, il est
tenu de fournir toutes les informations de sécurité appropriées dans la documentation du
produit (voir 4.1).

6.5 Information pour la maintenance

6.5.1
Le 6.5.1

6.5.2
Le 6.5.2

Rempla

6.5.3
Le 6.5.3

6.5.4
Le 6.5.4

6.5.5

Rempla

L'install
relatives
conditio

Selon 4

Généralités
de I'lEC 62477-1:2012 s'applique.

-Bécharge-de-condensateurs

de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.
Cement, dans le premier alinéa, de la référence "4.4.3.4" par "4.4.9,

Redémarrage automatique/connexion de dérivation

de I'lEC 62477-1:2012 s'applique.

Autres dangers

de I'lEC 62477-1:2012 s'applique.

Matériels a plusieurs sources d'alimentation

cement:

bteur chargé de l'installation du~CEP ou du SECP doit fournir les infon
au meilleur moyen de mettre fe systéme hors tension pour I'entretien dans to
ns.

8, en présence de plusieurs sources d'alimentation du SECP, le construct

fournir des informations pour indiquer les acceés d'entrée et de sortie qui doivent étr

afin de

NOTE D
et n'est p

Bns la plupart-des cas, le constructeur du CEP ou du SECP n'est pas chargé de l'installation d
s en mesure‘de fournir ces informations.

mations
utes les

eur doit
e isolés

procéder a des opérations de maintenance sur le matériel ou la partie concernée du
systéemgq.

I matériel

Paragralohe complémentaire:

6.5.101

Conditions d'accés pour le CEP ou SECP HT

S'agissant des parties qui ne sont pas directement mises a la terre par un interrupteur de
mise a la terre, les constructeurs doivent fournir des instructions de sécurité pour procéder a
la mise a la terre. Ces informations doivent étre incluses dans un manuel de maintenance
(voir 4.4.101).

Article complémentaire:

101 Exigences relatives a la classification d'arc interne

Les exigences relatives a la classification d'arc interne sont définies a I'Annexe AA.
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La classification d'arc interne a pour principal objet de permettre au constructeur de fournir
toutes les informations nécessaires dans la documentation et le marquage du produit de sorte
que l'installation finale puisse assurer la protection contre un défaut d'arc interne. Aucun
essai de défaut d'arc n'est exigé pour satisfaire aux exigences minimales du présent
document. L'utilisateur final est censé avoir accés a la totalité de ces informations. Le
constructeur peut uniquement étre chargé de la transmission de ces informations au client.

Dans de nombreux cas, I'organisme qui achéte le CEP ou le SECP n'en est pas l'utilisateur
final, mais un installateur/intégrateur systéme. Il est donc possible que le constructeur ne soit
jamais en contact avec l'utilisateur final. Lorsque l'installateur/intégrateur systéme est celui
qui est en contact direct avec ['utilisateur final, l'installateur/intégrateur systéme est
responsable de l'utilisation des articles appropriés du présent document pour assurer le

maintiegrdeta—sécurité:

Les exigences relatives a la classification d'arc interne permettent de garantir que le$ essais
de défayit d'arc suivent une ligne directrice spécifique.

L'Annexe AA autonome facilite le transfert de toutes les exigences relatives a la classfification
d'arc inferne en un seul tenant et leur adaptation dans d'autres normes.
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Annexe A
(normative)

Informations supplémentaires pour la protection
contre les chocs électriques

A.1 Généralités

L'Article A.1 de I'lEC 62477-1:2012 s'applique.

A.2 PRrotection au moyen de la CTD As

L'Articleg A.2 de I'lEC 62477-1:2012 s'applique.

A.3 PRrotection au moyen de lI'impédance de protection

L'Article A.3 de I'lEC 62477-1:2012 s'applique.

A.4 PRrotection au moyen de tensions limitées

L'Articlel A.4 de I'lEC 62477-1:2012 s'applique.

A.5 Evaluation de la tension de fonctionfement et choix de la CTD pour|la
tension de contact, et les circuits TBTP et TBTS

L'Articlel A.5 de I'lEC 62477-1:2012 s'applique.

A.6 HEvaluation de la tension“de fonctionnement des circuits

L'Articlel A.6 de I'lEC 62474-1.2012 s'applique.

A.7 Exemples d'utilisation des éléments de mesures de protection

L'Article A.7 de\JHEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Remplagemeént, dans le dernier alinéa, de "CTD C" par "CTD C ou CTD D"

Remplacement du Tableau A.4:
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Tableau A.4 — Exemples de protection contre les chocs électriques

Type d'isolation

Configuration de I'isolation

a
Parties
conductrices
accessibles et

b

Parties accessibles
non conductrices

c

Parties conductrices accessibles,

mais NON raccordées a la terre par
une liaison équipotentielle de

S surface du maté

riel

raccordées a la protection
terre par une
liaison
équipotentielle de
protection
s D D A R M
— « >
AB M I AB Z A R ABMZ AB ZM
1. Solide P \ | AeH > M
= IEC \ [ I
IEC IEC
S A MZ A2 M
N L
A W . [ -E.
2. Totale ou >
partielle p3r L o« > L
distance 4_1 | I 1/ |
d'isolementt “_ NI
dans l'air S A ZM
= IEC IEC 2 |
¢ > o
3. Isolation dps CRCAB M C Rc AZc
circuits A/S C Rc AZc M
adjacents: (l «— S NS
Circuit A: circyit ‘_ [
de tension — IEC IEC 2 IEC
inférieure
Circuit C: circyit
de tension
supérieure; CTD C
ou CTD D
A A VA AB M A M
2y gl
4. Exigences L1
pour les -— T T PN T
ouvertures i ]
dans les
enveloppe$ IEC
a
1 IEC
A partie actlve L—distanced'isclement-dans'air pour — T doigtd'épreuve(Article 12 de
B isolation principale pour circuit A l'isolation principale I'EC 60529:1989)
Bc isolation principale pour circuit C L, distance d'isolement dans I'air pour Z jsolation supplémentaire pour
c circuit adjacent I'isolation renforcée circuit A
D double isolation pour circuit A M partie conductrice Zc isolation supplémentaire pour
F isolation fonctionnelle pour circuit A R isolation renforcée pour circuit A circuit C
i i 5 ircui * s'applique aussi aux vis en
| isolation inférieure 4 B Rc isolation renforcée pour circuit C plazfiqﬂe

A la ligne 4, ces schémas ne sont pas valides pour la CTD B, C ou D. La double isolation ou l'isolation renforcée est
nécessaire pour une partie active de la CTD B, C ou D.

NOTE 1

par une vis métallique au cours de la vie du matériel.
NOTE 2 A la ligne 4, I'insertion du doigt d'épreuve est considérée comme représentant une condition de premier défaut.

A la colonne ¢, une vis en plastique est considérée comme métallique parce qu'un utilisateur pourrait la remplacer

a8 L'isolation fonctionnelle est suffisante si I'ouverture est couverte en fonctionnement normal. Il ne doit pas étre possible de
retirer le capot sans l'utilisation d'un outil ou d'une clé. Si I'ouverture n'est pas couverte en fonctionnement normal,
I'isolation principale est exigée.
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Annexe B
(informative)

Considérations relatives a la réduction du degré de pollution

L'Annexe B de I'lEC 62477-1:2012 s'applique.
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Annexe C
(informative)

Symboles référencés dans I'lEC 62477-1

L'Annexe C de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Ajout de la ligne suivante dans le Tableau C.1:

Tableau C.1 — Symboles utilisés

~
‘\ ISO 7010
| et
,’ IEC 60417-6042:2010-11 et
~o - IEC 60417-5416:2015-04

Attention, risque de
choc électrique

Affichage du temps
restant; traitement

(temps a indiguer a
c6té du symbole)

4.4.9
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Annexe D
(normative)

Evaluation des distances d'isolement dans I'air et des lignes de fuite

L'Annexe D de I'lEC 62477-1:2012 s'applique uniquement pour la section basse tension.
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Annexe E
(informative)

Correction d'altitude pour les distances d'isolement dans l'air

L'Annexe E de I'lEC 62477-1:2012 s'applique.
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Annexe F
(normative)

Détermination de la distance d'isolement dans l'air et de la ligne
de fuite pour des fréquences supérieures a 30 kHz

L'Annexe F de I'lEC 62477-1:2012 s'applique.
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Annexe G
(informative)

Sections de conducteurs ronds

L'Annexe G de I'lEC 62477-1:2012 s'applique.
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Annexe H
(informative)

Principes directeurs pour la compatibilité des DDR

L'Annexe H de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

H.1 Choix du type de DDR

Addition avant le premier alinéa:

NOTE Ep principe, les SECP HT n'utilisent pas de DDR, mais plutét des dispositifs ou systémes diffélents (des
transformpteurs de courant, par exemple).
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Annexe |
(informative)

Exemples de réduction de catégorie de surtension

L'Annexe | de I'lEC 62477-1:2012 s'applique.
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Annexe J
(informative)

Seuils de bralure pour les surfaces accessibles au toucher

L'Annexe J de I'|EC 62477-1:2012 s'applique.
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Annexe K
(informative)

Tableau des potentiels électrochimiques

L'Annexe K de I'lEC 62477-1:2012 s'applique.
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Annexe L
(informative)

Instrument de mesure du courant de contact

L.1 Instrument de mesure

L'Article

L.1 de I'lEC 62477-1:2012 s'applique, a I'exception de ce qui suit.

Remplacement de la Figure L.1 par la Figure 4 de I'lEC 60990:2016.

Addition

Résistand
Capacité

Plage de

, @ la Figure L.1, de la note suivante:

e d'entrée du voltmétre ou de l'oscilloscope (valeur de lecture efficace ou de créte): 11 MQ
H’entrée: < 200 pF

réquences: 15 Hz jusqu’a 1 MHz (a la fréquence la plus élevée considérée)
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Annexe M
(informative)

Doigts d'essai pour détermination de I'accés

L'Annexe M de I'lEC 62477-1:2012 s'applique.
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Annexe N
(informative)

Lignes directrices relatives au courant de court-circuit

L'Annexe N de I'lEC 62477-1:2012/AMD1:2016 ne s'applique pas.
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Annexe complémentaire:

Annexe AA
(normative)

Essai de défaut d'arc et exigences d'étiquetage

AA.1 Généralités

L'Annexe AA a pour objet de définir un systéme de cIassmcatlon d'arc interne. Elle comprend

| 10 epeaa—adae—ra-aroHi-a-c atdaoc mAthadaoc d'accol AAfiA
es eXIg CTTC TS uu |||u|\.1uugu et aeSMethoaesStesSSataeHes:

L'Annexe AA a pour objet de représenter toutes les configurations possibles de.matgriel, de
conceptjon, de puissance, etc. Toutefois, le présent document présente la~configudation la
plus sinple utilisée, ce qui signifie que le dispositif en essai est un CEP.

Les pages qui suivent donnent des instructions relatives a des configurations plus complexes.
Dans cqg cas, le constructeur doit évaluer dans quelle mesure ces, exigences sont apglicables
a son type de produit et définir les domaines qui ne sont pas/abordés par I'Annexe AA si
nécessdire.

Il existe|plusieurs concepts de sécurité personnelle (voird'Article AA.8).

L'Annexe AA peut étre utilisée pour le matériel nonn"SECP, en partant du principe| que ce
matériel| particulier ne fait I'objet d'aucune norme “en matiére de défaut d'arc intdrne. Le
construgteur est chargé de son application de~maniére raisonnable. Le constructpur doit
évaluer| dans quelle mesure I'Annexe AA _.est applicable a son type de produif et, si
nécessdire, définir les domaines qu'elle n'aborde pas.

AA.2 Références
IEC 60059, Caractéristiques des-courants normaux de la CEI

IEC 62271-200:2011, Appareillage a haute tension — Partie 200: Appareillage sous enveloppe
meétallique pour courant alternatif de tensions assignées supérieures a 1 kV et infériqures ou
égales @ 52 kV

isolante| podr courant alternatif de tensions assignées supérieures a 1 kV et inférigures ou
égales § 52 kV

IEC 62271-201:2014, Appareillage a haute tension — Partie 201: Appareillage sous ez‘veloppe

IEEE C37.20.7-2007, IEEE guide for testing metal-enclosed switchgear rated up to 38 kV for
internal arcing faults

CSA C22.2 No. 0.22-11:2011, Evaluation methods for arc resistance ratings of enclosed
electrical equipment

AA.3 Termes et définitions

AA.3.1

systéme électronique de conversion de puissance

SECP

un ou plusieurs convertisseurs électroniques de puissance destinés a fonctionner ensemble
avec d'autres matériels
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[SOURCE: IEC 62477-1:2012, 3.46]

AA.3.2

CEP classifié en tenue a I'arc interne

CEP d'IAC

CEP pour lequel un critére prescrit définissant la protection du personnel est satisfait en cas
de défaut d'arc interne

Note 1 a l'article: La classification d'arc interne est décrite en AA.4.2.

Note 2 a l'article: |l est en général pris en considération avec une enveloppe métallique. Toutefois, il convient de
satisfaire a toutes les exigences des essais de type quel que soit le type de matériau de Il'enveloppe ou en
I'absence d'enveloppe.

Note 3 a lfarticle: Les IAC s'appliquent également aux SECP.

Note 4 a| l'article: L'abréviation "IAC" est dérivée du terme anglais développé correspondant "internal arc

classificafion

AA.3.3
classe f'accessibilité
caractéflistique liée au niveau de protection assuré aux personnes ‘ayant accés a upe zone
définie qutour de I'enveloppe du CEP

AA.3.4
faces classifiées
caractéfistique liée aux faces accessibles assurant)um niveau défini de protectjon des
personnes, procuré par le CEP en cas de défaut d'aré.interne

AA.3.5
défaut ¢'arc interne
coupurg d'un systeme d'isolation interne donhant lieu a un arc électrique

Note 1 a J'article: Un court-circuit sécurisé mecaniquement (défaut de connecteur de court-circuit) n'egt pas un
défaut d'gre.

AA.3.6
événement de défaut d'arc interne
événement qui commence-par un défaut d'arc interne et se termine lorsque le codrant de
court-cifcuit disponible est)annulé

AA.3.7
courani d'arc
courant|de I'arexau point de l'arc

AA.3.8
courant d'arc potentiel
combinaison de tous les courants possibles qui peuvent participer au courant d'arc

AA.3.9
courant d'essai calibré
courant de court-circuit calibré du laboratoire d'essai

AA.3.10

courant d'essai externe

courant obtenu par le laboratoire d'essai et appliqué au CEP au cours de I'essai de défaut
d'arc interne
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AA.3.11

composant interne de stockage d'énergie

composant de stockage d'énergie en mesure de délivrer de I'énergie au courant d'arc dans un
laps de temps défini

AA.3.12
courant de court-circuit disponible
courant qui peut étre fourni par une ou plusieurs sources externes

AA.3.13
courant de défaut d'arc assigné
combinaison des courants de court-circuit disponibles

Note 1 a |'article: Désignation pour le courant alternatif triphasé: /,, pour le courant alternatif monoppasé: I,,,
pour le cqurant continu: 7, .

Note 2 a [farticle: 1l est égal au courant d'essai moins les courants provenant de sources d'énergie interges, selon
le cas. Dgns ce cas, le courant d'essai est supérieur au courant de défaut d'arc assigné.

AA.3.1
durée d'arc réelle
durée dg¢ présence de l'arc pendant I'essai

AA.3.1

durée du défaut d'arc assignée
durée ap cours de laquelle le courant est fourni par Falimentation du laboratoire d'egsai, au
point d'¢talonnage, lorsque le dispositif en essai est connecté

Note 1 a [article: Désignation pour le défaut alternatif triphase: 7, pour le défaut alternatif monophasé] ¢, ., pour
le défaut gn courant continu: 7, 4 ..

AA.3.16
dispositif en essai
DUT
élémenf du matériel d'un SECP @entouré par une barriére d'indicateurs en coton pendant
I'essai

Note 1 a [article: L'abréviation®'DUT" est dérivée du terme anglais développé correspondant "device under test".

AA.3.17
interne
inclus dans un dispositif en essai ou un élément du matériel du SECP

Note 1 a lfarticle:y™ Voir la Figure AA.6.

AA.3.1
externe
exclu du SECP

Note 1 a I'article: Peut étre exigé pour la fonctionnalité et/ou la sécurité, mais est hors du SECP référencé.

AA.3.19

protection associée

dispositif extérieur au dispositif en essai ou a I'élément du matériel, et qui fait partie d'un
environnement de systéme permettant de limiter I'énergie d'arc

AA.3.20

géométrie complexe

géométrie qui n'est pas une boite rectangulaire et qui a un impact sur les considérations en
matiére de sécurité ou d'essai
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ydrophile

matériau 100 % coton, de qualité chirurgicale (sans impuretés) et dont les propriétés
permettent de I'utiliser comme indicateur d'inflammabilité

Note 1 a I'article: Peut étre neuf ou stocké pour conserver en état neuf.

AA.3.22

personne qualifiée
personne ayant la formation et I'expérience appropriées pour lui permettre de percevoir les
risques et d'éviter les dangers que peut présenter I'électricité

Note 1 a lrarticte- D ans—certaiie—Ba\e—Re-betrsenne—-aLtalfice-asi-anpelde
- P A} g <t Pr

[SOUR(

AA.3.23

BetrsoRhRe—-aHterisse
P

E: IEC 60050-826:1998, 826-18-01, modifiée — La note a été ajoutée.]

personne avertie

personne suffisamment informée ou surveillée par des personnes qualifiées pour lui p
de percgvoir les risques et d'éviter les dangers que peut présenter I'électricité

Note 1 a [article: Dans certains pays, une personne avertie est appelée "personne concernée".
[SOURCE: IEC 60050-826:1998, 826-18-02, modifiée — La nete a été ajoutée.]
AA.3.2

maquette

brmettre

compospnt ou sous-ensemble dont la forme et I'aspect sont similaires a ceux du composant
d'origing, et qui est utilisé pour les besoins declessai afin de réduire les colts sans
les résu|tats

Note 1 a |
peut étre
comme p4

AA.3.25
équiper
EPI

disposit
plusieur
sous ter

AA.4 (

article: Sans affecter les résultats sighifie que si la maquette peut faire partie de I'événement
construite de maniere a ne pas affecter les résultats. Cela peut imposer d'utiliser le matérie
rtie intégrante de la maquette (AA(3.25).

hent de protection individuelle
f ou moyen destiné a étre porté par une personne en vue de la protéger cont

s dangers susceptibles de menacer sa santé ainsi que sa sécurité lors de
sion

Laractéristiques assignées

AA.41

affecter
d'arc, elle

d'origine

e un ou
travaux

—Geéngralités

La classification d'arc interne (IAC) doit étre attribuée et le produit correctement marqué par

le const

ructeur selon les exigences de I'"Annexe AA.

Plusieurs caractéristiques assignées doivent étre spécifiées. Elles doivent étre divisées en
classe d'accessibilité, faces classifiées, courant de défaut d'arc assigné (I, Ipe, Ipgc), durée
du défaut d'arc assignée (tp, faq, fagc), Si la protection associée est exigée (APR) et si la

classific

ation est relative a des conditions particulieres (SC).

Les conditions particulieres sont la géométrie complexe, le SECP de plusieurs unités, un fond
accessible, etc.

Des exemples de conditions particuliéeres sont donnés en AA.4.2.7.
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