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INTERNATIONAL ELECTROTECHNICAL COMMISSION

2023

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR ASSEMBLIES -

Part 1: General rules

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
alll national electrotechnical committees (IEC National Committees). The object of IEC is/,ta pr
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technigal Specificg
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National‘Committee inte
in|the subject dealt with may participate in this preparatory work. International, governmental and
governmental organizations liaising with the IEC also participate in this preparatiomy4EC collaborates ¢
with the International Organization for Standardization (ISO) in accordance withyeonditions determin
agreement between the two organizations.

THe formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an interng
copsensus of opinion on the relevant subjects since each technical cammittee has representation fr
inferested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N3
Cgqmmittees in that sense. While all reasonable efforts are made to’ ensure that the technical content
Pdblications is accurate, IEC cannot be held responsible forthe way in which they are used or fd
misinterpretation by any end user.

In|jorder to promote international uniformity, IEC National Committees undertake to apply IEC Publid
trgnsparently to the maximum extent possible in theirynational and regional publications. Any diver
beffween any IEC Publication and the corresponding national or regional publication shall be clearly indicd
the latter.

IELC itself does not provide any attestation of conformity. Independent certification bodies provide conf
asessment services and, in some areas, agcess to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Ngq liability shall attach to IEC or itsidirectors, employees, servants or agents including individual exper
mémbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature Wwhatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Pdblications.

Atjention is drawn to.the/Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atlention is drawn.to the possibility that some of the elements of this IEC Publication may be the sub
patent rights.. IEC-shall not be held responsible for identifying any or all such patent rights.
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IEC 61439-4:2023 EXV includes the content of IEC 61439-4:2023, and the references made
to IEC 61439-1:2020.

The specific content of IEC 61439-4:2023 is displayed on a blue background.
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IEC 61439-4 has been prepared by subcommittee 121B: Low-voltage switchgear and
controlgear assemblies, of IEC technical committee 121: Switchgear and controlgear and their
assemblies for low voltage. It is an International Standard.

This second edition of IEC 61439-4 cancels and replaces the first edition published in 2012.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) alignment with IEC 61439-1:2020 regarding the structure and technical content, as
applicable.

The {ext of this document is based on the following documents:

Draft Report on voting

121B/183/FDIS 121B/188/RVD

Full information on the voting for its approval can be found in the report on voting indicatged in
the gbove table.

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

This |[document was drafted in accordance with ISO/IEC: Directives, Part 2, and developgd in
accofdance with ISO/IEC Directives, Part1 and/ISO/IEC Directives, IEC Supplement,
availpble at www.iec.ch/members_experts/refdocs:» The main document types developdgd by
IEC are described in greater detail at www.iec.ch/publications.

This |document is to be read in conjunction with IEC 61439-1:2020. The provisions of the
general rules dealt with in IEC 61439-102020 are only applicable to this document insofar as

they| are specifically cited. When-\this document states “addition”, “modification” or
“replacement”, the relevant text ins|EC 61439-1:2020 is to be adapted accordingly.

Subdlauses that are numbered-with a 101 (102, 103, etc.) suffix are additional to the $ame
subc|ause in IEC 61439-1:2020.

Tablg¢s and figures in'this document that are new are numbered starting with 101.
New [annexes inthis document are lettered AA, BB, etc.

In this doecument, terms written in small capitals are defined in Clause 3.

The UadUI’O attUllt;Ull ;O dIGVVII tU thc faut that AIIIIUI\ Ik‘l :IOtO a” Uf thU “;II QUTITC uuuntry”
clauses on differing practices of a less permanent nature relating to the subject of this
document.

A list of all parts of the IEC 61439 series, under the general title Low-voltage switchgear and
controlgear assemblies, can be found on the IEC website.


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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPOQRTANT - The "colour inside” logo on the cover page of this document indicaies
that [ it contains colours which are considered to be useful for the ,corre¢ct
undégrstanding of its contents. Users should therefore print this documentusing a
colopr printer.
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INTRODUCTION

The purpose of this document is to harmonize as far as practicable all rules and requirements
of a general nature applicable to low-voltage switchgear and controlgear assemblies, in order
to obtain uniformity of requirements and verification for assemblies and to avoid the need for
verification in other standards. All those requirements for the various assembly standards
which can be considered as general have therefore been gathered in this document together
with specific subjects of wide interest and application, e.g. temperature-rise, dielectric

properties, etc.

ards

For each type of Inw-\/nlfagn Qwifr‘hgpnr and r‘nntrnlgpnr neqpmhly nnI\J/ two main stan

are rjecessary to determine all requirements and the corresponding methods of verification:

— the basic standard, (this document) referred to as “IEC 61439-1" in the specific\standprds,

cpvering the various types of low-voltage switchgear and controlgear assembliés;

— the specific assembly standard hereinafter also referred to as the relevant asse
standard.

mbly

For a general rule to apply to a specific assembly standard, it should' be explicitly referrgd to

by duoting this document followed by the relevant clause of\ 'Subclause number
“IEC|61439-1:2020, 9.1.3".

A spgcific assembly standard may not require, and hence need not call up, a genera
wherg it is not applicable, or it can add requirements if the._general rule is deemed inadeg
in the particular case, but it may not deviate from_it<unless there is substantial tech
justifjcation detailed in the specific assembly standard:

Whefe, in this document, a cross-reference is made to another clause, the reference is

e.g.

rule
uate
nical

o be

taken to apply to that clause as amended by thé specific assembly standard, where appli¢able.

Reqyirements in this document that@are subject to agreement between the asse
manufacturer and the user are summarized in Annex C (informative). This schedule

mbly
also

facilifates the supply of information.on basic conditions and additional user specificatiops to

enabjle proper design, application-and utilization of the assembly.

For the IEC 61439 series, the following parts are published:

a) |EC 61439-1: Genenal rules

b) IEC 61439-2: Power switchgear and controlgear assemblies (PSC-assemblies)

c) IEC 61439<3:-Distribution boards intended to be operated by ordinary persons (DBO)
d) IEC 61439<4: Particular requirements for assemblies for construction sites (ACS)

e) IEC61439-5: Assemblies for power distribution in public networks

f) i

g) IEC 61439-7: Assemblies for specific applications such as marinas, camping sites, market

squares, electric vehicle charging stations
h) IEC TR 61439-0: Guidance to specifying assemblies.

This list is not exhaustive; additional parts can be developed as the need arises.

1 IEC 61439-2 includes requirements for assemblies for use in photovoltaic installations.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR ASSEMBLIES -

Part 1: General rules

Scope

NOTE Throughout this document, the abbreviation ACS (assembly for construction site, see 3.1.101) is used for a

low-v

This

|
-0

|
— ) —

—

The

O O T

JItIgE SWItChgEar and Conrolgear asSembly Mtended for USe oM CoNSructon and Simtar sttes———————

document defines the specific requirements of ACS as follows:

nsformers incorporated in ACS are within the limits specified aboye;

- a’Esemblies where the nominal primary voltage and the nominal secondary voltage of

semblies intended for use on construction sites, both indeérs and outdoors

ut;
nansportable (semi-fixed) or MOBILE assemblies withenclosure.

gsemblies for which the rated voltage does not exceed 1 000 V in case offAC or 1 300 V
n case of DC;

i.e.

emporary places of work to which the public do not generallty have access and where
uilding construction, installation, repairs, alteration or demolition of property (buildings)
I civil engineering (public works) or excavation or any othér similar operations are cqrried

manufacture and/or assembly can be carried. out by an entity other than by the original

mandifacturer (see 3.10.1 of IEC 61439-1:2020)«
This |document does not apply to individuakdevices and self-contained components, sugh as
motolr starters, fuse switches, electronicequipment, etc. which will comply with the rel¢vant

prod

This

ict standards.

document does not apply_to assemblies for use in the administrative centrds of

consfruction sites (offices, cloakrooms, meeting rooms, canteens, restaurants, dormitgries,

toilets, etc.).

Requirements for electrical protection provided by equipment manufactured according tq
document are given(in TEC 60364-7-704.

2

The
cont

Normative references

this

following documents are referred to in the text in such a way that some or all of|their

ition

cited applies. For undated references, the latest edition of the referenced document (including

any

IEC

amendments) applies.

60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-11:1981, Basic environmental testing procedures — Part 2-11: Tests — Test Ka:

Salt

IEC

mist

60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)
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IEC 60068-2-42, Environmental testing — Part 2-42: Tests — Test Kc: Sulphur dioxide test for
contacts and connections

IEC 60073:2002, Basic and safety principles for man-machine interface, marking and
identification — Coding principles for indicators and actuators

IEC 60085:2007, Electrical insulation — Thermal evaluation and designation
IEC 60364 (all parts), Low-voltage electrical installations

B i I . Low-voltage electrical instalations — N bty —
Protgction against electric shock
IEC $0364-4-41:2005/AMD1:2017

IEC $0364-5-51:2005, Electrical installations of buildings — Part 5-51: Selection”and erection
of el¢ctrical equipment — Common rules

IEC $0364-5-52:2009, Low-voltage electrical installations — Part 5-52¢’Sélection and erelction
of el¢ctrical equipment — Wiring systems

IEC $0364-7-704:2017, Low-voltage electrical installations < Part 7-704: Requirements for
specfal installations or locations — Construction and demolitionsite installations

IEC 60439 (all parts), Low-voltage switchgear and controlgear assemblies?

IEC $60445:2017, Basic and safety principles.~for man-machine interface, marking| and
idenfjfication — Identification of equipment terminals, conductor terminations and conductgrs

IEC $0447:2004, Basic and safety principles for man-machine interface, marking| and
idenfjfication — Actuating principles

IEC $0529:1989/AMD1:1999

IEC §0529:1989, Degrees of protection provided by enclosures (IP Code)3
IEC $0529:1989/AMD2:2013

IEC $0695-2-10:2013,Fire hazard testing — Part 2-10: Glowing/hot-wire based test meth¢ds —
Glow-wire apparatus and common test procedure

IEC $0695-2-19.2014, Fire hazard testing — Part 2-11: Glowing/hot-wire based test meth¢ds —
Glow-wire flammability test method for end-products (GWEPT)

IEC $0695-2-12, Fire hazard testing — Part 2-12: Glowing/hot-wire based test methdds —
Glowewt e .

IEC 60865-1:2011, Short-circuit currents — Calculation of effects — Part 1: Definitions and
calculation methods

IEC TR 60890:2014, A method of temperature-rise verification of low-voltage switchgear and
controlgear assemblies by calculation

2 withdrawn. The IEC 60439 series has been cancelled and replaced by the IEC 61439 series.

3 There is a consolidated document edition 2.2 (2013) that includes IEC 60529 (1989) and its Amendment 1
(1999) and Amendment 2 (2013).
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IEC 60947-4-1:2018, Low-voltage switchgear and controlgear — Part 4-1: Contactors and
motor-starters — Electromechanical contactors and motor-starters

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio frequency, electromagnetic field immunity test4
IEC 61000-4-3:2006/AMD1:2007
IEC 61000-4-3:2006/AMD2:2010

IEC $1000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4: Testing | and
meagurement techniques — Electrical fast transient/burst immunity test

IEC $1000-4-5:2014, Electromagnetic compatibility (EMC) - Part 4-5:|Testing | and
measgurement techniques — Surge immunity tests
IEC $1000-4-5:2014/AMD1:2017

IEC $1000-4-6:2013, Electromagnetic compatibility (EMC) - ,Rart 4-6: Testing | and
meagurement techniques — Immunity to conducted disturbances,(induced by radio-frequyency
fields

IEC $1000-4-8:2009, Electromagnetic compatibility (EMC) - Part 4-8: Testing | and
meagurement techniques — Power frequency magnetic field immunity test

IEC $1000-4-11:2004, Electromagnetic compatibility (EMC) — Part 4-11: Testing| and
meagurement techniques — Voltage dips, short.interruptions and voltage variations immunity
tests

IEC $1000-4-11:2004/AMD1:2017

IEC $1000-6-3:2006, Electromagnetic\.compatibility (EMC) — Part 6-3: Generic standafds —
Emission standard for residential, commercial and light-industrial environments
IEC $1000-6-3:2006/AMD1:2010Q

IEC $1000-6-4:2018, Electremagnetic compatibility (EMC) — Part 6-4: Generic standafds —
Emisision standard for industrial environments

IEC $1082-1:2014, Preparation of documents used in electrotechnology — Part 1: Rules

IEC $1180:2046,  High-voltage test techniques for low-voltage equipment — Definitions| test
and procedure’requirements, test equipment

IEC ¢1439 (all parts), Low-voltage switchgear and controlgear assemblies

IEC 61439-1:2020, Low-voltage switchgear and controlgear assemblies — Part 1: General
rules

IEC 61558-2-23, Safety of transformers, reactors, power supply units and combinations
thereof — Part 2-23: Particular requirements and tests for transformers and power supply units
for construction sites

4 There is a consolidated edition 3.2 (2010) that includes IEC 61000-4-3 (2006) and Amendment 1 (2007) and
Amendment 2 (2010).

5 There is consolidated edition 3.1 (2017) that includes IEC 61000-4-5 (2014) and its Amendment 1 (2017).
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IEC 61921:2017, Power capacitors — Low-voltage power factor correction banks

IEC 62208:2011, Empty enclosures for low-voltage switchgear and controlgear assemblies —
General requirements

IEC 81346-1:2009, Industrial systems, installations and equipment and industrial products —
Structuring principles and reference designations — Part 1: Basic rules

IEC 81346-2:2019, Industrial systems, installations and equipment and industrial products —
Structuring principles and reference designations — Part 2: Classification of objects and codes

for ¢

20000

CISH
characteristics — Limits and methods of measurement
CISH
CISH

CISH
requ
CISH

ISO
ISO

ISO

A=A-a-a—

R 11:2015, Industrial, scientific and medical equipment — Radio-frequency disturb

R 11:2015/AMD1:2016
R 11:2015/AMD2:2019

R 32:2015, Electromagnetic compatibility of multimedia equipment — Emi
rements
R 32:2015/AMD1:2019

78:2010, Plastics — Determination of flexural properties
78:2010/AMD1:2013

79-1:2010, Plastics — Determination of Charpy impact properties — Part 1:

instrimented impact test

ance

5sion

Non-

nted

ation

non-

ISO 179-2:1997, Plastics — Determination of .Charpy impact properties — Part 2: Instrume
impagt test

ISO 179-2:1997/AMD1:2011

ISO 2409:2013, Paints and varnishés — Cross-cut test

ISO 4628-3:2016, Paints ang'varnishes — Evaluation of degradation of coatings — Design|

of qyantity and size of defects, and of intensity of uniform changes in appearance — Part 3:
Asseissment of degree ofvrusting

ISO 4892-2:2013,, Plastics — Methods of exposure to laboratory light sources — Part 2: Xe

arc lamps

ISO 7010,<Graphical symbols — Safety colours and safety signs — Registered safety signs

3

-

i definiti

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

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

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

ISO Online browsing platform: available at http://www.iso.org/obp
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3.1 General terms

3.11

low-voltage switchgear and controlgear assembly

assembly

combination of one or more low-voltage switching devices together with associated control,
measuring, signalling, protective, regulating equipment, with all the internal electrical and
mechanical interconnections and structural parts, as defined by the original manufacturer,
which can be assembled in accordance with the original manufacturer’s instructions

Note 1 to entry: Throughout this document, the term assembly(s) is used for a low-voltage switchgear and

Contrplgnnr necnmhly(e)

Note 2 to entry: The term “switching device” includes mechanical switching devices and semiconductar_switching
devicgs, e.g. soft starters, semiconductor relays, frequency converters. The auxiliary circuits may_also ifclude
electrp-mechanical devices, e.g. control relays, terminal blocks, and electronic devices, e.g. electronic |[motor
contrdl devices, electronic measurement and protection devices, bus communication, programmable-logic cortroller
systems.

3.1.2
assembly system
full range of mechanical and electrical components (enclosures, ,busbars, functional dnits,
auxillary circuits and associated controls, etc.), as defined by the Griginal manufacturer, Which
can pe assembled in accordance with the original manufactGrer’s instructions in ordpr to
prodlice various assemblies

3.1.3
main circuit
all the conductive parts of an assembly included 0 a circuit which is intended to trapsmit
electrical energy

[SOYRCE: IEC 60050-441:2000, 441-13-02]

3.1.4
auxiliary circuit
all the conductive parts of an assembly included in a circuit (other than the main cifcuit)
intended to control, measure, signal, regulate and process data, etc.

Note 1 to entry: The auxiliary, circuits of an assembly include the control and the auxiliary circuits of the switching
devicgs.

[SOURCE: IEC 60050-441:2000, 441-13-03, modified — In the definition, “assembly of
switghgear ands«controlgear” has been replaced with “assembly”, and at the end of the
definjition “and’process data, etc.” has been added.]

3.1.
bushar
low-impedance conmductor to witich Severat—etectric circuits—cam be conmnected—at separate
points

Note 1 to entry: The term "busbar" is generic and does not presuppose the material, the geometrical shape, size
or dimensions of the conductor(s).

[SOURCE: IEC 60050-151:2001, 151-12-30, modified — The text of the note has been
replaced.]

3.1.6

main busbar

busbar to which one or several distribution busbars and/or incoming and outgoing units are
connected
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Note 1 to entry: Conductors that are connected between a functional unit and a main busbar are not considered
as a part of the main busbar.

3.1.7

distribution busbar

busbar within one section which is connected to a main busbar and from which outgoing units
are supplied

Note 1 to entry: Conductors that are connected between a functional unit and a distribution busbar are not
considered as a part of the distribution busbars.

3.1.8

funcfionat unit
part pf an assembly comprising all the electrical and mechanical elements including swit¢hing
deviges that contribute to the fulfiiment of the same function

Note 1 to entry: The conductors connecting a functional unit to the main or distribution busbars and o the
termirjals for external conductors are part of the functional unit. Other conductors which jare connectedq to a
functipnal unit, but which are external to its compartment or enclosed protected space,.(€.g. auxiliary ¢ables
connected in a common compartment) are not considered to form part of the functional unit.

3.1.9
incoming unit
functional unit through which electrical energy is normally fed into the assembly

3.1.10

outgping unit
functional unit through which electrical energy is normally supplied to one or more external
circujts

3.1.11
short-circuit protective device
SCPD
devige intended to protect a circuit \of’ parts of a circuit against short-circuit curren{s by
interfupting them

[SOYRCE: IEC 60947-1:2020,.3.4.21]

3.1.12
curr¢nt-limiting device
SCPD that, within a’specified range of current, prevents the let-through current from rea¢hing
the prospective péak value and which limits the let-through energy (/2¢)

Note 1 to entryi__The let-through current is also referred to as the cut-off current (see IEC 60050-441:2000} 441-
17-12).

Note 2 «{ol_entry: Examples of current-limiting devices are current-limiting circuit-breakers in accordanc¢ with
IEC 688947 2andfusesinaccordance-wih+HEG60260-2

3.1.13

non-current-limiting device

SCPD that, within a specified range of current, allows the let-through current to reach the
prospective peak value and which can have a rated short-time withstand current (/
enabling it to withstand the let-through energy for the duration of the short-time current

CW)

3.1.14

line conductor

L

DEPRECATED: phase conductor (in AC systems)

DEPRECATED: pole conductor (in DC systems)

conductor which is energized in normal operation and capable of contributing to the
transmission or distribution of electric energy but which is not a neutral or mid-point conductor
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[SOURCE: IEC 60050-195:1998, 195-02-08]

3.1.15
relevant assembly standard
standard within the IEC 61439 series, Part 2 onwards, covering a generic type of assembly

EXAMPLE Power switchgear and controlgear assemblies (PSC-assemblies).

3.1.101
low-voltage switchgear and controlgear assembly for construction sites
ACS

on all construction sites, indoors and outdoors

3.2 | Constructional units of assemblies

fixed part

jated
their
[ use

part [consisting of components assembled and wired on a commmon support and whigh is

designed for fixed installation

remqgvable part

part fonsisting of components assembled and wired.©n"a common support which is intenhded
to bg removed entirely from the assembly and repldced whilst the main circuit to whicH it is

conngected may be live

3.2.3
conrjected position
positjon of a removable part when it is:fully connected for its intended function

3.2.
remqgved position

positfjon of a removable part’ when it is outside the assembly, and mechanically| and

electrically separated from-it

3.2.
insertion interlock

devige preventing the introduction of a removable part into a location not intended for that

remgvable part

3.2.
fixed_connection

connection which can be connected with or without a tool and only disconnected by means of

a tool

3.2.7
section
constructional unit of an assembly between two successive vertical delineations

3.2.8

sub-section

constructional unit of an assembly between two successive horizontal or vertical delineati
within a section

ons
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3.2.9

compartment

section or sub-section enclosed except for openings necessary for interconnection, control or
ventilation

3.2.10

transport unit

part of an assembly or a complete assembly suitable for transportation without being
dismantled

3.2.11
shutter
part pf an assembly which can be moved between:

a| position in which it permits engagement of the contacts of a removable gpant with [fixed
cpntacts, and
a

position in which it becomes a part of a cover or a partition shielding the*fixed contafts

[SOURCE: IEC 60050-441:2000, 441-13-07, modified — The text>jhas been editgrially
reformatted into two bullet points.]

metdring unit

3.2.‘%01
functional unit equipped with apparatus for metering electrical energy

transformer unit

3.2.‘}02
functional unit consisting mainly of one or severaltransformers

3.3 | External design of assemblies

3.31
opern-type assembly
This fterm of IEC 61439-1:2020 does not apply.

3.3.2
dead-front assembly
This fterm of IEC 61439+1:2020 does not apply.

3.3.3
enclpsed ACS
ACS|which is.enclosed on all sides with the possible exception of its mounting surface in|such
a manner-as to provide a defined degree of protection

3.3.
cubicle-type assembly

enclosed assembly of the floor-standing type, which may comprise several sections, sub-
sections or compartments

3.3.5
multi-cubicle-type assembly
combination of a number of mechanically joined cubicle-type assemblies

3.3.6

desk-type assembly

enclosed assembly with a horizontal or inclined control panel, or a combination of both, that
incorporates control, measuring, and signalling apparatus, etc.
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3.3.7
box-type ACS
ENCLOSED ACS intended:

— either to be mounted on a vertical surface;

— or to stand on a horizontal surface supported by feet or legs (articulated or not) or by a
mounting not forming part of the ACS (see 3.4.2 of IEC 61439-1:2020)

3.3.8
multi-box-type assembly
combination of box-type assemblies mechanically joined together, with or without a common

supparting frame the electrical connections passing between two adjacent boxes through

openfings in the adjoining faces

3.3.9
wallimounted surface type assembly
assembly for installation on the surface of a wall

3.3.10
wall{mounted recessed type assembly
assembly for installation into a wall recess, where the enclosure doées not support the pqrtion
of wall above

3.3.111
floon-standing assembly
assembly for installation on the floor

3.4 | Structural parts of assemblies

3.4.1
supporting structure
structure forming part of an assembly,"designed to support various components of the
assembly and any enclosure

3.4.2
moupting structure
structure not forming part of an assembly, designed to support an assembly

3.4.3
moupting plate
plate| designed toisupport various components and suitable for installation in an assembly

3.4.
moupting frame

framework designed to support various components and suitable for installation ip an
assembly

3.4.5
enclosure
housing affording the type and degree of protection suitable for the intended application

[SOURCE: IEC 60050-195:1998, 195-02-35]

3.4.6
cover
external part of the enclosure of an assembly
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3.4.7
door
hinged or sliding cover

3.4.8

removable cover
cover which is designed for closing an opening in the external enclosure and which can be
removed for carrying out certain operations and maintenance work

3.4.9
cover plate

part

designed to be held in place by screws or similar means

Note

Note 2 to entry: The cover plate can be provided with cable entries.

3.4.1

i
partition

part

[SOURCE: IEC 60050-441:2000, 441-13-06]

3.4.1

barrier

part

[SOURCE: IEC 60050-195:1998, 195-06-15, gnodified — “(electrically) protective” has
deleted from the term.]

3.4.12

obstpcle

part preventing unintentional direct contact, but not preventing direct contact by delib
action

Note 1 to entry: Obstacles are intended to prevent unintentional contact with live parts but not intentional c

by dgliberate circumvention-oft the obstacle. They are intended to protect skilled, competent, authorig

instru

[SOURCE: IEC 60050-195:1998, 195-06-16, modified — “(electrically) protective” has
deleted from tHe<term. Note 1 to entry has been added.]

A3

of an assembly which is used for closing an opening in the external enclosurg

to entry: It is not normally removed after the equipment is put into service.

pf an assembly separating one compartment from other compartments

1

broviding protection against direct contact fromany usual direction of access

ted persons but arelnot intended to protect ordinary persons.

and

been

Brate

bntact
ed or

been

parts by persons or objects

3.4.1

4

cable entry
part with openings which permit the passage of cables into the assembly

3.4.1

5

protected space
part of an assembly intended to enclose electrical components, and which provides defined
protection against external influences and contact with live parts

live
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3.5 Conditions of installation of assemblies

3.5.1
assembly for indoor installation
This term of IEC 61439-1:2020 does not apply (see 3.1.101).

3.5.2
assembly for outdoor installation
This term of IEC 61439-1:2020 does not apply (see 3.1.101).

3.5.3
statipnary assembly
This fterm of IEC 61439-1:2020 does not apply.

3.5.
movable assembly
This fterm of IEC 61439-1:2020 does not apply.

3.5.1j01

trangportable ACS

semi-fixed ACS

ACS|intended for use in a place where it is not permanently fixed

Note 1 to entry: The location of a TRANSPORTABLE ACS can vary ‘during work on the same site. Whgn the
equipment is moved to another place, it is first disconnected from the supply.

3.5.1/02

mobjle ACS
ACS|capable of being moved as work advances*on the site, without being disconnected|from
the sjupply

3.6 Insulation characteristics

3.6.1
clearance
shorfest distance in air betweentwo conductive parts

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

[SOURCE: IEC 60050-581:2008, 581-27-76, modified — Note 1 to entry has been added.]

3.6.2
creepage-distance
shorqllest distance along the surface of a solid insulating material between two conductive
part

Note 1 to entry: A joint between two pieces of solid insulating material is considered part of the surface.

[SOURCE: IEC 60050-151:2001, 151-15-50, modified — Note 1 to entry has been added.]

3.6.3

overvoltage

voltage having a peak value exceeding the corresponding peak value of maximum steady-
state voltage at normal operating conditions

[SOURCE: IEC 60664-1:2007, 3.7]
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3.6.4
temporary overvoltage
overvoltage at power frequency of several seconds duration

3.6.5

transient overvoltage

short duration overvoltage of a few milliseconds or less, oscillatory or non-oscillatory, usually
highly damped

[SOURCE: IEC 60050-614:2016, 614-03-14, modified — In the definition, “short duration
overvoltage” has replaced “overvoltage with a duration”. Note 1 to entry and Note 2 to entry
have|been deleted.]

3.6.6
power-frequency withstand voltage
RMS| value of a power-frequency sinusoidal voltage which does not cause oreakdown ynder
speclfied conditions of test

[SOURCE: IEC 60947-1:2020, 3.7.55]

3.6.7
impylse withstand voltage
highest peak value of impulse voltage of prescribed form ‘and polarity which does not gause
breakdown of insulation under specified conditions

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

3.6.8
polldtion
addifjon of foreign matter, solid, liquid, on gaseous that can result in a reduction of el¢ctric
strength or surface resistivity of the insulation

[SOURCE: IEC 60050-442:1998, 442-01-28, modified — In the definition, “can produce a
permanent reduction of dielectrfic' strength” has been replaced with “can result in a reduction
of elgctric strength” and Noté 1*to entry was deleted.]

3.6.9
pollytion degree
<of gnvironmental conditions> conventional number based on the amount of conductiye or
hygrpscopic dust, ionized gas or salt, and on the relative humidity and its frequen¢y of
occufrence _fesulting in hygroscopic absorption or condensation of moisture leading to
redugtion_in-dielectric strength and/or surface resistivity

Note 1 te;'éntry: The pollution degree to which the insulating materials of devices and components are exposed
may be different from that of the macro-environment where the assemblies are located because of protection
offered by means such as an enclosure or internal heating to prevent absorption or condensation of moisture.

Note 2 to entry: For the purpose of this document, the pollution degree is of the micro-environment inside the
assembly, unless otherwise stated in the applicable clause.

[SOURCE: IEC 60947-1:2020, 3.7.57, modified — Notes to entry have been adapted for the
conditions associated with assemblies.]

3.6.10
environment

3.6.10.1

micro-environment

immediate environment of the insulation which particularly influences the dimensioning of the
creepage distances
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It is the effect of the micro-environment on the creepage and/or clearance distance that

determines the selection of the insulation within the assembly. The micro-environment may be better or worse than
the macro-environment.

[SOURCE: IEC 60050-851:2008, 851-15-16, modified — Note 1 to entry has been added.]

3.6.1

0.2

macro-environment
environment of the room or other location in which the assembly is installed or used

[SOURCE: IEC 60050-442:2014, modified — In the definition, the term “equipment” has been

rep| ced h\]/ Qeenmhl\ll ]

3.6.11
overpoltage category

<of

circuit or within an electrical system> conventional number based-op~ limitin

controlling) the values of prospective transient overvoltages occurring in a circuit (or with
electfical system having different nominal voltages) and depending upon the ‘means empl
to influence the overvoltages

Note
is obt

to entry: In an electrical system, the transition from one overvoltage category to another of lower ca

devicg or a series-shunt impedance arrangement capable of dissipating, abserbing, or diverting the energy

assocC

ated surge current, to lower the transient overvoltage value to that of thé desired lower overvoltage cat

[SOURCE: IEC 60947-1:2020, 3.7.59]

3.6.1
surg
SPD

2
le protective device

devige designed to protect the electrical apparatus from high transient overvoltages a

limit

[SOU

the duration and frequently the amplitude of the follow-on current

"surde protective device" and "SPD®]

3.6.1
insu

3
ation coordination

) (or
in an
oyed

egory

bined through appropriate means complying with interface requirements, such as an overvoltage profective

in the
Pgory.

nd to

RCE: IEC 60947-1:2020, 3.4.22,"modified — The term "surge arrester" was replaced with

mutufal correlation of insulating characteristics of electrical equipment taking into accour]t the

expe

‘elec

3.6.1

cted micro-environment and other influencing stresses
[SOURCE: IE€B0050-442:2014, modified — In the definition, ‘electrical’ has repl
ric’.]
4
ageneous field

inho
elect

laced

ric field which has not an essentially constant voltage gradient between electrodes

[SOURCE: IEC 60947-1:2020, 3.7.62]

3.6.1

5

tracking
progressive formation of conducting paths which are produced on the surface of a solid
ating material, due to the combined effects of electric stress and electrolytic
contamination on this surface

insul

[SOURCE: IEC 60947-1:2020, 3.7.63]
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3.6.1

6

comparative tracking index

CTI

numerical value of the maximum voltage in volts which a material can withstand without

track

ing and without a persistent flame occurring under specified test conditions

Note 1 to entry: The value of each test voltage and the CTI should be divisible by 25.

[SOURCE: IEC 60947-1:2020, 3.7.64, modified — Note 1 to entry has been added.]

3.6.1
disry
phen
disch
elect

Note
liquid

Note 4

Note
inag

Note 4

3.7

3.71
live
cond
cond
or PH

Note
effect
specif]

[SOU

3.7.2

hazardous live part

live f
[SsoU

3.7.3

7

jptive discharge

arge completely bridges the insulation under test, reducing the voltage betweern
fodes to zero or nearly zero

or gaseous dielectric, the loss may be only temporary.
to entry: The term "sparkover" is used when a disruptive discharge occurs in.a‘gaseous or liquid diel

to entry: The term "flashover" is used when a disruptive discharge occlrs over the surface of a die

hseous or liquid medium.
to entry: The term "puncture” is used when a disruptive discharge ecCurs through a solid dielectric.
Protection against electric shock
part
ctive part intended to be energized under normal conditions, including a ng
ctor or mid-point conductor, but by cenv¥ention not a PEN conductor or PEM cond
EL conductor

to entry: This term does not necessarily imply a risk of electric shock. When the neutral condu
vely earthed it is not a hazardous Jite part and therefore not switched in TN-S or TN-C-S systems
cally required by other standards,

RCE: |IEC 61140:201643.:4, modified — Note 1 to entry has been replaced.]

art which, under'certain conditions, can give a harmful electric shock

RCE: IEC 61140:2016, 3.5, modified — Note 1 to entry was deleted.]

expo

to entry: A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength;

omenon associated with the failure of insulation under electrical stress, in whiclI' the

the

in a

petric.

ectric

utral
Lictor

tor is
inless

rt

conductive part of the assembly, which can be touched and which is not normally live, but
which can become live when basic insulation fails

Note 1 to entry:

condu

ctive-part which has become live, is not considered to be an exposed-conductive-part itself.

A conductive part of the assembly which can only become live through contact with an exposed-

[SOURCE: IEC 60050-195:1998, 195-06-10, modified — In the definition, “equipment” has

been

3.7.4

replaced by “the assembly”. Note 1 to entry has been added.]

protective conductor

PE
cond

uctor provided for purposes of safety, for example protection against electric shock
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Note 1 to entry: As an example, the protective conductor can electrically connect the following parts:

— exposed-conductive-parts;

— extraneous conductive parts;
— main earthing terminal;

— earth electrode;

— earthed point of the source or artificial neutral.

Note 2 to entry: A protective conductor is sometimes referred to a protective earthing conductor.

[SOURCE: IEC 60050-826:2004, 826-13-22, modified — The note 1 has been replaced and

note 2 addad-1

SERASASASAC TN |

3.7.5
neutfal conductor
N
conductor electrically connected to the neutral point and capable of céntributing tq the
distripbution of electrical energy

[SOURCE: IEC 60050-195:1998, 195-02-06, modified — The abbreviated term “N” has peen
added and "electric" was replaced with "electrical".]

3.7.6
PEN|conductor
condtctor combining the functions of both a protective earthing conductor and a ngutral
conductor

[SOURCE: IEC 60050-195:1998, 195-02-12]

3.7.7
fault|current
currgnt resulting from an insulation failure, the bridging of insulation or incorrect connectipn in
an electrical circuit

3.7.8
basi¢ protection
protgction against electric_ shock under fault-free conditions

Note ] to entry: Basic protection is intended to prevent contact with live parts and generally corresponds to
protedtion against diréct.contact.

[SOURCE: IEE60050-195:1998, 195-06-01 modified — Note 1 to entry has been added]

3.7.9
basi¢ insulation
insulation of hazardous live parts, which provides basic protection

Note 1 to entry: This concept does not apply to insulation used exclusively for functional purposes.

[SOURCE: IEC 60050-826:2004, 826-12-14]

3.7.10
fault protection
protection against electric shock under single-fault conditions

Note 1 to entry: Failure of basic insulation (3.7.9) is an example of a single fault condition.

Note 2 to entry: Fault protection generally corresponds to protection against indirect contact, mainly regarding
failure of basic insulation.
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[SOURCE: IEC 60050-195:1998, 195-06-02, modified — The notes to entry have been added.]

3.71

1

PELV system
electric system in which the voltage cannot exceed the values given in IEC 60364-4-41:2005,
Clause 414;

— under normal conditions and

— under single fault conditions, except earth faults in other electric circuits

Note 1 to entry: PELV is the abbreviation for protective extra low-voltage.

Note 2 to entry: The PELV circuits and/or exposed-conductive-parts of equipment supplied by the PEIS\/\g
can b¢ earthed.

[SOURCE: IEC 60050-826:2004, 826-12-32, modified — The IEC 60364-4-41:2005 refen
has heen added to the definition. Note 2 to entry has been added.]

3.7.12

SELY system

electric system in which the voltage cannot exceed the values given in IEC 60364-4-41:2
Clauge 414:

— upder normal conditions and

— upder single fault conditions, including earth faults in other electric circuits

Note 1 to entry: SELV is the abbreviation for safety extra low-veltage.

Note 2 to entry: SELV circuits have basic insulation between\live parts and earth.

[SOURCE: IEC 60050-826:2004, 826-12-31,.modified — The IEC 60364-4-41:2005 refen
has heen added to the definition. Note 2 tqQ 'ehtry has been added.]

3.7.13

(eledtrically) skilled person

person with relevant education and experience to enable him or her to perceive risks a
avoiq hazards which electricity~can create

[SOURCE: IEC 60050-826:2004, 826-18-01]

3.7.14

competent person

pers¢n who eafh judge the work assigned and recognize possible hazards on the bag

profe

Note

ssionaktraining, experience and knowledge of the relevant equipment

tolentry: Several years of practice in the relevant technical field may be taken into considerat

ircuits

ence

005,

ence

hd to

is of

on in

asses

+ of £ H Lteoiod
et o proTeSStofar—tatimgT

[SOURCE: IEC 60050-851:2008, 851-11-10]

3.71

5

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

[SOURCE: IEC 60050-826:2004, 826-18-02, modified — "(electrically)" was deleted from the

main

3.71

term.]

6

ordinary person
person who is neither a skilled person nor an instructed person
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[SOURCE: IEC 60050-826:2004, 826-18-03]

3.717
authorized person
skilled or instructed person who is empowered to execute defined work

3.7.18

mid-point conductor

M

conductor electrically connected to the mid-point and capable of the transmission of electrical
energy

Note 1 to entry: The term mid-point conductor is most frequently associated with DC applications.

[SOURCE: IEC 60050-195:1998, 195-02-07, modified — In the definition, "contributing tp the
distribution" has been replaced by "the transmission". Note 1 to entry has beefi~added.]

3.7.19

PEM|conductor
conductor combining the functions of both a protective earthing _¢onductor and a mid-point
conductor

[SOURCE: IEC 60050-195:1998, 195-02-13]

3.7.20

PEL |conductor
conductor combining the functions of both a jprotective earthing conductor and a| line
conductor

[SOURCE: IEC 60050-195:1998, 195-02-14]

3.7.11
supplementary insulation
independent insulation applied intaddition to basic insulation for fault protection

[SOURCE: IEC 60050-826:2004, 826-12-15]

3.7.22
double insulation
insulption comprising both basic insulation and supplementary insulation

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

3.7.23
reinforced insulation

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

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

Note 2 to entry: Reinforced insulation complies with IEC 60664-1:2007.

[SOURCE: IEC 60050-826:2004, 826-12-17, modified — New Note 2 to entry.]

3.7.24

class | assembly

assembly with at least one provision for a basic protection and a connection to a protective
conductor as provision for a fault protection
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Note 1 to entry: See IEC 61140:2016, 7.3 for further details.

Note 2 to entry: A class | assembly can have an insulated enclosure for basic protection and a protective
conductor to facilitate fault protection for external circuits supplied through the class | assembly.

3.7.25

class Il assembly

assembly which is provided with the following;

— basic insulation as provision for basic protection, and

— supplementary insulation as provision for fault protection,

orin \I\Ihif‘h;

— bpsic protection and fault protection are provided by reinforced insulation
Note 1 to entry: See IEC 61140:2016, 7.4
3.8 | Characteristics

3.8.1
nomj|nal value
valug of a quantity used to designate and identify a component, device, equipment or sysfem

Note 1 to entry: The nominal value is generally a rounded value.

[SOURCE: IEC 60050-151:2001, 151-16-09]

3.8.2
limitjng value
in a [specification of a component, device, equipment or system, the greatest or smallest
admissible value of a quantity

[SOURCE: IEC 60050-151:2001, 151-16=10]

3.8.3
rated value
valug of a quantity used for specification purposes, established for a specified set of operating
condjtions of a component, device, equipment, or system

[SOURCE: IEC 60050-151:2001, 151-16-08]

3.8.
ratin
set of rated-values and operating conditions

[SOURCE: IEC 60050-151:2001, 151-16-11]

3.8.5
nominal voltage
approximate value of voltage used to designate or identify an electrical system

[SOURCE: IEC 60050-601:1985, 601-01-21, modified — Deletion of "(of a system)" from the
term and addition of "electrical" in the definition.]

3.8.6

short-circuit current
]C

overcurrent resulting from a short-circuit due to a fault or an incorrect connection in an

electric circuit


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

- 30 - IEC 61439-4:2023 EXV © |[EC 2023

[SOURCE: IEC 60050-441:2000, 441-11-07]

3.8.7
prospective short-circuit current
[C

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

Note 1 to entry: For AC and DC applications, the current is the RMS value and the mean value in sustained
conditions, respectively.

3.8.

cut-9ff current
let-through current
Iy
maximum instantaneous value of current attained during the breaking operatior’ of a swit¢hing
devige or a fuse

Note 1 to entry: This concept is of particular importance when the switching devicelor<the fuse operates in guch a
manngr that the prospective peak current of the circuit is not reached.

[SOURCE: IEC 60050-441:2000, 441-17-12]

3.8.9
voltgge ratings

3.8.9.1

rated voltage
UI’]

highgst nominal voltage of the electrical system, declared by the assembly manufacturgr, to
which the main circuit(s) of the assembly is (are) designed to be connected

Note 1 to entry: In polyphase circuits, it is thelvoltage between lines.
Note 2 to entry: Transients are disregarded.

Note 3 to entry: The value of the\supply voltage may exceed the rated voltage due to permissible system
tolerapces.

Note 4 to entry: The voltageiis the RMS value and the mean value for AC and DC applications, respectively.

3.8.9.2

rated operationalivoltage
Ue
valug of voltage, AC (RMS) or DC (mean value), declared by the assembly manufacturrir for
the gssembly or a circuit of an assembly, which, combined with the rated current, determines

its a;rplication

Note 1 to entry: In polyphase circuits, it is the voltage between lines.

3.8.9.3

rated insulation voltage

%

RMS withstand voltage value, assigned by the assembly manufacturer (3.10.2) to the
assembly or to a circuit of an assembly, characterizing the specified (long-term) withstand
capability of the insulation

Note 1 to entry: In polyphase circuits, it is the voltage between lines.

Note 2 to entry: The rated insulation voltage is not necessarily equal to the rated operational voltage of
equipment, which is primarily related to functional performance.
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[SOURCE: IEC 60664-1 2007, 3.9.1, modified — The symbol U; has been added. In the
definition, “manufacturer” has been replaced by “assembly manufacturer (3.10.2)” and
‘equipment or to a part of it’ has been replaced by ‘assembly or to a circuit of an assembly’.
Note 1 to entry has been added.]

3.8.9.4

rated impulse withstand voltage

Uimp

impulse withstand voltage value, assigned by the assembly manufacturer for an assembly or a
circuit of an assembly, characterizing the specified withstand capability of the insulation
against transient overvoltages

[SOURCE: IEC 60664-1 2007, 3.9.2, modified — “withstand” has been added to -term| the
symhol Uimp has been added. In the definition, ‘to the equipment or to a part of it¢has peen
repldced by ‘for an assembly or a circuit of an assembly’.]

3.8.10
curre¢nt ratings

3.8.10.1

rated current
valug of uninterrupted current, declared by the assembly manufacturer which can be cdrried
withqut the temperature-rise of various parts of the assembly{exceeding specified limits ynder
speclfied conditions

Note 1 to entry: For rated current of the assembly (7 ,) see 3.8{10,7 and 5.3.1; for rated current of a main gircuit
(I,.) see 3.8.10.5 and 5.3.2; and for group rated current of a main circuit ([ng) see 3.8.10.6 and 5.3.3.

Note 2 to entry: Normally it is not necessary to take into ac¢ount the inrush currents for motors, transformerg, etc.
when determining the rated current of a circuit.

3.8.10.2

rated peak withstand current
I
pk
valug of peak short-circuit currentydeclared by the assembly manufacturer, that cap be
withgtood under specified conditions

3.8.10.3

rated short-time withstand current
ICW

RMS| value of AC(or mean value of DC short-time current, declared by the assgmbly
man:rfacturer, that.can be withstood under specified conditions, defined in terms of cyrrent
and fime

Note 1 to entry: Rated short-time withstand current is not the same as an internal arc fault rating as giyen in
IEC TR 61,644.

3.8.104

rated conditional short-circuit current

ICC

value of the prospective short-circuit current, declared by the assembly manufacturer, that
can be withstood for the total operating time (clearing time) of the SCPD under specified
conditions

3.8.10.5

rated current of a main circuit

Inc

rated current which a main circuit can carry when it is the only main circuit within a section of
an assembly that is carrying current

Note 1 to entry: The rated current of a main circuit can be lower than the rated currents of the devices installed in
the main circuit, according to the respective device standards.
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Note 2 to entry: Due to the complex factors determining the rated currents, no standard values can be given

Note 3 to entry: An assembly can comprise of only a single section.

3.8.1
grou

0.6
p rated current of a main circuit

II’I
ra%ed current which a main circuit can carry considering the mutual thermal influences of the
other circuits that are simultaneously loaded in the same section of the assembly

Note 1 to entry: 1ng can equal I in some designs of assembly.

and to which the operating conditions refer

Note 1o entry: AN assembly can Comprise only a single section.

3.8.10.7

rated current of an assembly

InA . . . . .

rateq current which can be distributed by an assembly without the temperature-rise of apy of
the parts exceeding specified limits

Note 1 to entry: The rated current of the assembly is not to be exceeded if further circuits are added in the fyiture.
3.8.10.8

design current (of an electric circuit)

I

electric current intended to be carried by an electric circuitsitr normal operation

Note 1 to entry: I is normally provided by the user.

[SOURCE: IEC 60050-826:2004, 826-11-10, madified — Note 1 to entry has been added.]
3.8.11

rated diversity factor

RDF

valug, calculated by dividing the group rated current of an outgoing main circuit 7, by the
rated current /. of the same outgoing main circuit, where 7,4 and /,,; are derived by test

Note 1 to entry: RDF therefore répresents the per unit value of /., to which two or more outgoing circuits[in the
same [section of an assembly ean be continuously and simultaneously loaded taking into account the rputual
thermal influences.

Note 2 to entry: For a/grodp of circuits that are continuously and simultaneously loaded, the rated currert of a
circuifl (1,,) multipliedyby-the rated diversity factor (RDF) normally is not less than the design current (/) pf the
circuif normally provided by the useri.e. /| . x RDF 2 7.

3.8.12

rated frequency

Jn

value_af frpqupnr‘y declared hy the aeqpmhly manufacturer for which a circuit is designed

Note 1 to entry: A circuit may be assigned a number or a range of rated frequencies or be rated for both AC and

DC.

3.8.1

3

electromagnetic compatibility

EMC

ability of an equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

Note 1 to entry: For EMC related terms and definitions see Annex J.

[SOURCE: IEC 60050-161:2018, 161-01-07, modified — Note 1 to entry has been added.]
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3.9
3.9.1

Verification

design verification
verification made on a sample of an assembly or on parts of assemblies to show that the
design meets the requirements of the relevant assembly standard

Note 1 to entry:

3.9.1.3.

3.9.1

A

verification test

test
mee

Note

3.9.1
verifi
struc
refer

3.9.1
verifi
desig
parts
stang

3.9.1

referlence design

desig

3.9.2

routine verification

verifi
comy

3.9.3
insp
actio
an it
requ
conc

[SOU

Design verification may comprise one or more equivalent methods. See 3.9.1.1, 3.9.1.2 and

onducted on a sample of an assembly or on parts of assemblies to verify that the 'dg
the requirements of the relevant assembly standard

to entry: Verification tests are equivalent to type tests as in the IEC 60439 series of standards.

.2

cation comparison

tured comparison of a proposed design for an assembly, or partsiof’an assembly, W
bnce design(s) verified by test

.3

cation assessment

n verification using strict design rules and/or calculations applied to an assembly
of assemblies to show that the design meets the €equirements of the relevant asse
ard

.4

n of an assembly or parts of an assembly that has been verified by test

cation of each assembly performed during and/or after manufacture to confirm whet
lies with the requirements‘of the relevant assembly standard

bction
h comprising careful scrutiny, including visual scrutiny where conditions are obvioy
em carried out-either without dismantling, or with the addition of partial dismantlin
red, supplemented by means such as measurement, in order to arrive at a re
usion as to the condition of an item

RCEYIEC 60050-426:2008, 426-14-02, modified — The definition has been modified.

bsign

ith a

or to

mbly

her it

s, of
g as
iable

3.10

3.10.
origi

Manufacturer

1
nal manufacturer

organization that has carried out the original design and the associated verification of an
assembly in accordance with the relevant assembly standard

3.10.
asse

2
mbly manufacturer

organization taking the responsibility for the completed assembly

Note 1 to entry: The assembly manufacturer can be the same or a different organization to the o
manufacturer.

riginal


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

3.1
user

- 34 - IEC 61439-4:2023 EXV © |[EC 2023

party who will specify, purchase, use and/or operate the assembly, or someone acting on their

beha

If

3.101 Function of the ACS

3.101.1
incoming supply function
suitability for connection of the ACS either to electricity public supply network or to the

trans

former substation or to on site generator

3.10

metiging function

suita

3.10
distn

3.10
tran

suita
protg

Note

4 $ymbols and abbreviations

Alph
they

.2

ility for the metering of electrical energy consumed on the site

.3
ibution function

4

former function
ility to provide means for transformer voltages or(to provide measures of eled
ction

to entry: Details for their requirements are given in 104.1.

hbetical list of terms with symbolscand abbreviations together with the subclause W
are first used:

suitaEiIity to provide the distribution and protection of electrical supply‘én’the construction site
by means of terminal connection or socket-outlets

trical

here
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Symbol/Abbreviation Term n.ll;(::tr::er
CTI comparative tracking index 3.6.16
EMC electromagnetic compatibility 3.8.13
A rated frequency 3.8.12
1, short-circuit current 3.8.6
I} rated conditiona_l sh_ort-circuit current of an 3.8.10.4
cc assembly or a circuit of an assembly
I cut-off current, let-through current 3.8.8
Icp prospective short-circuit current 3.8.7
I, rated short-time withstand current 3.8.10.3
Iy design current (of an electric circuit) 3.8.10.8
Iz rated current of an assembly 3.8.10¢7
1. rated current of a main circuit 3.8.10%6
Ing group rated current of a main circuit 318.10.6
ka rated peak withstand current 3.8.10.2
L line conductor 3.1.14
M mid-point conductor 3.7.18
N neutral conductor 3.7.5
PE protective conductor 3.7.4
PEL PEL conductor 3.7.20
PEM PEM conductor 3.7.19
PELV protective extrasfow-voltage 3.7.11
PEN PEN conducter 3.7.6
RDF rated diversity factor 3.8.11
SCPD shart-Circuit protective device 3.1.11
SELV safety extra low-voltage 3.7.12
SPD surge protective device 3.6.12
U, rated operational voltage 3.8.9.2
U, rated insulation voltage 3.8.9.3
Uimp rated impulse withstand voltage 3.8.9.4
U, rated voltage 3.8.9.1
5 IPterface characteristics

5.1 General

The characteristics of the assembly shall ensure compatibility with the ratings of the circuits to
which they are connected plus the installation conditions and shall be declared by the
assembly manufacturer using the criteria identified in 5.2 to 5.6.

5.2 Voltage ratings
5.2.1 Rated voltage (U,,) (of the assembly)

The rated voltage shall be at least equal to the nominal voltage of the electrical system.

NOTE For further details on nominal system voltage see IEC 60038.


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

- 36 - IEC 61439-4:2023 EXV © |[EC 2023

5.2.2 Rated operational voltage (U,) (of a circuit of an assembly)

The rated operational voltage of any circuit shall not be less than the nominal voltage of the
electrical system to which it is to be connected. If the nominal voltage is given for a three-
phase system, the rated operational voltage of single-phase circuits shall not be less than the
nominal voltage divided by V3.

If different from the rated voltage of the assembly, the appropriate rated operational voltage of
the circuit shall be stated.

5.2.3 Rated insulation voltage (U;) (of a circuit of an assembly)

The fated insulation voltage of a circuit of an assembly is the voltage value to which diellctric
test yoltages and creepage distances are referred.

The rated insulation voltage of a circuit shall be equal to or higher than the values statgd for
U, and for U, for the same circuit.

For bingle-phase circuits derived from IT systems (see IEC 60364-5-52:2009), the fated
insulption voltage shall be at least equal to the voltage between thé line conductors gf the

supply.

5.2.4 Rated impulse withstand voltage (Uimp) (of the assembly)

The rated impulse voltage of an assembly is the voltagé value to which clearance distgnces
and solid insulation withstand to transient overvoltage are referred.

The rated impulse withstand voltage shall be equal to or higher than the values stated fdr the
trangient overvoltages occurring in the electrical system(s) to which the circuit is designgd to
be connected.

The preferred values of rated impulse-withstand voltage are those given in Table G.1.

5.3 | Current ratings
5.3.1 Rated current of an’ACS (7,5)

The rated current of annACS is group rated current Ihg of its incoming circuit.

This jcurrent shall be carried without the temperature rise of the individual parts exceedinp the
limitq specifiedin-9.2 of IEC 61439-1:2020.

5.3.2 Rated current of a main outgoing circuit (1,.)

The atnd crirrant of A AN ALt a Alrait 1o tha Alirrant that Aan ha ~nrrind Wy tha Aot |0in

he Fated-eurront-ot-a-main-outgoing-cireuitis—the-surrent-that-can-be-earried-by-the-eutgoing
circuit when all other outgoing main circuits in the same section are not carrying current (see
10.10). This current shall be carried without the temperature-rise of the various parts of the

assembly exceeding the limits specified in 9.2.

Declaration of the rated current of a circuit /,,; is voluntary if the group rated current 7, of the
circuit is declared. If I, is stated, the maximum permissible continuous load current on an
individual circuit in a lightly loaded section can be assessed and the load on the individual
circuit possibly allowed to exceed /4, but it is never allowed to exceed I,

NOTE Ing represents the maximum permissible continuous load current in a fully loaded section.
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5.3.3 Group rated current of a main circuit (Ing)

The group rated current of a main circuit is the current that can be carried by this circuit when
it is loaded continuously and simultaneously together with at least one other circuit in the
same assembly or section of the assembly, in a specific arrangement as defined by the
original manufacturer. It shall be carried without the temperature-rise of the various parts of
the assembly exceeding the limits specified in 9.2.

NOTE 1 Where the RDF for a design of assembly has been established in accordance with previous edditons of
IEC 61439 series, the 1ng can be calculated by I % RDF.

If 7, ments which are

e type(s), ratings and maximum number of circuits/functional units allowed to be‘ifistalled in

NOTE| 2 For a functional unit with a given Log the specific arrangement of assembly orsection of an assembfly can

NOTE| 3 In most cases the same type of section provided by an original manufaeturer can be equipped Wwith a
number and different types of circuits (functional units), depending on the needs of a specific cusjomer.
Usually, not all circuits installed in a section are required to carry their) rated currents continuously and
simultpneously. Therefore, the specific arrangement defined by the originalmanufacturer clarifies which situptions

The [group rated current of the main circuits, which\are continuously and simultanepusly
d, shall be equal to or higher than the assumed leading of the outgoing circuits (eqyal to
the design current /g according to IEC 60364-1). The group rated current of the main cirguits,
which are continuously and simultaneously |I6aded, shall be equal to or higher than the
assumed loading of the outgoing circuits_(equal to the design current of the circuif, /g,
accofding to IEC 60364-1).

The |assumed loading of outgoing circuits shall be addressed by the relevant assgmbly
standard.

NOTE| 4 The assumed loading of\the outgoing circuits can be a steady continuous current or the thermal
equivalent of a varying current (see Annex I).

Ing ip obtained by a test according to 10.10.2.3.5 or 10.10.2.3.6 or 10.10.2.3.7, qr by
calcylation according.to 10.10.4. Using method 10.10.2.3.6 or 10.10.2.3.7, /,4 valueg are

required to calculate-the RDF.

An ajternativeto declaring I, for each type of main circuit is to declare I, for each type of
main|circuit-and the appropria%e RDF.

5.3.4_"Rated peak withstand current (7,)

The rated peak withstand current shall be equal to or higher than the values stated for the
peak value of the prospective short-circuit current of the supply system(s) to which the
circuit(s) is (are) designed to be connected (see also 9.3.3).

5.3.5 Rated short-time withstand current (1.;,,) (of a main circuit of an assembly)

The rated short-time withstand current of a main circuit of an assembly shall be equal to or
higher than the prospective value of the short-circuit current Iep at each point of connection to
the supply (see also 3.8.10.3).

Different values of I, for different durations (e.g. 0,2 s; 1 s; 3 s) may be assigned to an
assembly. Maximum duration normally does not exceed 1 s.
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For AC, the value of the current is the RMS value of the AC component. For DC, the value of
the current is the arithmetic mean value.

5.3.6 Rated conditional short-circuit current (I..) (of an assembly or a circuit of an
assembly)

The rated conditional short-circuit current of an assembly or a circuit of an assembly, declared
by the assembly manufacturer, is the maximum short-circuit current which that circuit when
protected by a SCPD, as specified by the manufacturer, can satisfactorily withstand for the
operating time of the device under the test conditions specified in 10.11.

Theal‘ated conditional short-circuit current of an assembly or a circuit of an assembly shall be
equal to or higher than the prospective value of the short-circuit current I, for alduration
limitgd by the operation of the short-circuit protective device that protects thé/circyit or
assembly. The assembly manufacturer shall declare the breaking capacity, curfent limitation
characteristics, 72+ and I, of the specified short-circuit protective devicey taking]| into
cons|deration the data given by the device manufacturer.

5.4 | Rated diversity factor (RDF)

As an alternative to declaring the group rated currents I,,, of eachcmain outgoing circuit, [their
currgnt carrying capacity under conditions of simultaneous opefation can be stated in terms of
the rated currents /. and the rated diversity factor.

The Jrated diversity factor is the per unit value of IS¢, to which outgoing circuits can be
continuously and simultaneously loaded in the same\section of the assembly in the spgcific
arrarjgement(s) as defined by the original manufacturer, taking into account the mputual
thermal influences. For further details on the specific arrangements, see 5.3.3.

NOTE|1 More information on RDF is given in Annex«E,

The fated diversity factor multiplied by, the rated current I, of the circuits shall be equalfto or
highjr than the assumed loading of the outgoing circuits, where the assumed load currgnt is
equal to the design current Iz for—continuously and simultaneously loaded circuits. If the
design current Iz is not providgd-then the assumed loading of outgoing circuits shall e as
given in the relevant assemblystandard of IEC 61439 and is subject to agreement betyween
user Jand manufacturer.

NOTH 2 The assumed loading of the outgoing circuits can be a steady continuous current or the thermal
equivalent of a varying current (see Annex I).

The assumed loading of the outgoing circuits of the ACS or group of outgoing circuits shall be
decldred by the*assembly manufacturer and can be based on the values in Table 101.

When the-manufacturer does not declare any RDF, the values of Table 101 apply.

5.5 Rated frequency (f,,)

The rated frequency of a circuit is the value of frequency to which the operating conditions are
referred. Where the circuits of an assembly are designed for different values of frequency, the
rated frequency of each circuit shall be given.

The frequency should be within the limits specified in the relevant IEC standards for the
incorporated components. Unless otherwise stated by the assembly manufacturer, the limits
are assumed to be 98 % and 102 % of the rated frequency.

5.6 Other characteristics

The following characteristics shall be declared:
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6.1

the function(s) assigned by the manufacturer (see 3.101);

the external design (see 3.3);

the mobility (see 3.5.101 and 3.5.102);

the degree of protection (see 8.2);

the method of mounting, for example fixed or removable parts (see 8.5.1 and 8.5.2);
protection against electric shock (see 8.4);

the resistance to corrosion (see 10.2.2.101);

special service conditions, if applicable (see 7.2);

electromagnetic compatibility (EMC) classification (see Annex J of IEC 61439-1:2020)
Information

ACS designation marking

The pssembly manufacturer shall provide each ACS with one or morg\labels, marked|in a
durable manner and located in a place such that they are visible and.legible when the ACS is

instajled and in operation.
Compliance is checked according to the test of 10.2.7 and by<nspection.

The following information regarding the ACS shall be provided on the label(s):

apsembly manufacturer's name or trade mark (sége 3.10.2);

type designation or identification number or.any other means of identification, mak|ng it
ppssible to obtain relevant information from,the assembly manufacturer;

eans of identifying date of manufacture,
IEC 61439-4;
type of current (and the frequengy in the case of AC);
rated voltage (U,) (of the ACS) (see 5.2.1);
rated current of the ACS/(;)) (see 5.3.1);
degree of protection (see 8.2);
the weight where this exceeds 30 kg.

If thg indication ofithe name or trademark of the manufacturer appears on the ACS, it sha|l not

be given on the nameplate.

6.2

6.2.1_~"Information relating to the ACS

Documentation

The following additional information, where applicable, shall be provided in the assembly
manufacturer’s technical documentation supplied with the ACS:

o O T o

)
)
)
)
)

rated operational voltage (U,) (of a circuit) (see 5.2.2);

rated impulse withstand voltage (Uimp) (see 5.2.4);

rated insulation voltage (U,;) (see 5.2.3);

rated current of each circuit (7,,;) (see 5.3.2);

rated peak withstand current (ka) (see 5.3.4);

rated short-time withstand current (/) together with its duration (see 5.3.4);
rated conditional short-circuit current (/) (see 5.3.5);

rated frequency (f,) (see 5.5);
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i) rated diversity factor(s) (RDF) (see 5.4);
j) functions (see 3.101);

k) all necessary information relating to the other declared classifications and characteristics
(see 5.6);

I) the short-circuit withstand strength and characteristics of short-circuit protective device(s)
(see 9.3.2);

m) overall dimensions (including projections e.g handles, covers, doors).

6.2.2 Instructions for handling, installation, operation and maintenance

The pssembly manufacturer shall provide in documents or catalogues the conditions,\if|any,
for the handling, installation, operation and maintenance of the assembly and the equipment
contained therein. Where appropriate, instructions shall state that the assembly manufaqturer
is to pe consulted when repair of an assembly is required.

If negessary, the instructions shall indicate the measures that are of particulaf importande for
the dafe, proper and correct transport, handling, installation and operation of the assembly.
The provision of weight details is of particular importance in connection-with the transporf and
handling of transport units. In addition, installation instructions shall \provide sufficient details
for tHe installer to adequately secure the assembly in service.

The ¢orrect location and installation of lifting means and the thread size of lifting attachmients,
if applicable, shall be given in the assembly manufacturens ‘documentation or the instrudgtions
on how the transport unit has to be handled.

The |measures to be taken, if any, with regardaio EMC associated with the installation,
operation and maintenance of the assembly shall\be specified (see Annex J).

If an| assembly specifically intended for_environment A is to be used in environment|B, a
warnjng shall be included in the operating instructions, in accordance with the following:

CAUTION

Thig product has been desigded for environment A. Use of this product in environmeTt B
can|cause unwanted electfomagnetic disturbances, in which case the user may be requjred
to take adequate mitigation measures.

Where necessary;\the above-mentioned documents shall indicate the recommended eixtent
and frequency<of-maintenance.

If the cirCuitry within the assembly is not obvious, for example, there are connections |from
several/incoming power-supplies such as photovoltaic supplies, generators, battgries,

1 f £ datarls +l H H'S % ball L Liaal
In Or nmativri UUI.CIIIIIIB uare virTovuit GIIGIIUUIIIUIILO SIdIiT VT oUpPpyIicu.

When fuses are installed, the assembly manufacturer shall state the type and rating of the
fuse-links to be used.

The manufacturer of the ACS should specify in its technical documentation supplied with the
ACS the other types of assemblies which can be connected to it. This information should
indicate whether the compatibility is based upon the type of system earthing employed and/or
on the need for co-ordination of the electrical protection within the complete installation.

The manufacturer should furnish the appropriate documentation for the purpose to maintain
the protective measures and the co-ordination of the protective devices within the complete
installation.
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6.3 Device and/or component identification

Inside the assembly, it shall be possible to identify individual circuits and their protective
devices. ldentification tags shall be legible, permanent and appropriate for the physical
environment. Any designations used shall be in compliance with IEC 81346-1:2009 and
IEC 81346-2:2019 and identical to those used in the wiring diagrams, which shall be in
accordance with IEC 61082-1:2014.

7 Service conditions

7.1

rvice

If components, for example relays, electronic equipment, are used which\are not designgd for
d  the

7.1.2 Pollution degree

The pollution degree referred to in Annex C is the macré-environmental condition for which
the dssembly is intended.

For pwitching devices and components inside :@an enclosure, the pollution degree of the
environmental conditions inside the enclosure, the' micro-environment, is applicable.

For the purpose of evaluating clearances_and creepage distances, the following four degrees
of pdllution in the micro-environment are’established.
o ollution degree 1:

o pollution or only dry, non=conductive pollution occurs. The pollution has no influenge.
e Ppollution degree 2:

Qnly non-conductive \pollution occurs except that occasionally a temporary condugtivity
chused by condensation is to be expected.

e PFollution degree 3:

Jonductivel pollution occurs, or dry, non-conductive pollution occurs which is expectgd to
become.¢conductive due to condensation.

e Ppollution degree 4:

Qontinuous conductivity occurs due to conductive dust, rain or other wet conditions.

Pollution degree 4 is not applicable to this document for a micro-environment inside the
assembly.

Only pollution degrees 3 and 4 are applicable.

The microenvironment can be reduced to pollution degree 2 if the degree of protection of the
enclosure is at least IP5X and care is taken to avoid condensation.

NOTE The pollution degree of the micro-environment for the equipment can be influenced by installation in an
enclosure. When there is a need to open the assembly for normal service or operation the macro-environment of
the installation can have an effect on the micro-environment.
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Special service conditions

2023

Where any special service conditions exist, the applicable particular requirements shall be
complied with or special agreements shall be made between the assembly manufacturer and
the user. The user shall inform the assembly manufacturer if such exceptional service
conditions exist.

Special service conditions include, for example:

values of temperature, relative humidity and/or altitude differing from those specified in

7.1;

bndensation inside the assembly;
pavy pollution of the air by dust, smoke, corrosive or radioactive particles, vapours o

c
h
ekposure to strong electric or magnetic fields;
ekposure to extreme climatic conditions;

a

ftack by fungus or small creatures;
installation in locations where fire or explosion hazards exist;

ekposure to heavy vibration, shocks, seismic occurrences;

quipment built into machines or recessed into walls;

xposure to conducted and radiated disturbances other than electromagnetic,

e

e

electromagnetic disturbances in environments other/than those described in 9.4;
ekceptional overvoltage conditions or voltage fluctuations;

ekcessive harmonics in the supply voltage orvoad current;

e
h

pavily polluted atmosphere.

Conditions during transport; storage and installation

A spgcial agreement shall be-made between the assembly manufacturer and the user
condjtions during transport( storage and installation, for example temperature and hun
condjtions, differ from those defined in 7.1.

8

8.1
8.1

Undrv- ih. roacnaoncibilifyg, ~Ff tha ~pininal oo fanti vy Al Adacioin onthitina chall bha ~o
CT e C o POTTSToTIty O tric— o grar rrarroroctor e, o gC STy actrv itac s oSran oc—oa

Constructionalrequirements

Strength-of materials and parts

A1 General

applications where variations in climatic conditions are likely to result in excepfional

I salt;

installation in such a manner that the current-carrying capacity is affected, for example

and

kposure to radiation (for example, X-rays, microwave, ultraviolet other than solar, lagers);

f the
hidity

or supervised by a competent person.

ted out

The external shape of the assembly enclosure, if any, can vary to suit the application and use.
Some examples are;

cubicle-type assembly (see 3.3.4);
multi-cubicle-type assembly (see 3.3.5);
desk-type assembly (see 3.3.6);
box-type assembly (see 3.3.7);
multi-box-type assembly (see 3.3.8);

wall-mounted surface type assembly (see 3.3.9);
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e wall-mounted recessed type assembly (see 3.3.10); and

o floor-standing type assembly (3.3.11).

These enclosures may be constructed from various materials, e.g. insulating, metallic or a
combination of these.

Assemblies shall be constructed of materials capable of withstanding the mechanical,
electrical, thermal and environmental stresses that are likely to be encountered in specified
service conditions.

|n th..l vAOT Uf OPU\J'G: OUIV;\JU UUIId;t:UIIO that vdarll bU PIUOUIIt ;II thc phyclua: UIIV;IUIIIII nt In
which the assembly is to be installed (for example, dust, acids, corrosive gases, sailts), the
assemblies shall be adequately protected against contaminants (see Annex C).,When the
assembly is subject to radiation (for example, X-rays, microwave, ultravielet; lagers),
addifional measures shall be taken to avoid malfunctioning of the assembly and-accelefated
deteffioration of the insulation. When such measures are necessary, an agreement is required
betwgen the assembly manufacturer and the user.

When the assembly is subject to undesirable effects of vibration orishock, e.g. caused|by a
machine and its associated equipment, the selection of suitable,equipment, or mounting it
away| from the source of the vibration, or the provision of anti=vibration mountings shgll be
cons|dered.

All the apparatus shall be placed inside the enclosure fitted with such removable panels,
covef plates or doors as applicable for connection or anaintenance with the possible exception
of the items mentioned in 8.101 provided that they withstand the service conditions of Clause
7 and the requirements of 8.1.2 and 8.1.6.

8.1.2 Protection against corrosion

Protgction against corrosion shall be ensiired by the use of suitable materials or by protdctive
coatings to the exposed surface taking account of the normal service conditions (see| 7.1)
and/¢r special service condition (sée 7.2). Compliance to this requirement is checked by the
test of 10.2.2.

8.1. Properties of insulating materials
8.1.3.1 Thermal stability

Enclgsures or parts-of enclosures made of insulating material(s), not already certified to|their
own product standard, e.g. louvers, meshes, shall be capable of operation at temperatures of
at least 70 °C. Thermal stability shall be verified according to 10.2.3.1.

8.1.3.2 Resistance of insulating materials to heat and fire

8.1.3.2.1 General

Parts of insulating materials, which can be exposed to thermal stresses due to internal
electrical effects, and the deterioration of which can impair the safety of the assembly, shall
not be adversely affected by normal (operational) heat, and abnormal heat or fire.

8.1.3.2.2 Resistance of insulating materials to normal heat

The original manufacturer shall select insulating materials which are suitable for the maximum
temperatures to which they are exposed in normal operation, in accordance with 9.2 and
Table 6. The applied temperature-rise limit (see 9.2) for parts of insulating materials shall be
justified based on, for example, the methods of IEC 60216 (all parts), or thermal class
identified in accordance with IEC 60085:2007.
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NOTE With recognition of the differences to other methods, insulating materials can also be selected based on
the relative thermal index (RTI), UL 746B.

8.1.3.2.3 Resistance of insulating materials to abnormal heat and fire due to internal
electric effects

Insulating materials used for parts necessary to retain current carrying parts in position and
parts which can be exposed to thermal stresses due to internal electrical effects, of which the
deterioration can impair the safety of the assembly, shall not be adversely affected by
abnormal heat and fire and shall be verified by the glow-wire test in 10.2.3.2. For the purpose
of this test, a protective conductor (PE) is not considered as a current-carrying part.

8.1.4 Resistance to ultra-violet (UV) radiation

For enclosures and external parts made of insulating materials, resistance to<udltra-yiolet
radigtion shall be verified according to 10.2.4.

For g¢xternal parts made of insulating material of components covered byother IEC standard
(for gxamples socket-outlets, handles of switch, push buttons, etc.), this-test is not requir¢d.

NOTE| For assemblies exposed to UV radiation, other than solar radiation, the means of verification for resigtance
of the| enclosures and external parts made of insulating material or external metal parts that are coated on their
exposkd surface(s) by synthetic material, are subject to agreement between, the user and the manufacturer.

8.1.5 Mechanical strength

All egnclosures or partitions, including locking meansyand hinges for doors, shall be|of a
mechanical strength sufficient to withstand the strésseés to which they may be subjected in
normlal service, (see also 10.2.8) and during short-gircuit conditions (see also 10.11).

The |mechanical operation of removable parts, including any insertion interlock, shall be
verified by test according to 10.2.8.

The JACS shall be constructed to withstand mechanical shocks having an acceleratign of
500 n/s2, a pulse shape of a half-sine wave of 11 ms duration (commensurate with equipment
being carried loose in normal road-or rail vehicles for long periods).

Compliance is verified according to 10.2.6.

8.1.6 Lifting provision

Lifting rings andfor handles (or any other equivalent system) shall be provided on the |ACS
and Ibe firmly-attached to the enclosure or supporting framework.

Compliance is checked according to the test of 10.2.5.

8.2 Degree of protection provided by an assembly enclosure
8.2.1 Protection against mechanical impact (IK code)

The minimum degree of protection provided by an assembly enclosure against mechanical
impact, if necessary, shall be defined by the relevant assembly standards.

Compliance is verified according to 10.2.6.

The ACS shall also withstand impacts of 6 joules energy representing collisions with site
construction mechanical handling equipment (see IEC 60068-2-27).

For protection against mechanical impact refer to 10.2.6.


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

IEC 61439-4:2023 EXV © |[EC 2023 - 45—

NOTE In addition to 8.2.1, It is possible to make reference also to the IK code in case the enclosure has been
tested according to other IEC 61439 parts.

8.2.2 Protection against contact with live parts, ingress of solid foreign bodies and
water (IP code)

The degree of protection provided by an ACS against contact with live parts, ingress of solid
foreign bodies and water is indicated by the IP code according to IEC 60529 and verified
according to 10.3.

The degree of protection of the ACS shall be at least IP 44, with all doors closed and all
removable panels and cover plates fitted.

Vent|lation and drainage holes shall not reduce this degree of protection.

The |degree of protection for an operating face inside a door shall be notdess than [P 21
provided that the door can be closed under all conditions of use. Where the ’door cannpt be
closgd the degree of protection for the operating face shall be at least IP 44«

Unleps otherwise specified, the degree of protection indicated by,the original manufadturer
applies to the complete ACS, when it is installed in accerdance with the original
manuyfacturer's instructions.

SocKet-outlets not protected by the enclosure of the ACS shall have a degree of protectipn at
least|equivalent to IP 44, both when the plug is removed,or fully inserted.

Where the ACS does not have the same IP rating.throughout, the original manufacturer [shall
declgre in its technical documentation suppliedswith the ACS the IP rating for the sepprate
party. Example: IP 44, operating face IP 21.

No IP codes can be given unless the appropriate verifications have been made accordipg to
10.3

8.2.3 Assembly with removable parts

The |degree of protection (IP) indicated for assemblies normally applies to the conngcted
positjon (see 3.2.3) of the removable parts.

If, affer the removal of a removable part, it is not possible to maintain the original degrge of
protgction (e.g. by:closing a door), the assembly manufacturer shall make available covgrs or
similar to restare-the original degree of protection. If these measures are not available, the IP
tests|shall bg carried out without the removable part in place.

When.shutters are used to provide adequate protection to live parts, they shall be securgd to

prevenf vunintentional ramaoval
R—tHHR e HO RGO At

8.3 Clearances and creepage distances
8.3.1 General

The requirements for clearances and creepage distances are based on the principles of
IEC 60664-1:2007 and are intended to provide insulation coordination within the installation.

NOTE Further information is available in IEC TR 60664-2-1:2011.

The clearances and creepage distances of equipment that form part of the assembly shall
comply with the requirements of the relevant product standard.


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

- 46 - IEC 61439-4:2023 EXV © |[EC 2023

When incorporating equipment into the assembly, the specified clearances and creepage
distances shall be maintained during normal service conditions.

For dimensioning clearances and creepage distances between separate circuits, the highest
voltage ratings shall be used (rated impulse withstand voltage for clearances and rated
insulation voltage for creepage distances).

The clearances and creepage distances apply to line to line, line to neutral, and, except
where a conductor is connected directly to earth, line to earth and neutral to earth.

For barelive——sceondustors—andterminations—the—clearances—and—creepage—distances—shall at
least| be equivalent to those specified for the equipment with which they are-difectly
assofiated.

The pffect of a short-circuit up to and including the declared rating(s) of the-assembly |shall
not feduce permanently the clearances or creepage distances between)busbars aphd/or
conngctions below the values specified for the assembly. Deformation-of parts of the
enclgsure or of the internal partitions, barriers and obstacles due to a.short-circuit shall not
redu¢e permanently the clearances or creepage distances below those’specified in 8.3.3 and
8.3.3 (see also 10.11.5.5).

8.3.2 Clearances

The [clearances shall be sufficient to enable the declaréed rated impulse withstand vojtage
(Uim;) of a circuit to be achieved. The clearances shall‘be at least as specified in Tablg 1; if
not, f design verification test and a routine impuls€)withstand voltage test are carried qut in
accofdance with 10.9.3 and 11.3, respectively.

The method of determining clearances by measurement is given in Annex F.

8.3.3 Creepage distances

The priginal manufacturer shall select a rated insulation voltage(s) (U;) for the circuits df the
assembly from which the creepage distance(s) shall be determined. For any given circuif, the
rated insulation voltage shall-not’be less than the rated operational voltage (U,).

The |[creepage distances shall not, in any case, be less than the associated minijmum
clearances.

Creepage distances shall correspond to a pollution degree as specified in 7.1.2 and tp the
corrgspondingsmaterial group at the rated insulation voltage given in Table 2.

The method of determining creepage distances by measurement is given in Annex F.

For inorganic insulating materials, e.g. glass or ceramics, which do not track, creepage
distances need not be greater than their associated clearances. However, the risk of
disruptive discharge should be considered.

By using ribs of a minimum height of 2 mm, the creepage distance may be reduced but,
irrespective of the number of ribs, shall be not less than 0,8 times the value of Table 2 and
not less than the associated minimum clearance. The minimum base of the rib is determined
by mechanical requirements (see Clause F.2).


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

IEC 61439-4:2023 EXV © |[EC 2023 - 47 -

8.4 Protection against electric shock
8.4.1 General

The apparatus and circuits in the assembly shall be so arranged as to facilitate their operation
and maintenance with the required protection against electric shock.

The following requirements are intended to ensure that the required protective measures are
obtained when an assembly is installed in an electrical system conforming to the IEC 60364
series.

NOTH For generally accepied proieciive measures, reier to IEC 61140:2076 and TEC 6U364-4-41:2009, and
IEC 60364-4-41:2005/AMD1:2017.

Those protective measures, which are of particular importance for an asse&mbly| are
reprqduced in 8.4.2 to 8.4.6.

8.4.2 Basic protection
8.4.2.1 General

Basi¢ protection is intended to provide protection against electric shock under ngrmal
condjtions, preventing direct contact with hazardous live parts,

Basi¢ protection can be achieved either by appropriaté) constructional measures on the
assembly itself or by additional measures to be taken{during installation; this may refuire
information to be given by the assembly manufacturer:

An example of additional measures to be takenis the installation of an open-type assgmbly
withqut further provisions in a location where access is only permitted for authofized
person(s).

Whefre basic protection is achieved by\constructional measures, one or more of the protdctive
meagures given in 8.4.2.2 and 8.4.2.3 may be selected. The choice of the protective medsure
shall|be declared by the assembly manufacturer if not specified within the relevant assgmbly
standard.

8.4.2.2 Basic insulation provided by insulating material

Hazgrdous live parts shall be completely covered with insulation that can only be removed by
destiuction or by the use of a tool.

The |insulation’ shall be made of suitable materials capable of durably withstanding the
mechanicaly electrical and thermal stresses to which the insulation may be subjected in
servigce.

EXAMPLES Electrical devices embedded in insulation and insulated conductors.

Paints, varnishes and lacquers alone are generally not considered to satisfy the requirements
for basic insulation. This does not preclude the use of specifically designed insulating
coatings that fulfil the dielectric requirements specified in 10.9.6.

8.4.2.3 Barriers or enclosures

Air-insulated live parts shall be inside enclosures or behind barriers. The enclosures or
barriers shall provide a degree of protection of at least IPXXB.

Horizontal top surfaces of accessible enclosures having a height equal to or lower than 1,6 m
above the standing area shall provide a degree of protection of at least IPXXD.
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Barriers and enclosures shall be firmly secured in place and have sufficient stability and
durability to maintain the required degrees of protection and appropriate separation from live
parts under normal service conditions, taking account of relevant external influences. The
distance between a conductive barrier or enclosure and the live parts they protect shall not be
less than the values specified for the clearances and creepage distances in 8.3.

Where it is necessary to remove barriers or open enclosures or to remove parts of enclosures
(see 8.4.6), this shall be possible only if one of the conditions a) to c) is fulfilled.

a) By the use of a key or tool, i.e. any mechanical aid, to open the door, cover or override an
interlock.

b) After isolation of the supply to live parts, against which the barriers or enclosures\gfford
bpsic protection, restoration of the supply being possible only after replacement or
r¢closure of the barriers or enclosures. In TN-C and TN-C-S systems, the PEL;'PEM or

EN conductor shall not be isolated or switched. In TN-S and TN-C-S systems, the|mid-
ppint and neutral conductors need not be isolated or switched (see IEC 60364-5-53:2001,
5B6.1.2).

EKAMPLE By interlocking the door(s) with a disconnector so that they can-only be opened whgn the
sconnector is in the isolated position and closing of the disconnector without the/use of a tool is impdssible
hile the door is open.

o

W
c) Where an intermediate barrier providing a degree of protection of at least IPXXB preyents
cpntact with live parts, such a barrier being removable only by the use of a key or tool

8.4.3 Fault protection
8.4.3.1 Installation conditions

The Acs shall include protective measures and. be suitable for installations designed to pe in
accofdance with IEC 60364-7-704:2017.

Such provisions are subject to agreementtbetween the user and the manufacturer.

8.4.3.2 Requirements for the protective conductor to facilitate automatic
disconnection of the supply

8.4.3.2.1 General

Each assembly shall have a protective conductor to facilitate automatic disconnection df the
supply for:

rotection against the consequences of earth faults within the class | assembly;

P
b) protection~against the consequences of earth faults in external circuits supplied thrpugh
the class. 1 and class Il assembly. In the case of a class Il assembly, the protdctive
cpnductor may or may not be incorporated within the assembly: it is permissible for it to
ppss.the assembly externally.

NOTE The enclosure can be or be part of the protective circuit.

The requirements to be complied with are given in 8.4.3.2.2 and 8.4.3.2.3.

Requirements for identification of the protective conductor (PE, PEN, PEM, PEL) are given in
8.6.6.

8.4.3.2.2 Requirements for earth continuity providing protection against the
consequences of faults within the class | assembly

All exposed-conductive-parts of the assembly shall be interconnected together and to the
protective conductor of the supply or via an earthing conductor to the earthing arrangement.
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These interconnections may be achieved either by metal screwed connections, welding or
other conductive connections, or by a separate conductor providing earth continuity.

With metal parts of the assembly where abrasion-resistant finishes are used (e.g. gland plates
with powder coatings), interconnections providing earth continuity requires the removal or the
penetration of the coating.

The method to verify the earth continuity between the exposed-conductive-parts of the

asse

For t

a)

Z 0o <

"M ® T O W»

o

If de

mbly and the protective conductor is given in 10.5.2.

ha continuitv of thease connections tha faollowina-shall annly:
Ho—-COHHHUHY eSS A HORST—HE+oOWHRG-SHa—aP Py~

Vhen a part of the assembly is removed, for example for routine maintenance,-the
pntinuity for the remainder of the assembly shall not be interrupted.

eans used for assembling the various metal parts of an assembly ~are™ consid
Lifficient for ensuring earth continuity if the precautions taken guaranteé)permanent
bnductivity.

exible or pliable metal conduits shall not be used as protectiveeonductors unless
re designed for that purpose.

jnges are considered sufficient to ensure continuity provided that no electrical equip
attached to them except equipment which is part of a(PEEV or SELV system.

ices with a voltage exceeding the limits of PELV<er SELV systems, as appropriate

attached to lids, doors, or cover plates, additional measures shall be taken to ensure

conti

huity. These parts (lids, doors or covers) shall ‘be fitted with a protective conductor

whoge cross-sectional area is in accordance with Table 3 depending on the highest

oper
the
spec

ational current 7, of the devices attachedAlternatively, if the rated operational currg
httached devices is less than or equal to 16 A an equivalent electrical conneg
fically designed and verified for this purpose shall be provided (e.g. sliding cof

hinggs protected against corrosion).

barth

ered
good

they

or lids, doors, cover plates and the like, the usual metal screwed connections and etal

ment

, are
barth
(PE)
rated
nt of
ction
tact,

Expgsed conductive parts of a device that cannot be interconnected for earthing continuity by

the
asse

ixing means of the device shall be connected to the earthing arrangement o
mbly by a conductor whose cross-sectional area is chosen according to Table 3.

CertzLin exposed-condugctive-parts of an assembly that do not constitute a danger need n

conn

- b
- b

e
This
orre
their

cted to the earthing arrangement, either;

ecause theyseannot be touched on large surfaces or grasped with the hand; or

kcludétany contact with live parts.

the

bt be

ccause (they are of small size (approximately 50 mm by 50 mm) or so located as to

applies to screws, rivets and nameplates. It also applies to electromagnets of contators

size.

ays, magnetic cores of transformers, certain parts of releases, or similar, irrespective of

When removable parts are equipped with a metal supporting surface, these surfaces shall be
considered sufficient for ensuring earth continuity provided that the pressure exerted on them
is sufficiently high.
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8.4.3.2.3 Requirements for protective conductors providing protection against the
consequences of earth faults in external circuits supplied through the
class | or class Il assemblies

A protective conductor within the assembly shall be designed so that it can withstand the
highest thermal and dynamic stresses arising from earth fault currents in external circuits
supplied through the assembly in its installed location. Conductive structural parts may be
used as a protective conductor or a part of it. Additional requirements for protective
conductors for class Il assemblies are given in 8.4.4 c).

Except where verification of the short-circuit withstand strength is not required in accordance
with o112 verification shattbe made imaccordance with1075-3:

In principle, with the exception of the cases mentioned below, protective conductofs’ withjn an
assembly shall not include a disconnecting device (switch, disconnector, etc.).

n the run of protective conductors, links shall be permitted which are rerhovable by means
of a tool and accessible only to authorized person(s) (these links may be required for
brtain tests).

|
< O

here continuity can be interrupted by means of connectors or plug-and-socket delices,
he protective circuit shall be interrupted only after the live conductors have peen
nterrupted and continuity shall be established before the live conductors are reconneg¢ted.

[,

In the case of an assembly containing structural parts, frameworks, enclosures, etc. mafle of
conducting materials, a protective conductor, if provided,“need not be insulated from these
part§. Conductors to voltage-operated fault detection devices, including the condufctors
conngecting them to a separate earth electrode, shall be insulated when specified by |their
manyfacturer. This can also apply to the earth connection of the transformer neutral.

The pross-sectional area of protective conductors (PE, PEL, PEM, PEN) in an assembly to
which external conductors are intended.io be connected shall be not less than the yalue
calcylated with the aid of the formulaZindicated in Annex B using the highest earth |fault
currgnt and fault duration that may oceur and taking into account the limitation of the SCPDs
that protect the corresponding liveceonductors. The short-circuit withstand strength is vefified
accofding to 10.5.3.

For REL, PEM and PEN conductors, the following additional requirements apply.

— The minimum crosssectional area shall be 10 mm?2 for copper or 16 mmZ2 for aluminium.

— The PEN and PEM conductor shall have a cross-sectional area not less than that reqpired
for a neutrak,'and mid-point conductor (see 8.6.1).

— The PEN{ PEL and PEM conductors need not be insulated within a class | assembly.

railsCaccording to IEC 60947-7-2:2009, Annex A, made of copper or aluminium mdy be

L
used:

- ?ructural parts shall not be used as a PEN, PEL and PEM conductor; however, mounting

For details of requirements for terminals for external protective conductors, see 8.8.

8.4.3.3 Electrical separation

Electrical separation of individual circuits is intended to prevent electrical shock through
contact with exposed-conductive-parts, which can become live when basic insulation of the
circuit fails.

For this type of protection, see IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017.
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8.44 Additional requirements for class Il assemblies

a)

For basic and fault protection, by double or reinforced insulation, the following additional
requirements shall be met.The electrical equipment shall be enclosed in insulating
material which is equivalent of double or reinforced insulation. The enclosure shall carry
the symbol ] which shall be visible from the outside of the protected space.

NOTE 1 The enclosure can be the protected space or the protected space can be behind a barrier behind the
door of an enclosure.

NOTE 2 The requirement of a class Il assembly can be fulfilled by means of a metal enclosure separated
from hazardous live parts and protective PEL, PEM and PEN conductors by double or reinforced insulation.

that

The—senclosure sh no—point be pierced by conductingo in h

there is the possibility of a fault voltage being brought out of the enclosure.

is means that metal parts, such as actuator shafts that, for constructional reasaons, [have
b be brought through the enclosure, shall be insulated on the inside or the_outside qf the
ehclosure from the live parts for the maximum rated insulation voltage and [the maximum
rated impulse withstand voltage of all circuits in the assembly.

Iffan actuator, or similar, is made of metal (whether covered by insulating material or[not),
itfshall be provided with insulation rated for the maximum rated inSulation voltage anfl the
maximum impulse withstand voltage of all circuits in the assembly\

I{ an actuator, or similar, is principally made of insulating material, any of its metal parts
which may become accessible in the event of insulation, failure shall also be insujated
flom live parts for the maximum rated insulation voltage ‘anhd the maximum rated impulse
withstand voltage of all circuits in the assembly. The énclosure or protected space, ywhen
e class Il assembly is ready for operation and conntected to the supply, shall enclose all
live parts, exposed-conductive-parts and parts bglonging to a protective circuit in sych a
anner that they cannot be touched. The enclosure shall give at least the degrg¢e of
rotection IP2XC (see IEC 60529:4989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013).

an external protective PEL, PEM orvPEN conductor is passed through the cldss Il
apsembly, the assembly should be provided with a suitably identified terminal.

Inside the enclosure or protected™space of a class Il assembly, the protective condyctor,
E, PEL, PEM or PEN conductor) and its terminal shall be insulated from the live parts
nd the exposed-conductivesparts. Exposed-conductive-parts within the assembly [shall
t be connected to the protective conductor. This applies also to built-in apparatus, |even
iff they have a connecting-terminal for a protective conductor.

his item of IEC 61439-1:2020 is not applicable.

Limitation‘of steady-state touch currents and charge

If th¢ assembly contains items of equipment that may retain charges after they have peen
switghed off\(capacitors banks without internal basic protection, etc.), a warning label is

required.

Smalt Capaciiors Suchn as tNoSe Used TO0r arc exXtinction, 1o0r delaying the TesSponse Or Telays,
etc., shall not be considered dangerous.

Unintentional contact is not considered dangerous if the voltages resulting from static charges
fall below a DC voltage of 60 V in less than 5 s after disconnection from the power supply.

Touch currents are limited by ensuring exposed-conductive-parts are effectively connected to
the protective conductor. See 10.5.2.
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8.4.6 Operating and servicing conditions
8.4.6.1 Devices to be operated or components to be replaced by ordinary persons

Protection against any contact with live parts shall be maintained when operating devices or
when replacing components.

The minimum degree of protection shall be IPXXC. During the replacement of certain lamps or
fuselinks, openings larger than those defined by the degree of protection IPXXC are allowed.

8.4.6.2 Requirements related to accessibility in service by authorized persons

This subclause of IEC 61439-1:2020 is not applicable.

8.5 | Incorporation of switching devices and components
8.5.1 Fixed parts

For {ixed parts (see 3.2.1), the connections of the main circuits (sge’y3.1.3) shall only be
conngcted or disconnected when the assembly is not energized. Remeval and installatipn of
fixed|parts requires the use of a tool.

The flisconnection of a fixed part shall require the isolation 0f'the complete assembly o part
of it.

In orfer to prevent unauthorized operation, the switching device may be provided with means
to sejcure it in one or more of its positions.

8.5.2 Removable parts

The removable parts shall be so constriicted that their electrical equipment can be safely
remgved from, or connected to, the maifcircuit even if this circuit is live. The removable parts
may pe provided with an insertion intérlock (see 3.2.5).

Cleatances and creepage distances (see 8.3) shall be complied with during transfer fron) one
positjon to another.

A removable part shall be fitted with a device that ensures that it can only be removed and
inserted after its mainyeircuit has been switched off from the load.

If unauthorized-operation, can occur, then the removable parts shall be provided wjth a
lockihg means to secure them in one or more of their positions.

8.5. Selection of switching devices and components

Switching devices and components incorporated in assemblies shall comply with the relevant
IEC standards.

The switching devices and components shall be suitable for the particular application with
respect to the external design of the assembly (e.g. open type or enclosed), their rated
voltages, rated currents, rated frequency, service life, making and breaking capacities, short-
circuit withstand strength, etc.

The rated insulation voltage, and rated impulse withstand voltage of the devices installed in
the circuit shall be equal or higher than the corresponding value assigned to that circuit. In
some cases, overvoltage protection may be necessary (e.g. for equipment fulfilling
overvoltage category Il (see 3.6.11)). The switching devices and components having a short-
circuit withstand strength and/or a breaking capacity which is insufficient to withstand the
stresses likely to occur at the place of installation, shall be protected by means of protective
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devices with suitable current-limiting characteristics, for example fuses or current-limiting
circuit-breakers. When selecting current-limiting protective devices for built-in switching
devices, the maximum permissible values specified by the device manufacturer shall be taken
into account with due regard to coordination (see 9.3.4).

Coordination of switching devices and components shall comply with the relevant IEC
standards. Coordination of motor starters with short-circuit protective devices shall comply
with IEC 60947-4-1:2018. See also 9.3.4.

NOTE Guidance is given in IEC TR 61912-1:2007 and IEC TR 61912-2:2009.

Plug§ of different rated currents or voltages shall not be Inierchangeable, so as to,avoid
errorg in connecting (see IEC 60309-1 and IEC 60309-2).

Conrnections for three-phase socket-outlets shall be made in such a way as to retain the $ame
order of phases.

8.5.4 Installation of switching devices and components

Swit¢hing devices and components shall be installed and wired in thevassembly in accordance
with |instructions provided by their manufacturers and in such ‘@ymanner that their pfroper
functioning is not impaired by interaction, such as heat, switching emissions, vibrafions,
electromagnetic fields, which are present in normal operation. In the case of electronic
equipment, this may necessitate the separation or screening of all electronic signal
proce¢ssing circuits.

When fuses are installed, the original manufacturer shall state the type and rating of the fuse-
links|to be used.

8.5. Accessibility

Adjusgting and resetting devices, that have to be operated inside the assembly, shall be gasily
accepsible.

ional units mounted on.the same support (mounting plate, mounting frame) and |their
terminals for external conductors shall be so arranged as to be accessible for mounting,

Assuming the base(ofthe assembly and the normal standing area for operational persgnnel
are 3t the same_level, the following accessibility requirements associated with floor-standing
assemblies shdll.apply.

e terminals, excluding terminals for protective conductors, shall be situated at [least
0}2 m.above the base of the assembly and, moreover, be so placed that the cables can be
epsily’connected to them with their respective bending radii respected.

— Indicating instruments that need to be read by the operator shall be located within a zone
between 0,2 m and 2,2 m above the base of the assembly.

— Operating devices such as handles, push buttons, or similar shall be located at such a
height that they can easily be operated; this means that their centreline shall be located
within a zone between 0,2 m and 2 m above the base of the assembly. Devices which are
infrequently operated (e.g. less than once per month) may be installed at a height up to
2,2 m.

— Actuators for emergency switching devices (see 536.4.2 of IEC 60364-5-53:2001) shall be
accessible within a zone between 0,8 m and 1,6 m above the base of the assembly.

8.5.6 Barriers

Barriers for manual switching devices shall be so designed that the switching emissions do
not present a danger to the operator.
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To minimize danger when replacing fuse-links, interphase barriers shall be applied, unless the
design and location of the fuses makes this unnecessary.

8.5.7 Direction of operation and indication of switching positions

The operational positions of components and devices shall be clearly identified. Operational
positions are the “on” and the “off” position (see 8.1.6 of IEC 60947-1:2020). A tripped
position is not considered as an operational position and need not to be indicated. If the
direction of operation is not in accordance with IEC 60447:2004, then the direction of
operation shall be clearly identified.

8.5.8 Indicator lights and push-buttons

Unlegs otherwise specified in the relevant product standard, the colours of indicatofAdight$ and
pushtbuttons shall be in accordance with IEC 60073:2002.

8.5.9 Power factor correction banks

For |power factor correction banks incorporated in assembliesy.the requiremenfs of
IEC 61921:2017 shall be met.

NOTE| IEC 61439 standard is the principal reference for the verification required by IEC 61921:2017.
8.5.101 Accessible parts of ACS

Only|the socket-outlets, operating handles and contrekbuttons can be accessible withoyt the
use [of a key or tool. The actuator of the mainJswitch shall be easily accessible |(see
704.536.2.2 of IEC 60364-7-704:2017).

8.6 Internal electrical circuits and connections
8.6.1 Main circuits

The busbars (bare or insulated, see-3.1.5) shall be arranged in such a manner that an internal
shorf-circuit is not to be expected. They shall be rated at least in accordance with the
requirements concerning the. Ghort-circuit withstand strength (see 9.3) and designgd to
withdtand at least the shorttcircuit stresses limited by the protective device(s) on the s{ipply
side pf the busbars.

Within one section,the’conductors (including distribution busbars) between the main bugbars
and the supply side.of functional units — or in the case of a single section assembly, betyeen
the Ipad termipals™of the incoming device and the supply terminals of each outgoing SCPD —
as wgll as the'components included in these units, may be rated on the basis of the reduced
shorf-circuit=stresses occurring on the load side of the respective short-circuit protdctive
devige within each unit. This is provided that these conductors are arranged so that ynder
normak‘eperation, an internal short-circuit between live parts and/or between live part§ and
earth is not to be expected (see 8.6.4).

The minimum cross-sectional area of the neutral conductor within a three-phase and neutral
circuit shall be:

— for circuits with a line conductor cross-sectional area up to and including 16 mm2, 100 %
of that of the corresponding lines;

— for circuits with a line conductor cross-sectional area above 16 mm?2, 50 % of that of the
corresponding lines with a minimum of 16 mm?2.

NOTE There are specific applications when a smaller neutral conductor is acceptable to the user.
It is assumed that the neutral:

a) current does not exceed 50 % of the line currents;


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

IEC 61439-4:2023 EXV © |[EC 2023 - 55—

b) conductor is made of the same material as the line conductors. Where this is not the case,

the neutral conductor shall have at least the same conductance or current car

rying

capacity as that provided when the neutral conductor is of the same material as the line

conductors.

For certain applications, which lead to high values of zero sequence harmonics (e.g.
order harmonics), higher cross-sections of the neutral conductor may be required as t

third
hese

harmonics of the lines are added in the neutral conductor and lead to high current load at
higher frequencies. This is subject to special agreement between the assembly manufacturer

and the user.

8.6.2 Auxiliary circuits

The glesign of the auxiliary circuits shall take into account the auxiliary circuit(s) earthing
ensufre that an earth fault shall not cause unintentional dangerous operation;

In general, auxiliary circuits shall be protected against the effects of short-circuits. Howey
short-circuit protective device shall not be provided if its operation is liable to cause a da
In such a case, the conductors of auxiliary circuits shall be arranged in such a manner t
shorf-circuit is not to be expected (see 8.6.4).

and

er, a
nger.
hat a

0364-

The |connections of current-carrying parts shallonot suffer undue alteration as a resuylt of

normal temperature-rise, ageing of the insulating materials and vibrations occurring in n¢
operation. The effects of thermal expansions electrolytic action in the case of dissimilar m
and the ageing due to the temperatures attained shall be taken into consideration.

rmal
etals,

Conrnections to devices mounted, eon doors or to other movable parts shall be made Uyising

flexile conductors, e.g. Class.(5 “or Class 6 according to |IEC 60228:2004, to allow
movégment of the part. The conductors shall be anchored to the fixed part and to the mo
part [ndependent of the electrical connection terminals.

Connections between—current-carrying parts shall be established by means that ensd
suffigient and durable;contact pressure.

If the verification of temperature-rise is carried out on the basis of tests (see 10.10.2),

selegtion of’conductors and their cross-sections used inside the assembly shall bs
responsibility of the original manufacturer. If verification of temperature-rise is made follg

the
able

the
the
wing
ction

the psSsessment rules of 10104 the conductors shall have a minimum cross-se

|n3|de an assembly are glven in Tables H‘I and H 2. In addltlon to the current car
capacity of the conductors, the selection is governed by:

— the mechanical stresses to which the assembly may be subjected,;

— the method used to lay and secure the conductors;

— the type of insulation;

— the type of components being connected (e.g. switchgear and controlgear in accord
with I[EC 60947 series; electronic devices or equipment).

In the case of insulated solid or flexible conductors, the following criteria apply:

— They shall be rated for at least the rated insulation voltage (see 5.2.3) of the ¢
concerned.

rwng

ance

ircuit
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Conductors connecting two termination points shall have no intermediate joint, e.g. spliced
or soldered.

Conductors with only basic insulation shall be prevented from coming into contact with
bare live parts at different potentials.

Contact of conductors with sharp edges shall be prevented.

Supply conductors to apparatus and measuring instruments in covers or doors shall be so
installed that no mechanical damage can occur to the conductors as a result of movement
of these covers or doors.

Soldered connections to apparatus shall be permitted in assemblies only in cases where
pravision is made for thi ne o onnection on the appara and the specified pe of

stranded conductors are not acceptable under conditions of heavy vibration,.In”locati
here, heavy vibrations exist during normal operation, for example in the casé of drg
apd crane operation, operation on board ships, lifting equipment @nd locomofives,
altention should be given to the support of conductors.

Qenerally, only one conductor should be connected to a termimal clamping unit] the
cpnnection of two or more conductors to one terminal clamping,unit is permissible ofly in
those cases where the terminal clamping units are designed forthis purpose.

Jonductors of different circuits may be laid side by side,ysmay occupy the same duct (for
ekample conduit, trunking system), or may be in the.same multiconductor cable if the
afrangement does not impair the proper functioning of the respective circuits. Where those
clrcuits operate at different voltages, the conduttors shall be separated by suitable
bprriers. Alternatively, all conductors within the same duct or any conductors in multicore
chbles shall be insulated for the highest voltage‘to which any conductor within the $ame
duct can be subjected, for example line tocline voltage for unearthed systems and line to
eprth voltage for earthed systems.

Selection and installation of non-protected live conductors to reduce the
possibility of short-circuits

Live [conductors in an assemblythat are not protected by short-circuit protective deyices
(see8.6.1 and 8.6.2) shall be\lselected and installed throughout the entire assembly in
accordance with Table 4. Non=protected live conductors selected and installed as in Taple 4

sha

[ll have a total length notexceeding 3 m between the main busbar and each respgctive

SCPD or, in the case wf ‘a single section assembly, between the load terminals of the

incorhing device and the-supply terminals of each outgoing SCPD.

8.6.

Identification of the conductors of main and auxiliary circuits

Excelpt for .the cases mentioned in 8.6.6, the method and the extent of identificatig
condpuctors;. for example by arrangement, colours or symbols, on the terminals to which
are ¢onnected or on the end(s) of the conductors themselves, is the responsibility o

n of
they
f the

assembly manufacturer and shall be in agreement with the indications on the wiring diag

Ffams

and drawings. Where appropriate, identification according to IEC 60445:2017 shall be ap

8.6.6 Identification of the protective conductor (PE, PEL, PEM, PEN) and of the
neutral conductor (N) and the mid-point conductor (M) of the main circuits

The protective conductor (PE, PEL, PEM or PEN) shall be readily distinguishable by loc

plied.

ation

and/or marking or colour. If identification by colour or marking is used it shall be in
accordance with IEC 60445:2017. When the protective conductor is an insulated single-core

cable, this colour identification shall be used, preferably throughout the whole length.

Any neutral or mid-point conductor of the main circuit shall be readily distinguishabl
location and/or marking or colour (see IEC 60445:2017 where blue is required).

e by
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8.6

7

Conductors in AC circuits passing through ferromagnetic enclosures or plates

Where conductors in AC circuits with a current rating exceeding 200 A pass through
ferromagnetic enclosures, sections or plates, they shall:

be arranged such that the conductors are only collectively surrounded by ferromagnetic

material, e.g. pass through the same hole; or

arrangements where conductors pass through separate holes shall have been verified by

temperature-rise test(s).

It is permitted for an additional protective conductor to enter the ferrous enclosure individually.

8.7

Cooling

If spgecial precautions are required at the place of installation to ensure propericooling, the
assembly manufacturer shall furnish the necessary information (for instance indication gf the
need| for spacing with respect to parts that are liable to impede the dissipation of he
prodlice heat themselves).

8.8

Terminals for external cables

Basgd on information from the original manufacturer, the cassembly manufacturer
indichte whether the terminals are suitable for connection of Copper or aluminium condugtors,
or bath. The terminals shall be such that the external conductors may be connected
meams (screws, connectors, etc.) that ensures that'the necessary contact pregsure

corrg

circujt is maintained.

In the absence of a specific information that larger cables are to be used, which require |
terminals, the terminals shall be capable\of’accommodating copper conductors from the
smallest to the largest cross-sectional areas corresponding to the rated current of the cjircuit
protgctive device I, (see Annex A). For;adjustable protective devices, the rated current i
currgnt setting selected.

Whefe aluminium conductors are-to be terminated, the type, size and termination meth

the

All

conductors shall be as agréed between the assembly manufacturer and the user.

cpnnections for exterhal cables shall be re-wireable or shall be socket-outlets. So

outlets shall conform. with the relevant standards and have a current rating of at least 16

In the case where external conductors for electronic circuits with low-level currents

volta

assembly,<Jable A.1 does not apply.

The pvailable wiring space shall permit proper connection of the external conductors o
indicated material and, in the case of multicore cables, spreading of the cores.

At or

shall

by a

sponding to the current rating and the short-circtiit strength of the apparatus and the

hrger

5 the

bd of

cket-

and

pes (lessythan 1 A and less than 50 V AC or 120 V DC) have to be connected fo an

f the

The conductors shall not be subjected to stresses which are likely to reduce their normal life
expectancy. In the absence of a specific information that larger cables are to be used, which
require larger terminals, on three-phase and neutral circuits, terminals for the neutral
conductor shall allow the connection of copper conductors having a minimum cross-sectional
area:

equal to half the cross-sectional area of the line conductor, with a minimum of 16 mm?2, if

the size of the line conductor exceeds 16 mm?2;

equal to the full cross-sectional area of the line conductor, if the size of the latter is
than or equal to 16 mm?Z2.

less
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For conductors, other than copper conductors, the above cross-sections should be replaced
by cross-sections of equivalent conductance, which may require larger terminals.

For certain applications, which lead to high values of zero sequence harmonics (e.g. third
order harmonics), higher cross-sections of the neutral conductor may be required as these
harmonics of the lines are added in the neutral conductor and lead to high current load at
higher frequencies. This is subject to special agreement between the assembly manufacturer
and the user.

If connecting facilities for incoming and outgoing neutral, mid-point, protective, PEL, PEM and
PENIconductors are provided, they shall be arranged near the associated line conductor
terminals.

NOTE| IEC 60204-1:2016 requires a minimum cross-section of the conductor and does not allow the €ofnection of
PEN ipto the electrical equipment of the machinery.

Openings in cable entries, cover plates, etc. shall be so designed that, whehthe cables are
properly installed, the stated protective measures against contact and degree of protection
shall|be obtained. This implies the selection of means of entry suitable-for the applicatign as
stateld by the assembly manufacturer.

The | terminals for external protective conductors shall( be marked according to
IEC $0445:2017. As an example, see graphical symbol @ MEC60417-5019:2006-08-25.| This
symt{ol is not required where the external protective conductor is intended to be connectpd to
an internal protective conductor that is clearly identified{with the colours green and yellow.

The {erminals for external protective conductors (RE;»PEL, PEM, PEN) and metal sheathipg of
conngcting cables (steel conduit, lead sheath, etc)) shall, where required, be bare and, unless
othelfwise specified, suitable for the connectign of copper conductors. A separate terminal of
adequate size shall be provided for the outgoing protective conductor(s) of each circuit.

In the absence of a specific information.that larger cables are to be used, which require larger
terminals, terminals for protective conductors shall allow the connection of copper condugtors
having a cross-section depending 'on the cross-section of the corresponding line condulctors
according to Table 5. Terminals for PEN conductors shall be the same as for nqutral
conductors.

In tHe case of enclesures and conductors of aluminium or aluminium alloys, particular
cons|deration shall be-given to the danger of electrolytic corrosion. The connecting meaps to
ensufre the continuity of the conductive parts with external protective conductors shall haye no
othef function.

Spedial precautions can be necessary with metal parts of the assembly, particularly gland
platels,dwvhere abrasion-resistant finishes, for example powder coatings, are used.

Identification of terminals shall comply with IEC 60445:2017 unless otherwise stated.

8.101 Supports and securing devices of ACS

Every ACS shall be fitted with supports enabling it to stand on a horizontal surface (e.g. feet
or legs, articulated or not) and/or a system for fixing it to a vertical wall, attached to the
enclosure or supporting framework.

These various supports or securing devices shall be external to the enclosure but firmly
attached to it. They shall be appropriate to the constructional features (weight, environment,
etc.) and service characteristics of the ACS and shall be tested together with the ACS
(Clause 10).
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8.102 Cable outlet

The cable outlet shall be at a minimum distance from the ground compatible with the bending
radius of the largest cable that can be connected to the ACS.

Compliance is checked by inspection.

9 Performance requirements

9.1
9.1.1

Dielectric properties

General

Each circuit of the assembly shall be capable of withstanding:

— temporary overvoltages;

—

The
by th
verifi

In th
volta

ansient overvoltages.

hbility to withstand temporary overvoltages, and the integrity of sglid insulation, is ve

d by the impulse withstand voltage.

p case of variable frequency drives or converters, reflected voltage waves, recurring
pes and frequency can require special attention.

NOTH IEC 60664-1:2007 contains the requirements for supplementary and reinforced insulation (Class II).

9.1.2 Power-frequency withstand voltage

The

withdtand voltages given in Table 8 and-Table 9 (see 10.9.2). The rated insulation volta

any
volta

Encl

ge.

psures and external operating handles manufactured from or covered with insul

matefrials shall be capable ‘of withstanding the power frequency dielectric tests as giv

10.9

4 and 10.9.5.

Conductors covered with insulating material to provide protection against electric shock
be capable of withstanding the power frequency dielectric test as given in 10.9.6. This tgst is

not r
their

equired faptinsulated conductors which are verified to be suitably insulated accordi
product.standard (e.g. cables).

9.1.3 Impulse withstand voltage

rified

power-frequency withstand voltage and the ability to withstand-transient overvoltages is

peak

circuits of the assembly shall be capabfe of withstanding the appropriate power-frequency

je of

Circuit of the assembly shall be equal to or higher than its maximum rated operafional

lating
BN in

shall

ng to

9.1.3.1 Impulse withstand voltages of main circuits

Clearances from live parts to exposed-conductive-parts and between live parts of different
potential shall be capable of withstanding the test voltage given in Table 10 as appropriate for
the rated impulse withstand voltage.

The rated impulse withstand voltage for a given rated operational voltage shall not be less
than that corresponding in Annex G to the type of supply system and the nominal voltage of
the supply system of the circuit at the point where the assembly is to be used and the
appropriate overvoltage category.
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9.1.3.2 Impulse withstand voltages of auxiliary circuits

a) Auxiliary circuits that are connected to the main circuit and operate at the rated
operational voltage without any means for reduction of overvoltage shall comply with the
requirements of 9.1.3.1.

b) Auxiliary circuits that are not connected to the main circuit may have an overvoltage
withstand capacity different from that of the main circuit. The clearances of such circuits —
AC or DC - shall be capable of withstanding the appropriate impulse withstand voltage in
accordance with Annex G.

9.1.4 Protection of surge protective devices

When overvoltage conditions require surge protective devices (SPDs) to be connected\tp the
main| circuit, such SPDs shall be protected to prevent uncontrolled short-circuit conditions as
speclfied by the SPD manufacturer.

The |nstallation of the SPD needs to respect the instructions of the SPD imanufacturef, for
exanjple, the total length of conductors between the terminals of the SPD tq the line and garth,
as anpl:plicable.

9.2 | Temperature-rise limits
9.2.1 General

The |lassembly and its circuits shall be able to carry their rated currents under spegified
condjtions (see 5.3.1, 5.3.2, 5.3.3 and 5.4), taking dnto consideration the ratings of the
components, their disposition and application, without exceeding the limits given in Taple 6
wher} verified in accordance with 10.10. The temperature-rise limits given in Table 6 app|y for
a daily average ambient air temperature of 35 °C,

The femperature-rise of an element or partiis the difference between the temperature of this
element or part measured in accordancé’with 10.10.2.3.3 and the ambient air temperpture
outside the assembly. If the mean ambient air temperature is higher than 35 °C, then the
temperature-rise limits shall be adapted for this special service condition, so that the sym of
the gmbient air temperature and the individual temperature-rise limit remains the same. |f the
daily| average ambient air temperature is lower than 35 °C, the same adaptation of the
temperature-rise limits is allowed subject to agreement between the user and the assgmbly
mandyfacturer.

In spme cases, for‘example, manual operating means, accessible external covers| and
enclgsures, higher temperatures are permitted, but not higher than maximum limits |from
Tablg¢ 6. See Taple 6, footnote h.

The {empetrature-rise shall not cause damage to current-carrying parts or adjacent parts gf the
assembly-“n particular, for insulating materials, the original manufacturer shall demongtrate
compliance either by reference to the temperature index, for example, by the methodls of
IEC 60216 (all parts) or in accordance with IEC 60085:2007.

9.2.2 Adjustment of rated currents for alternative ambient air temperatures

If the temperature-rise limits have been changed to cover a different ambient air temperature,
then the rated currents of all busbars, functional units, etc. may need to be changed
accordingly. The original manufacturer shall state the measures to be taken, if any, to ensure
compliance with the temperature limits. If an adaptation for lower ambient air temperatures is
made, then the rated currents of the devices published by the device manufacturers shall not
be exceeded.

If a temperature-rise test has been previously carried out applying the temperature-rise limits
for a daily average ambient air temperature of 35 °C, then, up to a daily average ambient air
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temperature of 50 °C, the rated currents verified by test can be adjusted by calculation as
given in 10.10.3.6.

9.3  Short-circuit protection and short-circuit withstand strength
9.3.1 General

Assemblies shall be capable of withstanding the thermal and dynamic stresses resulting from
short-circuit currents not exceeding the rated values.

NOTE 1 The short-circuit stresses can be reduced by the use of current-limiting devices, e.g. inductance, current-

limiti £ ilo b iaaid. ihalad ol
Imiting-rases—or-otmer—carrent=rmttmg—switcrmmg—aevces:

NOTE|2 When a short-circuit results from the operation of arc quenching device (AQD) according to |IEG-60947-9-
1 or ahy other intentional short-circuiting device, this results in the maximum stress on the circuits congerned

Assemblies shall be protected against short-circuit currents by means of, for gxample, cifcuit-
breakers, fuses or combinations of both, which may either be incorporated in)the assembly or
arrarjged outside of it.

For gssemblies intended for use in IT systems, the short-circuit protective device should [have
a sufficient breaking capacity on each single pole at line-to-liné~yvoltage to clear a double
earth fault. (See IEC 60364-5-53:2001, IEC 60364-5-53:2001/AMD1:2002 and IEC 603p4-5-
53:2001/AMD2:2015).

Unleps otherwise specified in the assembly manufacturer’s operating and maintenfance
instrlictions, assemblies that have been subjected 0. a short-circuit may not be suitable for
future service without inspection and/or maintenancelby skilled person(s).

9.3.2 Information concerning short-circuit withstand strength

For assemblies with a SCPD incorporated in the incoming unit, the assembly manufadturer
shall[declare the maximum allowable value of the prospective short-circuit current at the jinput
terminals of the assembly. This value*shall not exceed the appropriate rating(s) (see §.3.4,
5.3.9, and 5.3.6). The corresponding power factor and peak values shall be those shoyn in
9.3.3.

If a gircuit-breaker with a time-delay release is used as the short-circuit protective devicg, the
assembly manufacturery'shall state the maximum time-delay and the current setting
corrgsponding to the.indicated prospective short-circuit current.

For assembliesywhere the short-circuit protective device is not incorporated in the incogming
unit, |the assembly manufacturer shall indicate the short-circuit withstand strength in one or
both |of thesfollowing ways:

a) ratedsshort-time withstand current (/) together with the associated duration (see §.3.5)
and rated peak Withstand Current (7, J(See 53747,

b) rated conditional short-circuit current (/,.) including the current-limiting characteristics of
the upstream SCPD (see 3.1.11).

For times up to a maximum of 3 s, the relationship between the rated short-time current and

the associated duration is given by the formula /2 = constant, provided that the peak value
does not exceed the rated peak withstand current.

The last two paragraphs of this subclause of IEC 61439-1:2020 are not applicable.

9.3.3 Relationship between peak current and short-time current

For determining the electrodynamic stresses, the value of peak current shall be obtained by
multiplying the RMS value for AC applications and mean value for DC applications of the


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

- 62 - IEC 61439-4:2023 EXV © |[EC 2023

short-circuit current by the factor n. The values for the factor » and the corresponding power
factor for AC applications are given in Table 7. The peak factor for DC applications is subject
to agreement between the manufacturer and the user.

NOTE For DC applications, if the user has not stated a peak current value, the value of n = 1,42 is typically used.
9.34 Coordination of protective devices

The coordination of protective devices within the assembly with those to be used externally to
the assembly shall be the subject of an agreement between the assembly manufacturer and
the user. Information given in the assembly manufacturer's catalogue may take the place of

such,an ggroomnnf

If thg operating conditions require maximum continuity of supply, the settings or selectipn of
the ghort-circuit protective devices within the assembly should, where possible, be so
coor?inated that a short-circuit occurring in any outgoing circuit is cleared! by the JCPD
installed in the circuit without affecting the other outgoing circuits, thus ensuring selectivjty of
the protective system.

Whefe short-circuit protective devices are connected in series and\are intended to opgrate
simu|taneously to reach the required short-circuit switching~ capability (i.e. bag¢k-up
protdction), the assembly manufacturer shall inform the user (€.g. by a warning label ip the
assembly or in the operating instructions, see 6.2) that none, of the protective deviceg are
allowed to be replaced by another device which is not of identical type and rating, unlesg the
devige is tested and approved in combination with the back-up device since the swit¢hing
capapility of the whole combination can otherwise be compromised.

Further guidance is given in IEC TR 61912-1:2007and IEC TR 61912-2:2009. See also 8{5.3.

9.4 | Electromagnetic compatibility (EMC)

For EMC-related performance requireménts, see J.9.4.

10 Design verification

10.1| General

Undgr the responsibility~of the original manufacturer, all design verifications shall be cdrried
out dr supervised by a competent person.

Design verification is intended to verify compliance of the design of an assembly or assgmbly
systgm with\the requirements of the IEC 61439 series.

Design verifications shall cover all declared mounting orientations.

Where tests on the assembly have been conducted in accordance with the IEC 60439 series
(withdrawn) or previous editions of the IEC 61439 series, and the test results fulfil the
requirements of the current edition of the relevant part of IEC 61439 series, the verification of
these requirements need not be repeated.

Repetition of verifications in the product standards of switching devices or components
including conductors incorporated in the assembly, which have been selected in accordance
with 8.5.3 and installed in accordance with the instructions of their manufacturer is not
required. Tests on individual devices and components including conductors to their respective
product standards are not an alternative to the design verifications in this document for the
assembly.
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If modifications are made to a verified assembly, Clause 10 shall be used to check if these
modifications affect the performance of the assembly. New verifications shall be carried out if
an adverse effect is likely.

The

various methods include:

— verification testing;

— verification comparison with a reference design(s);

— verification assessment, i.e. confirmation of the correct application of calculations and
design rules, including use of appropriate safety margins.

See Annex D for the full list of design verifications to be covered.

When there is more than one method for the same verification, they are considered equiyv|

and

The

the selection of the appropriate method is the responsibility of the original-manufactu

ests shall be performed on a representative sample of an assembly,in a clean and

condjtion.

The
test

berformance of the assembly may be affected by the verification tests (e.g. short-¢
){ These tests should not be performed on an assembly that is intended to be plac

servige.

An agsembly which is verified in accordance with thisidocument by an original manufag

(see

verifications to be repeated if all the requirements.and instructions specified and provide

the

driginal manufacturer are met in full. Where.the assembly manufacturer incorporates

own |arrangements not included in the original manufacturer’s verification, the asse
manyfacturer is deemed to be the original manufacturer in respect of these arrangement;
is regponsible for verification of these alternate arrangements.

Design verification shall comprise the following.

a)

alent
Fer.

new

ircuit
bd in

turer

3.10.1) and manufactured or assembled by another does not require the original dg¢sign

d by
their
mbly
and

CGonstruction:

10.2 Strength of materials and parts;

10.3 Degree of\protection of assemblies (IP Code);

10.4 Clearanees and creepage distances;

10.5 Protection against electric shock and integrity of protective circuits;
10.6 fncorporation of switching devices and components;
10.7 Internal electrical circuits and connections;

10.8 Terminals for external conductors.

Performance:

10.9 Dielectric properties;

10.10 Temperature-rise;

10.11 Short-circuit withstand strength;

10.12 Electromagnetic compatibility.

The reference designs, the number of assemblies or parts thereof used for verification, the
selection of the verification method when applicable, and the order in which the verification is
carried out shall be at the discretion of the original manufacturer.

The data used, calculations made, and comparisons undertaken for the verification of
assemblies shall be recorded in verification reports.
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10.2 Strength of materials and parts
10.2.1 General

The mechanical, electrical and thermal capability of constructional materials and parts of the
assembly shall be deemed to be proven by verification of construction and performance
characteristics.

Where an empty enclosure in accordance with IEC 62208 is used, and it has not been
modified so as to degrade the performance of the enclosure, no repetition of the enclosure
testing to 10.2, with the exception of 10.2.6, is required unless the ACS is declared for heavily

” t pu | + | L Z. D a4 AY
pO U CU aulivopIiCIic (oTT 1. TLICTITT TTT).

10.2J2 Resistance to corrosion
10.2J2.1 Verification by test

The |resistance to corrosion of representative samples of ferrous metallic enclospures,
inclufding internal and external ferrous metallic constructional parts of the assembly, shall be
verified.

The {est shall be carried out on:

ah enclosure or representative sample enclosure with ‘representative internal pants in
place and door(s) closed as in normal use, or

— re¢presentative enclosure parts and internal parts separately.

In al| cases, hinges, locks and fastenings shall ‘also be tested unless they have previpusly
been[ subjected to an equivalent test and their resistance to corrosion has not peen
compromised by their application.

Whefe the enclosure is subjected to thetest, it shall be mounted as in normal use accofding
to the original manufacturer's instructions.

The fest specimens shall be newand in a clean condition and shall be subjected to seyerity
test A or B, as detailed in 10:2:2.2 and 10.2.2.3.

NOTHE| The salt mist test pravides an atmosphere that accelerates corrosion and does not imply that the asgembly
is suitpble for a salt-laden(atmosphere.

10.2J2.2 Severity-test A
This ftest is applicable to:

— ferrous)metallic indoor enclosures;

—  ekternal ferrous metallic parts of indoor assemblies:

— internal ferrous metallic parts of indoor and outdoor assemblies upon which intended
mechanical operation may depend.

The test consists of:

six cycles of 24 h each to damp heat cycling test according to IEC 60068-2-30:2005 (Test Db)
at (40 £ 2) °C. Variant 1 or 2 to be selected as recommended by Annex A of IEC 60068-2-
30:2005,

followed by,

two cycles of 24 h each to salt mist test according to IEC 60068-2-11:1981 (Test Ka: Salt mist)
at a temperature of (35 = 2) °C.
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10.2.2.3 Severity test B
This test is applicable to:

— ferrous metallic outdoor enclosures;
— external ferrous metallic parts of outdoor assemblies.

The test comprises two identical 12-day periods.

Each 12-day period comprises:

at (40 £ 2) °C. Variant 1 or 2 to be selected as recommended by Annex A of IEC-60068-2-

five P/cles of 24 h each to damp heat cycling test according to IEC 60068-2-30:2005 (Test Db)
30:2

05,
followed by:

seveh cycles of 24 h each to salt mist test according to IEC 60068-2-11:1981 (Test Kaj Salt
mist) at a temperature of (35 + 2) °C.

10.2J2.4 Results to be obtained

After|the test, the enclosure or samples shall be washed in‘*tunning tap water for 5 min, rinsed
in distilled or demineralized water, then shaken or subjected to an air blast to remove \ater
droplets. The specimen under test shall then be stored under normal service conditions for
2 h.

Compliance is checked by visual inspection to.determine that:

|
—

here is no evidence of cracking or other-deterioration other than iron oxide as allowe¢d by
$0 4628-3:2016 for a degree ofcrusting Ri1 (considering the sample as a whole).
However, surface deterioration of\'the protective coating is allowed. In case of qoubt
psociated with paints and varnishes, reference shall be made to ISO 4628-3:2016 to
brify that the samples conform to the specimen Ri1;

< Q

—

he mechanical integrity jis not impaired;

n

als are not damaged,

[oX

bors, hinges, locksy*and fastenings work without abnormal effort.

10.2J2.5 Verification by comparison to reference design

Similar enclosures, enclosure parts and internal ferrous metallic parts, irrespective of|their
shape andssize, are covered by the corrosion test on the representative samples if they are
manufactured from the same materials and with the same surface treatments, using the same
manyfacturing process.

10.2.2.101 Verification of the resistance to corrosion in a heavily polluted atmosphere
a) Principle

This test is intended to assess the corrosive effects of an industrial atmosphere, i.e. an
atmosphere polluted with sulphur dioxide.

The complete and fully equipped ACS shall be continuously exposed to this atmosphere
for ten days.

b) Method of test and test atmosphere

The complete and fully equipped ACS shall be tested in accordance with IEC 60068-2-42.
c) Results to be obtained

The ACS is declared satisfactory, if
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— no trace of corrosion is found either inside or outside (except for the sharp edges) and;

— no damaging effect appears in the ACS, verified by applying the tests of 10.9.1 of
IEC 61439-1:2020, between 24 h and 36 h after the ACS has been removed from the
test chamber.

10.2.3 Properties of insulating materials
10.2.3.1  Thermal stability
10.2.3.1.1  Verification of thermal stability of enclosures by test

The

the d
a temperature of 70 °C, with natural air circulation, for a duration of 168 h and with,arecovery
of 99 h.

Partgy intended for decorative purposes that have no technical significance shall nqt be
cons|dered for the purpose of this test.

The enclosure, mounted as in normal use, is subjected to a test in_a hieating cabinet with an
atmosphere having the composition and pressure of the ambient @ir 'and ventilated by ngtural
circujation. If the dimensions of the enclosure are too large for'the available heating cabinet,
the tgst may be carried out on a representative sample of the‘enclosure.

The yuse of an electrically heated cabinet is recommendéd.
Natural circulation may be provided by holes in the.walls of the cabinet.

The enclosure or sample shall show no cra¢k visible to normal or corrected vision wi&hout
additional magnification nor shall the material have become sticky or greasy, this being
judged as follows:

— With the forefinger wrapped in a dry piece of rough cloth, the sample is pressed with a
force of 5 N.

NOTE| The force of 5 N can be obtained in the following way: the enclosure or sample is placed on one [of the
pans ¢f a balance and the other pan/is loaded with a mass equal to the mass of the sample plus 500 g. Equiljbrium
is then restored by pressing the sample with the forefinger wrapped in a dry piece of rough cloth.

No traces of the cloth_shall remain on the sample, and the material of the enclosure or the
sample shall not stick’to the cloth.

10.2)3.1.2 (Verification of thermal stability of enclosures by comparison

Enclpsures ‘or parts attached to the enclosure of same materials, same colour, sanme or
greafer<thickness of the walls and same general construction, but with, for example, pther
dimensions, are covered by the test on ine representative samples.

10.2.3.2 Verification of resistance of insulating materials to abnormal heat and fire
due to internal electric effects

10.2.3.2.1  Verification by test

The glow-wire test principles of IEC 60695-2-10:2013 and the details given in IEC 60695-2-
11:2014 shall be used to verify the suitability of the materials used:

a) on parts of assembilies, or
b) on specimens taken from these parts.

The test shall be carried out on material with the minimum thickness used for the parts in a)
or b).
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For a description of the test, see Clause 8 of IEC 60695-2-11:2014. The apparatus to be used
shall be as described in Clause 5 of IEC 60695-2-11:2014.

The temperature of the tip of the glow-wire shall be as follows:

— 960 °C for parts necessary to retain current-carrying parts in position;
— 850 °C for enclosures to be installed in hollow walls;

— 650 °C for all other parts, including parts necessary to retain the protective conductor and
enclosure parts intended to be embedded in and mounted on walls which are combustion-
resistant.

NIOTE 1 Tolerances for temperatures of the tip are included in IEC 60695-2-11:2014.

NIOTE 2 Parts of the assembly made from insulating material are considered to be end productstand arqg to be
sted in accordance with I[EC 60695-2-11:2014.

—_

For gmall parts having surface dimensions not exceeding 14 mm x 14 mm, an-alternativg test
may [ be used (e.g. needle flame test, according to IEC 60695-11-5:2016). The g$ame
procg¢dure may be applicable for other practical reasons where the metal’material of a pprt is
largg compared to the insulating material.

10.2)3.2.2  Verification by comparison to a reference design

If a part made from an identical material, having the same”or greater thickness thanp the
reference part that has already satisfied the requirements(of 8.1.3.2.3, then the test neefl not
be performed. It is the same for all parts which have been previously tested according to[their
own ppecifications.

10.2)3.2.3  Verification by assessment

As aph alternative, the original manufacturer_shall provide data on the suitability of materials
from|the insulating material manufacturerito demonstrate compliance with IEC 60695-2-12 for
the materials used and applicable temperature according to 10.2.3.2.1.

10.2J4 Resistance to ultraviolet (UV) radiation
10.2J4.1 Verification by test

This [test applies only te~enclosures and external parts of assemblies intended to be inslllalled
outdpors and which-‘are constructed of insulating materials or enclosures that are entirely
coatg¢d by syntheticmaterial. Representative samples of such parts shall be subjected tp the
following test.

10.2/4.1.1 Verification for enclosures and external parts of assemblies constructgd of
insulating materials

Test samples:

— six test specimens of standard size according to ISO 178:2010; and

— six test specimens of standard size according to 1SO 179-1:2010, ISO 179-2:1997 and
ISO 179-2:1997/AMD:2011,

shall be prepared.

The test specimens shall be made under the same conditions as those used for the
manufacture of the enclosure being considered.

Test sequence:


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

- 68 - IEC 61439-4:2023 EXV © |[EC

2023

a) UV test on all twelve samples according to ISO 4892-2:2013, Method A, Cycle 1 providing

a

total test period of 500 h.

b) Verification of the flexural strength in accordance with ISO 178 (method A) with six of the
samples. The surface of the sample exposed to UV radiation shall be turned face down
and the pressure applied to the non-exposed surface.

c) Verification of the Charpy impact in accordance with ISO 179 on the other six samples. No
notches shall be cut into the sample and the impact shall be applied to the exposed
surface.

Results to be obtained:

10.2

Test
spec
enclg

Test
a) 4

t
b) V

Res(

The
acco

10.2

Samples shall not show cracks or deterioration visible to normal or corrected\\
without additional magnification.

The flexural strength according to ISO 178 shall have 70 % minimum reteption.

) The Charpy impact according to 1SO 179 shall have 70 % minimunmn rétention
materials whose impact bending strength cannot be determined prior to expg

ision

For
sure

because no rupture has occurred, not more than three of the exposed test specifnens

shall be allowed to break.

4.1.2  Verification for enclosures and external parts of assemblies coated on
their exposed surface(s) by synthetic material

sample: Three representative samples of suitable, size shall be tested. The
mens shall be made under the same conditions as those used for the manufacture g
sure being considered.

sequence:

V test on all three samples according to.ISO 4892-2:2013, Method A, Cycle 1 provid
ptal test period of 500 h.

erification of the retention of the ceating according to 1ISO 2409.

Its to be obtained:

test
f the

ing a

adherence of the synthetic material shall have a minimum retention of categqry 3

rding to ISO 2409.

4.2 Verification)by comparison to a reference design

Enclgsures and«external parts made of the same insulating materials, irrespective of

shap|

10.2

e and sizésare covered by the test on the representative samples.

4.3 (_ Verification by assessment

As a

their

Is of
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the same type and thickness or thinner from the insulating material supplier to demonstrate
compliance with the requirements of 8.1.4.

10.2.
10.2.

5 Lifting

5.1 Verification by test

If the original manufacturer makes provision for lifting other than by manual means,
compliance is verified with the following tests.

The maximum number of sections allowed by the original manufacturer to be lifted together
shall be equipped with components and/or weights to achieve a weight of 1,25 times its
maximum shipping weight. With doors closed, it shall be lifted with the specified lifting means

and,

in the manner, defined by the original manufacturer.
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From a standstill position, the transport unit shall be raised smoothly without jerking in a
vertical plane to a height 2 1 m and lowered in the same manner to a standstill position. This
test is repeated a further two times after which the transport unit is raised up and suspended
clear of the floor for 30 min without any movement.

Following the above test and using the same transport unit, the transport unit shall be raised
smoothly without jerking from a standstill position to a height 2 1 m and moved (10 £ 0,5) m
horizontally, then lowered to a standstill position. This sequence shall be carried out three
times at uniform speed, each sequence being carried out within 1 min.

After_the test, with the test weights in place, the transport unit shall show no cracks or
permanent distortions, visible to normal or corrected vision without additional magnification,

that ¢ould impair any of its characteristics.

10.2]5.2 Verification by comparison to a reference design

Enclpsures with the same or equal constructional design and arrangements for lifting are

verified if having an equal or lower weight than that tested as the representative sample.

10.2)6 Verification of mechanical strength

10.2/6.1 General

a)

b)

These tests shall be applied to the ACS, the test sample being in working ordef but
djsconnected from the sample supply.

e test sample shall be completely unpackaged.
e tests include two distinct procedures:

—| impact test;

—| shock test.

Testg shall be carried out at an ambientair temperature of (20 + 5) °C after the ACS has peen

kept [at this temperature for at least 12-h.

10.2]6.2 Impact test

a)

rinciple

e complete ACS«(with all components mounted inside and fitted on suitable supports
d securing devices (see 8.101) if these form part of the ACS) shall be subjected|to a
eries of impacts/of 6 J applied to the enclosure (not to the components inside it)|(see
1.6).

ethod of test

he equipment to be tested shall be fixed on a support of adequate rigidity to rejstrict
ovement of the ACS to 0,1 mm under the effect of the prescribed impact. Three
iceessive impacts shall be applied to each face of the ACS under test by means of dither:

- 0N 3J 4 Z 000w o

) a solid smooth steel sphere approximately 50 mm in diameter and with a mass of
(500 = 25) g, which shall be allowed to fall freely from rest through a vertical height of
1,2 m onto the enclosure surface held in a horizontal plane. The hardness of the
sphere shall be not less than 50 HR and not more than 58 HR, or

2) a similar steel sphere, shall be suspended by a cord and swing as a pendulum in order
to apply a horizontal impact, falling through a vertical distance of 1,2 m.

See Figure 101 for the test setup.

Sloping surfaces can be tested using the pendulum but if this is not convenient the surface
will be aligned in the horizontal plane by turning the unit on the support and the test 1) is
used. Before each test an inspection of the sphere shall be made to ensure that it is free
from burrs and defects.
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The test shall be so arranged that the impacts are applied at positions where weaknesses
are most likely to be revealed. A total of 18 impacts shall be applied to the ACS.

The test is not applicable to components such as socket-outlets, operating handles,
illuminating lights, pushbuttons, actuators, etc., when these components are mounted in
recesses with respect to the main surfaces, so that the distance between the most
exposed parts of these components and the said surfaces is at least 1 cm.

Striking element

10.2
a) P

o
S
b) M
-
a
S

10.2

After
8.2.2

| Y start position
$ﬁ[ Rigid backing
/ I support L
eril{ihg element | \ | \\ i -
start position ! = x\ i \ 1
N N
’ - I \ // S
| n | . / ~
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impact position , Test | AN 4 é
sample ! (\
.} _— M
Test X B - Y
sample \<
e Striking element
\ Impact position
>< ., \\\ \Y
Rigid supporting surface Rigid supporting surface I

Figure 101 — Impact test using striking element

6.3 Shock test

rinciple

pverity of 500 m/s2 (50 g) peakcacceleration and a duration of 11 ms.
ethod of test

he ACS in working ofder shall be tested according to IEC 60068-2-27. Subje
greement between manufacturer and user, the test can be carried out at sep
ECTIONS of the ACS.

6.4 Results to be obtained

the test,<the enclosure shall continue to provide the degrees of protection specifi
; any distortions or deformations of the enclosure and components shall neithg

clea

detri’Fental to the proper functioning of the ACS nor decrease creepage distances

nces’to below the required values; actuators, handles, etc., shall still be operable.

he ACS shall be subjected to aysingle pulse half-sine wave, the shock test having a

ct to
brate

ed in
r be
and

Distortion or deformation of plastic parts that can return in correct position by simple action
(such as opening and reclosing of the cover) are not considered to be detrimental to the
proper functioning of the ACS.

Superficial damage, paint removals, small indentations, cracks not visible with normal or
corrected vision without further magnification, or surface cracks shall not constitute failure of

the test.
10.2.7 Marking
10.2.7.1 Verification by test

Marking made by moulding, pressing, engraving or similar, including labels with a laminated

plast

ic covering, shall not be submitted to the following test.
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The test is made by rubbing the marking by hand for 15 s with a piece of cloth soaked in
water and then for 15 s with a piece of cloth soaked with petroleum spirit.

NOTE The petroleum spirits n-hexane or heptane are suitable solvents for this test.

After the test, the marking shall be legible to normal or corrected vision without additional
magnification.

10.2.7.2 Verification by comparison to a reference design

Markings of a same material and method of printing are covered by the tests completed on
the reference—sampies:

10.2]8 Mechanical operation
10.2/8.1 Verification by test

This |verification test shall not be made on such devices of the assembly Wwhich have alfeady
been| type tested according to their relevant product standard (e.g.Owithdrawable cifcuit-
breaker) unless their mechanical operation has been modified’ by their mounting
arrarjgements differing from those given in the device manufacturer’s.instructions.

For parts that need to be verified through testing (see 8.1.5)/intended mechanical operation
shall| be verified after installation in the assembly. The number of operating cycles shall be
200.|Where a device has been tested in accordance with”its own product standard, but the
mounting arrangement is not in accordance with thesmanufacturer’s instructions, the number
of operations shall be in accordance with the product/standard.

At the same time, the operation of the mechanical interlocks associated with these
movégments shall be checked. The test is passed if the operating conditions of the apparjatus,
interlocks, the specified degree of protection and position indication, if any, have not peen
impajred and if the effort required for operation is practically the same as before the tesf. For
deviges that have specific operational criteria the device product standard and/of the
mandifacturer’s instructions should<bé consulted.

10.2/8.2 Verification by comparison to a reference design

Enclpsures with the same’ or equal constructional solution for mechanical operatior] are
covefed by tests completed on the reference samples.

10.3| Degree ofiprotection of assemblies (IP Code)

The gdegree-of protection provided in accordance with 8.2.2, 8.2.3 and 8.4.2.3 shall be verified
in aeccordance with IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
0529:1989/AMD2:2013; the test may be carried out on one representative equi

accordance with IEC 62208:2011 or an assembly enclosure tested in accordance with the
IEC 61439 series is used, a verification assessment shall be performed to ensure that any
external modification that has been carried out does not result in a deterioration of the degree
of protection. Such an assessment can, for example, be a visual check to confirm that a
device with a suitable degree of protection (IP code) has been installed in an opening in an
enclosure in accordance with the device manufacturer’s installation instructions. In this case,
no further testing is required.

Degree of protection (IP code) tests shall be carried out:

— with all covers and doors in place and closed as in normal service, irrespective of whether
they can be opened or removed, with or without the use of key or tool;

— in a de-energized state (main and auxiliary circuits);
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— where the assembly is made up of multiple sections or is described as extendable, joined
sections shall be included.

Assemblies having a degree of protection of IP5X shall be tested according to category 2 in
13.4 of IEC 60529:1989 and IEC 60529:1989/AMD1:1999;

Assemblies having a degree of protection of IP6X shall be tested according to category 1 in
13.4 of IEC 60529:1989 and IEC 60529:1989/AMD1:1999;

NOTE The tests given in IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013; related
to water and dust are accelerated tests and do not represent actual operating conditions for the assembly. The test
simulgtes—the—eenditions—ferthe—assemblyoveritstfe—tr—a-shertperiod-ef-time—in—trae-tife—a—slow—pelution takes
place which is removed by regular maintenance.

St

The test device for IPX3 and IPX4 as well as the type of support for the enclosureduring the
IPX4]test shall be stated in the test report.

The |PX1 test may be carried out by moving the drip box instead of rotating‘the assembly. If
the dimensions of the surface of the assembly to be tested are larger than the dimensiops of
the drip box, the test shall be repeated as often as necessary to covef ‘all relevant surfacges of
the gdssembly. Each separate test shall take 10 min.

Ingrgss of water in the IPX1 to IPX6 tests on an assembly i$, permissible only if its royte of
entry| is obvious and the water is only in contact with the enclosure at a location where |t will
not reduce the clearance and creepage distances. If cleafahces and creepage distance$ are
redug¢ed, they shall not be below the minimum specified\in Table 1 and Table 2, respectivgly.

The |IP5X test is deemed to be a failure if dust is visible on creepage paths housed within|the
enclgsure and creepage distances are reduced below the minimum specified in Table 2, gee
IEC $0529:1989, 13.5.2.

10.4| Clearances and creepage distances

It shall be verified that the clearances and creepage distances comply with the requirenpents
of 8.8.

The ¢reepage distances shal-be measured in accordance with Annex F.
Cleaftances are verified)by measurement according to Annex F or by test according to 10.9.3.

10.5( Protection;against electric shock and integrity of protective circuits

10.5/1 General

The effectiveness of the earth continuity and the protective circuit is verified for the follgwing
functiess:

1) protection against the consequences of a fault within the class | assembly (internal faults)
as outlined in 10.5.2; and

2) protection against the consequences of faults in external circuits supplied through the
assembly (external faults) as outlined in 10.5.3.

10.5.2 Effective earth continuity between the exposed-conductive-parts of the class |
assembly and the protective circuit

It shall be verified that the different exposed-conductive-parts of the assembly are effectively
connected to the terminal for the incoming external protective conductor.

Verification shall be made using a resistance-measuring instrument that is capable of driving
a current of at least 10 A (AC or DC). The current is passed between each exposed-
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conductive-part and the terminal for the external protective conductor. The resistance shall
not exceed 0,1 Q.

It is recommended to limit the duration of the test where low-current equipment is used;
otherwise it can be adversely affected by the test.

10.5.3 Short-circuit withstand strength of the protective circuit

10.5.3.1 General

The rated short-circuit withstand strength shall be verified. Verification may be carried out by

a comparison to a reference design(s) (see 10.5.3.3 or 10.5.3.4) or with a test as detall
10.53.5.
The priginal manufacturer shall determine the reference design(s) that will be used in 10.

and

10.5
Whe

testing is not required if one of the conditions of 10.11.2 is fulfilled!

10.5

Veriflcation is achieved when the comparison of thefassembly to be verified with aln

testeld designs using items 1 to 6 and 8 to 10 of the checklist given in Table 13 show
devigtions.
To ehsure the same current-carrying capacitysfor that portion of the fault current that

throygh the exposed-conductive-parts, the ‘design, number and arrangement of the parts
provide contact between the protective eonductor and the exposed-conductive-parts shg
the same as in the reference design.

10.5

Veriflcation by comparison Wwith reference designs based on calculation is to be carried d

acco

To e

throygh the exposed-conductive-parts, the design, number and arrangement of the partg
provide contact)between the protective conductor and the exposed-conductive-parts shg
the same as(n)the reference design.

10.5

0.5.3.4.

e a separate protective conductor is provided in accordance with 8.4.3.2.3, short-c

3.3 Verification by comparison with reference desighs — Using a checklist

3.4 Verification by comparison with reference designs — Using calculation

rdance with 10.11.4,

hsure the samg current-carrying capacity for that portion of the fault current that

3.5/ ~Verification by test

ed in

5.3.3

3.2 Protective circuits that are exempted from short-circuit withstand verificdtion

ircuit

eady
s no

Flows
that
Il be

ut in

Flows
that
Il be

Subclause 10.11.5.6 applies.

10.6

Incorporation of switching devices and components

10.6.1 General

Compliance with the design requirements of 8.5 for the incorporation of switching devices and
components shall be confirmed by the original manufacturer’s inspection.

NOTE

If the assembly manufacturer carries out a modification to the original manufacturer’s design, then the

assembly manufacturer assumes the responsibility of the original manufacturer for that design change and is
responsible for carrying out the original manufacturer’s inspection. See 10.1.
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10.6.2 Electromagnetic compatibility

The performance requirements of J.9.4 for electromagnetic compatibility shall be confirmed by
inspection or, where necessary, by testing (see 10.12).

10.7 Internal electrical circuits and connections

Compliance with the design requirements of 8.6 for internal electrical circuits and connections
shall be confirmed by the original manufacturer’s inspection.

NOTE |If the assembly manufacturer carries out a modification to the original manufacturer’s design, then the
assen b:y manafacturer—assumes—the |Uopu||o;b;:;ty of—the Ul;s;lla: mantfacturer—for—thrat dco;yll uhallyc nd is

respopsible for carrying out the original manufacturer’s inspection. See 10.1.

10.8| Terminals for external conductors

Compliance with the design requirements of 8.8 for terminals for external conductors shall be
confirmed by the original manufacturer’s inspection.

NOTHE| If the assembly manufacturer carries out a modification to the original manufacturer’s design, thgn the
assenpbly manufacturer assumes the responsibility of the original manufacturer, for that design change and is
respohsible for carrying out the original manufacturer’s inspection. See 10.1.

10.9| Dielectric properties
10.9/1 General

For this test, all the electrical equipment of the assembly shall be connected, except fhose
itemg of apparatus which, according to the relevant, specifications, are designed for a lower
test |voltage; current-consuming apparatus (e.gswindings, measuring instruments, vojtage
surg¢ suppression devices) in which the application of the test voltage would cause the| flow
of a|current, shall be disconnected. Such:apparatus shall be disconnected at one of|their
terminals unless they are not designed to withstand the full test voltage, in which cage all
terminals may be disconnected.

For test voltage tolerances and the\selection of test equipment, see IEC 61180:2016.

10.9]2 Power-frequency withstand voltage
10.9J2.1 Main and auxiliary circuits

Main| circuits and auxiliary circuits that are connected to the main circuit shall be subjectgd to
the test voltage according to Table 8.

Auxilfary circuits, whether AC or DC, that are not connected to the main circuit shjll be
subjgcted to the test voltage according to Table 9. This test is not carried out on auxiliary
circu'ts:

— which contain only insulated conductors with the appropriate insulation strength as stated
by their manufacturers; and

— which are protected by short-circuit protective devices with the rating not exceeding 16 A;
and

— if an electrical function test has been carried out previously at the rated operational
voltage for which the auxiliary circuits are designed.

10.9.2.2 Test voltage

Circuits intended for AC applications shall preferably be tested with an AC test voltage.
Substitution of an AC voltage test by a DC voltage test should only be considered when the
specimen does not allow testing with AC, e.g. in the case of filters, capacitors and similar,
(see IEC 60664-1:2007, 6.1.3.4.1, fifth paragraph).
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NOTE A test with a DC test voltage of a value equal to the peak value of the AC test voltage will be less stringent

than t

he AC voltage test.

Circuits for DC applications shall be tested with AC or DC test voltages corresponding to the
rated insulation voltage U;.

Where an AC test voltage is used, it shall have a substantially sinusoidal waveform and a
frequency equal to the rated frequency of the assembly with a tolerance of +25 %. A DC test
voltage shall have negligible ripple.

The high-voltage source used for the test shall be so designed that, when the output terminals

are ghort=tircuited—after theoutput vottage trasbeemadjustedtotheappropriate testvoifage,

the dutput current is sufficient to trip the overcurrent relay and it is greater than 100 mA.

The pvercurrent relay shall not trip when the output current is less than 100 mA.

The yalue of the test voltage shall be that specified in Table 8 or Table 9 as-appropriate with a

permiitted tolerance of £3 %.

10.9{2.3 Application of the test voltage

The test voltage at the moment of application shall not exceed. 50 % of the full test valte. It

shall|then be increased progressively to this full value and maintained for 6062 s as follgws:

a) between all live parts of the main circuit connected together (including the auxiliary
cjrcuits connected to the main circuit) and_ exposed-conductive-parts, with the |main
cpntacts of all switching devices in the closed position or bridged by a suitablg low
resistance link;

b) beptween each live part of different potential of the main circuit and, the other live pafts of
djfferent potential and exposed-conductive-parts connected together, with the Jmain
cpntacts of all switching devices.itv the closed position or bridged by a suitablg low
resistance link;

c) between each auxiliary circuit not normally connected to the main circuit and the
—| main circuit;

—| other circuits;
—| exposed-conductive-parts.

NOTE| Power-frequency withstand voltage tests carried out with the voltage maintained for at least 5 s prior|to the

publicption of this document are considered acceptable and need not be repeated.

10.9]2.4 Acceptance criteria

The pvércurrent relay shall not operate and there shall be no disruptive discharge (see 3|6.17)

during_the tests

10.9
10.9

.3 Impulse withstand voltage

.3.1 General

Verification shall be made by test.

In place of the impulse withstand voltage test of 10.9.3.2, the original manufacturer may
perform, at their discretion, an equivalent AC or DC voltage test, in accordance with 10.9.3.3
or 10.9.3.4.
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10.9.3.2 Impulse withstand voltage test

The impulse voltage generator shall be adjusted to the required impulse voltage with the
assembly connected. The value of the test voltage shall be that specified in 9.1.3. The
tolerance of the applied peak voltage shall be +3 %. When the manufacturer agrees, the
positive tolerance of the test voltage may be exceeded.

Auxiliary circuits not connected to main circuits shall be connected to the earth for the tests a)
and b) below. The 1,2/50 ys impulse voltage shall be applied to the assembly five times for
each polarity at intervals of 1 s minimum as follows:

ether
(Including the auxiliary circuits connected to the main circuit) and exposed-condugtive-

rts, with the main contacts of all switching devices in the closed position or bridged|by a
suitable low-resistance link;

a)

b) tween each live part of different potential of the main circuit and the other live pafts of
ifferent potential and exposed-conductive-parts connected together,with the |main
ontacts of all switching devices in the closed position or bridged, by a suitable|low-
psistance link;

o 0

etween each auxiliary circuit not normally connected to the main Circuit and the

main circuit;

other circuits;

exposed-conductive-parts.
This ftest is not carried out on auxiliary circuits:
hich contain only insulated conductors with.tfie appropriate insulation strength as sfated

W
by their manufacturers; and
w
a

hich are protected by short-circuit protective devices with a rating not exceeding 16 A;
hd

flan electrical function test has been made previously at the rated operational voltage for
which the auxiliary circuits are:designed.

For an acceptable result, there-shall be no disruptive discharge during the impulse vojtage
tests

Somé conductor arrangements retain a considerable charge after an impulse test, and for
thes¢ cases care should be taken when reversing the polarity. To allow the arrangemgnt to
discharge, the use of appropriate methods, such as the application of three impulses at about
80 % of the test’voltage in the reverse polarity before the test, is recommended.

10.9)3.3 ( ;Alternative power-frequency voltage test

The testvoltage—shal-have—a——substantialh—sinysoidal waveform at the ratad fraauaeneyv ith a
—=o+Hag HaH—ae—a—S4Ho V—SH e a—Wa-eoHR—at+—eatea—H-e8qudehRey—¥

tolerance of + 25 %.

The high-voltage source used for the test shall be so designed that, when the output terminals
are short-circuited after the output voltage has been adjusted to the appropriate test voltage,
the output current is sufficient to trip the overcurrent relay and it is greater than 100 mA.

The overcurrent relay shall not trip when the output current is less than 100 mA.

The value of the test voltage shall be that specified in 9.1.3 and Table 10 as appropriate with
a permitted tolerance of = 3 %.
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The power-frequency voltage shall be applied once, at full value, for three cycles (see
IEC 60664-1:2007, 6.1.2.2.2.2). It shall be applied to the assembly in the manner described in
10.9.3.2 a), b) and c) above.

For an acceptable result, the overcurrent relay shall not operate and there shall be no
disruptive discharge during the tests.

10.9.3.4 Alternative DC voltage test

The test voltage shall have negligible ripple.

The high-voltage source used for the test shall be so designed that, when the output tern{inals
are ghort-circuited after the output voltage has been adjusted to the appropriate testivolfage,
the qutput current is sufficient to trip the overcurrent relay and it is greater than 100<mA.

The pvercurrent relay shall not trip when the output current is less than 100 mA-

The value of the test voltage shall be that specified in 9.1.3 and Table,40 as appropriatg with
a permitted tolerance of £ 3 %.

The |DC voltage shall be applied three times for each polarity for a duration of 10 ms
(see|lEC 60664-1:2007, 6.1.2.2.2.3).

It shall be applied to the assembly in the manner described in 10.9.3.2 a) and b) above.

For Bn acceptable result the overcurrent relay\shall not operate and there shall b
disrupptive discharge during the tests.

(4]

no

10.943.5 Verification assessment

Cleafances shall be verified by measurement, or verification of measurements on deésign
drawjngs, employing the measurement methods stated in Annex F. The clearances shall pe at
least| 1,5 times the values specified'in Table 1.

NOTE| The 1,5 factor applied to\the values in Table 1 is to avoid impulse withstand voltage tests for ¢lesign
verifidation. It is a safety factor that takes into consideration manufacturing tolerances.

It shpll be verified by Jassessment of the device manufacturer’s data that all incorpofated
deviges are suitable-for the specified rated impulse withstand voltage (Uimp).

10.9/4 Testing of enclosures made of insulating material

For assemblies with enclosures made of insulating material, an additional dielectric test|shall

be carried out by applying an AC test voltage between a metal foil laid on the outside gf the
enclgmmmﬁmﬂmrmmmm joi i i = fve-parts

within the assembly located next to the openings and joints. For this additional test, the test
voltage shall be equal to 1,5 times the values indicated in Table 8.

10.9.5 External door or cover mounted operating handles of insulating material

In the case of handles made of or covered by insulating material, a power-frequency
withstand voltage test shall be carried out by applying a test voltage equal to 1,5 times the
test voltage indicated in Table 8 between the live parts and a metal foil wrapped round the
whole surface of the representative handle. During this test, the exposed-conductive-parts
shall not be earthed or connected to any other circuit.
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10.9.6 Testing of conductors and hazardous live parts covered by insulating material

to provide protection against electric shock

Conductors and hazardous live parts covered by insulating material in direct contact with the
conductor so as to provide protection against electric shock, excluding those previously
verified to their own product standard (e.g. cables), shall be subjected to an additional
dielectric test. This test shall be carried out by applying an AC test voltage between a metal
foil laid on the outside of the conductor insulation including openings and joints in the
insulation, and the interconnected conductive parts within the insulation. For this additional
test, the test voltage shall be equal to 1,5 times the values indicated in Table 8.

10.1
10.10.1 General

It shall be verified that the temperature-rise limits specified in 9.2 for the different-parts qf the

assembly or assembly system will not be exceeded.

Veriflcation shall be made with one or more of the following methods (see Annex | for

testing (10.10.2);
cpmparison with a reference design (10.10.3);
npt applicable.

In agsemblies rated for frequencies above 60 Hzferification of temperature-rise by| test
(10.10.2) or by derivation from a similar design {ested at the same intended frequency

(10.10.3) is always required.

The ¢urrent-carrying capacity of the circuits<to*be verified is determined by;

the group rated current of a main circuit Ing (see 5.3.3); or

the rated current of the main circuit 7. (see 5.3.2) and the RDF (see 5.4).

NOTHE| In addition to I 1ne C2N be stated to allow assessment of the current-carrying capacity in lightly Ipaded

sectiops, see 5.3.2.

For assemblies incorporating power factor correction banks, verification of temperaturg-rise

shalllmeet the additiomahrequirements of IEC 61921:2017.

10.1

Veriflcation through testing consists of the following.

a)

b)

10.1I.2 Verification by testing

.2.1 General

If the assembly system to be verified comprises a number of variants, the most onerous
arrangement(s) for the assembly system shall be selected according to 10.10.2.2.

The assembly variant(s) selected shall be verified by one of the following methods
(see Annex L):

1) considering individual functional units, the main and distribution busbars and the
assembly collectively according to 10.10.2.3.5;

2) considering individual functional units separately, and the complete assembly including
the main and distribution busbars according to 10.10.2.3.6;

3) considering individual functional units and the main and distribution busbars separately
as well as the complete assembly according to 10.10.2.3.7.

When the assembly variant(s) tested are the most onerous variants of an assembly
system, then the test results can be used to establish the ratings of similar variants
without further testing. Comparison rules for such derivations are given in 10.10.3.
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10.10.2.2 Selection of the representative arrangement

10.10.2.2.1 General

The test shall be made on one or more representative arrangements loaded with one or more

representative load combinations chosen to determine with reasonable accuracy
maximum temperature-rise under normal operating and installation conditions. The sele
of the representative arrangements to be tested is given in 10.10.2.2.2 and 10.10.2.2.3 a
the responsibility of the original manufacturer. The original manufacturer shall take

the
ction
nd is
into

consideration in the selection for testing the configurations to be derived from the tested

arrangements according to 10.10.3.

10.1 J).2.2.2 Busbars

For husbar systems consisting of single or multiple rectangular sections of conductor, w
the viariants differ only in the reduction of one or more of;
— height,

— thickness,

uantity of bars per conductor,

Ne]

and have the same;

geometric arrangement of bars,
— cgntre line spacing of conductors,
- e

hclosure, and

— bpsbar compartment (if any),

here

the busbars with the greatest cross-sectional’area shall be selected as the represenfative

arrarjgement as a minimum for the test. For ratings of smaller busbar size variants or
matefrials, see 10.10.3.3.

10.10.2.2.3 Functional units
a)

(0)]

election of comparable functional unit groups

Flunctional units intended_fo be used at different rated currents can be considered to
alsimilar thermal behaviour and form a comparable range of units if they fulfil the follg
cpnditions:

1

) the function‘and basic wiring diagram of the main circuit is the same (e.g. inco
unit, reversing starter, cable feeder);

) the devices are of the same frame size and belong to the same series;
3)) the miounting structure is of the same type;
)

the mutual arrangement of the devices is the same;

bther

have
wing

ming

5) the type and arrangement of conductors is the same;

6) the cross-section of the main circuit conductors within a functional unit shall have a
rating at least equal to that of the lowest rated device in the circuit. Selection of cables
shall be as tested or in accordance with IEC 60364-5-5:2009. Examples on how to

adapt this document for conditions inside an assembly are given in Table H.1
Table H.2. The cross-section of bars shall be as tested or as given in Annex K.

b) Selection of a critical variant out of each comparable group as a specimen for test

The maximum possible current rating for each variant of functional unit is established
functional units containing only one device, this is the rated current of the device

and

. For
. For

functional units with several devices, it is that of the device with the lowest rated current.
For each functional unit, the power loss is calculated at the maximum possible current

using the data given by the device manufacturer for each device together with the p
losses of the associated conductors.

ower
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For functional units with currents up to and including 630 A, the critical unit in each range
is the functional unit with the highest total power loss.

For functional units with currents above 630 A, the critical unit in each range is that which
has the highest rated current. This ensures that additional thermal effects relating to eddy

Cc

urrents and current displacement are taken into consideration.

The critical functional unit shall at least be tested:

—[—withrthreenctosure withthe highestinstattedpower toss per votume,; amnd

—| with the worst variant of ventilation of the enclosure with respect to thelKin

inside the smallest compartment (if any) which is intended for this functional unit; and

with the worst variant of internal separation (if any) with respect to size of ventilation

openings; and

ventilation (natural or forced convection) and size of ventilation openings.

d of

If thge functional unit can be arranged in different orientations (horizontal, vertieal), thep the

most{onerous arrangement shall be tested.

Addi

arrarijgements and variants of functional units, if any.

101

In 10.10.2.3.5 to 10.10.2.3.7, three methods of testing are given, which differ in the numb
tests|needed and in the range of applicability of the test results. 10.10.2.3.5 provides a means
of tgsting a complete assembly where the .group rated current /., is the test r{

10.1
of t

The
whic

volta
electfronic components, coilsof relays, contactors, releases, etc. shall be supplied with
rateq operational voltages.

serv

For assemblies with-active cooling, the cooling equipment shall be operational, as in ng
ice.
assemblyyshall be mounted as in normal use, with all covers including bottom ¢

The

platels, etcwih place.

If the

man

10.11.2.3 Methods of test

ional tests may be made at the discretion of the original manufacturer for less ci

.2.3.1 General

.2.3.6 provides a means of testing an assembly where additionally the rated curre

emperature-rise test on the individual circuits shall be made with the type of curre
h they are intended, and at“the design frequency. Any convenient value of the

e outgoing circuits is determined with~fewer tests than specified in 10.10.2.3.7.
explanation is provided in Annex L.

itical

er of

sult.
t g
An

ht for
test

pe may be used to produce the desired current. Current consuming items such as,

their

rmal

over

ufacturer.

bly includes f ; L be fitted for t ith fuse-li ified bl the

Details of the fuse-links used for the test, i.e. the manufacturer's name and reference, the
rated current, the power loss of the fuse-link, and the breaking capacity, shall be given in the
test report. The type test with the specified fuse-links shall be deemed to cover the use of any
other fuse-link having a power loss, at the conventional thermal current of the combination

unit,

not exceeding the power loss of the fuse-link used for the test.

The size and the disposition of external conductors used for the test shall be stated in the test
report.

The test shall be carried out for a time sufficient for the temperature-rise to reach a constant
value. In practice, this condition is reached when the variation at all measured points

(incl

uding the ambient air temperature) does not exceed 1 K/h.
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To shorten the test, if the devices allow it, the current may be increased during the first part of
the test, with it being reduced to the specified test current afterwards.

When a control electro-magnet is energized during the test, the temperature is measured
when thermal equilibrium is reached in both the main circuit and the control electro-magnet.

The average value of the actual incoming test currents shall be between 100 % and 103 % of
the intended value. Each phase shall be within £5 % of the intended value.

Tests on an individual section of the assembly are acceptable. To make the test

repr sentative—the—external-surfaces—at-which—additional-sesctions—mav-be—connected-shall be
A® o, TIteXCr v Y Cr T rAN TITCxr TTTex e Vv rtr TH o orer T O T LA SELRLA_N § L= TIr T < - oTrrg

thermally insulated with a covering to prevent any undue cooling.

When the performance of a single functional unit in one compartment is being tested aq part
of a|complete assembly (or part of an assembly) as required by 10.10.2.3,/7 d) taking into
account the influence of other functional units in their own compartménts, these pther
functional units can be replaced by heating resistors if the rating of each. does not exceed
630 A and their rating is not to be verified with this test.

In agsemblies where there is a possibility that additional auxiliary-circuits or devices may be
incorporated, heating resistors shall simulate the power dissipation of these additional items.

To reduce the testing required to determine the rated cuprent of a circuit 7, at the maximum
permissible temperature-rise AT,, the current rating miay be calculated from the actual test
currgnt I, if the measured temperature-rise AT, of the\current carrying parts (e.g. busbarg and
terminals) deviates from the permissible value by ‘not more than 5 K, using the follqwing
formyla:

(o7
I, AT
[SOURCE: Copper Development ;Association; Publication No. 22:1996 formula No. 8.]

The |formula can only be. applied if the power loss of the devices and conductofs is
substantially proportionaito /2.

EXAMPLE A busbarthasreached AT, = 102 K (AT, = 105 K allowed) under test at a current of 973 A; by usipg the
formula, the reportedivalue of the test will be 990 A at 105 K.

NOTE| For the\limited range of temperature adjustments being considered, the formula is also applicaple to
alumigium gonductors.

Care[ shall be taken to ensure that all other measurement points will not reach their maximum
temperature at this higher current. Any adjusted current ratings shall be clearly identified in
the test documentation by the recording of results obtained during the test. Care is required
when determining the number of points where this calculation is applied so as to ensure the
effects of changing several currents having an influence on other measuring points (including
internal air temperature) due to the changed power loss.

10.10.2.3.2 Test conductors

In the absence of detailed information concerning the external conductors and the service
conditions, the cross-section of the external test conductors shall be chosen considering the
rated current of each circuit as follows:

a) For values of rated current up to and including 400 A:
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1) The conductors shall be single-core, copper cables or insulated wires with cross-

sectional areas as given in Table 11;
2) As far as practicable, the conductors shall be in free air;
3) The minimum length of each temporary connection from terminal to terminal shall
— 1 m for cross-sections up to and including 35 mm?2;
— 2 m for cross-sections larger than 35 mm2.
b) For values of rated current higher than 400 A but not exceeding 1600 A:

be:

1) The conductors shall be single-core copper cables with cross-sectional areas as given

in Table 12, or the equivalent copper bars given in Table 12 as specified b

the

original manufacturer.
2) Cables or copper bars shall be spaced at approximately the distance, bet
with approximately 10 mm of air space between each other. Multiple copper bar

terminal shall be spaced at a distance approximately equal to the barthickness.

the same or smaller cooling surfaces. Cables or copper bars shall not be interleav

3)) For single-phase or multi-phase tests, the minimum ¢length of any temp

reduced to 1,2 m where agreed by the original manufatturer.
c) Hor values of rated current higher than 1600 A but notexceeding 7000 A:

—

of the cables shall be as specified by the origihal manufacturer.

copper bars per terminal shall be spaced at a distance approximately equal to th
thickness. If the sizes stated for the ‘bars are not suitable for the terminals or ar

dimensions £10 % and the same or smaller cooling surfaces. Copper bars shall n
interleaved.

3)) For single-phase or .multi-phase tests, the minimum length of any temp

star point shall be 2 m.
or values of rated current higher than 7000 A:

Lpply, <number of lines and frequency (where applicable), cross-sections of

F
The original/manufacturer shall determine all relevant items of the test, such as ty
s
cpnductors, etc. This information shall form part of the test report.

10.10.2.3.3 Measurement of temperatures

veen

terminals. Multiple parallel cables per terminal shall be bunched together and“arrapged

5 per
f the

sizes stated for the bars are not suitable for the terminals or are\not available) it is
permissible to use other bars having the same cross-sectional dimensions +10 % and

bd.

brary

connection to the test supply shall be 2 m. The minimum length to a star point may be

) The conductors shall be copper bars of the~Sizes stated in Table 12 unlesg the
assembly is designed only for cable connection¥In this case, the size and arrangement

2) Copper bars shall be spaced at approximately the distance between terminals. Mdltiple

b bar
P not

available, it is permissible toguse other bars having the same cross-secfional

bt be

brary

connection to the test'supply shall be 3 m, but this can be reduced to 2 m provided that
the temperature-rise at the supply end of the connection is not more than 5 K helow
the temperature<rise in the middle of the connection length. The minimum length| to a

e of
test

Thermocouples or thermometers shall be used for temperature measurements. For windings,
the method of measuring the temperature by resistance variation shall generally be used. In
cases where this is not practical, thermocouples may be used to determine the temperature-

rise on the surface of the coil.
The thermometers or thermocouples shall be protected against air currents and heat radi

The temperature shall be measured at all points where a temperature-rise limit (see 9.2)

ation.

shall

be observed. Particular attention shall be given to joints in conductors and terminals within
the main circuits. For measurement of the temperature of the air inside an assembly, several

measuring devices shall be arranged in convenient places.
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10.10.2.3.4 Ambient air temperature

The ambient air temperature shall be measured by means of at least two thermomete

rs or

thermocouples equally distributed around the assembly at approximately half its height and at

a distance of approximately 1 m from the assembly. The thermometers or thermocouples
be protected against air currents and heat radiation.

The ambient air temperature during the test shall be between +10 °C and +40 °C.

10.10.2.3.5 Verification of the complete assembly

shall

The main circuils of the assembly shall be Toaded with their esiimated group rated curr
Ing: (see 5.3.3) (see Annex L).

If thg group rated current, Ing: of the incoming circuit or distribution busbar systemis less
the qum of the group rated currents, Ing: of all outgoing circuits, then the_gutgoing cif
shall|be split into test sets corresponding to the group rated current of the_inecoming circ
distribution busbar system. The test sets shall be formed in a manner ,so that the hi
poss|ble temperature-rise is obtained. Enough test sets shall be formed,‘and tests under
to in¢lude all different variants of functional units in at least one test.sét.

Where the fully-loaded circuits do not distribute exactly thetotal incoming current
remdining current shall be distributed via any other appropriate circuit. This test shg
repegted until all types of outgoing circuit have been verified at their group rated currents

Change in the arrangement of functional units within“a verified assembly, or section
assembly, may necessitate additional tests as theithermal influence of the adjacent units|
diffen significantly.

10.10.2.3.6 Verification considering individual functional units separately and the
complete assembly

The group rated currents, /,,, accaording to 5.3.3 and the rated currents, 7,

main| circuits according to 5.5.2 shall be verified in two stages:

- e rated current, I, Of,each critical variant of outgoing functional unit as defin
10.10.2.2.3 b) shall be verified separately in accordance with 10.10.2.3.7 c).

- e assembly is yerified by loading the incoming circuit and all outgoing functional
cpllectively to their-estimated group rated currents, Ing:

If thg group ratedicurrent, I, of the incoming circuit or distribution busbar system is less
the qum of the currents, Ing: of all outgoing circuits, then the outgoing circuits shall be
into {est sets corresponding to the group rated current of the incoming circuit or distrib
busbpr system. The test sets shall be formed in a manner so that the highest pos

ents,

than
cuits
it or
hest
ken

the
Il be

pf an
may

of the outgoing

bd in

units

than

split
ution
sible

templerature-rise is obtained. Sufficient test sets shall be formed and tests undertakqan to

include all different variants of funciional units Iin at least one test set.

Where the fully loaded circuits do not distribute exactly the total incoming current

, the

remaining current shall be distributed via any other appropriate circuit. This test shall be

repeated until all types of outgoing circuit have been verified at their test current.

Change in the arrangement of functional units within a verified assembly, or section of an

assembly, may necessitate additional tests as the thermal influence of the adjacent units
differ significantly.

may

If I, and /4 are verified, the RDF is calculated by dividing /,,4 by /;,; for the individual circuits

being considered.
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10.10.2.3.7 Verification considering functional units and the main and distribution
busbars separately as well as the complete assembly

Assemblies shall be verified by separate verification of standard elements a) to c) as selected
in accordance with 10.10.2.2.2 and 10.10.2.2.3, and verification of a complete assembly d)
under worst case conditions as detailed below.

a) Main busbars shall be tested separately. They shall be mounted in the assembly
enclosure as in normal use with all covers and all partitions that separate the main
busbars from other compartments in place. If the main busbar has joints, then they shall
be included in the test. The test shall be carried out at the rated current The test current

embly

permits, and, to minimize the influence of the external test conductors on the temperature-
rise, the length of the main busbar within the enclosure for the test shall be a minimym of

2l m and include a minimum of one joint when the busbars are extendable.

b) Hach distribution busbar shall be tested separately from the outgoing units! They shall be
ounted in the enclosure as in normal use with all covers and all partitions that sepfrate

the busbar from other compartments in place. Distribution busbars shiall-be connected to
the main busbar. No other conductors (e.g. connections to fungiional units) shall be
cpnnected to the distribution busbar. In order to consider the most-onerous condition, the
tgst shall be carried out at the rated current, and the test current shall pass through the
full length of the distribution busbar. If the rated current of the*main busbar is higher|than
the test current, it shall be fed with additional current so that’it carries its rated currgnt to

ite junction with the distribution busbar.

c) Iff the manufacturer declares I,., the relevant functional units shall be tested individyally.
e functional unit shall be mounted in the enclosure as in normal use with all coverg and

all internal partitions in place. If it can be‘mounted at different places, the |most
hfavourable place shall be used. It shall beuconnected to the main or the distribution
usbar as in normal use. If the main busbar and/or the distribution busbar (if any) are
ntended to supply other circuits and they.are rated for a higher current, they shall bg fed
ith additional currents so that they carry their individual rated currents to the respqctive
gnction points. The test shall be carried out at the estimated rated current /.. fof the
unctional unit.

Q.
4 = <= = o c

he complete assembly shall be‘verified by temperature-rise testing of the most ongrous
frangement(s) possible in service and as defined by the original manufacturer. Fof this
¢st the incoming circuit,and each outgoing functional unit are loaded to their group fated
Urrent 1, where I, is equal to I, multiplied by RDF when 1. is declared. If the group
ated current of the incoming circuit or distribution busbar system is less than the sym of
e test currents af all outgoing circuits (i.e. their group rated currents), then the outgoing
rcuits shall be_split into test sets corresponding to the rated current of the incgming
rcuit or distribution busbar system. If the main busbar and/or the distribution busbfar (if
hy) are rated for a higher current, they shall be fed with additional currents so as to
aintain the rating achieved in a) and b). The test sets shall be formed in a manner so
at the highest possible temperature-rise is obtained. Enough test sets shall be formed
d’tests undertaken to include all different variants of functional units in at least ong test
i

T 3T 0 T

VOO

=3

n QO

If I,c and 1,4 are verified the RDF is calculated by dividing /,,4 by /,; for the individual circuits
berng consrgered

10.10.2.3.8 Results to be obtained

The estimated rated currents in 10.10.2.3.5, 10.10.2.3.6 and 10.10.2.3.7, as verified by test(s),
determine the final /,,; and/or /.4, as applicable.

At the end of the test, the temperature-rise shall not exceed the values specified in Table 6.
If tests according to 10.10.2.3.6 or 10.10.2.3.7 have been carried out to verify I, in addition

to ]ng for the outgoing circuits, then the rated diversity factor may be calculated (see 3.8.11
and
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10.10.3 Verification by comparison
10.10.3.1 General

The following subclauses define how the rated currents of variants can be verified by
derivation from similar arrangements verified by testing.

Tests carried out at a particular frequency are applicable at the same current rating to lower
frequencies including DC.

Temperature-rise tests on the circuit(s) carried out at 50 Hz are applicable to 60 Hz for rated
currgnis up to and including 800 A. Tn the absence of fesis at 60 Hz for currenis above D0 A,
the rated current at 60 Hz shall be reduced to 95 % of that at 50 Hz. Alternatively, wherg the
maximum temperature-rise at 50 Hz does not exceed 90 % of the permissible valug; thep de-
rating for 60 Hz is not required.

10.10.3.2 Assemblies

Assemblies verified by derivation from a similar tested arrangementy shall comply with the
following:

a) the functional units shall belong to the same group(s) as the“functional unit(s) selectgd for
st (see 10.10.2.2.3);

b) the same type of construction as used for the test;

—

c) the same or increased overall dimensions as used fot the test;

d) the same or increased cooling conditions as used for the test (forced or natural convection,
shme or larger ventilation openings);

e) the same or reduced internal separation as»used for the test (if any);
f) the same or reduced power losses in thessame section as used for the test.

The jassembly being verified may comprise all or only part of the electrical circuits of the
assembly previously verified. Alternative arrangement(s) of functional units within| the
assembly or section compared  tor the tested variant is allowed as long as the thg¢rmal
influgnces of the adjacent units(are not more severe.

Thermal tests performed. on 3-phase, 3-wire assemblies are considered as representing 3-
phasge, 4-wire and single-phase, 2-wire or 3-wire assemblies, provided that the ngutral
cond’rctor is sized ;equal to or greater than the line conductors and arranged in the same
manmner.

10.10.3.3 Busbars

Ratings’ established for aluminium busbars are valid for copper busbars with the same cfoss-
sectipnal dimensions and configuration. However, ratings established for copper busbars|shall
not be used to establish ratings of aluminium busbars.

The ratings of variants not selected for test according to 10.10.2.2.2 shall be determined by
multiplying their cross-section with the current density of a larger cross-section busbar of the
same design that has been verified by testing.

If, additionally, a smaller cross-section than the one to be derived has been tested, which also
fulfils the conditions of 10.10.2.2.2, then the rating of the intermediate variants may be
established by interpolation.

Modification of the connection between main and distribution busbar is permissible if the
modification is verified by a test in which the temperature-rise in the new arrangement is not
higher than in a comparable test on the reference design.
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10.10.3.4 Functional units

After the critical variant of each group of comparable functional units (see 10.10.2.2.3 a)) has
been subjected to a test for verification of temperature-rise, the actual rated currents 7, and
if determined, 7., of all other functional units in the group shall be calculated using the results
of these tests.

For each functional unit tested, a de-rating factor (rated current, I, or 1,4, resulting from the
test divided by the maximum possible current of this functional unit, see gf0.10.2.2.3 b)) shall
be calculated.

The fated current, I, or I,,, of each non-tested functional unit in the range shall b¢ the
maximum possible current ofqthe functional unit multiplied by the de-rating factor established
for the variant tested in the range.

Modification of the connection between functional unit and the main or distribution bushar is
permissible if the modification is verified by a test in which the temperature<rise in thel new
arrarjgement is not higher than in a comparable test on the reference design.

10.10.3.5 Functional units — Temperature-rise considerations for device substitutign

A dgvice with a rated current I, not exceeding 1600 A may\be substituted with a similar
devige from another series from the same or a different devicé manufacturer to that usgd in
the griginal verification, provided that the power loss and‘terminal temperature-rise of the
subst}ituting device is the same as or lower than the device used in the original verificgtion,
whern both are tested in accordance with the devices' product standard.

Alterpatively, and without a limit on currentirating, when the original device and the
subs}ituting device are from the same device manufacturer, the device manufacturer| may
issug a declaration of temperature-rise performance. The declaration shall confirm that the
substituting device can replace the original device with no further need for verificatipn in
respégct of temperature-rise. The declaration shall include statements indicating that the power
loss for the substituting device is the.same or lower than the original device.

In addition, for both the abowéooptions the physical arrangement within the functional unit
shalllbe maintained. The rating of a functional unit shall not be increased.

The |[physical arrangements shall include terminal shields, conductor type, material,| and
connrction sizes, mounting orientation, clearances to other parts, ventilation arrangenents
and ferminal arrangement.

The performance data on terminal temperatures and power loss may be obtained from the
devige manufacturer or from comparison tests undertaken by those responsible for the
substitation. Any test shall be conducted on new samples.

Refer to Table D.1 for other design characteristics, including short-circuit withstand
(see Table 13, Item 6), that require consideration when substituting devices.

10.10.3.6 Calculation of currents based on adjustment of ambient air temperature

Once a temperature-rise test has been carried out applying the temperature-rise limits for a
daily average ambient air temperature of 35 °C, the rated currents confirmed by testing for a
daily average ambient air temperature of 35 °C can be adjusted by calculation to determine
rated current for daily average ambient air temperatures between 20 °C and 50 °C, assuming
that the temperature-rise of each component or device is proportional to the power loss
generated in this component.

Caution should be taken to ensure the devices being assessed have a power loss
substantially proportional to /2 and not applied to devices that have substantially fixed or


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

IEC

61439-4:2023 EXV © |[EC 2023 - 87 -

linear losses. By agreement between the user and the manufacturer, in assemblies where the
power loss of conductors and devices is substantially proportional to /2, the rated current of
the circuits at ambient air temperatures (outside the enclosure) between 20 °C and 50 °C may
be calculated using the following formula:

0,61
I (AT
I, |AT,

[SOURCE: Copper Development Association; Publication No. 22:1996 formula No. 8.]

NOTH| For the limited range of temperature adjustments being considered, the formula is also applica
alumigium conductors.

ble to

wherge

14 is the current at which the temperature-rise test is carried out;

15 is the current rating to be determined at the specific ambient aif-temperature betyween
20 °C and 50 °C;

AT, is the temperature-rise measured by test with a current of /;

AT, is maximum permissible temperature-rise at the specific ambient air temperpture
between 20 °C and 50 °C.

I, cgnnot exceed the rated current of any device, (e.d. /, for a circuit-breaker), within the

circuft being considered, e.g. a circuit including a 1600/A circuit-breaker cannot be assigned a

currgnt rating of 1750 A in an ambient air temperature of 20 °C.

10.10.4 Verification assessment

This subclause of IEC 61439-1:2020 is net*applicable.

10.11 Short-circuit withstand strength

10.11.1 General

The short-circuit current ratings declared shall be verified except where exempt, see 10.

Ver

iffcation may be made*by comparison with a reference design(s) (10.11.3 and 10.11)

by telsting (10.11.5),-For verification, the following apply.

a)

b)
c)

rrangementi(s) of the assembly shall be selected, taking into account the rules in 10
nd 10.11-4.

e-assembly variants selected for test shall be verified according to 10.11.5.

11.2.
4) or

I{ the assembly* system to be verified comprises a number of variants, the most ong¢rous

11.3

hen the assemblies tested are the most onerous variants of the laraer nroduct ran
- ~J Ld

ge of

an assembly system, then the test results can be used to establish the ratings of si
variants without further testing. Rules for such derivations are given in 10.11.3
10.11.4.

milar
and

10.11.2 Circuits of assemblies which are exempted from the verification of the short-

circuit withstand strength

A verification of the short-circuit withstand strength is not required for the following:

a)

assemblies having a rated short-time withstand current (see 5.3.5) or rated conditional
short-circuit current (see 5.3.6) not exceeding 10 kA RMS for AC and 10 kA mean average

for DC;
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All ofher circuits shall be verified.
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assemblies, or circuits of assemblies, protected by current-limiting devices having a cut-off
current not exceeding 17 kA with the maximum allowable prospective short-circuit current
at the terminals of the incoming circuit of the assembly;

auxiliary circuits of assemblies intended to be connected to transformers whose rated
power does not exceed 10 kVA for a rated secondary voltage of not less than 110 V, or
1,6 kVA for a rated secondary voltage less than 110 V, and whose short-circuit impedance
is not less than 4 %;

circuits protected by frequency converters where the outputs are provided with electronic
short-circuit protection that limits the cut-off current to not more than 17 kA, as declared
by the manufacturer.

The |verifications are undertaken by comparison of the assembly to be,\\verified wj|th a

reference design(s) using the checklist provided in Table 13.

Shoyld any elements identified in the checklist not comply with the requirements of the
checklist and be marked ‘NO’, one of the following means of verification shall be used|(see

10.11.4 and 10.11.5).

A fuge link used in the reference design can be replaced®hy a fuse link of another make or

seriejs without any further testing if:

10.11.4 Verification by comparison with a reference design(s) — Using calculation

the rating of the fuse links shall be the same;

—

he utilization category is the same (e.g. gG);
the fuse system is the same (e.g. NH); and

ppwer loss is the same or lower.

Asseissment of the rated short-time withstand current of an assembly and its circuit$, by
calcylation, shall be undertaken'by a comparison of the assembly to be assessed with an
assembly already verified (by" testing. The assessment to verify the main circuits qf an
assembly shall be in accordance with Annex M. In addition, each of the circuits of the

assembly to be assessedishall meet the requirements of items 6, 8, 9 and 10 in Table 13.

The |[data used, c¢alculations made and the comparison undertaken shall be stated ip the

verification doecumentation.

If thg assessment in accordance with Annex M does not pass or any of the items listed gbove
are not/fulfilled, then the assembly and its circuits shall be verified by test in accordanceg with

10.11L.5

10.11.5 Verification by test

10.11.5.1 Test arrangements

The assembly or its parts as necessary to complete the test shall be mounted as in normal
use. It is sufficient to test a single functional unit if the remaining functional units are of the
same construction. Similarly, it is sufficient to test a single busbar configuration if the
remaining busbar configurations are of the same construction. Table 13 provides clarification
on items not requiring additional tests.
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10.11.5.2 Performance of the test

If the test circuit incorporates fuses, fuse-links with the maximum let-through current and, if
required, of the type indicated by the original manufacturer as being acceptable, shall be used.

The supply conductors and the short-circuit connections required for testing the assembly
shall have sufficient strength to withstand short-circuits and be so arranged that they do not
introduce any additional stresses on the assembly.

Unless otherwise agreed, the test circuit shall be connected to the input terminals of the
assembly. Three-phase assemblies shall be connected on a three-phase basis.

All pprts of the equipment intended to be connected to the protective conductor inisepvice,
inclufing the enclosure, shall be connected as follows:

a) for assemblies suitable for use on three-phase four-wire systems with (@n”earthed| star
point and marked accordingly, to the neutral point of supply or to a substantially indyctive
drtificial neutral permitting a prospective fault current of at least 1500 A,

b) fgr assemblies also suitable for use in three-phase three-wire as_well as on three-phase
four-wire systems and marked accordingly, to the line conductor'least likely to arc to garth.

Excefpt for assemblies according to 8.4.4, the connection mentjened in a) and b) shall in¢lude
a fugible element consisting of a copper wire of 0,8 mm diameéter and at least 50 mm long, or
of an equivalent fusible element for the detection of a fault current. The prospective |fault
currgnt in the fusible element circuit shall be 1500 A + 450 A, except as stated in Notes 2 and
3. If pecessary, a resistor limiting the current to that Malue shall be used.

NOTE/1 A copper wire of 0,8 mm diameter will melt at~1500 A in approximately half a cycle at a frequency
between 45 Hz and 67 Hz (or 0,01 s for DC).

NOTE|2 The prospective fault current can be less than 1500 A in the case of small equipment, according [to the
requirements of the relevant product standard, with*a smaller diameter copper wire (see Note 4) corresponding to
the sgme melting time as in Note 1.

NOTE| 3 In the case of a supply havingsan’artificial neutral, a lower prospective fault current can be accgpted,
subje¢t to the agreement of the assembly manufacturer, with a smaller diameter copper wire (see N¢te 4)
corregponding to the same melting time_as in Note 1.

NOTE|4 The relationship between~the prospective fault current in the fusible element circuit and the diamgter of
the cdpper wire is given in Table 14.

10.11.5.3 Testingof-main circuits
10.11.5.3.1 General

Circyits shall-be tested with the highest thermal and dynamic stresses that may result|from
shorf-circ¢uit’ currents up to the rated values for one or more of the following conditions as
declgred by the original manufacturer.

a) Not dependent upon a SCPD: the assembly shall be tested with the rated peak withstand
current and the rated short-time withstand current for the specified duration (see 5.3 and
9.3.2 a)).

b) Dependent upon an incoming SCPD included within the assembly: the assembly shall be
tested with an incoming prospective short-circuit current for a period of time that is limited
by the incoming SCPD.

c) Dependent upon an upstream SCPD: the assembly shall be tested to the let-through
values permitted by the upstream SCPD as defined by the original manufacturer.

Where an incoming or outgoing circuit includes a SCPD that reduces the peak and/or duration
of the fault current, then the circuit shall be tested allowing the SCPD to operate and interrupt
the fault current (see 5.3.6 rated conditional short-circuit current 7.). If the SCPD contains an
adjustable short-circuit release, then this shall be set to the maximum allowed value (see
9.3.2, second paragraph).
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NOTE In some cases, where protective functions of the device can be disabled, this can result in higher peak
currents and let through energy.

One of each type of circuit shall be subject to a short-circuit test as described in 10.11.5.3.2
to 10.11.5.3.5.

10.11.5.3.2 Outgoing circuits

The outgoing terminals of outgoing circuits shall be provided with a bolted short-circuit
connection. When the protective device in the outgoing circuit is a circuit-breaker, the test
circuit may include a shunting resistor in accordance with 9.3.4.1.2 b) of IEC 60947-1:2020 in
parallel with the reactor used to adjust the short-circuit current.

For gircuit-breakers having a rated current up to and including 630 A, a conductor 0;75/m in

length having a cross-sectional area corresponding to the rated current (see Fablé 11 and
Tabl¢ 12) shall be included in the test circuit. At the original manufacturer’s) discretion, a
shorfer connection than 0,75 m may be used.

The $witching device shall be closed and held closed in the manner noftmally used in setvice.
The {est voltage shall then be applied once for a magnitude and duration as given in 10.1(1.5.4.
In thp case of outgoing circuits which do not include an SCPD, the magnitude and duration
shall|be as specified for the main busbars by the original manufacturer. Testing of outgoing
circujts may also result in the operation of the incoming SCPD,

10.11.5.3.3 Incoming circuit and main busbars

Assemblies containing main busbars shall be tested to prove the short-circuit withgtand
strength of the main busbars and the incoming c¢ircuit including at least one joint wherg¢ the
busbpars are intended to be extendable. The shert-circuit shall be placed such that the Igngth
of mpin busbar included in the test is (2 £.©4) m. For the verification of rated shortttime
withgtand current (see 5.3.5) and rated peak: withstand current (see 5.3.4), this distancel may
be irfcreased and the test conducted at:any convenient voltage providing the test currgnt is
the rpted value (see 10.11.5.4 b)). Where the design of the assembly is such that the lgngth
of the busbars to be tested is less than 1,6 m and the assembly is not intended be
extended, then the complete .length of busbar shall be tested, the short-circuit being
established at the end of these(busbars. If a set of busbars consists of different sectionp (as
regafds cross-sections, cenire'line spacing of the conductors, type and number of supports
per metre), each section shall be tested separately or concurrently, provided that the above
condjtions are met.

10.11.5.3.4 Connections to the supply side of outgoing units

Whefe an assembly contains conductors, including any distribution busbars, between a |main
busbpr and-the supply side of outgoing functional units that do not fulfil the requiremerjts of
8.6.4l, one circuit of each type shall be subjected to an additional test.

A short-circuit is obtained by bolted connections on the conductors connecting the busbars to
a single outgoing unit, as near as practicable to the terminals on the busbar side of the
outgoing unit. The value and duration of the short-circuit current shall be the same as that for
the main busbars.

10.11.5.3.5 Neutral or mid-point conductor
10.11.5.3.5.1 Neutral conductor

If a neutral conductor exists within a circuit, it shall be subjected to one test to prove its short-
circuit withstand strength in relation to the nearest line conductor of the circuit under test
including any joints. Line to neutral short-circuit connections shall be applied as specified in
10.11.5.3.3.
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Unless otherwise agreed between the original manufacturer and the user, the value of the test
current in the neutral conductor shall be at least 60 % of the line current during the three-
phase test.

The test need not be executed if the test is intended to be made with a current of 60 % of the
line current and if the neutral conductor is:

— the same shape and cross-section as the line conductors;

— supported in an identical manner as the line conductors and with support centres along
the length of the conductor not greater than that of the phases;

ol 4 ot £ 4+l + | Lo | +lo ot L ot o
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— spaced at a distance from earthed metalwork not less than the line conductors.

If a 4-pole busbar system is sectioned by a three pole device, the short-time withstand cvdrrent
test |ncluding the neutral need not be executed if the test is intended to belmade with a
currgnt of 60 % of the line current and:

a) the criteria listed above are met; and

O
-
—

he neutral pole is part of a 4-pole busbar system that includes a.3*pole device, and

c) the 3-pole device does not result in any changes to the support system that would be
ecessary to support the line and neutral conductors if the’3-pole device were not prepent.

>

10.11.5.3.5.2 Mid-point conductor

The mid-point conductor shall be subjected to oneftest to prove its short-circuit withgtand
strength in relation to the line conductor of the circuit.under test including any joints. Mid-point
to line short-circuit connections shall be applied. asspecified in 10.11.5.3.3.

Unleps otherwise agreed between the original*manufacturer and the user, the value of the test
currgnt in the mid-point conductor shall be\100 % of the line to line test current.

The fest need not be executed if the mid-point conductor is not positioned between the line
conductors if the following are fulfilled:

tlis the same shape and/cross-section as the line conductors;

t| is supported in an.identical manner as the line conductors and with support ceptres
along the length of-the conductor not greater than that of the line conductors;

— it] is spaced at_an equal or greater distance than the distance between the| line
cpnductor(s)s

In the case of a short-time withstand current, the test need not be executed if:

a) theccriteria listed above are met; and

c) the device does not result in any changes to the support system that would be necessary
to support the line and mid-point conductors if the device were not present.

10.11.5.4 Value and duration of the short-circuit current

For all short-circuit withstand ratings, the dynamic and thermal stresses shall be verified with
a prospective current at the supply side of the specified protective device, if any, equal to the
value of the rated short-time withstand current, rated peak withstand current or rated
conditional short-circuit current.

For the verification of all the short-circuit withstand ratings (see 5.3.4 to 5.3.6 inclusive), the
value of the prospective short-circuit current shall be within a tolerance of 0 % to +5 % at a
test voltage equal to 1,05 times the rated operational voltage U, of the circuit. The value of
the short-circuit current shall be determined from a calibration oscillogram, which is taken with
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the supply conductors to the assembly short-circuited by a connection of negligible
impedance placed as near as possible to the input supply of the assembly. The oscillogram
shall show that there is a constant flow of current such that it is measurable at a time
equivalent to the operation of the protective device incorporated in the assembly or for the
specified duration (see 9.3.2 a)).

The value of current during the calibration is:

— for a test with AC, the RMS value of the AC component and the average of currents of all
phases in a poly-phase system; or

— for a test with DC, the mean value in sustained conditions.

When making the tests at maximum operational voltage, the calibration current shallLbe quual
to the rated short-circuit current with a tolerance of 0 % to +5 %. In poly-phase systemsj this
tolerance applies to the average of all line currents, while each individual ling *‘gurrent| may
have| a tolerance of 5 % of the rated value. For AC tests, the power factor shall be within a
tolerance of 0,00 and -0,05.

The peak current and power factor in the case of an AC test shall be in‘accordance with 9.3.3.
All tgsts for AC applications shall be carried out at the rated frequengy of the assembly with a
tolerance of + 25 %. With the following exception, tests for DC applications shall be cgrried
out with DC.

An AC short-time current test may be used to verify a rated DC short-time withstand cyrrent
and & rated DC peak withstand current providing the test with AC has a peak current equal to
the rpted DC peak withstand current and the RMSvalue of the short-time current is at |east
equ?i: to the rated DC short-time withstand current:, When substituting a DC test by an AQ test,

it should be recognized that the thermal and dynamic stresses of the AC test are higher|than
thos¢ of the equivalent DC test.

a) Hor a test at the rated conditional shert-circuit current /.., whether the protective deyices
re in the incoming circuit of the assembly or elsewhere, the test voltage shall be applied
for a time sufficiently long to enabte the short-circuit protective devices to operate to clear
the fault and, in any case, for not less than 10 cycles for AC and 200 ms for DC. The test
shall be conducted at 1,05'times the rated operational voltage with prospective ghort-
cjrcuit currents, at the supply side of the specified protective device, equal to the valle of
the rated conditional short-circuit current. Tests at lower voltages are not permitted.

or a test at the rated.short-time withstand current and at the rated peak withstand cyrrent,
e dynamic and-thermal stresses shall be verified with a prospective current equal tp the
blue of rated shert-time withstand current and rated peak withstand current declared| The
irrent shallibe applied for the specified time during which the RMS value of ity AC
bmponent.in the case of a test with AC, or the DC value in the case of a test with DC,
hall remain constant.

=
-
=

w00 <

In thefevent of difficulties in carrying out the short-time or peak withstand tests af the

maximdm—operationat—roltage—with—the—test—station—the—tests—aeeording—te—36-4+4-5.3.3,
10.11.5.3.4 and 10.11.5.3.5 may be carried out at any convenient voltage with the original
manufacturer’s agreement, the actual test current being in this case equal to the rated short-
time current or peak withstand current. This shall be stated in the test report. If, however, any
momentary contact separation occurs in a contact arrangement (e.g. within a switching device
or a plug-in contact), during the test, the test shall be repeated at the maximum operational
voltage.

If necessary, due to test limitations, a different test period is permissible; in such a case, the
test current should be modified in accordance with the formula /2 = constant, provided that
the peak value does not exceed the rated peak withstand current without the original
manufacturer's consent and that the RMS value in the case of a test with AC, or DC value in
the case of a test with DC, of the short-time current is not less than the rated value in at least
one phase for at least 0,1 s after current initiation.
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The peak current withstand test and the short-time current test may be separated. In this case,
the time during which the short-circuit is applied for the peak current withstand test shall be
such that the value /% is not larger than the equivalent value for the short-time current test,
but it shall be not less than 60 ms.

Where the required test current in each phase cannot be achieved, the positive tolerance may
be exceeded with the agreement of the original manufacturer.

10.11.5.5 Results to be obtained

After the test, deformation of busbars and conductors is acceptable provided that the
cleatlances and creepage distances specified in 8.3 are still complied with. In case of any
doubit, clearances and creepage distances shall be measured (see 10.4).

The [characteristics of the insulation shall remain such that the mechanicalrand dielgctric
properties of the equipment satisfy the requirements of the relevant assembly standafd. A
busbjr support or cable restraint shall not have separated into two or more pieces. Also, there
shall|be no cracks appearing on opposite sides of a support and no craeks, including sufface
cracks, running the full length or width of the support. In case of any, doubt that the insulation
properties of the assembly are not maintained, an additional power frequency test at two
timeg U, with a minimum of 1000 V shall be performed in accordance with 10.9.2.

Therg shall be no loosening of parts used for the cenn€éction of conductors and the
conductors shall not separate from the outgoing terminals.

Distgrtion of the busbars or supporting structure of{the assembly that impairs its normal use
shalllbe deemed a failure.

Any [distortion of the busbars or supporting.structure of the assembly that impairs ngrmal
insertion or removal of the removable parts shall be deemed a failure.

Defofmation of the enclosure or of the internal partitions, barriers and obstacles due tp the
shorf-circuit current is permissible*te’the extent that the degree of protection is not apparnently
impajred and the clearances or'creepage distances are not reduced to values that are| less
than|those specified in 8.3.

Addifionally, after the dests of 10.11.5.3 incorporating short-circuit protective devices| the
testeld equipment shall be capable of withstanding the power-frequency withstand voltage test
of 10.9.2 at a voltage/value for the "after-test" condition prescribed in the relevant short-dircuit
protgctive devicesstandard for the appropriate short-circuit test, as follows:

a) tween.all live parts and the exposed-conductive-parts of the assembly, and

b) bgptwéeen each pole and all other poles connected to the exposed-conductive-parts df the
apsembly.

If tests a) and b) above are conducted, they shall be carried out with any fuses replaced and
with any switching device closed.

In case of any doubt, it shall be checked that the equipment incorporated in the assembly is in
a condition as prescribed in the relevant product standards and/or device manufacturer’s
information, e.g. can be manually opened and closed. The fusible element (see 10.11.5.2), if
any, shall not indicate a fault current. There shall be neither arcing nor flashover between
poles of the protective device, or between poles and enclosure.

10.11.5.6 Testing of the protective circuit
10.11.5.6.1 General

This test does not apply for circuits according to 10.11.2.
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A single-phase test supply shall be connected to the incoming terminal of one phase and to
the terminal for the incoming protective conductor. When the assembly is provided with a
separate protective conductor, the nearest line conductor shall be used. Where the assembly
is extendable, the protective circuit tested shall include at least one joint. For each
representative outgoing unit, a separate test shall be carried out with a bolted short-circuit
connection between the corresponding outgoing phase terminal of the unit and the terminal
for the relevant outgoing protective conductor.

Each outgoing unit on test shall be fitted with its intended protective device. Where alternative
protective devices can be incorporated in the outgoing unit, the protective device which lets
through the maximum values of peak current and 72 shall be used.

For tIhis test, the frame of the assembly shall be insulated from the earth. The test.voJtage
shall|be equal to 1,05 times the single-phase value of the rated operational voltage. Unless
othefwise agreed between the original manufacturer and the user, the value of theitest cyrrent
in the protective conductor shall be at least 60 % of the line current during {he” three-phase
test ¢f the assembly.

All ofher conditions of this test shall be analogous to 10.11.5.2 to 10.11.5674 inclusive.

10.11.5.6.2 Results to be obtained

The [continuity and the short-circuit withstand strength of thé protective circuit, whether it
cons|sts of a separate conductor or the frame or enclosure of the assembly, shall n¢t be
significantly impaired. Besides visual inspection, this m@ay be verified by measurements with a
currgnt of the order of the rated current of the relevant outgoing unit. The earth continuity
betwgen the exposed-conductive-parts of a class\l ‘assembly and the protective circuit [shall
remdin effective. If in doubt, measurements..according to 10.5.2 shall be carried| out.
Deformation of the enclosure or of the internal partitions, barriers and obstacles due tp the
shorf-circuit current is permissible to the extent that the degree of protection is not apparently
impajred and the clearances or creepage\distances are not reduced to values that are| less
than|those specified in 8.3.

Where the frame or enclosure of the assembly is used as a protective conductor, sparkg and
locallzed heating at joints are permitted, provided they do not impair the electrical continuity
and provided that adjacent flammable parts are not ignited.

NOTE| A comparison of the fesistances measured before and after the test, between the terminal for the incpming
protedtive conductor and\the terminal for the relevant outgoing protective conductor, gives an indicatjon of
confomity with this condition.

10.12 Electromagnetic compatibility (EMC)
For EMC tests, see J.10.12.

11 Routine verification

11.1 General

Under the responsibility of the assembly manufacturer, all routine verification including testing,
installation and commissioning shall be carried out or supervised by a competent person.

Routine verification is intended to detect faults in materials and workmanship and to ascertain
proper functioning of the manufactured assembly. It is made on every assembly. The
assembly manufacturer shall determine if routine verification is carried out during and/or after
manufacture. Routine verification shall confirm that the assembly manufacturing instructions
have been adhered to.
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Routi

8.5.3

Verifi

ne verification is not required to be carried out on devices and self-contained
components incorporated in the assembly when they have been selected in accordance with

and installed in accordance with 8.5.4.

cation shall comprise the following categories:

a) Construction (see 11.2 to 11.8):

1

2

) degree of protection against contact with hazardous live parts, ingress of solid foreign

bodies and water of enclosures;

) clearances and creepage distances;

3
4
5
6
7l
P
1
2

N

c) G
p

11.2

A visual inspection is necessary to confirm*that the assembly meets the prescribed meas

to ac

11.3

Whe

q

O s =3 =S

protection against electric shock and integrity of protective circuits;

incorporation of built-in components;

) internal electrical circuits and connections;
) terminals for external conductors;

mechanical operation.
erformance (see 11.9 to 11.10):
) dielectric properties;
) wiring, operational performance and function.

OTE This verification includes the proper connection and operation of any communicating devices.

onfirmation that documents that are intended to’,be supplied with the assembly
rovided and include those required in 6.2.1.

Degree of protection against contact with*hazardous live parts, ingress of sol
foreign bodies and water of enclosures

hieve the designated degree of protection.

Clearances and creepage distances

e the clearances are:

are

d

ures

ss than the values_given in Table 1, an impulse voltage withstand test in accordance

ith 10.9.3 shall bescarried out;

pt evident by (vistal inspection to be larger than the values given in Table 1
0.9.3.5), verification shall be by physical measurement or by an impulse vo
ithstand test in accordance with 10.9.3;

videntlylarger by visual inspection than the values given in Table 1, verification m4
arried out only by visual inspection.

The

hrescribed measures with rpgnrd to creepage distances (Qpp 83 ’3{) shall he cnhjpr‘

(see
tage

y be

to a

visual inspection. Where it is not evident by visual inspection, verification shall be by physical
measurement. No reduction on the values given in Table 2 is acceptable.

11.4

Protection against electric shock and integrity of protective circuits

The prescribed protective measures with regard to basic protection and fault protection

(see

8.4.2 and 8.4.3) shall be subject to a visual inspection.

The protective circuits shall be checked by inspection to ascertain that the measures
prescribed in the manufacturer’s instructions are adhered to and verified. When it is not
obvious by inspection that the earth continuity of the protective circuits meets the requirement
of 8.4.3.2, a continuity test according to 10.5.2 shall be made.

Screwed and bolted connections shall be checked for the correct tightness on a random basis.
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11.5 Incorporation of built-in components

The installation and identification of built-in components shall be in accordance with the
assembly’s manufacturing instructions.

11.6 Internal electrical circuits and connections

The connections, especially screwed and bolted connections, shall be checked for the correct
tightness on a random basis.

Conductors shall be checked in accordance with the assembly’s manufacturing instructions.

11.7| Terminals for external conductors

The jnumber, type and identification of terminals shall be checked in accordance with the
assembly’s manufacturing instructions.

11.8| Mechanical operation

The leffectiveness of mechanical actuating elements, interlocks and¢locks, including fhose
assogiated with removable parts, shall be checked.

Where a device's operating handle is used to indicate the “‘switching position of the dgvice,
and |t detaches from the device when the door is open, ityshall be confirmed that, whep the
doorl|is closed, the handle provides positive and unambiguous indication of the device's ppen
and ¢losed positions.

11.9| Dielectric properties

A poer-frequency withstand test shall be performed on all circuits in accordance with 10.9.1
and 10.9.2 but for a duration of 1 s and with a tripping current not less than 3,5 mA.

This ftest need not be made on auxiliary circuits:

|
—

hat are protected by a short=circuit protective device with a rating not exceeding 16 A

flan electrical function test has been made previously at the rated operational voltage for
which the auxiliary circuits are designed.

As an alternative for~assemblies with incoming protection rated up to 630 A and a fated
voltage U,, not exceeding 500 V, the verification of insulation resistance may bg by
meagurement using an insulation measuring device at a voltage of at least 500 V DC.

In th{s cas®€; the test is satisfactory if the insulation resistance between circuits and expgsed-
condrctive-parts is at least 1 MQ.

11.10 Wiring, operational performance and function

It shall be verified that the information and markings specified in Clause 6 are complete.

Depending on the complexity of the assembly, it may be necessary to inspect the wiring and
to carry out an electrical function test. The test procedure and the number of tests depend on
whether or not the assembly includes complicated interlocks, sequence control facilities, etc.

By agreement between the user and the assembly manufacturer, communicating devices that
are included and connected in a system within the assembly may need to be checked for
basic operation and functionality.

In some cases, it may be necessary to make or repeat this test on site before putting the
installation into operation.
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101 Particular features of ACS

101.1 General requirements and functions

An ACS consists of one incoming unit and one or more outgoing units and can incorporate

METERING UNIT(s) and TRANSFORMER UNIT(S).

Outgoing unit(s) can provide different functions such as: supply other ACS, lighting, machines

or electric tools or other construction site equipment.

alation

samg@ rules for protection against electric shock and provide, if possible, selective prote
by a [suitable choice, for example of breaking capacity, current setting and operating\time

y the
ction

These various characteristics are laid down by the manufacturer or are the’subject ¢f an

agreg¢ment between manufacturer and user taking into account the nature-of supply a
distribution network and relevant installation requirements.

According to the relevant installation standards IEC 60364 series(SPDs should be consiq
to prptect against overvoltages.

101.2 Incoming unit

The ¢able connection facilities (terminals, connecting{devices, connectors or plug and so
outlet accessory) shall be compatible with the current rating of the ACS.

An igolating device and an over-current protective device shall be provided.

There shall be means for securing the isalating device in the open position.

hd/or

ered

cket-

Howegver, the over-current protectiveydevice can be omitted if the ACS is adequately protected

by ap over-current protective device located in an upstream (supplying) ACS. In this cas
assembly manufacturer shall\provide the relevant information to the user for the cd
choige of the upstream device}

b the
rrect

According to IEC 60364-5-53, plug and socket-outlet arrangements can be used as isolating

deviges.

101.3 Metering unit

The METERING UNIT shall be designed by or in agreement with the energy suppliers if
intended to accept metering device(s) to measure the energy consumed for the purpo

it is
e of

payment of energy to the said suppliers

METERING UNITS not intended for the purpose of payment of energy to the suppliers are not

necessarily designed by or in agreement with those suppliers.

101.4 Transformer unit
101.4.1 General

This unit can include a low-voltage/extra low-voltage (LV/ELV) transformer and/or
voltage/low-voltage TRANSFORMER UNITS (LV/LV).

101.4.2 LV/ELV unit
This unit can be either of the LV/SELV or of the LV/PELV type.

low-
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The requirements of IEC 60364-4-41:2005, Clause 414 apply.

This type of unit essentially consists of:

a) the protective and control devices in the primary circuit;
b) the transformer, which shall be in accordance with IEC 61558-2-23;
c) the protective and control devices for the output circuit(s).

101.4.3 LV/LV units

The pqnirpmpntc of IEC 60364-4-41:-2005 Clause 413 apply

Each LV/LV unit consists essentially of:

a) the protective and control devices on the primary circuit;

b) the LV/LV transformer, which shall be an isolating transformer in'accordance
IEC 61558-2-23;

c) the protective and control devices for the output circuit(s);

d) the outlets, either terminals or socket-outlets. Socket-outlets. shall be protecte
quired in 101.5 e).

protection. These functions can be provided by one or more devices.

e load switching device shall be easily accessible without the use of a key or tq
nprmal use.

with

j as

utral
shall
Also

fault

ol in

NOTE 1 This means that an ACS can have doors closed by key or tools for other purposes (e.g. cloging at

tHe end of working time).and they are opened during the normal use.

e switching device shall operate simultaneously on all poles and involve all the p
cpnductors. Far switching the neutral conductor, see IEC 60364-5-53:2019, Clause 53

e connecfion of the outgoing circuits can made with socket outlets or by termina
rect connection.

e) Qircuits,;'supplying socket-outlets shall be provided with provisions to ensure:

hase
6.

s for

—| “basic protection or fault protection according to IEC 60364-7-704:2017.

Where RCD’s are used, the same RCD can protect several socket-outlets. However,

consideration should be given to the effects of unintended tripping e.g. when the
protects more than 6 socket outlet;

RCD

— the protection against overcurrent with protective devices with a rated current not
exceeding the rated current of the socket-outlet. A protective device can protect more

than one socket-outlet (not applicable to IT systems).

Consideration should be given to effects of unintended tripping e.g. when an

overcurrent protective device protects more than one socket outlet.

NOTE 2 Measures for unwanted tripping are given in Clause 531 of IEC 60364-5-53:2019 and IEC 60364-5-

53:2019/AMD1:2020
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Table 1 — Minimum clearances in air (8.3.2)

Rated impulse withstand voltage, Uimp Minimum clearance?
kV mm
<25 1,5
4,0 3,0
6,0 55
8,0 8,0
12,0 14,0

a

Based on inhomogeneous field conditions and pollution degree 3.
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Table 2 — Minimum creepage distances (8.3.3)

IEC 61439-4:2023 EXV © |[EC 2023

Rated Minimum creepage distance
insulation mm
voltage, U Pollution degree
1 2 3
Material group® Material group® Material group®
vb All material | 1} Illa and | 1} Illa 1ib
groups b
32 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5
40 1,5 1,5 1,5 1,5 1,5 1,6 1,8 1,8
50 1,5 1,5 1,5 1,5 1,5 1,7 1,9 1,9
63 1,5 1,5 1,5 1,5 1,6 1,8 2 2
80 1,5 1,5 1,5 1,5 1,7 1,9 231 2
100 1,5 1,5 1,5 1,5 1,8 2 2,2 2p
125 1,5 1,5 1,5 1,5 1,9 2,1 2,4 24
160 1,5 1,5 1,5 1,6 2 242 2,5 2p
200 1,5 1,5 1,5 2 2,5 2,8 3,2 3p
250 1,5 1,5 1,8 2,5 3(2 3,6 4 4
320 1,5 1,6 2,2 3,2 4 4,5 5 5
400 1,5 2 2,8 4 5 5,6 6,3 6,3
500 1,5 2,5 3,6 5 6,3 7.1 8,0 80
630 1,8 3,2 4,5 6,3 8 9 10 1P
800 2,4 4 5,6 8 10 11 12,5
1000 3,2 5 7% 10 12,5 14 16 g
1250 4,2 6,3 9 12,5 16 18 20
1600 5,6 8 11 16 20 22 25
NOTH 1 The CTI values in footnote _c refer to the values obtained in accordance with IEC 60112:200% and
IEC §0112:2003/AMD1:2009, test solution A, for the insulating material used.
NOTH 2 Values taken from IEC 60664-1:2007, but maintaining a minimum value of 1,5 mm.
2 Insulation of material greupMllb is not recommended for use in pollution degree 3 above 630 V.
b A$ an exception, for\rated insulation voltages of 127 V, 208 V, 415V, 440V, 660 V/690V and 830V,
creepage distances'corresponding to the lower values 125 V, 200 V, 400 V, 630 V and 800 V may be usefl.
¢ Mpterial groups®are classified as follows, according to the range of values of the comparative tracking [index
(4TI) (see 3.6:16):
— | Materiahgroup | 600 < CTI
— | Material group Il 400 < CTI < 600
- LMaterial group e 175 < CTI < 400

Material group Illb

100 = CTI < 175
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Table 3 — Cross-sectional area of a copper protective conductor (8.4.3.2.2)

Rated operational Minimum cross-sectional area
current, I, of a protective conductor
A mm?
I,<20 s
20<1,<25 2,5
25<7,<32 4
32</[,<63 6
63 <1, 10
a8  §is the cross-sectional area of the line conductor (mm?).

Table 4 — Conductor selection and

installation requirements (8,6.4)

Type of conductor

Requirements

is not exceeded.

Bare|conductors or single-core conductors with basic Mutual contact or contact\with conductive parts shall

insulftion, for example cables according to IEC 60227- be avoided, for example by use of spacers.

3:1993 and IEC 60227-3:1993/AMD1:1997.

Single-core conductors with basic insulation and a Conductors withbasic insulation shall comply with the

permjssible conductor operating temperature of at least |requirementsxof 8.6.3. Mutual contact or contact with

90 °dQ, for example cables according to IEC 60245- exposed-cohductive-parts is permitted where therg is

3:1994, or heat-resistant thermo-plastic (PVC) insulated | no applied external pressure as a result of

cablgs according to IEC 60227-3:1993 and IEC 60227- manufacture or foreseen during or after installatiop.

3:1993/AMD1:1997. Contact with sharp edges shall be avoided.
Cenductors with basic insulation may only be loaded
such that an operating temperature of 80 % of the
maximum permissible conductor operating temperpture

Cond
acco
3:194
insul
shrin
cond

uctors with basic insulation, for example cables
ding to IEC 60227-3:1993 and IEC 60227
3/AMD1:1997, having additional secondary

htion, for example individually covered-cables with
sleeving or individually run cables-in plastic

iits.

Cond
stren
Ethyl
cond
up to|

uctors insulated with a very high mechanical

pth material, for examplé\Ethylene Tetrafluoro

ene (ETFE) insulatiopswaer'double-insulated

ictors with an enhaneed outer sheath rated for use
3 kV, for example\cables according to IEC 60502.

Singl
acco
and |

e or multicore) shieathed cables, for example cables
ding to IE€\60245-4:2011 or IEC 60227-4:1992
FC 60227~4:1992/AMD1:1997.

No additional requirements

[able 5 — Minimum terminal capacity for copper protective conductors (PE) (8.8

Minimum cross-sectional area
Cross-sectional area of line conductors, § of the corresponding protective
conductor (PE), S,
mm? mm?
S<16 S
16 <S§<35 16
35 <85<400 S/2
400 < § <800 200
800 <S Sl4
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Table 6 — Temperature-rise limits (9.2)

Temperature-rise

Parts of assemblies K

Built-in components 2@ In accordance with the relevant product standard

requirements for the individual components or, in
accordance with the component manufacturer's
instructions’, taking into consideration the temperature in
the assembly

Terminals for external insulated conductors 70P

Busbars and conductors Limited by':

mechanical cl‘rnngfh of r‘nnrhlr‘ﬁng materiald:

— possible effect on adjacent equipment;

— permissible temperature limit of the insulating
materials in contact with the conductor;

— effect of the temperature of the.conductor on the
apparatus connected to it;

—  for plug-in contacts, naturésand surface treajment of
the contact material

Manual gperating means:

of mgtal 15¢h

of inqulating material 25¢.h

Accessil]le external enclosures and covers:

meta| surfaces 30d.h

insulating surfaces 409:h

Discrete [arrangements of plug and socket-type connections Determined by the limit for those components of the

related equipment of which they form part®

The temperature-rise limits given in this table apply for a daily average ambient air temperature up to 35 {C under
service donditions (see 7.1). During verification a differenf*ambient air temperature is permissible (see 10.10.2.3,.4).

a

The term "built-in components" means:

- conventional switchgear and controlgear;

- electronic sub-assemblies (e.g. rectifier bridge, printed circuit);

- parts of the equipment (e.g. regulator; stabilized power supply unit, operational amplifier).

The {emperature-rise limit of 70 K.s'a’value based on the conventional test of 10.10. An assembly used ¢r tested
undef installation conditions may(have connections, the type, nature and disposition of which will not be the|same as
thosd adopted for the test, and a different temperature-rise of terminals may result and may be required or gccepted.
Where the terminals of the built-in component are also the terminals for external insulated conductors, the|lower of
the dorresponding temperatire-rise limits shall be applied. The temperature-rise limit is the lower of the maximum
tempgrature-rise specified-by the component manufacturer and 70 K. In the absence of manufacturer's instructions, it
is thq limit specified by‘the built-in component product standard but not exceeding 70 K. For terminals of the built-in
comgonent that aresterminals for external insulated conductors, the thermocouple for the temperature-rise {est shall
not be placed on¢the ‘test conductor insulation.

Manyal operating means within assemblies which are only accessible after the assembly has been opg¢ned, for
example draw-out handles which are not operated while the assembly is in normal service, are permitted to $ustain a
25 Klincrease on these temperature-rise limits.

Unlegs ‘otherwise specified, in the case of covers and enclosures, which are accessible but need not be|touched
during normal operation, a 10 K increase on these temperature-rise limits is permissible. External surfaces and parts
over 2 m from the base of the assembly are considered inaccessible.

This allows a degree of flexibility in respect of equipment (e.g. electronic devices) which is subject to temperature-
rise limits different from those normally associated with switchgear and controlgear.

For temperature-rise tests according to 10.10, the temperature-rise limits have to be specified by the original
manufacturer. It is the responsibility of the original manufacturer to take into account any additional measuring points
and limits imposed by the component manufacturer.

Assuming all other criteria listed are met, a maximum temperature-rise of 105 K for copper busbars and conductors
shall not be exceeded. The 105 K relates to the temperature above which annealing of copper is likely to occur. In
the absence of a declaration from the original manufacturer, regarding the reliability and stability of the ageing
behaviour of the electrical contact or joint, a maximum temperature-rise of 55 K for bare (uncoated) aluminium
busbars and conductors is applicable.

Where an assembly is installed in an ambient air temperature exceeding a daily average of 35 °C, a higher absolute
temperature (°C) may be permitted. Temperature-rise (K) shall not exceed the values given in this table. See also
9.2. In such a case warning label according to ISO 7010 W017 shall be provided.
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Table 7 — Values for the factor n2 (9.3.3)

RMS value of the short-circuit

current cos ¢ n
kA
I1<5 0,7 1,5
5<7<10 0,5 1,7
10<7=<20 0,3 2,0
20<7=<50 0,25 2,1
50 <1 0,2 2,2

o
S <

O

plues of this table represent the majority of applications. In special locations, for example in the vicinfity of
rensformers or generators, lower values of power factor may be found, whereby the maximum prospgctive
pak current may become the limiting value instead of the RMS value of the short-circuit current.

Table 8 — Power-frequency withstand voltage for main circuits (10.9.2)

Rated insulation voltage, U; Dielectric test voltage Dielectric test voltagq

(line to line AC or DC) AC RMS DC
\Y, \Y \Y

U;<60 1000 1415

60 < U, = 300 1500 2120

300 < U; =690 1890 2670

690 < U; = 800 2000 2830

800 < U; = 1000 2200 3110

1000 < U; = 15002 2700 3820

a For DC only.

Table 9 — Power-frequency-withstand voltage for auxiliary circuits (10.9.2)

Rated insulation voltage, U; Dielectric test voltage Dielectric test voltaged
(line to line) AC RMS DC
\Y \Y \Y
U; <12 250 355
12 < U, <60 500 710
60504 See Table 8 See Table 8
Table 10 — Impulse withstand test voltages (10.9.3)
Rated Test voltages and corresponding altitudes during test
impulse
"‘cgl‘,f;;:d U, 556 AC peak and DC AC RMS
v kV kV
imp
KV |23:| 200m | 500 m [1000m |2000 m |23:| 200m | 500 m |1000 m | 2000 m
2,5 2,95 2,8 2,8 2,7 2,5 2,1 2,0 2,0 1,9 1,8
4,0 4,8 4,8 4,7 4,4 4,0 3,4 3,4 3,3 3.1 2,8
6,0 7,3 7,2 7,0 6,7 6,0 5,1 5,1 5,0 4,7 4,2
8,0 9,8 9,6 9,3 9,0 8,0 6,9 6,8 6,6 6,4 5,7
12,0 14,8 14,5 14,0 13,3 12,0 10,5 10,3 9,9 9,4 8,5
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Table 11 — Copper test conductors for rated currents up to 400 A inclusive (10.10.2.3.2)

Range of rated current? Conductor cross-sectional area®*¢
A mm? AWG/MCM

0 8 1,0 18
8 12 1,5 16
12 15 2,5 14
15 20 2,5 12
20 25 4,0 10
25 32 6,0 10
32 50 10 8
50 65 16 6
65 85 25 4
85 100 35 3
100 115 35 2
115 130 50 1
130 150 50 0
150 175 70 00
175 200 95 000
200 225 95 0000
225 250 120 250
250 275 150 300
275 300 185 350
300 350 185 400
350 400 240 500

he value of the rated current shall be greater than the first value in the first column and less than or eqjal to
le second value in that column.

jo)
= -

b Fpr convenience of testing and withlthe manufacturer's consent, smaller test conductors than those givgn for
stated rated current may be used.

[

¢ Ejther of the two conductors specified may be used.
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Table 12 — Copper test conductors for rated currents
from 400 A to 7000 A (10.10.2.3.2)

Test conductors®
Range of rated current? Cables® Copper bars®
Quantity Cross-sectional area Quantity Dimensions
A mm?2 mm
(width x depth)
400 < 71500 2 150 2 30x5
500 < 7=<630 2 185 2 40 x 5
630 < 7 <800 2 240 2 50 x5
800 <7/<1000 3 185 2 60 ¥ 5
1000 <7< 1250 3 240 2 80 x 5
4 240
1250 <7< 1600 or 2 100 x 5
3 300
1600 <7<2000 3 100 x 5
2000 <7<2500 4 100 x 5
2500 <7<3150 3 100 x 10
3150 <1<4000 4 100 x 10
4000 <7<5000 5 100 x 10
5000 <7<6000 6 100 x 10
6000 <7=<7000 7 100 x 10

he value of the rated current shall be greater than the\first value and less than or equal to the second véalue.

ars are assumed to be arranged with their longsfaces (W) vertically. Arrangements with long faces
brizontally may be used if specified by the manufacturer. Bars may be painted.

br rated currents higher than 1600 A and;awhen the terminals are designed to be connected to a cable
stem, cables in parallel, with a total cross-section not exceeding that of the copper bars in this table, can
b used as test conductors.

ocow T Sw —
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Table 13 — Short-circuit verification by comparison with reference designs:
checklist (10.5.3.3, 10.11.3 and 10.11.4)

Item

No.

Requirements to be considered YES NO

1 Is the short-circuit withstand rating of each circuit of the assembly to be assessed
less than or equal to that of the reference design?

2 Are the cross-sectional dimensions of the busbars and conductors of each circuit of
the assembly to be assessed greater than or equal to those of the reference
design?

ls the centre line er_\ar‘ing of the busbars and conductors-of each circuit of the

assembly to be assessed greater than or equal to those of the reference design?

4 Are the busbar and conductor fixing means of each circuit of the assembly to be
assessed of the same type, shape and material and have the same or smaller
centre line spacing along the length of the busbar and conductor as the reference
design?

And is the mounting structure for the busbar and conductor fixing means of the
same design and mechanical strength?

5 Are the material and the material properties of the conductors of each circuit of the
assembly to be assessed the same as those of the reference design?

6 Are the short-circuit protective devices of each circuit of the assembly-to be
assessed equivalent, that is of the same make and series??

In addition, does the short-circuit protective devices of eachccireuit of the assembly
to be assessed

e have a breaking capacity not less than the short-cirCuit rating of the assembly
at the rated operational voltage of the assembly?

e in the case of a current-limiting protective’device: have a peak let-through
current and let-through energy equal to or,smaller than the reference design at
the short-circuit rating and the rated operational voltage of the assembly?

e in the case of a non current-limiting<device: have a rated short-time withstand
current 7 equal to or higher than the reference design?

o fulfil the requirements of coordination with upstream and downstream devices
(see 9.3.4), if required?

e have the same arrangement as in the reference design?

7 Is the length of unprotected’live conductors, in accordance with 8.6.4, of each non-
protected circuit of the assembly to be assessed less than or equal to those of the
reference design?

8 If the assembly-to.be assessed includes an enclosure, did the reference design
include an enclosure when verified by test?

9 Is the enclesure of the assembly to be assessed of the same design, type and have
at least the same dimensions as that of the reference design?

1 Are.the compartments of each circuit of the assembly to be assessed of the same
mechanical design and at least the same dimensions as those of the reference
design?

"YE S to-allreguirements no-furtherverificationreguired
1 <

"NO" to any one requirement — further verification is required.

a8 Short-circuit protective devices of the same manufacturer, but of a different series, may be considered
equivalent where the device manufacturer declares the performance characteristics to be the same or better
in all relevant respects compared to the series used for verification, e.g. limitation characteristics (/2¢, 1),
and critical distances.
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Table 14 — Relationship between prospective fault current
and diameter of copper wire

Diameter of copper wire

Prospective fault current in the fusible element

circuit
mm A
0,1 50
0,2 150
0,3 300
0,4 500
0,5 800
0,8 1500

Table 15 — Climatic conditions

Indoor installations

Outdoor installations

precipitation (rainy
gnow, hail, etc.)\and/or
ust

Env|jronmental parameter Unit
Lower limit Upper limit Lower’limit Upper limit
(1) Ambient air °C -52 +402 -25 +40°
temperature
(average ovef (average oyer a
a period, of period of 34 h
24 h does’not does nqgt
exceed 35°°C) exceed 35|°C)
(2) Relative humidity % 5b.c g5 ¢ 15P 100P
(3) Rate of change of °C/min 0,5
temperature (average
ver a period of 5 min)
(4) Altitudef m Not speeified 2000 Not specified 2000
(corresponding (corresponfling
to an air to an aif
pressure of the pressure of the
site of site of
installation not installation| not
less than less thap
80 kPa)d © 80 kPa)d| ¢
(5) Condensation Yes — moderate condensation Yes
may occasionally occur due to
variations in temperature
(6) \Vind-driven No Yes

()

Vater ffom sources
ther'than rain

According to user requirement: none / vertically dripping water / W
sprayed at an angle up to 60° on either side of the vertical / wa
splashed from any direction / water projected in jets from any dire

ater
er
Ction

[oanataor nralactad in nowarfil iotc from any dirootion
Ld Ld J J

(8)

Formation of ice

No

Yes

Equal to Class AA4 of IEC 60364-5-51:2005.
Relationship between air temperature and humidity is given in IEC 60721-3-3:2019, Figure A.1.
Equal to Class AB4 of IEC 60364-5-51:2005.

See |IEC 60664-1:2007, Table A.2. For equipment to be used at higher altitudes, it is necessary to take into
account the reduction of the dielectric strength, the switching capability of the devices and of the cooling

effect of the air.

Equal to Class AC1 of IEC 60364-5-51:2005.

The majority of the devices are suitable to be used up to 2000 m. For some electronic equipment to be used
at altitudes above 1000 m, it may be necessary to take into account the reduction of the cooling effect of the

air.
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Table 101 — Values of assumed loading

Type of load Assumed loading factor
Distribution — 2 and 3 circuits 0,9
Distribution — 4 and 5 circuits 0,8
Distribution — 6 to 9 circuits 0,7
Distribution — 10 or more circuits 0,6
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Annex A
(normative)

Minimum and maximum cross-section of copper cables suitable
for connection to terminals for external cables (see 8.8)

Table A.1 below applies for the connection of one copper cable per terminal.

Table A.1 — Cross-section of copper cables suitable for connection

to terminals for external cables

Solid or stranded cables Flexible cables
Rpted current Cross-sections Cross-sections

min max min max.
A mm? mm?
6 0,75 1,5 0,5 1,5
8 1 2,5 0,75 2,5
10 1 2,5 0,75 2,5
13 1 2,5 0775 2,5
16 1,5 4 1 4
20 1,5 6 1 4
25 2,5 6 1,5 4
32 2,5 10 1,5 6
40 4 16 2,5 10
63 6 25 6 16
80 10 35 10 25
100 16 50 16 35
125 25 70 25 50
160 35 95 35 70
200 50 120 50 95
250 70 150 70 120
315 95 240 95 185

If thg external cables are connected directly to built-in apparatus, the cross-sections indi¢ated
in the relevant specifications are valid.
j A1,

In cases where it is necessary to provide for cables other than thase specified in Table

special agreement shall be reached between the assembly manufacturer and the user.
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Annex B
(normative)

Method of calculating the cross-sectional area of protective conductors
with regard to thermal stresses due to currents of short duration

The following formula shall be used to calculate the cross-section of the protective conductors
necessary to withstand the thermal stresses due to currents with a duration of the order of
0,2sto5s.

wherge

i the cross-sectional area (mm?2);

the value (RMS) of AC or the mean value of DC fault current.far a fault of negligible
impedance which can flow through the protective device (A);

i the operating time of the disconnecting device (s);

k id the factor dependent on the material of the protective cohductor, the insulation anf the
initial and final temperatures, see Table B.1.

NOTE| 1 A duration of 5 s is considered as the maximum for an‘adiabatic thermal behaviour calculation to femain
valid.
Account should be taken of the current-limiting” effect of the circuit impedances and the
limiting capability (Joule integral) of the protective device.
Tahle B.1 — Values of k for insulated-protective conductors not incorporated in cables
or bare protective conductors in contact with cable covering
Insulation of protective conductor or cable covering
Thermo-plastic (PVC) XLPE Butyl rubber
EPR
Bare conductors
Maximum temperature of 160 °C 250 °C 220 °C
condpictor under short-
circult current conditions®
Factor &
Matefial of conductor:
Copper 143 176 166
Aluminitm 95 116 110
Steel 52 64 60
@ The initial temperature of the conductor is assumed to be 30 °C.
More detailed information is to be found in IEC 60364-5-54:2011, IEC 60724:2000 and

IEC 60724:2000/AMD1:2008.

NOTE

2 Information on limiting temperatures for other types of cables can be found in EN 50565-2.


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

IEC 61439-4:2023 EXV © |[EC 2023

-111 -

Annex C
(informative)

User information template

Table C.1 is intended as a template for the identification of items necessary for the assembly
manufacturer which is provided by the user.

It is intended to be used and developed in the relevant assembly standards.

Table C.1 — Items subject to agreement between
the assembly manufacturer and the user

Characteristics Reference Default Options listed User
clause or arrangement P in standard requirement 2
subclause
Elecfrical system
EartHing system 5.6, 8.4.3.1, Manufacturer’s TT ATN-C / TN-
8.4.3.2.3, 8.6.2, | standard, selected | C<S'/ IT, TN-S
10.5, 11.4 to suit local
requirements
Nominal voltage (V) 3.8.9.1, 5.2.1, |Local, according.to | max 1 000 V
8.5.3 installation AC
conditions or 1500V DC

contr

ibute to the short-circuit current

make a significant
contribution
allowed for

Trangient overvoltages 5.2.4, 8.5.3, 9.1 | Determined by the Overvoltage
electrical system category
(IR IVAIIWALY
Temporary overvoltages 9.1 Nominal system None
voltage + 1 200 V
Ratedl frequency f, (Hz) 3.8.12,5.5, According to local DC/50 Hz/60
8.5.3,10.10.2.3, installation Hz
10.11.5.4 conditions
Additional on-site testing requirements: 11.10 Manufacturer’s None
wiring, operational performance and standard,
functjon according to
application
Short-circuit withstand capability
Prospective short-circujt-current at 3.8.7 Determined by the None
supply terminals ICp (kA electrical system
Prospective short<gircuit current in the 10.11.5.3.5 Max. 60 % of None
neutral phase values
Prospective'short-circuit current in the 10.11.5.6 Max. 60 % of None
protejctivecircuit phase values
SCPIDin.the incoming functional unit 932 According to local Yes / No
requirement installation
conditions
Co-ordination of short-circuit protective 9.3.4 According to local None
devices including external short-circuit installation
protective device details conditions
Data associated with loads likely to 9.3.2 No loads likely to None
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Characteristics Reference Default Options listed User
clause or arrangement ® in standard requirement 2
subclause

Protection of persons against
electric shock in accordance with
IEC 60364-4-41

Type of protection against electric 8.4.2 Basic protection According to
shock — Basic protection ~ local
installation
regulations
Type of protection against electric 8.4.3 According to local ‘Automatic
shock——Fault protection installation disconnection
conditions of supply /
Electrical
separation /
Total insulation
Instdllation environment
Location type 3.5,8.1.4,8.2 Manufacturer’s None
standard,
according to
application
Protgction against ingress of solid 8.2.2,8.2.3 IP 44 minimum None
foreign bodies and ingress of water
MecHanical Strength 815, 10.2.6 50 g 11 ms None
. . . . 8.2.1,10.2.6 6J
Protgction against mechanical impact
Resigtance to UV radiation 10.2.4 Temperate climate None
Resigtance to corrosion 7.1,7.2,10.2.2 Normal service normal service
conditions conditions
and/or special service
) . condition
Special service
condition
Ambient air temperature — Lower limit 7.1.1 -25°C None
Ambient air temperature — Upper limit 7.1.1 40 °C None
Ambient air temperature — Daily 7.1.1,9.2 35 °C None
avergge maximum
Maxifnum relative humidity 7.1.2 100 % at 25 °C None
Pollution degree (of the installation 7.1.2 3 3 and 4
envirbnment)
Altitude 711 <2000 m None
EMClenvironment (A or B) 9.4, 10.12, A/B A/B
Annex J
Specjal service conditions (e.g. 7.2, 8.5.4, 9.3.3 | No special service None
vibrafionj.€xceptional condensation, Table 7 conditions

strongetectric or mragnetic fietds;
fungus, small creatures, explosion
hazards, heavy vibration and shocks,
earthquakes)
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Characteristics Reference Default Options listed User
clause or arrangement ® in standard requirement 2
subclause

Installation method

Transportable (semi-fixed)/mobile 3.5.101 Transportable Transportable
(semi-fixed), (semi-fixed),
3.5.102 mobile mobile
Maximum overall dimensions and 5.6, 6.2.1 Manufacturer’s None
weight standard,
according to
application
Extefnal conductor type(s) 8.8 Manufacturers Cable T BUSBAR
standard Trunking
System
Diregtion(s) of external conductors 8.8 Manufacturer’s None
standard
Extefnal conductor material 8.8 Copper Copper /
aluminium
Extefnal phase conductor, cross 8.8 As defined within None
SECT|ONS, and terminations the standard
Extenal PE, N, PEN conductor’s cross 8.8 As defined within None
SECT|ONS, and terminations the standard
Specjal terminal identification 8.8 Manufacturer's None
requirements standard
Storage and handling
Maxijnum dimensions and weight of 6.2.2,10.2.5 Manufacturer’s None
transport units standard
Methpds of transport (e.g. forklift, 6.2.2,8.1.6 Manufacturer’s None
crang) standard
Environmental conditions different from 7.3 As service None
the sprvice conditions conditions
Pack|ng details 6.2.2 Manufacturer’s None
standard
Opernating arrangements
Acceps to manually operated devices 8.4.6 Ordinary persons None
Location of manually operated.devices 8.5.5 Easily accessible None
Isolation of load installation equipment 8.4.2,8.4.3.3 Manufacturer’s Individual /
items standard groups / all
MainLenance and_upgrade
capabpilities
Reguirementsirefated to accessibility in 8.4.6.1 Basic protection None
servite by ordinary persons;
requirement’to operate devices or
changecomponents while the ACS is
energised
Method of functional units connection 8.5.1,8.5.2 Manufacturer’s None
standard
Provisions for basic protection with 8.4 No requirements None

hazardous live internal parts during
maintenance or upgrade (e.g.
functional units, main BUSBARS,
distribution BUSBARS)

for protection
during

maintenance or
upgrade
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Characteristics Reference Default Options listed User
clause or arrangement ? in standard requirement 2
subclause
Current carrying capability
Rated current of the ACS [, (A) 3.8.9.1, 5.3, Manufacturer’s None
8.4.3.2.3, 8.5.3, standard,
8.8, 10.10.2, according to
10.10.3, application
10.11.5,
Annex E
Rated current of circuits 7 . (A) 5.3.2 Manufacturer’s None
standard,
according to
application
Rated diversity factor 5.4, 10.10.2.3, As defined within | RDF for groups
Annex E the standard of circuits /
RDF for whole
ACS
Ratid of cross SECTION of the neutral 8.6.1 100 % None
condfictor to phase conductors: phase
condfictors up to and including 16 mm?
Ratid of cross SECTION of the neutral 8.6.1 50 % (min. None
16 mm?)

condfictor to phase conductors: phase
cond(ictors above 16 mm?

a8  Fpr exceptionally onerous applications, more stringent requirements‘to those in the standard can apply.

5 I some cases information declared by the assembly manufactufer can take the place of an agreement.
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Annex D
(informative)

Design verification

Table D.1 provides a list of design verifications to be performed for various characteristics.

Table D.1 — List of design verifications to be performed

Verification options available

. i Clauses or Comparison J
No. Characteristic to be verified subclauses Testi with a ALsSdsmen
esting
reference 1
design
1 Strength of material and parts: 10.2
Resistance to corrosion 10.2.2 YES NO ND
Properties of insulating materials: 10.2.3
Thermal stability 10.2.3.1 YES NO ND
Resistance to abnormal heat and fire due to 10.2.3.2 YES NO ND
internal electric effects
Resistance to ultra-violet (UV) radiation 10.2.4 YES NO ND
Lifting 10.2.5 YES NO ND
Mechanical impact 10.2.6 YES NO ND
Marking 10.2.% YES NO ND
Mechanical operation 1052:8 YES NO ND
2 | Degree of protection of enclosures 10.3 YES NO YBS
3 Clearances 10.4 YES NO YBS
4 | Creepage distances 10.4 YES NO ND
5 Protection against electric shock and_integrity |10.5
of protective circuits:
Effective continuity between.theéxposed 10.5.2 YES NO ND
conductive parts of the ACS_anhd the protective
circuit
Short-circuit withstand\strength of the 10.5.3 YES YES YHS
protective circuit
6 Incorporation_of\switching devices and 10.6 NO NO YBS
components
7 Internal electrical circuits and connections 10.7 NO NO YBS
8 | Terminals for external conductors 10.8 NO NO YBS
9 Dielectric properties: 10.9
Power-frequency withstand voltage 10.9.2 YES NO NO
Impulse withstand voltage 10.9.3 YES NO NO
Enclosures made of insulating material 10.9.4 YES NO NO
External operation handles of insulating 10.9.5 YES NO NO
terial
materia 10.9.6 YES NO NO
Conductors covered by insulating material to
provide protection against electric shock
10 |Temperature-rise limits 10.10 YES YES NO
11 | Short-circuit withstand strength 10.11 YES YES NO
12 |Electromagnetic compatibility (EMC) 10.12 YES NO YES
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Annex E
(informative)

Rated diversity factor

E.1 General

The manufacturer may at their discretion declare a rated diversity factor for all the outgoing
circuits of an assembly or groups or individual outgoing circuits within an assembly. Annex E

In prpctice, not all outgoing circuits within an assembly are normally required to carry
currgnts [, continuously and simultaneously. Within a typical application, the type and n
of lopds differ appreciably. Some circuits will be rated on .the basis of inrush currents
intermittent or short duration loads. Several circuits may be heavily loaded while other
lightly loaded or switched off.

To pfrovide assemblies in which all outgoing circuits can be operated at rated curren
continuously is therefore unnecessary and would be an inefficient use of materials
resolirces. This document recognizes the practical requirements of assemblies throug
assignment of a rated diversity factor as defifted in 3.8.11.

By stating a rated diversity factor, théoassembly manufacturer is specifying the "ave
loadihg conditions for which the assembly is designed. The rated diversity factor confirm

rrent

if may

rom,
at a
bther

rated
hture
and
5 are

t I
and
h the

agell
5 the

per Ginit value of rated current I sto which outgoing circuits, within the assembly can be

continuously and simultaneously;loaded. In assemblies where the total of the rated currey
the ¢utgoing circuits operating at the rated diversity factor exceeds the capacity o
incorhing circuit, the diversity factor only applies to any combination of outgoing circuits
to digtribute the incoming'current.

E.2 | Rated diversity factor for outgoing circuits within an assembly

E.2.1 General

ts of
f the
used

E.1,

The rated dlver3|ty factor is speC|f|ed |n 5 4. For the typlcal assembly shown in Flgure

Flgure E2 and FlgureE 3

oWwn in
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Al I =500A
ln—‘IUUUI:\ ] =430A
I _=1550A ne
nc
Incoming C2:1 =200A 1 1
I.=190A D2a D2b D2c D2
I = I = Y= =
n n n n
C3:7. =200A 100A || 100A |/ 100A || 100 A
n
Inc =190 A Inc = Inc = Inc = Inc
100A(|~100A ]| | 100A | [ 100A
C4:1 =200A
I _=190A
nc
C5:1 =200A
I.=190A .y
Section A Section B Section C Section D

For ed

b

TH

If
ty

ch functional unit (A1, B1, etc.) the rated currentof a circuit () is shown. @

e rated current of a circuit in the assemblylmay be less than the rated current of the device.

the rated current of D2 is less than~the sum of the rated currents of the circuits D2a to D2d, inc
ically in line with good engineering practice, D2 is afforded appropriate overcurrent protection.

Figure E.1 — Typical assembly

IEC

usive,
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Example of an assembly with an RDF of 0,68

Figure E.2 shows an example of the loading of an assembly with a RDF of 0,68.

[1 550 A]

[456 A]

[272 A]

[1 094 A]

[272 A]

D1
B I, =500A
L =800A4 Inr=43OA
n [0A]
I_=750A
nc
[510 A]
D2
A1 1,=00A
1,=1600A 1 (3480A
I_=1550A 2r2A]
[1550 A]
C2:1,=200A 1 |
Incoming B2 I =190 A[129 A] D2a D2b D2c D2
I,=500A = F 2 I = I = I =
n n n n
I .=430A C3:1,=200A 100A || 100A| | 100A || 100A
292 A I,=190A e = ] Tne= || e ™ || 4
ne = [55 A] nc nc nc nc
100A || 100A| | 100A || 100]A
G4 ] = 200A [68A]||[68A]| | 68A] || [68A]
B3 I_=190 A{UA]}
I,=500A
I_=430A —\
nc[292 Al C5; In =200 A
1 Ste0apa) O
Section A Section B Section C Section D

Actua

Busbd

loading is indicated by the figures.in brackets, e.g. [292 A].

r section loading is indicatedby the figure in brackets, e.g. [1094 Al.

Figure E.2 — Example 1: Table E.1 — Functional unit loading for an assembly

with a rated diversity factor of 0,68

IEC
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Example of an assembly with RDF declared for each section

Figure E.3 shows an example of the loading of an assembly with RDFs of 0,6 and 0,68 in

different sections.

[1 550 A]

[584 A]

[966 A]

[584 A]

D1
81 1 s -i
1 =800A 1 =630A " 10 Al
I_=T750A I_=575A -.\
[450 A] [391 A]
D2
A1 1,<500A
1,=1600A 7).='430A
I_=1550A [0A]
[1 550 A]
C2:1 =200A | |
Incoming B2 I _=190A[129A] D2a D2b D2c D2
I,=500A = O I = I= I =
n n n n
I .=430A & C3:1,=200A 100A || 100A| | 100A || 100
[258 A1 I,=190A Te = e = || B ||
ne = [64 A] nc nc nc nc
100A || 100A || 100A || 100
C4:1 =200A [OAI}| OAT || [OAT 1] [0A
B3 I_=190A0A]
I,=500A _.\
I_=430A R
M58 A] C5%3= 200 A
1= 190 A[0 A] '.%‘
Section A Section B Section C Section D

Actua

loading is indicated by the figures in brackets, e.g. [450 A].

Busbgr section loading is indicated by the figure in brackets, e.g. [584 Al.

Figure E.3 — Example 2: Table E.1 — Functional unit loading for an assembly
with a rated diversity factor of 0,6 in Section B and 0,68 in Section C

IEC
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Annex F
(normative)

Measurement of clearances and creepage distances 6

Basic principles

The width X of the grooves specified in examples 1 to 11 [Figure F.1 b) to I)] basically applies

to all

examples as a function of pollution as specified in Table F.1:

If the
one-

The
1to
insul

Furth

— apy corner is assumed to be bridged with an insulating link of X mm width moved int

n
W
n
C
o)

F.2

Table F.1 — Minimum width of grooves

Minimum value of width X
Pollution degree of grooves
mm

1 0,25
2 1,0
3 1,5
4 2,5

associated clearance is less than 3 mm, the minimum groove width may be reduc
hird of this clearance.

methods of measuring clearances and creepage distances are indicated in exan
1. These examples do not differentiate between gaps and grooves or between typ
tion.

ermore:

ost unfavourable position (see example 3);

here the distance acrdss‘the top of a groove is X mm or more, a creepage distan
easured along the contours of the grooves (see example 2);

earances and creepage distances measured between parts moving in relation to
ther are measured when these parts are in their most unfavourable positions.

Use of\ribs

Bec
cons

usel of their influence on contamination and their improved drying-out effect,

bd to

ples
bs of

b the

ce is

each

ribs

detably decrease the formation of leakage current. Creepage distances can therefo

e be

reduced 1o U,8 of the required value, provided the minimum height of the ribs 1s Z mm, see
Figure F.1 a).

6 Annex F is based on IEC TR 60664-2-1:2011.
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A Minimum height

of 2 mm

-
-

-

Minimum width of base
according to mechanical

Foguirerments o
Figure F.1 a) — Measurement of ribs: examples
. _ <Xmm
a—— 41
IEC
Condition:  This creepage distance Rule: Creepage distance and
path includes a parallel- or clearances are measured
converging-sided groove of directly across the groove as
any depth with a width less shiown.
than X mm.
Figure F.1 b) — Example 1
L _ 2Xmm
PRI R IR IR
SHREIRRS HRRIEIIBE?
SR 19096909999,
”””” O ””””’
CRIISIRLIEKLE
000, 0.0.0.9:9, IEC
Condition: This + creepage distance Rule: Clearance is the “line-of-sight”
path includes a parallel- distance. Creepage distance
sided groove of any depth path follows the contour of the
and equal to or more than groove.
X mm.
Figure F.1 c) — Example 2
_ __ =Xmm
MRS
IEC
Condition:  This creepage distance Rule: Clearance is the “line-of-sight”

path includes a V-shaped
groove with a width greater
than X mm

distance. Creepage distance
path follows the contour of the
groove but “short-circuits” the
bottom of the groove by X mm
link.

Figure F.1 d) - Example 3
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Condition: This creepage distance path includes a rib. Rule: Clearance is the shortest air path over the top

of the rib. Creepage path follows the contour of
the rib.

Figure F. &) — Exampie 4

<X'mm _

A<Xmm

Y
A
Y

1

e g g e e g 2 g e

IEC

Condglition:  This creepage distance path includes an Rule: Creepage distance and clearance paths| are
uncemented joint with grooves less than the “line-of-sight” distance shown.
X mm wide on each side.

Figure F.1 f) - Example 5

22X mm 2X'mm

- - - -

IEC

Conglition:  This ecreepage distance path includes an Rule: Clearance is the “line-of-sight” distgnce.

uncémented joint with grooves equal to or Creepage distance path follows the contopr of
morerthan X mm wide on each side. the grooves.

3

Figure F.1 g) - Example 6
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_<Xmm

\i
|

uncemented joint with a groove on one
side less than X mm wide and the groove
on the other side equal to or more than X
mm wide.

Figure F.1 h) — Example 7

IEC

are
as shown.

Creepage distance through uncemented
joint is less than creepage distance over
barrier.

Figure F'i) — Example 8

IEC

Rule: Clearance is the shortest direct air path

the top of the barrier.

over

22X mm

= 1

_ 2Xmm

/

Condition:

Gap between head of screw and wall of
recess wide enough to be taken into
account.

|
1
IEC

Rule: Clearances and creepage distance paths are

as shown.

Figure F.1 j) — Example 9
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ition:

Gap between head of screw and wall of
recess too narrow to be taken into
account.

IEC

Rule: Measurement’ of creepage distance is
screw, to“wall when the distance is equ

X mm;

Figure F.1 k) — Example 10

Clearance is the distance-d* D

Creepage distance is also d + D

Figure F.1 1) - Example 11

creepage distance

from
Bl to
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Annex G
(normative)

Correlation between the nominal voltage of the supply system
and the rated impulse withstand voltage of the equipment 7

Annex G is intended to give the necessary information concerning the choice of equipment for
use in a circuit within an electrical system or part thereof.

Table _G.1 provides examples of the correlation between nominal supply system voltages and
the corresponding rated impulse withstand voltage of the equipment.

The |values of rated impulse voltage given in Table G.1 are based 0on“4.3.p of
IEC $0664-1:2007. Further information about criteria for the selection of an-appropriate
overyoltage category and overvoltage protection (if necessary)~\Js giveny in
IEC $0364-4-44:2007, IEC 60364-4-44:2007/AMD1:2015 and
IEC $0364-4-44:2007/AMD2:2018, Clause 443.

It shpuld be recognized that control of overvoltages with respect-{o.the values in Tablg G.1
can also be achieved by conditions in the supply system such,as“the existence of a suitable
impedance or cable feed.

7 Annex G is based on Annex H of IEC 60947-1:2020.
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Annex H
(informative)

Operating current and power loss of copper cables

Table H.1 and Table H.2 provide guidance values for single core copper cable operating
currents and power losses under ideal conditions within an assembly. The calculation
methods used to establish these values are given to enable values to be calculated for other
conditions.

Table H.1 — Operating current and power loss of single-core copper cables
with a permissible conductor temperature of 70 °C
(ambient temperature inside the assembly: 55 °C)
f 1 Spacing\at least one
OAQ 99 (%(% cable¢d|amzter
0l00.0.0 ©' 06
Conductor arrangement | Single-core cables in a Single-core cables; Single-core cables,
cable trunking on a touching free in air or spaced horizontally
wall, run horizontally on a perforated tray. in free air
and vertically. 6 cables®
6 of the cables (2 three-phase circuits)
(2 three-phase circuits) | continuously loaded
continuously loaded
Cross- Resistance Max. Power- MaXx. Power- Max. Power-
|sectional | of conduc- | operating | losses per | operating | losses per | operating | losses pef
area of tor at current, | conductor, current, conductor, | current, |conductol,
tonductor 20°C, Ioas® P, Lo P, IoaC P,
R a
20
mm? mQ/m A W/m A W/m A W/m
0,5 36,0 3,5 0,6 - - - -
0,75 24,5 5,0 0,7 - - - -
1,0 18,1 6,0 0,7 - - - -
1,5 12,1 75 0,8 9 1,3 15 3,2
2,5 7,41 10 0,9 13 1,5 21 3,7
4 4,61 14 1,0 18 1,7 28 4,2
6 3,08 18 1,1 23 2,0 36 4,7
10 1,83 24 1,3 32 2,3 50 5,4
16 1,15 33 1,5 44 2,7 67 6,2
25 0,727 43 1,6 59 3,0 89 6,9
35 0,524 54 1,8 74 3,4 110 7,7
50 0,387 65 2,0 90 3,7 134 8,3
70 0,268 83 2,2 116 4,3 171 9,4
95 0,193 101 2,4 142 4,7 208 10,0
120 0,153 117 2,5 165 5,0 242 10,7
150 0,124 191 54 278 11,5
185 0,099 1 220 5,7 318 12,0
240 0,075 4 260 6,1 375 12,7
300 0,060 1 301 6,6 432 13,5
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a8  Values from |IEC 60228:2004, Table 2, column 8 (stranded, plain copper conductors).

b Current carrying capacity I3, for one three-phase circuit from IEC 60364-5-52:2009, Table B.52.4, col.
4 (Reference method of installation: item B1 in Table B.52.1). k, = 0,8 (item 1 in Table B.52.17, two
circuits).

¢ Current carrying capacity I3, for one three-phase circuit from IEC 60364-5-52:2009, Table B.52.10,
col. 5 (Method of installation: Item F in column 1 of Table B.52.1). Values for cross-sections less than
25 mm? calculated following Annex D of IEC 60364-5-52:2009. k, = 0,88 (based on experience item 4
in Table B.52.17, two circuits, is used in preference to Table B.52.21).

4 Current carrying capacity 15, for one three-phase circuit from IEC 60364-5-52:2009, Table B.52.10,
col. 7 (Method of installation: item G in column 1 of Table B.52.1). Values for cross-sections less than
25 mm? calculated following Annex D of IEC 60364-5-52:20009. (ky, = 1).

T;IS bUSI’I’ibiUIILb dli'c IUdbUd OTl iIUIiLUIILdiiy Tarl bdluiﬁb asS il ;Idb llﬁyiigibiﬁ illlpdbl. OTl Vﬁllibdiiy 'y
cables within an assembly.

Imax = 130 * k1% k

P, =12, xRy ><[1+01><(TC -20 °C)}

wherg
k1 is the reduction factor for air temperature inside the<enclosure around the conduftors
(IEC 60364-5-52:2009, Table B.52.14)

k4 = 0,61 for conductor temperature 70 °C, ambjent air temperature 55 °C
k4 for other air temperatures: see Table H.2;

ko is the reduction factor for groups of more than one circuit (see further explanatipn in
footnotes b, ¢ and d of Table H.1);

a is the temperature coefficient of resistance, o = 0,004 K™1;
is the conductor temperature;

I35 | is the maximum operating current of a single conductor for air temperature aroungl the
conductor of 30 °C.

Taple H.2 — Reduction factor k£, for cables with a permissible conductor temperatyre
of 70 °C\(extract from IEC 60364-5-52:2009, Table B.52.14)

Air temperature inside the enclosure Reduction factor,
around the conductors k,

°C

20 1,12
25 1,06
30 1,00
35 0,94
40 0,87
45 0,79
50 0,71
55 0,61
60 0,50

If the operating current in Table H.1 is converted for other air temperatures using the
reduction factor k4, then also the corresponding power losses shall be calculated using the
formula given above.
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Annex |
(informative)

Thermal equivalent of an intermittent current

The dissipated heat of circuits built from components with Joule losses is proportional to the
true RMS value of the current. An equivalent RMS current representing the thermal effect of
the real intermittent current can be calculated with the formula given in Figure 1.1. This
enables the thermal equivalent true RMS current (I ¢) in the case of intermittent duty to be
determined, and thus the permissible load pattern. Unless specific information is available on
the t i ; =ti i i ould
be lgss than the OFF time, since small devices could already reach their thermal equilibfium.
For DC applications, the same consideration is applicable using the mean value of the cyrrent
instepd of the RMS value. The thermal equivalent current for predictably varying/intermjttent
loadg should not exceed the group rated current of the circuit 7,, of the assembly upless
precise information is available for the loading of adjacent circuits.

A

N~

y
A
Y
A
Y

IEC

[12><t1 +122>< ty +[§><l3
lofy=

H+ip+ig
Key
1 Starting time at.current 7,
i, Run time at'surrent I,
1y Intervalitime at 7; = 0
L+ )+t Cyclétime

Figure 1.1 — Example of average heating effect calculation



https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

IEC 61439-4:2023 EXV © |[EC 2023 - 131 -

Annex J
(normative)

Electromagnetic compatibility (EMC)

J.1 General

The subclause numbering within Annex J aligns with that of the body of the document.

J.3 Terms and definitions

For the purposes of Annex J, the following terms and definitions apply. (See Figure J.1.)

J.3.8.13.1
port

parti¢ular interface of the specified apparatus with external electromagnetic environment

Enclosure port

Power port
Signal port (control supply port)
Equipment/apparatus
Functional earth port Main port

FigureJ.1 — Examples of ports

J.3.8.13.2
enclpsure port

phys|cal boundary of theapparatus through which electromagnetic fields may radiaje or

impirige on

J.3.8.13.3
functional earth port

port pther than‘signal, control or power port, intended for connection to earth for purposes

othel than.electrical safety

J.3.8.134

signal port

port at which a conductor or cable intended to carry signals is connected to the apparatus

Note 1 to entry: Examples are analogue inputs, outputs and control lines; data buses; communication networks,

etc.

J.3.8.13.5
power port
control supply port

port at which a conductor or cable carrying the primary electrical power needed for the
operation (functioning) of an apparatus or associated apparatus is connected to the apparatus

[SOURCE: IEC 60947-1:2020, 3.9.3]
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J.3.8.13.6
main port
port at which a conductor or cable is connected to a pole of the main circuit of the equipment

J.9.4 Performance requirements
J.9.4.1 General

For the majority of assembly applications falling within the scope of this document, two sets of
environmental conditions are considered and are referred to as environment A and
environment B.

a) Hnvironment A

Elnvironment A relates to a power network supplied from a high or medidm) voljtage
tjansformer dedicated to the supply of an installation feeding manufacturing ‘or similar
plant, and intended to operate in or in proximity to industrial locations, as described bFow.
This document applies also to apparatus which is battery-operated andintended o be
uped in industrial locations.

The environments encompassed are industrial, both indoor and outdger.

Industrial locations are in addition characterized by the existence of one or more gf the
fgllowing examples:

industrial, scientific and medical (ISM) apparatus (as defined in C|SPR
11:2015/AMD1:2016);

heavy inductive or capacitive loads are frequentlyswitched;

currents and associated magnetic fields are high'.

NOTE| 1 The generic EMC standards for electrical and\ electronic equipment in industrial environmen{s are
IEC 61000-6-2:2016 regarding immunity and IEC 61000-6-4:2018 regarding emission. The EMC requirements for
assenpblies in industrial environments given in this docuthent are in line with these standards.

b) Hnvironment B

Elnvironment B relates to low-voltage public mains networks or apparatus connected to a
dedicated DC source which is_intended to interface between the apparatus and the|low-
vpltage public mains network; It applies also to apparatus which is battery-operated|or is
ppwered by a non-public, but non-industrial, low-voltage power distribution system if this
apparatus is intended to(be*used in the locations described below.
T
b

he environments encompassed are residential, commercial and light-industrial locafions,
bth indoors andeutdoors. The following list, although not comprehensive, gives an
ndication of locations which are included:

—| residential-properties, for example houses, apartments;
—| retail outlets, for example shops, supermarkets;

—| business premises, for example offices, banks;

—| ~areas of public entertainment, for example cinemas, public bars, dance halls;

— outdoor locations, for example petrol stations, car parks, amusement and sports
centres;

— light-industrial locations, for example workshops, laboratories, service centres.

Locations which are characterized by being supplied directly at low-voltage from the public
mains network are considered to be residential, commercial or light-industrial.

NOTE 2 The generic EMC standards for electrical and electronic equipment in residential, commercial and light-
industrial environments are |EC 61000-6-1:2016 regarding immunity and I|EC 61000-6-3:2006/AMD1:2010
regarding emission. The EMC requirements for assemblies in industrial environments given in this document are in
line with these standards.

The environmental condition (environment A and/or environment B) for which the assembly is
suitable shall be stated by the assembly manufacturer.
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J.9.4.2 Requirement for testing

Assemblies are in most cases manufactured or assembled on a one-off basis, incorporating a
more or less random combination of devices and components.

No EMC immunity or emission tests are required on final assemblies if the following
conditions are fulfilled:

a) the incorporated devices and components are in compliance with the requirements for
EMC for the stated environment (see J.9.4.1) as required by the relevant product or
generic EMC standard.

b) the internal installation and wiring is carried out in accordance with the devices'L and
cpmponents' manufacturer’s instructions (arrangement with regard to mutual influences,
cpble, screening, earthing, etc.).

In allfother cases, the EMC requirements are to be verified with tests as per J¢1012.

J.9.i|.3 Immunity
J.9.4.3.1 Assemblies not incorporating electronic circuits

Undgr normal service conditions, assemblies not incorporating electronic circuits arg not
sensltive to electromagnetic disturbances and therefore no immunity tests are required.

J.9.A].3.2 Assemblies incorporating electronic circuits
Elecfronic equipment incorporated in assemblies shall comply with the immunity requirenpents

of the relevant product or generic EMC standardiand shall be suitable for the specified EMC
environment stated by the assembly manufacturer:

In allfother cases, the EMC requirements are to be verified with tests as per J.10.12.

Equipment using electronic circuits in“which all components are passive (for example di¢des,
resisfors, varistors, capacitors, surge suppressors, inductors) are not required to be testefl.

The assembly manufacturer(shall obtain, from the device and/or component manufacturef, the
spec|fic performance criteria of the product as given in the relevant assembly standard.

J.9.4.4 Emission
J.9.4.4.1 Assemblies not incorporating electronic circuits

For gssemblies not incorporating electronic circuits, electromagnetic disturbances can only be
genefrated )by equipment during occasional switching operations. The duration off the
disturbances is of the order of milliseconds. The frequency, the level and the consequences of
these—emissions are constdersdas part Oor tne normal etectromagretiC environimnent or low-
voltage installations. Therefore, the requirements for electromagnetic emission are deemed to
be satisfied, and no verification is necessary.

J.9.4.4.2 Assemblies incorporating electronic circuits

Electronic equipment incorporated in the assembly shall comply with the emission
requirements of the relevant product or generic EMC standard and shall be suitable for the
specific EMC environment stated by the assembly manufacturer.

Equipment utilizing electronic circuits in which all components are passive (for example
diodes, resistors, varistors, capacitors, surge suppressors, inductors) are not required to be
tested.
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Assemblies incorporating electronic circuits (such as switched mode power supplies, circuits
incorporating microprocessors with high-frequency clocks) may generate continuous
electromagnetic disturbances.

For such emissions, these shall not exceed the limits specified in the relevant product
standard, or the requirements of Clause 9 together with Tables 3 to 5, of IEC 61000-6-4:2018
for environment A and/or Clause 7 together with Tables 1 to 4, of IEC 61000-6-
3:2006/AMD1:2010 for environment B shall apply, excluding statistical methods, if any. Tests
are to be carried out as detailed in the relevant product standard, if any, otherwise according
to J.10.12.

J.10]12 Tests for EMC
J.10112.1 General

Fundtional units within assemblies which do not fulfil the requirements of J:9.4.2 a) afd b)
shalllbe subjected to the following tests, as applicable.

The pmission and immunity tests shall be carried out in accordancerwith the relevant EMC
standard. However, the assembly manufacturer shall specify jany additional meagures
necepsary to verify the criteria of performance for the assemblies if necessary |(e.g.
application of dwell times).

J.10]12.2 Immunity tests
J.10]12.2.1 Assemblies not incorporating electrofic circuits

No tgsts are necessary; see J.9.4.3.1.

J.10]12.2.2 Assemblies incorporating electronic circuits

Test$ shall be made according to the relevant environment A or B. The values are given in
Tabl¢ J.1 and/or Table J.2 except where a different test level is given in the relevant spegcific
produict standard.

Perfqrmance criteria shall be stated by the assembly manufacturer based on the accepfance
critefia in Table J.3.

J.10]12.3 Emissiontests
J.10{12.3.1 Assemblies not incorporating electronic circuits

No tgsts are.necessary; see J.9.4.4.1.

J.10{123.2 Assemblies incorporating electronic circuits

The assembly manufacturer shall specify the test methods used; see J.9.4.4.2.
The emission limits for environment A are given in IEC 61000-6-4:2018, Table 3 to Table 5.

The emission limits for environment B are given in IEC 61000-6-3:2006 and IEC 61000-6-
3:2006/AMD1:2010, Table 1 to Table 3.

If the assembly incorporates telecommunication ports, the emission requirements of
CISPR 32:2015, relevant to that port and to the selected environment, shall apply.
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Table J.1 — Tests for EMC immunity for environment A (see J.10.12.2)

. Performance
Type of test Test level required criterion ©
Electrostatic discharge immunity test +4 kV contact discharge or if contact
IEC 61000-4-2:2008 discharge not possible B
+8 kV / air discharge
Radiated radio-frequency electromagnetic
field immunity test
80 MHz to 1 GHz
IEC 61000-4-3:2006, IEC 61000-4- 10 V/m A
3:20p6+AMBA 2087 anrdHEG61680-4-3:28086¢
AMD2:2010
Radipted radio-frequency electromagnetic
field|immunity test
1,4 GHz to 6 GHz 3V/m A
IEC p1000-4-3:2006, IEC 61000-4-
3:20p6/AMD1:2007 and IEC 61000-4-3:2006/
AMDZ2:2010
Elecfrical fast transient/burst immunity test +2 kV/ 5 kHz on power ports B
IEC p1000-4-4:2012 +1 kV/ 5 kHz on signal ports f
1,2/80 ys and 8/20 ys surge immunity test +2 kV (line to earth) on power ports
IEC p1000-4-5 2 +1 kV (line to line) on powenrports B
+1 kV (line to earth) on signal ports
Condlucted radio-frequency immunity test 10 V (power ports) .
(150]kHz to 80 MHz) . ¥
IEC p1000-4-6:2013 10V (signal pofts)
Power-frequency magnetic field immunity
test 30 A/m A
IEC p1000-4-8:2009
Voltdge dips immunity test Class 2% d.e Class 3¢ d.¢
(50 Hz / 60 Hz) . .
IEC p1000-4-11:2004 and IEC 61000-4- D % during 0,5 0 % during 0,5 c
11:2b04/AMD1:2017 € cycle and 1 cycle cycle and 1 cycle
70 % during 25/ 40 % during 10 / c
30 cycles 12 cycles
70 % during 25/ B
30 cycles
80 % during 250 / B
300 cycles
Short interruptionstimmunity test Class 2 4. Class 3% d.¢
IEC p1000-4-11:2004 and IEC 61000-4- 0 % during 250 / 0 % during 250 / c
11:2p04/AMD4:2017 300 cycles 300 cycles
NOTE <Eorperformance criteria, see Table J.3.
a e€garding applicability, see 7.2 and 8.2 of IEC 61000-4-5:207T4 (not applicable for low-voltage DC

input/output ports (< 60 V), when secondary circuits (isolated from the AC mains) are not subject to transient
overvoltages).

Applicable only to apparatus containing devices susceptible to power magnetic fields.
The given percentage means percentage of the rated operational voltage, e.g. 0 % means 0 V.

Class 2 applies to points of common coupling and in-plant points of common coupling in the industrial
environment in general. Class 3 applies to in-plant couplings in industrial environment only. This class should
be considered when a major part of the load is fed through converters, welding machines are present, large
motors are frequently started or loads vary rapidly. The product standard shall state the applicable cases.

The value before the slash mark (/) is for 50 Hz and the value after for 60 Hz tests.

Applicable only to ports interfacing with cables whose total length according to the manufacturer’s functional
specification may exceed 3 m.
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Table J.2 — Tests for EMC immunity for environment B (see J.10.12.2)

. Performance
Type of test Test level required criterion ©
Electrostatic discharge immunity test +4 kV / contact discharge or if contact
IEC 61000-4-2:2008 discharge not possible B

+8 kV / air discharge

Radiated radio-frequency electromagnetic
field immunity test

80 MHz to 1 GHz 3 V/m A
IEC 61000-4-3:2006, IEC 61000-4-
3:20p67AMD 2007 amdtEC 6 1000-4-37200067
AMD2:2010

Radipted radio-frequency electromagnetic
field|immunity test

IEC $1000-4-3:2008, IEC 61000-4- 3V/m A
3:20P6/AMD1:2007 and IEC 61000-4-3:2006/
AMD2:2010

Elecfrical fast transient/burst immunity test

IEC p1000-4-4:2012

1 kV/ 5 kHz on power ports
0,5 kV/ 5 kHz on signal ports

+ H+

1,2/80 ys and 8/20 ys surge immunity test
| +2 kV (line to earth) on power ports B
IEC p1000-4-5:2014 and IEC 61000-4- +1 kV (|ine to earth) on Signa| ports

5:20(14/AMD1:20172

Condlucted radio-frequency immunity test

(150|kHz to 80 MHz) 3 V (signal ports.and power ports) A
IEC p1000-4-6:2013

Power-frequency magnetic field immunity
testb 3 A/m b A
IEC p1000-4-8:2009

Voltage dips immunity test

(50 iz / 60 Hz)
IEC F1000-4-11:2004 and IEC 61000-4- 70 % during 25 / 30 cycles®? c
11:2p04/AMD1:2017¢

0 % during 0,5 cycle and 1 cycle C

Short interruptions immunity test

IEC $1000-4-11:2004 and IEC 61000-4- 0 % during 250 / 300 cycles®¢ C
11:2p04/AMD1:2017

NOTE For performance criteria see Table J.3.

28 Regarding applicability, see 7.2 and 8.2 of IEC 61000-4-5:2014 (not applicable for low-voltagg DC
riput/output pokts (< 60 V), when secondary circuits (isolated from the A mains) are not subject to trarsient
ervoltag€s))

pplicable only to apparatus containing devices susceptible to power magnetic fields.

o
A

¢ Theqiven percentage means percentage of the rated operational voltage, e.g. 0 % means 0 V.
T

he value before the slash mark (/) isfor80 Hz and the value after for 60 Hz tests
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Table J.3 — Acceptance criteria when electromagnetic disturbances are present

Acceptance criteria

(performance criteria during tests)

Item
A B (o4
No noticeable changes ] Temporary degradation or loss of
Overall of the operating Temporary degradation or performance which requires
performance characteristic loss of performance which operator intervention or system

Operating as intended

is self-recoverable

reset @

Operation of power

Temporary degradation or

gna auxiary

NO Unwanted operation

Temporary degradation or loss of

_____performance which requ cﬁs
1055 OT pertorimarnce WITT . .
operator intervention or sysfem

circuits is self-recoverable 2 reset 2
No changes to visible Shut down or permanént losp of
display information Temporary visible display. Wrong information and/or
Qperation of ) ) changes or loss of unpermitted eperating modee,
dig lavs and _ Only slight light information which should be’apparent of for
tp |y | intensity fluctuation of ) which antindication should pe
cqntrol panels LEDs, or slight Undesired LED ;
) L provided.
movement of illumination
characters Not self-recoverable
Erroneous processing of
. Undisturbed Temporarlly Fjlsturt.)ed information
nformation S communication, with . i
communication and Loss of data and/or informafion

prpcessing and
senising functions

data interchange to
external devices

possible error reports of
the internal and external
devices

Errors in communication

Not self-recoverable

g

pecific requirements shall be detailed in the product standard.
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Annex K
(normative)

Operating current and power loss of bare copper bars

Table K.1 and Table K.2 provide values for conductor operating currents and power losses
under ideal conditions within an assembly (see 10.10.2.2.3, 10.10.4.2.1 and 10.10.4.3.1).
Annex K does not apply to conductors verified by testing.

The calculation methods used to establish these values are given to enable values to be

calcylated for other conditions.

Table K.1 — Operating current and power loss of bare copper bars with rectangular
cro$s-section, run horizontally and arranged with their largest face vertical, frequency
50 Hz to 60 Hz (ambient air temperature inside the assembly: 55),°C,
temperature of the conductor 70 °C)

Height x thickness Cross- One bar per line Two’bars per line
of bars sectional (space between the two bars is ¢qual
area of bar I to.the thickness of one bar
kg Operating | Power-losses ky Operating| Power-logses
current per line current per ling
conductor, P, conducter,

P

v
mm x mm mm? A W/m A W/m
12 x 2 23,5 1,00 70 4,5 1,01 118 6,4
15 x 2 29,5 1,00 83 5,0 1,01 138 7,0
15 x 3 44,5 1,01 105 5,4 1,02 183 8,3
20 x 2 39,5 1,01 105 6,1 1,01 172 8,1
20 x 3 59,5 1,01 133 6,4 1,02 226 9,4
20 x5 99,1 1502 178 7,0 1,04 325 11,9
20 x 10 199 1,03 278 8,5 1,07 536 16,6
25 x5 124 1,02 213 8,0 1,05 381 13,2
30 x5 149 1,03 246 9,0 1,06 437 14,5
30 x 10 299 1,05 372 10,4 1,11 689 18,9
40 x 5 199 1,03 313 10,9 1,07 543 17,0
40 %10 399 1,07 465 12,4 1,15 839 21,7
50 5 249 1,04 379 12,9 1,09 646 19,6
50 x 10 499 1,08 554 14,2 1,18 982 24,4
60 x 5 299 1,05 447 15,0 1,10 748 22,0
60 x 10 599 1,10 640 16,1 1,21 1118 27,1
80 x5 399 1,07 575 19,0 1,13 943 27,0
80 x 10 799 1,13 806 19,7 1,27 1372 32,0
100 x 5 499 1,10 702 23,3 1,17 1125 31,8
100 x 10 999 1,17 969 23,5 1,33 1612 37,1
120 x 10 1200 1,21 1131 27,6 1,41 1859 43,5

The current rating given in Table K.1 shall be de-rated by 20 % for busbars run horizontally
and arranged with their largest face horizontal or run vertically for more than 2 m.
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NOTE 1 The operating current values given in Table K.1 only apply for the specific bar configurations given.
12 X k3 1 2 °
P, = " x[ +a><(TC— 0 C)J
where
P, is the power loss per metre;

I is the operating current;

is

the current displacement factor;

=
w

A
7

N
7

e

For
cond
have

NOTE
practi

The

asse
by th
using

m

the conductivity of copper, x =56 >
Qxmm

the cross-sectional area of bar;
the temperature coefficient of resistance, o = 0,004 K= 1;
the temperature of the conductor (°C).

been previously tested in a reference design.

e due to the operating temperatures of specific devices.

the formula given above accordingly:

and/or for the conductors

H conductor where the verification is by calculation, the ‘design temperature o
Lctor shall not exceed 90 °C. Higher busbar temperatures_may be accepted when

2 The maximum design temperature is set at 90 °C in order.t¢ take into account variations that can og

operating currents may be converted for other ambient air temperatures insidg
mbly and/or for a conductor temperature of\90 °C by multiplying the values of Tabl¢ K.1
e corresponding factor k, from TablexK2. Then the power losses shall be calcu

Table K.2 - Factor k4 for different temperatures of the air inside the assembly

[ the
they

curin

the

ated

Air temperature inside the Factor &,
enclosure around the
conductors Conductor temperature Conductor
S of 70 °C temperature of 90 °C
20 2,08 2,49
25 1,94 2,37
30 1,82 2,26
35 1,69 2,14
40 1,54 2,03
45 1,35 1,91
50 1,18 1,77
55 1,00 1,62
60 0,77 1,48

It shall be considered that, dependent upon the design of the assembly, quite different

ambient and conductor temperatures can occur, especially with higher operating currents.

Verification of the actual temperature-rise under these conditions shall be determined by test.

The power losses may then be calculated by the same method as used for Table K.2.


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

- 140 - IEC 61439-4:2023 EXV © |[EC 2023

NOTE 3 At higher currents, additional eddy current losses can be significant. These are not included in the values
of Table K.1.
NOTE 4 Example on determining a conductor section.

Parameters:

— the required current rating of the busbar circuit is 200 A;

— air temperature inside the enclosure is 60 °C;

— permissible conductor temperature of 90 °C.

From Table K.1 the minimum cross-sectional area of the busbars is based on a current of 200 A (as the busbar
is not part of functional unit (circuit), a conductor with a rating of 125 % of the rated current of the circuit is not
required).

Tp rerate to an internal temperature of 60 °C and conductor temperature of 90 °C, divide 200 A by 1,48| (from
bble K.2). This gives an equivalent current rating of 135,1 A.

T
The closest current rating (from Table K.1) is 178 A using a single bar per line of 20 mm x 5{pim or [172 A
uging two spaced bars per line of 20 mm x 2 mm.
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Annex L
(informative)

Guidance on verification of temperature-rise

L.1 General

L.1.1 Principles

Is the heat produced. The temperature will

a) sjgnificant deterioration or ageing of the assembly, or

b) ekcessive heat being transferred to external conductors, such that the/service capabiljty of

the external conductors and any equipment to which they are connected can be impg3ired,
o] ’

a) pgople, operators or animals in the vicinity of an assembly leing burnt in normal operating
clrcumstances.

L.1.2 Current ratings of assemblies

L.1.2.1 General

Several current ratings that are essential to the 'user of assemblies are confirmed dyring

templerature-rise verification. See L.1.2.2 to L(,2.5.

L.1.3.2 Group rated current of majn:circuits (Ing)

In ngrmal service, most of the main circuits within an assembly are carrying load current.| This

leadsg to mutual heating between cirCuits and in most cases a reduction in the current carfying

capapility compared with the naminal rating of the devices.

This reduction in currentcarrying ability is defined by the group rating, but as it is not pogsible

to anticipate every varying load pattern when designing an assembly, it can only be spe

cified

for gdssumed conditions, namely, continuous and simultaneous loading of circuits within a

speclfied group within the assembly.

Groulp rating{can be assigned to incoming circuits, main and distribution busbars and outgoing
circujts. Without a full understanding of the variability of various load supplied from an

assembly;-the group rating of an outgoing circuit should not be less than the design cu
Iy, fdra*Circuit, as defined in the IEC 60364 series.

rent,

L.1.2.3 Current rating of an assembly (1,,5)

The current rating of an assembly defines the maximum load current that can be supplie

d via

the incoming circuit(s) and distributed via the main busbars. This rating can be determined by

the capacity of the incoming circuit(s) or the main busbars.

The rated current of the assembly, /5, is the lower of (i) the sum of the group rated cur
of the incoming circuits, and (ii) the group rated current of the main busbars.

rents

It is essential to note that the group rating of the incoming circuit(s) may be lower than the

nominal rating 7, of the devices used in the incoming circuits.
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L.1.2.4 Rated current of a circuit of an assembly (7,,.)

At their discretion, a manufacturer may declare the rated current of the outgoing circuits in an
assembly, /.. This is the current that an outgoing circuit can deliver when it is the only
outgoing circuit that is loaded in the assembly or assembly section. Under these conditions
there are minimal heating effects from other circuits.

Generally, when there is only one outgoing circuit in a section, the I, for the circuit will be at
least equal to, but it will not be much higher than /,,,. When there are several circuits in a
section, I, can be appreciably higher than Ing due %o the mutual heating effects between
adjacent circuits.

Knowing the loads (/g, time, duration, etc.) allows I,,, and I,. to be determined,\In"$ome
instances, for the design current /g can exceed /,,4. However, /g should never be greater|than
I

nc:

When a load takes a current that is cyclic or varies over a relative short period (the on|time
being less than the off time and the maximum on time being 30 min), the"thermal equivalent
steadly state current can be derived as detailed in Annex |I. This can‘be’ used instead df the
design current /g to determine the rating of the outgoing circuit required.

The Jrated current I, of an incoming circuit or busbar can,be determined, but it hgs no
pracfical value. Hence, it is not normally provided by manufacturers. The only useful cyrrent
carryling capabilitiesy of incoming circuits and busbarsCare those when the assembly is
operating at full load; the group rated currents Ing-

L.1.2.5 Rated current of a device (1)

The fated current of a device I, is the rating @f the device according to its product stanflard.
This Jrating applies in defined conditions, usually in free air, and with specific test condugtors.
Gengrally, a device de-rates when it is installed in an assembly. Device ratings are not proven
during assembly tests in accordance with the IEC 61439 series, but the rating of a devige 7,
and the associated protection characteristic are vital in ensuring adequate protection for the
load gircuit.

L.2 | Temperature-rise limits
The {irst paragraph ef\this clause of IEC 61439-1:2020 is not applicable.

All the temperature-rise limits given in this document assume that the assembly will be
located in an”environment where the daily average and peak ambient air temperatures dp not
excepd 35<€ and 40 °C, respectively.

This document also assumes that all outgoing circuits within an assembly will not be loaded to

their rated current at the same time. This recognition of the practical situation is defined by a
"group rating" provided for each outgoing circuit.

Temperature-rise limits within the assembly are the manufacturers’ responsibility; they are
essentially determined based on operating temperature not exceeding the long-term capability
of the materials used within the assembly. At interfaces between the assembly and the ‘wider
world’, for example, cable terminals and operating handles, this document defines
temperature-rise limits (see Table 6).


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

IEC 61439-4:2023 EXV © |[EC 2023 - 143 -

Within boundaries defined in this document, temperature-rise verification can be undertaken
by testing, comparison or assessment. See Figure L.1. It is permissible to use one or a
combination of the verification methods set out in this document to verify temperature-rise
performance of an assembly. This allows the manufacturer to choose the most appropriate
method for the assembly, or part of an assembly, being considered, taking into consideration
volumes, the construction, design flexibility, current rating and size of the assembly.

In typical applications involving some adaptation of a standard design, it is highly likely more
than one method will be used to cover various elements of the assembly design.

L.3 —Test

L.3.1 General

In orgder to avoid unnecessary testing, this document provides guidance on selecting groups of
comparable functional units. It then details how to select the critical variant from the groyp for
test. [Design rules are then applied to assign ratings to other circuits \that are "thermally
similar" to the critical variant tested.

Threge options for verification by test are offered in this document.

L.3.2 Method a) — Verification of the complete assembly(10.10.2.3.5)

If seyeral or all circuits of an assembly are loaded simultaneously, then the same circpit is
only pble to carry its group rated current, I,,,, (see 3.8.10.6), owing to the thermal influenge of
the gther circuits. To verify the group rated current{or the circuits, I,,,, within the assebly,
tests|with simultaneous loaded circuits are necessary (see L.3.3 Method b) and L.3.4 Method
c), below). If a manufacturer chooses to declare rated current for the circuit, I,,., sepprate
tests|are carried out on each type of outgoing-circuit.

To ayoid the large number of tests that.may be necessary, 10.10.2.3.5 describes a verification
methjod where only one test is made with a load applied simultaneously to all circuits. Ap the
indiv|dual outgoing circuits are not'tested, only Ing can be determined for each circuit.

If thg test set of functional Unjts tested does not include one of each of the different typges of
outgging circuit incorparated in the assembly, further tests are carried out taking| into
cons|deration different groups of outgoing circuits until one of each type has been tested.

L.3.3 Method kh).= Verification considering individual functional units separately jand
the complete assembly (10.10.2.3.6)

With| this «arrangement of testing, each critical variant of the outgoing circuit is t¢sted
ately to confirm its rated current, and then the assembly as a whole is tested with the
g~ circuit loaded to its group rated current. The test sets of outgoing circuit$, as
require g group rated current, . The
set tested should include one outgoing CIrCUIt of each critical variant to be mcorporated in the
assembly. Where this is not practical, further sets are tested until all critical variants of the
outgoing circuit have been considered.

This test regime takes into account the group loading of outgoing circuits that is applicable in
the majority of applications. However, as in method a) above, the result is only applicable to a
specific arrangement of the assembly tested.
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Method c) — Verification considering individual functional units and the ma
and distribution busbars separately as well as the complete assembly
(10.10.2.3.7)

in

This test method enables modular systems to be temperature-rise verified without the need to
test every conceivable combination of circuits. Temperature-rise tests are carried out
separately to prove the rating of:

a) main busbars,

b) distribution busbars,

c) fu

nctional units (optional),

d) a

To v
comy
circu

Whils
has
asse

L.4

This

L.5

This

This

complete assembly.

erify the performance of the assembly as a whole, methods a), b) and ¢) above

ts are loaded to their group rated currents (Ing).

t this approach requires more testing than L.3.2 Method a) and L.3.8 Method b) abog
the advantage that the modular system rather than a specifi¢ arrangement o
Mmbly is verified.

Verification assessment

clause of IEC 61439-1:2020 is not applicable.

Verification by comparison with a reference design

clause of IEC 61439-1:2020 is not applicable.

Figure L1 — Verification of temperature-rise

figure of IEC 61439:1:2020 is not applicable.

are

lemented by a test d) on a representative assembly in which the incoming)and outgoing

ve, it
the
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Annex M
(normative)

Verification of the short-circuit withstand strength of busbar structures
by comparison with a reference design by calculation

This annex of IEC 61439-1:2020 is not applicable.
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Annex N
(informative)

List of notes concerning certain countries

Subclause Text

6.1 Add the following note after the last paragraph:

NOTE In Norway, assemblies are additional marked with the minimum ambient
temperature applicable for the ACS.

711 Add the following note after the last paragraph:

NOTE In Norway, assemblies suitable for normal operation at a lower{"ampient
temperature than -25 °C also comply with the requirements of this publication.

8.2.2 Add the following note after the first paragraph:

NOTE 1 In the United States of America (USA), Canada and in‘Mexico encldsure
“type” designations are used to specify “the degree of protection’ ‘prévided to the ACS.
For applications in the USA, the appropriate enclosure type ,designation shoulf be
used as specified in NEMA 250. For applications in Canada; the appropriate encldsure
type designation should be used as specified in CSA standard C22.2 No. 94.1| and
94.2. For applications in Mexico, the appropriate enclosture Type designation should
be used as specified in NMX-J-235/1-ANCE and NMX«J3235/2-ANCE.

Add the following note after the third paragraph ©f this subclause:
NOTE 2 In Spain wiring rules (RD 842/2002)\require a minimum degree of proteftion

of IP 45 for enclosures, switchgear band~ controlgear, socket-outlets and ¢ther
installation elements intended for outdeor'construction sites.

8.8 Add the following note after the last paragraph:

NOTE In Australia and New *Zealand socket outlets for industrial use with Ipwer
current are used.

10.2.6.1 Add the following notes_at the end of this subclause:

NOTE 1 In Sweden®“National codes and regulations require a minimum opergting
temperature of -25°C.

NOTE 2 In\Norway, the test is carried out at an ambient temperature (20+§) °C
immediately_after the assembly has been kept at a temperature corresponding t¢ the
minimum jambient temperature specified for the ACS, for a period of not less |than
12 h.
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
national electrotechnical committees (IEC National Committees). The object of IEC is to_promote internd
toperation on all questions concerning standardization in the electrical and electronic fields. To this en
pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
blicly Available Specifications (PAS) and Guides (hereafter referred to as “(EC Publication(s)”).
eparation is entrusted to technical committees; any IEC National Committee interestéd in the subject deg
y participate in this preparatory work. International, governmental and non-goxerfimental organizations i
h the IEC also participate in this preparation. IEC collaborates closely withi;the International Organizat
bndardization (ISO) in accordance with conditions determined by agreement between the two organizati

e formal decisions or agreements of IEC on technical matters expresS/as nearly as possible, an interna
hsensus of opinion on the relevant subjects since each technical ‘tommittee has representation fr

C Publications have the form of recommendations for international use and are accepted by IEC Na
mmittees in that sense. While all reasonable efforts are~made to ensure that the technical content
blications is accurate, IEC cannot be held responsible“for the way in which they are used or fg
Sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publid]

trgnsparently to the maximum extent possible in theirnnational and regional publications. Any divergence be

an

IE
as
se

Al

Ng
még
ot
ex|
Py

At
in
IE
pal
re
m
th

IEC Publication and the corresponding national-or regional publication shall be clearly indicated in the

itself does not provide any attestation of,conformity. Independent certification bodies provide conf|
essment services and, in some areas, ‘access to IEC marks of conformity. IEC is not responsible f
Fvices carried out by independent certification bodies.

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

liability shall attach to IEC orjits’ directors, employees, servants or agents including individual exper
mbers of its technical committees and IEC National Committees for any personal injury, property dam
er damage of any naturé whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out ofiihte publication, use of, or reliance upon, this IEC Publication or any othg
blications.

ention is drawn to.the Normative references cited in this publication. Use of the referenced publicati
ispensable for.the’correct application of this publication.

C draws atfenhtion to the possibility that the implementation of this document may involve the use
tent(s). lEC takes no position concerning the evidence, validity or applicability of any claimed patent rig
pect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
y bewrequired to implement this document. However, implementers are cautioned that this may not rep
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tional
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b Jlatest information, which may be obtained from the patent database available at https://patents.iec.c
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IEC 61439-4 has been prepared by subcommittee 121B: Low-voltage switchgear and
controlgear assemblies, of IEC technical committee 121: Switchgear and controlgear and their
assemblies for low voltage. It is an International Standard.

This second edition of IEC 61439-4 cancels and replaces the first edition published in 2012.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) alignment with

applicable.

IEC 61439-1:2020 regarding the structure and technical content, as
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text of this document is based on the following documents:

Draft Report on voting

121B/183/FDIS 121B/188/RVD

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

The

This

acco
at www.iec.ch/members_experts/refdocs. The main document types developedy.by IEC
desclibed in greater detail at www.iec.ch/publications.

This

rules| dealt with in IEC 61439-1:2020 are only applicable to this document insofar as the
spec|fically cited. When this document states “addition”, “modification™ or “replacement’
releviant text in IEC 61439-1:2020 is to be adapted accordingly.

Subdlauses that are numbered with a 101 (102, 103, etc.) ‘suffix are additional to the
subclause in IEC 61439-1:2020.

Tabl

New

In th

The
ond

A lis

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

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop

Hocument is to be read in conjunction with IEC 61439-1:2020. The provjsions of the ge

¢s and figures in this document that are new aresnumbered starting with 101.
annexes in this document are lettered AA, BB, etc.

s document, terms written in small capitals are defined in Clause 3.

iffering practices of a less permanent nature relating to the subject of this document.

{ of all parts of the IEC(61439 series, under the general title Low-voltage switchgeaft
controlgear assemblies, can be found on the IEC website.

ed in

rdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

are

heral
y are
, the

bame

feader’s attention is drawn to the fact that Annex N lists all of the “in-some-country” clquses

and

b the

The gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under webstore.iec.ch in the data related t
spec|fic document: At this date, the document will be:

e reconfiemed,

e withdrawn,

—

praced DYy a reviseda editon, or

e amended.
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LOW-VOLTAGE SWITCHGEAR AND
CONTROLGEAR ASSEMBLIES -

Part 4: Particular requirements for assemblies
for construction sites (ACS)

1 cope

NOTE| Throughout this document, the abbreviation ACS (assembly for construction site, see 3.1.101),iS used for a
low-vgltage switchgear and controlgear assembly intended for use on construction and similar sites.

This [document defines the specific requirements of ACS as follows:

5semblies for which the rated voltage does not exceed 1 000 V in case ‘of AC or 1 §00 V
r case of DC;

|
5 QO

— apsemblies where the nominal primary voltage and the nominal secondary voltage of
tnansformers incorporated in ACS are within the limits specifiedCabove;

— apsemblies intended for use on construction sites, both indgers and outdoors, i.e. tempprary
places of work to which the public do not generallychave access and where building
cpnstruction, installation, repairs, alteration or demolition of property (buildings) or| civil

ngineering (public works) or excavation or any othér similar operations are carried oyt;

(]
—

—

nfansportable (semi-fixed) or MOBILE assemblies ‘with enclosure.

The manufacture and/or assembly can be carried out by an entity other than by the original
manufacturer (see 3.10.1 of IEC 61439-1:2020).

This |document does not apply to individual devices and self-contained components, sugh as
motofr starters, fuse switches, electronic equipment, etc. which will comply with the rel¢vant
product standards.

This document does not apply to assemblies for use in the administrative centres of construction
sites|(offices, cloakrooms, . meeting rooms, canteens, restaurants, dormitories, toilets, etd.).

Reqyirements for electrical protection provided by equipment manufactured according t¢ this
document are giveniin IEC 60364-7-704.

2 Normative references

This [clause of IEC 61439-1:2020 is applicable except as follows:

Addition:
IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-42, Environmental testing — Part 2-42: Tests — Test Kc: Sulphur dioxide test for
contacts and connections

IEC 60364-7-704:2017, Low-voltage electrical installations — Part 7-704: Requirements for
special installations or locations — Construction and demolition site installations

IEC 61439-1:2020, Low-voltage switchgear and controlgear assemblies — Part 1: General rules
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IEC 61558-2-23, Safety of transformers, reactors, power supply units and combinations thereof
— Part 2-23: Particular requirements and tests for transformers and power supply units for

construction sites

3 Terms and definitions
This clause of IEC 61439-1:2020 applicable except as follows:

Additional terms and definitions:

3.1 General terms

3.1.1j01
low-voltage switchgear and controlgear assembly for construction sites
ACS

combination of one or several transforming or low voltage switching devices with assoc
control, measuring, signalling, protective and regulating equipment complete with all
interpal electrical and mechanical connections and structural parts, desighed and built fof

on all construction sites, indoors and outdoors

3.2 Constructional units of assemblies

3.2.1j01
metdring unit

functional unit equipped with apparatus for metering_€lectrical energy

transformer unit

3.2.102
functional unit consisting mainly of one or several transformers

Modifications:

3.3 | External design of assenblies
3.3.1
oper]-type assembly

This ferm of IEC 6143931:2020 does not apply.

3.3.2
dead-front assembly

This term_of<\EC 61439-1:2020 does not apply.

Replacement:

3.3.3
enclosed ACS

ated
their
use

ACS which is enclosed on all sides with the possible exception of its mounting surface in such

a manner as to provide a defined degree of protection

3.3.7
box-type ACS
ENCLOSED ACS intended:

— either to be mounted on a vertical surface;

— or to stand on a horizontal surface supported by feet or legs (articulated or not) or by a

mounting not forming part of the ACS (see 3.4.2 of IEC 61439-1:2020)
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Modification:

3.5
3.5.1

Conditions of installation of assemblies

assembly for indoor installation

This

term of IEC 61439-1:2020 does not apply (see 3.1.101).

3.5.2
assembly for outdoor installation

This fferm of TEC 61439-1:2020 does not apply (see 3.1.107).

3.5.

statipnary assembly
This term of IEC 61439-1:2020 does not apply.

3.5.

movable assembly

This

term of IEC 61439-1:2020 does not apply.

Additional terms and definitions:

3.5.1(01

trangportable ACS

semi-fixed ACS

ACS|intended for use in a place where it is not permanently fixed

Note 1 to entry: The location of a TRANSPORTABLE ACS can vary during work on the same site. When the equi
is moyed to another place, it is first disconnected_from the supply.

3.5.1(02

mobj|le ACS

ACS|capable of being moved.as;work advances on the site, without being disconnected
the sjupply

Additional terms and défihitions:

3.107 Function of.the ACS

3.101.1

incoming supply function

suita
trangformer substation or to on site generator

ility._for connection of the ACS either to electricity public supply network or tg

bment

from

the

3.101.2
metering function

suita

bility for the metering of electrical energy consumed on the site

3.101.3
distribution function
suitability to provide the distribution and protection of electrical supply on the construction site

by m

eans of terminal connection or socket-outlets
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3.101.4

transformer function
suitability to provide means for transformer voltages or to provide measures of electrical
protection

Note 1 to entry: Details for their requirements are given in 101.1.

4

Symbols and abbreviations

This clause of IEC 61439-1:2020 is applicable.

5

ILterface characteristics

This [clause of IEC 61439-1:2020 is applicable, except as follows.

5.3.1 Rated current of an assembly (1,,,)

Replacement of title and text:

5.3.1 Rated current of an ACS (1,,,)

The rated current of an ACS is group rated current Ig ofts incoming circuit.

This jcurrent shall be carried without the temperatureyrise of the individual parts exceedin
limitd specified in 9.2 of IEC 61439-1:2020.

j the

5.4 | Rated diversity factor (RDF)
Addition:
The assumed loading of the outgoing circuits of the ACS or group of outgoing circuits shall be

declared by the assembly manufacturer and can be based on the values in Table 101.

When the manufacturer does-not declare any RDF, the values of Table 101 apply.

5.6

Other characteristics

Replacement:

The {ollowing Characteristics shall be declared:

a)
b)
c)
d)
e)
f)

9)
h)
i)

—

hefunction(s) assigned by the manufacturer (see 3.101);

the external design (see 3.3);

the mobility (see 3.5.101 and 3.5.102);

the degree of protection (see 8.2);

the method of mounting, for example fixed or removable parts (see 8.5.1 and 8.5.2);
protection against electric shock (see 8.4);

the resistance to corrosion (see 10.2.2.101);

special service conditions, if applicable (see 7.2);

electromagnetic compatibility (EMC) classification (see Annex J of IEC 61439-1:2020).


https://iecnorm.com/api/?name=84d5432c89aa651fe5943364480c7276

IEC 61439-4:2023 © |IEC 2023 -9-

6

Information

This clause of IEC 61439-1:2020 is applicable except as follows.

6.1

Assembly designation marking

Replacement of title and text:

6.1

The
dura
insta

ACS designation marking

Compliance is checked according to the test of 10.2.7 and by inspection.

The following information regarding the ACS shall be provided on the label(s):

a)
b)

c)
d)
e)
f)

9)
h)
i)

QD

ssembly manufacturer's name or trade mark (see 3.10.2);

pe designation or identification number or any other means§of identification, mak
pbssible to obtain relevant information from the assembly manufacturer;

3 T

eans of identifying date of manufacture;

EC 61439-4;

pe of current (and the frequency in the case of AC);
Ited voltage (U,) (of the ACS) (see 5.2.1);

ted current of the ACS (/,,5) (see 5.3.1);

P —
S

-

r

o

egree of protection (see 8.2);
the weight where this exceeds 30 kg«

If thg indication of the name or trademark of the manufacturer appears on the ACS, it sha
be given on the nameplate.

6.2.1] Information relating to the assembly

Replacement of title and text:

6.2.1] Information relating to the ACS

The
man

a)
b)
c)
d)
e)
f)
9)
h)

Fle manner and located in a place such that they are visible and legible when the A
led and in operation.

in a
CS is

ng it

Il not

following-additional information, where applicable, shall be provided in the assgmbly

facturer’s technical documentation supplied with the ACS:
rW’ 5 HGLH 22}

rated impulse withstand voltage (Uimp) (see 5.2.4);

rated insulation voltage (U,) (see 5.2.3);

rated current of each circuit (7,,.) (see 5.3.2);

rated peak withstand current (ka) (see 5.3.4);

rated short-time withstand current (/) together with its duration (see 5.3.4);
rated conditional short-circuit current (/) (see 5.3.5);

rated frequency (f,,) (see 5.5);

rated diversity factor(s) (RDF) (see 5.4);
functions (see 3.101);
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k) all necessary information relating to the other declared classifications and characteristics

(see 5.6);
[) the short-circuit withstand strength and characteristics of short-circuit protective device(s)
(see 9.3.2);
m) overall dimensions (including projections e.g handles, covers, doors).
6.2.2 Instructions for handling, installation, operation and maintenance
Addition:
The man Y S o s—technica ation-supphed A the
ACS|the other types of assemblies which can be connected to it. This information.should
indichte whether the compatibility is based upon the type of system earthing employed-apd/or
on thie need for co-ordination of the electrical protection within the complete installation.
The manufacturer should furnish the appropriate documentation for the purpose-to maintain the
prot%gtive measures and the co-ordination of the protective devices within the complete
installation.
7 $ervice conditions
This [clause of IEC 61439-1:2020 is applicable except as follows.
Modifications:
7.1.2 Pollution degree
Replacement of the last paragraph with:
Only|pollution degrees 3 and 4 are applicable.
The microenvironment can be reduced to pollution degree 2 if the degree of protection df the
enclgsure is at least IP5X and:-care is taken to avoid condensation.
7.2 | Special service conditions
Addition of the following new item:
n) heavily pollufed atmosphere.
8 Constructional requirements
This clause of IEC 61439-1:2020 s Dpp”r‘ﬂhlﬂ nvr\npf as follows
8.1.1 General
Addition:

All the apparatus shall be placed inside the enclosure fitted with such removable panels, cover
plates or doors as applicable for connection or maintenance with the possible exception of the
items mentioned in 8.101 provided that they withstand the service conditions of Clause 7 and
the requirements of 8.1.2 and 8.1.6.
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8.1.2 Protection against corrosion

Replacement:

Protection against corrosion shall be ensured by the use of suitable materials or by protective
coatings to the exposed surface taking account of the normal service conditions (see 7.1) and/or
special service condition (see 7.2). Compliance to this requirement is checked by the test of
10.2.2.

8.1.4 Resistance to ultra-violet (UV) radiation

Replacement:

For enclosures and external parts made of insulating materials, resistance to“dltra-yiolet
radigtion shall be verified according to 10.2.4.

For ¢xternal parts made of insulating material of components covered bytother IEC standard
(for gxamples socket-outlets, handles of switch, push buttons, etc.), thisctest is not requirgd.

8.1.9 Mechanical strength
Addition:

The JACS shall be constructed to withstand mechanical‘-shocks having an acceleratign of
500 /s, a pulse shape of a half-sine wave of 11 ms«duration (commensurate with equipment
being carried loose in normal road or rail vehicles for/long periods).

Compliance is verified according to 10.2.6.

8.1.6 Lifting provision

Replacement:

Lifting rings and/or handles (or any other equivalent system) shall be provided on the AC$ and
be fijmly attached to the enclosure or supporting framework.

Compliance is checked.according to the test of 10.2.5.

8.2.1] Protectiontagainst mechanical impact (IK code)

Additional pdragraph:

The [ACS-shall also withstand impacts of 6 joules energy representing collisions with site
constriction mechanical h;mdling equipment (QPP IEC 60068-9-97)

For protection against mechanical impact refer to 10.2.6.

NOTE In addition to 8.2.1, It is possible to make reference also to the IK code in case the enclosure has been
tested according to other IEC 61439 parts.

8.2.2 Protection against contact with live parts, ingress of solid foreign bodies and
water (IP code)

Replacement:

The degree of protection provided by an ACS against contact with live parts, ingress of solid
foreign bodies and water is indicated by the IP code according to IEC 60529 and verified
according to 10.3.
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The degree of protection of the ACS shall be at least IP 44, with all doors closed and all
removable panels and cover plates fitted.

Ventilation and drainage holes shall not reduce this degree of protection.

The degree of protection for an operating face inside a door shall be not less than IP 21 provided
that the door can be closed under all conditions of use. Where the door cannot be closed the
degree of protection for the operating face shall be at least IP 44.

Unless otherwise specified, the degree of protection indicated by the original manufacturer

ReR-H-HstHhstaheath-acceras 8 he-origiral-manufastyrer's

instr

Socket-outlets not protected by the enclosure of the ACS shall have a degree ofprotectipn at
least|equivalent to IP 44, both when the plug is removed or fully inserted.

Where the ACS does not have the same IP rating throughout, the originalVmanufacturer [shall
declare in its technical documentation supplied with the ACS the IP rating:for the separate parts.
Exanpple: IP 44, operating face IP 21.

No IP codes can be given unless the appropriate verifications'have been made accordipg to
10.3.

8.4.3.1 Installation conditions

Replacement of the first two paragraphs:

The Acs shall include protective measures and be suitable for installations designed to pe in
accofdance with IEC 60364-7-704:2017.

8.4.4 Additional requirements for class Il assemblies
e) This item of IEC 61439-1:2020%s”not applicable.

8.4.6.2 Requirements relatedto accessibility in service by authorized persons

This subclause of IEC 61439-1:2020 is not applicable.

8.5.3 Selection of switching devices and components

Additional paragraphs:

Plug$ of different rated currents or voltages shall not be interchangeable, so as to avoid grrors
in cohnecting (see IEC 60309-1 and IEC 60309-2).

Connections for three-phase socket-outlets shall be made in such a way as to retain the same
order of phases.

Additional subclause:

8.5.101 Accessible parts of ACS

Only the socket-outlets, operating handles and control buttons can be accessible without the
use of a key or tool. The actuator of the main switch shall be easily accessible (see 704.536.2.2
of IEC 60364-7-704:2017).
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8.8 Terminals for external cables

Addition after the third paragraph:

All connections for external cables shall be re-wireable or shall be socket-outlets. Socket-outlets
shall conform with the relevant standards and have a current rating of at least 16 A.

Additional subclauses:

8.101 Supports and securing devices of ACS

Every ACS shall be fitted with supports enabling it to stand on a horizontal surface (e.g.fget or
legs,|articulated or not) and/or a system for fixing it to a vertical wall, attached to the enclgsure
or supporting framework.

These various supports or securing devices shall be external to the enclosure but firmly
attached to it. They shall be appropriate to the constructional features (weight, environment,
etc.)[and service characteristics of the ACS and shall be tested tegether with the |ACS
(Clayse 10).

8.102 Cable outlet

The ¢able outlet shall be at a minimum distance from the ground compatible with the bending
radius of the largest cable that can be connected to the ACS:

Compliance is checked by inspection.

9 Performance requirements

This [clause of IEC 61439-1:2020 is applicable except as follows.

9.3.2 Information concerning short-circuit withstand strength

The last two paragraphs of this\subclause of IEC 61439-1:2020 are not applicable.
10 Design verification

This [clause of IEC\61439-1:2020 is applicable except as follows.

10.2{1 General

Replacément of the second paragraph:

Where an empty enclosure in accordance with IEC 62208 is used, and it has not been modified
so as to degrade the performance of the enclosure, no repetition of the enclosure testing to
10.2, with the exception of 10.2.6, is required unless the ACS is declared for heavily polluted
atmosphere (see 7.2 item m).

Additional subclause:
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10.2.2.101 Verification of the resistance to corrosion in a heavily polluted atmosphere

a)

b)

10.2/6 Verification of protection against mechanical impact (IK code)

Replacement of title and text:

10.2)6 Verification of mechanical strength

10.2)6.1 General

a)

b)

Principle

This test is intended to assess the corrosive effects of an industrial atmosphere, i.e. an
atmosphere polluted with sulphur dioxide.

The complete and fully equipped ACS shall be continuously exposed to this atmosphere for
ten days.

Method of test and test atmosphere
The complete and fully equipped ACS shall be tested in accordance with IEC 60068-2-42.

Results to be obtained

The ACS is declared satisfactory, if
no trace of corrosion is found either inside or outside (except for the sharp €dges)|and;

no damaging effect appears in the ACS, verified by applying the tests -of 10.9.1 of
IEC 61439-1:2020, between 24 h and 36 h after the ACS has been removed from the
test chamber.

These tests shall be applied to the ACS, thectest sample being in working ordef but
djsconnected from the sample supply.

The test sample shall be completely unpackaged.
The tests include two distinct procedures:

impact test;

shock test.

Testg shall be carried out at an ambient air temperature of (20 + 5) °C after the ACS has peen

kept [at this temperature for at\least 12 h.

10.2)6.2 Impact test

a)

b)

Plrinciple

The complete.ACS (with all components mounted inside and fitted on suitable support$ and
securing devices (see 8.101) if these form part of the ACS) shall be subjected to a series of
impacts-of 6 J applied to the enclosure (not to the components inside it) (see 8.1.6).

Method)of test

The.equipment to be tested shall be fixed on a support of adequate rigidity to rejstrict
movement of the ACS to 0,1 mm under the effect of the prescribed impact. Three successive
impacts shall be applied to each face of the ACS under test by means of either:

1) a solid smooth steel sphere approximately 50 mm in diameter and with a mass of
(500 £ 25) g, which shall be allowed to fall freely from rest through a vertical height of
1,2 m onto the enclosure surface held in a horizontal plane. The hardness of the sphere
shall be not less than 50 HR and not more than 58 HR, or

2) a similar steel sphere, shall be suspended by a cord and swing as a pendulum in order
to apply a horizontal impact, falling through a vertical distance of 1,2 m.

See Figure 101 for the test setup.

Sloping surfaces can be tested using the pendulum but if this is not convenient the surface
will be aligned in the horizontal plane by turning the unit on the support and the test 1) is
used. Before each test an inspection of the sphere shall be made to ensure that it is free
from burrs and defects.
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The test shall be so arranged that the impacts are applied at positions where weaknesses
are most likely to be revealed. A total of 18 impacts shall be applied to the ACS.

The test is not applicable to components such as socket-outlets, operating handles,
illuminating lights, pushbuttons, actuators, etc., when these components are mounted in
recesses with respect to the main surfaces, so that the distance between the most exposed
parts of these components and the said surfaces is at least 1 cm.

Striking element

10.2.
a) P

b)

oM 4 = O

10.2.
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Figure 101 — Impact test using striking element

6.3 Shock test
rinciple

he ACS shall be subjected to a single pulse half-sine wave, the shock test having a se
f 500 m/s2 (50 g) peak acceleration and a duration of 11 ms.

ethod of test

he ACS in working ofder shall be tested according to IEC 60068-2-27. Subje
greement between manufacturer and user, the test can be carried out at separate SECT
f the ACS.

6.4 Results tobe obtained

the test,<the enclosure shall continue to provide the degrees of protection specifi
; any distortions or deformations of the enclosure and components shall neithg

clea

detriJIv;ental to the proper functioning of the ACS nor decrease creepage distances

nces’ to below the required values; actuators, handles, etc., shall still be operable.

erity

ct to
IONS

ed in
r be
and

Distortion or deformation of plastic parts that can return in correct position by simple action
(such as opening and reclosing of the cover) are not considered to be detrimental to the proper

funct

ioning of the ACS.

Superficial damage, paint removals, small indentations, cracks not visible with normal or
corrected vision without further magnification, or surface cracks shall not constitute failure of
the test.

10.9.

3.1 General

Replacement of the first paragraph:

Verification shall be made by test.
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10.10.1 General

Modification:
Item c) of this subclause of IEC 61439-1:2020 is not applicable.

10.10.4 Verification assessment

This subclause of IEC 61439-1:2020 is not applicable.

11 Routimeverification

This [clause of IEC 61439-1:2020 is applicable.
Additional clause:

101 | Particular features of ACS

101.1 General requirements and functions

An ACS consists of one incoming unit and one or more outgoing units and can incorp
METERING UNIT(S) and TRANSFORMER UNIT(S).

brate

Outgping unit(s) can provide different functions such @si supply other ACS, lighting, machines

or elgctric tools or other construction site equipment:

An ACS can be intended to be interconnected to form an installation or part of an installati
the fprm of a series of ACS. Apart from all fheir characteristics, they are covered by the
rules| for protection against electric shockyand provide, if possible, selective protection
suitaple choice, for example of breakingzcapacity, current setting and operating time.

The
agre¢ment between manufacturer and user taking into account the nature of supply a
distripution network and relevant installation requirements.

Accofding to the relevantinstallation standards IEC 60364 series SPDs should be consig
to prptect against oyervoltages.

101.2 Incoming unit

The ¢able.connection facilities (terminals, connecting devices, connectors or plug and so
outlef accessory) shall be compatible with the current rating of the ACS.

on in
ame
by a

various characteristics are“aid down by the manufacturer or are the subject ¢f an

hd/or

ered

cket-

An isolating device and an over-current protective device shall be provided.

There shall be means for securing the isolating device in the open position.

However, the over-current protective device can be omitted if the ACS is adequately protected
by an over-current protective device located in an upstream (supplying) ACS. In this case the
assembly manufacturer shall provide the relevant information to the user for the correct choice

of the upstream device.

According to IEC 60364-5-53, plug and socket-outlet arrangements can be used as isol
devices.

ating
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