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1)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR ASSEMBLIES -

Part 3: Distribution boards intended to be operated
by ordinary persons (DBO)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
alll national electrotechnical committees (IEC National Committees). The object of IEC\Ns to 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, Technical 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. Internatiopal/)governmental and
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates g
with the International Organization for Standardization (ISO) in accordancehwith conditions determin
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express; as/nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technicalk éommittee has representation fr
inferested IEC National Committees.

IELC Publications have the form of recommendations for international use and are accepted by IEC N3
Cqgmmittees in that sense. While all reasonable efforts are miade to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsibl€ for the way in which they are used or fg
misinterpretation by any end user.

In|jorder to promote international uniformity, IEC Natiomal Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divern
between any IEC Publication and the corresponding ‘national or regional publication shall be clearly indica
the latter.

IELC itself does not provide any attestation.@fsconformity. Independent certification bodies provide conf|
asessment services and, in some areasy;~access 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.

Nq liability shall attach to IECor\ts directors, employees, servants or agents including individual exper
members of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any othg
Pdblications.

Attention is drawnyto~the Normative references cited in this publication. Use of the referenced publicati
indispensable fofithe correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use
patent(s). [E€“takes no position concerning the evidence, validity or applicability of any claimed patent rig
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) pat
which’ may be required to implement this document. However, implementers are cautioned that this m

rising
bmote
is. To
tions,

“IEC
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non-
losely
ed by

tional
m all

tional
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r any

ptions
gence
ted in
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hge or
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r IEC
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of (a)
hts in
pnt(s),
by not

represent the latest information, which may be obtained from the patent database availab

le at

https:/7patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rignts.

This extended version (EXV) of the official IEC Standard provides the user with the
comprehensive content of the Standard.

IEC 61439-3:2024 EXV includes the content of IEC 61439-3:2024, and the references made
to IEC 61439-1:2020.

The specific content of IEC 61439-3:2023 is displayed on a blue background.
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IEC 61439-3 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 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:

o

a) alignment with the structure of IEC 61439-1:2020;
b) inclusion in the scope of more examples of the type of protection and control devices;
c) deletion of type A and type B DBOs;

)

d
afddition of a new Annex BB related to DBOs used in a prosumer’s electrical* installation
(PED);

e) afdition of a new Annex CC related to rated current of a DBO with @dditional sourge of
sppply in parallel/simultaneously with another source that is connected to the DBO e.g. PV.

The {ext of this International Standard is based on the following doctunents:

Draft Report onwating
121B/193/FDIS 121B/195/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 accordaneée 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 beyread in conjunction with IEC 61439-1:2020. The provisions of the
genegfral rules dealt withuin IEC 61439-1 are only applicable to this document insofar as|they
are gpecifically cited.\When this document states "addition", "modification" or "replacement”,
the relevant text in [EC 61439-1:2020 is to be adapted accordingly.

Subdlauses, that are numbered with a 101 (102, 103, etc.) suffix are additional to the same
subclauseSmEC 61439-1:2020.

New annexes in this document are lettered AA, BB, etc.

The reader’s attention is drawn to the fact that Annex DD lists all of the "in some-country"
clauses on differing practices of a less permanent nature relating to the subject of this
document.

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

e revised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that [ it contains colours which are considered to be useful for the corréct
undgrstanding of its contents. Users should therefore print this document using a
colopr printer.
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1

This jpart of IEC 61439 defines the specific requirements for distribution boards intended
operated by ordinary persons (abbreviated DBO throughout this document, see 3410
follows:

DBOp can contain protections/devices, control devices, signalling devices alone
combination of devices e.gsseircuit-breakers, load shedding relay, energy manager
comrunication devices, lighting control.

This | document does not apply to an empty enclosure nor to individual devices
self-¢ontained components, such as circuit-breakers, fuse-switches, electronic equipr
which comply withsthe relevant product standards, it describes the integration of device
self-¢ontained«components, or both, into a DBO or into an empty enclosure forming a DB(

This |docuament applies to DBOs designed, manufactured, and verified on a one-off bas
fully sptandardized and manufactured in quantity.

-12 - IEC 61439-3:2024 EXV © |IEC

2024

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR ASSEMBLIES -

Part 3: Distribution boards intended to be operated
by ordinary persons (DBO)

Scope

apsemblies intended to be operated by ordinary persons (e.g. switching_eperationg
replacing fuse-links), e.g. in domestic (household) applications;

o be
) as

and

apsemblies containing outgoing circuits with protective devices intended to be operated by

ofdinary persons, complying e.g. with IEC 60898-1, the IEC 61008 series, the IEC 6
sgries, IEC 62606, IEC 62423 and IEC 60269-3;

apsemblies for applications where the nominal voltage to earth does not exceed 300
($ee Table G.1 of IEC 61439-1:2020);

NIOTE The voltage limits for DC applications are under consideration.

apsemblies with a rated current (/,.) of the outgeing circuits not exceeding 125 A 3
rated current (/,,) not exceeding 250 A;

apsemblies intended for use in connection with the generation, transmission, distrib
and conversion of electrical energy, and for the control of equipment consuming eled
hergy and for associated data processing;

e
ehclosed, stationary assemblies;
apsemblies for indoor or outdoor use.

1009

vV AC

nd a

ution
trical

or a
hent,

and
hent.
S, or

is or

This document does not apply to the specific types of assemblies covered by other parts of
the IEC 61439 series.

NOTE Enclosures for electrical accessories for household and similar fixed electrical installations are covered in
IEC 60670-24.

2

Normative references

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


https://iecnorm.com/api/?name=705bf13bebfb0c55f6ce44d77b339747

IEC 61439-3:2024 EXV © |[EC 2024 -13 -

IEC 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 mist

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC §00732002 Bz 0 —Sarety priT and

ification — Coding principles for indicators and actuators

IEC $0085:2007, Electrical insulation — Thermal evaluation and designation

IEC $0269-3, Low-voltage fuses — Part 3: Supplementary requirements fer fuses for uge by
unskflled persons (fuses mainly for household and similar applications) — Examplgs of
standlardized systems of fuses A to F

IEC 60364 (all parts), Low-voltage electrical installations

IEC $0364-4-41:2005, Low-voltage electrical installations < Part 4-41: Protection for safety —
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 er€ction
of el¢ctrical equipment — Common rules

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

IEC $0364-8-82, Low-voltage eleetrical installations — Part 8-82: Functional aspedts —
Prosumer's low-voltage electrical‘installations

IEC $0439 (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 6052971989, Degrees of protection provided by encliosures (1P Code)?2
IEC 60529:1989/AMD1:1999
IEC 60529:1989/AMD2:2013

IEC 60669-2-4, Switches for household and similar fixed electrical installations — Part 2-4:
Particular requirements — Isolating switches

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

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

IEC 60695-2-11:2014, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
Glow-wire flammability test method for end-products (GWEPT)

IEC 60695-2-12, Fire hazard testing — Part 2-12: Glowing/hot-wire based test methods —
Glow-wire flammability index (GWFI) test method for materials

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

calcitation-methods

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

IEC 60898-1, Electrical accessories — Circuit-breakers for overcurrent, protectiorql for
housghold and similar installations — Part 1: Circuit-breakers for a.c. operation

IEC $60947-3, Low-voltage switchgear and controlgear — Part 3:xSwitches, disconnegtors,
switgh-disconnectors and fuse-combination units

IEC $0947-4-1:2018, Low-voltage switchgear and controlgear — Part 4-1: Contactors| and
motor-starters — Electromechanical contactors and motor-starters

IEC $1000-4-2:2008, Electromagnetic compatibility™ (EMC) - Part 4-2: Testing | and
meagurement techniques — Electrostatic dischargeidimmunity test

IEC $1000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing | and
meagurement techniques — Radiated, radio” frequency, electromagnetic field immunity [test3
IEC $1000-4-3:2006/AMD1:2007
IEC $1000-4-3:2006/AMD2:2010

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

IEC $1000-4-5:2014, _€&lectromagnetic compatibility (EMC) — Part 4-5: Testing | and
measgurement technjques — Surge immunity test4

IEC $1000-4-5:2014/AMD1:2017

IEC $1000-4¢652013, Electromagnetic compatibility (EMC) - Part 4-6: Testing | and

meagurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fieldd

IEC 61000-4-8:2009, Electromagnetic compatibility (EMC) - Part 4-8: Testing and
measurement techniques — Power frequency magnetic field immunity test

IEC 61000-4-11:2004, Electromagnetic compatibility (EMC) - Part 4-11: Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations immunity
tests

IEC 61000-4-11:2004/AMD1:2017

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

4 There is consolidated edition 3.1 (2017) that includes IEC 61000-4-5 (2014) and its Amendment 1 (2017).
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IEC 61000-6-3:2006, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards —

Emission standard for residential, commercial and light-industrial environments
IEC 61000-6-3:2006/AMD1:2010

IEC 61000-6-4:2018, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards —

Emission standard for industrial environments

IEC 61008 (all parts), Residual current operated circuit-breakers without integral overcurrent

protection for household and similar uses (RCCBs)

IEC 64009 (all parts): ont—operated—c
protdction for household and similar uses (RCBOs)

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

IEC $1180:2016, High-voltage test techniques for low-voltage equipment ~|Definitions
and procedure requirements, test equipment
IEC 61439 (all parts), Low-voltage switchgear and controlgear assemblies

IEC $1439-1:2020, Low-voltage switchgear and controlgear’ assemblies — Part 1. Ge
rules|

IEC $1921:2017, Power capacitors — Low-voltage powelfactor correction banks

IEC $2208:2011, Empty enclosures for low-voltage' switchgear and controlgear assemb
General requirements

IEC 62262, Degrees of protection provided by enclosures for electrical equipment ag
extefqnal mechanical impacts (IK code)

IEC $2423:2009, Type F and type B residual current operated circuit-breakers with
withqut integral overcurrent protection for household and similar uses

IEC 62606, General requirements for arc fault detection devices

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

IEC B1346-2:2019, Industrial systems, installations and equipment and industrial produ
Strugturing,principles and reference designations — Part 2: Classification of objects and g
for classes

cyrrent

test

neral

fes —

ainst

and

cts —

cts —
odes

CISPR 11:2015, Industrial, scientific and medical equipment — Radio-frequency disturbance

characteristics — Limits and methods of measurement
CISPR 11:2015/AMD1:2016
CISPR 11:2015/AMD2:2019

CISPR 32:2015, Electromagnetic compatibility of multimedia equipment — Emission

requirements
CISPR 32:2015/AMD1:2019

ISO 178:2010, Plastics — Determination of flexural properties
ISO 178:2010/AMD1:2013
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ISO 179-1:2010, Plastics — Determination of Charpy impact properties — Part 1: Non-
instrumented impact test

ISO 179-2:1997, Plastics — Determination of Charpy impact properties — Part 2: Instrumented
impact test
ISO 179-2:1997/AMD1:2011

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

ISO 4628 3:2016, Pa/nts and varnlshes - Evaluatlon of degradatlon of coatings — Des:gnat/on
of qua 2 Part 3:
Ass sment of degree of rustmg

ISO 4892-2:2013, Plastics — Methods of exposure to laboratory light sources — Part2: Xgnon-
arc lamps

ISO Y010, Graphical symbols — Safety colours and safety signs — Registered safety signs

3 Terms and definitions

For the purposes of this document, the terms and definitions<given in IEC 61439-1:202(Q and
the following apply.

ISO and IEC maintain terminology databases for,{ise in standardization at the folldwing
addresses:

e |EC Electropedia: available at https://www electropedia.org/

e |$0 Online browsing platform: available*at https://www.iso.org/obp

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 coptrol,
measuring, signalling, jpretective, regulating equipment, with all the internal electricall and
mechanical interconnections and structural parts, as defined by the original manufacfurer,
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 switchgeqr and
contrdlgear assembly(s)

Note 2 torentry: The term “switching device” includes mechanical switching devices and semiconductor switching
devicgsy, e« g soft starters, semiconductor reIays frequency converters. The aUX|I|ary circuits may also ipclude
e|eCtl 'IIIUbIIdIIIbGI ucvn.ca UU bUIIlIUI IUIGyD lUIIIIIIIdI UIUbl\D q“u UIUblIUIIIb UUVI\;UD UH UIUblIUIIIb mOtOF
control devices, electronic measurement and protection devices, bus communication, programmable logic controller
systems.

3.1.2

assembly system

full range of mechanical and electrical components (enclosures, busbars, functional units,
auxiliary circuits and associated controls, etc.), as defined by the original manufacturer, which
can be assembled in accordance with the original manufacturer’s instructions in order to
produce various assemblies

3.1.3

main circuit

all the conductive parts of an assembly included in a circuit which is intended to transmit
electrical energy
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[SOURCE: IEC 60050-441:2000, 441-13-02]

3.1.4
auxil

iary circuit

all the conductive parts of an assembly included in a circuit (other than the main circuit)
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
devices.

[SOURCE: IEC 60050-441:2000, 441-13-03, modified — In the definition, “assembly of

SWit 2 7 n,
definjition “and process data, etc.” has been added.]

3.1.5

bushar

low-impedance conductor to which several electric circuits can be connécied at sep
points

Note ] to entry: The term "busbar" is generic and does not presuppose the materials the geometrical shapg,
or dinfensions of the conductor(s).

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

3.1.6

main busbar

busbpr to which one or several distribution busbars and/or incoming and outgoing unit
connected

Note 1 to entry: Conductors that are connected between a functional unit and a main busbar are not cons

as a part of the main busbar.

3.1.

distribution busbar
busbpr within one section whichris connected to a main busbar and from which outgoing

are

Note
consid

3.1.8
func
part

devig

upplied

to entry: Conductofs.\that are connected between a functional unit and a distribution busbar a
ered as a part of the distribution busbars.

tional unit
bf an assembly comprising all the electrical and mechanical elements including swit
es that contribute to the fulfilment of the same function

f the

Arate

size

been

b are

dered

units

e not

thing

Note

o the

to nnfr\ll' The conductors r‘nnnnr‘fing a functional unit to the main or distribution bushars and

terminals for external conductors are part of the functional unit. Other conductors which are connected to a
functional unit, but which are external to its compartment or enclosed protected space (e.g. auxiliary cables

conne

3.1.9

cted in a common compartment) are not considered to form part of the functional unit.

incoming unit

funct

3.1.1
outg

ional unit through which electrical energy is normally fed into the assembly

0
oing unit

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

circu

its
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3.1.11

short-circuit protective device

SCPD

device intended to protect a circuit or parts of a circuit against short-circuit currents by
interrupting them

[SOURCE: IEC 60947-1:2020, 3.4.21]

3.1.12

current-limiting device
SCPD that, within a specified range of current, prevents the let-through current from reaching
the prospective peak value and which limits the let-through energy (12)

Note 1 to entry: The let-through current is also referred to as the cut-off current (see IEC 60050-444,2000] 441-
17-12).

Note 2 to entry: Examples of current-limiting devices are current-limiting circuit-breakers |in” accordanc¢ with
IEC 69947-2 and fuses in accordance with IEC 60269-2.

3.1.13
non-current-limiting device
SCPD that, within a specified range of current, allows the let-thfough current to reach the
prospective peak value and which can have a rated shori-time withstand current |(Z;,)
enablling it to withstand the let-through energy for the duration‘ef the short-time current

3.1.14
line conductor
L
DEPRECATED: phase conductor (in AC systems)
DEPRECATED: pole conductor (in DC systems)

conductor which is energized in normak’operation and capable of contributing tq the
trangmission or distribution of electric energy but which is not a neutral or mid-point condpictor

[SOURCE: IEC 60050-195:1998, 195-02-08]

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

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

3.1.101

distribution(board intended to be operated by ordinary persons
DBO

assembly. used to distribute and control electrical energy for all types of electrical supplies
and loads, intended for operation by ordinary persons

Note 1 to entry: For operation by ordinary persons, see 8.4.6.1 of IEC 61439-1:2020.

Note 2 to entry: Switching operations and replacing fuse-links are examples of operations intended to be carried
out by ordinary persons.

Note 3 to entry: Definition 3.1.101 does not preclude the DBO from being operated by skilled or instructed
persons, and also being used in non-domestic installations.

Note 4 to entry: DBOs can be assembled outside the factory of the original manufacturer. DBOs can be
assembled by the original manufacturer or by an assembly manufacturer.
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3.2 Constructional units of assemblies

3.21

fixed part

part consisting of components assembled and wired on a common support and which is
designed for fixed installation

3.2.2

removable part
part consisting of components assembled and wired on a common support which is intended
to be removed entirely from the assembly and replaced whilst the main circuit to which it is
conngttedTmay be tive

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

3.24
remqgved position
position of a removable part when it is outside the assembly,"and mechanically| and
electrically separated from it

3.2.5
insertion interlock
devige preventing the introduction of a removable paftinto a location not intended fon that
remgvable part

3.2.
fixed connection

conngection which can be connected with or‘without a tool and only disconnected by meaps of
a toq|

3.2.7
sectjon
consfructional unit of an assembly between two successive vertical delineations

3.2.8
sub-section
constructional unit 6f @an assembly between two successive horizontal or vertical delineations
withip a section

3.2.9
compartment
sectipmor sub-section enclosed except for openings necessary for interconnection, contfol or
ventitaton

3.2.10

transport unit

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

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

— a position in which it permits engagement of the contacts of a removable part with fixed
contacts, and

— a position in which it becomes a part of a cover or a partition shielding the fixed contacts
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[SOURCE: I|EC 60050-441:2000, 441-13-07, modified — The text has been editorially
reformatted into two bullet points.]

3.3 External design of assemblies

3.3.1

open-type assembly

assembly consisting of a supporting structure which supports the electrical equipment, the live
parts of the electrical equipment being accessible

3.3.2

dead-front assembly
openttype assembly with a front cover, the live parts possibly being accessible from diregtions
othef than the front

3.3.3
enclpsed assembly
assembly 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

3.3.4
cubigle-type assembly
enclgsed assembly of the floor-standing type, which may eomprise several sections, |sub-
sectipns or compartments

3.3.5
multj-cubicle-type assembly
combination of a number of mechanically joinedxcubicle-type assemblies

3.3.6
desk-type assembly
enclgsed assembly with a horizontal-or inclined control panel, or a combination of both| that
incorporates control, measuring, and)signalling apparatus, etc.

3.3.7
box-type assembly
enclgsed assembly intended to be mounted on a vertical plane

3.3.8
multj-box-type assembly
combination efwox-type assemblies mechanically joined together, with or without a conpmon
suppprting_frame, the electrical connections passing between two adjacent boxes thrpugh
openjings’insthe adjoining faces

3.3.9
wall-mounted 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 does not support the portion
of wall above

3.3.11
floor-standing assembly
assembly for installation on the floor
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3.4
3.4.1

Structural parts of assemblies

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

3.4.2

mounting structure

struc

ture not forming part of an assembly, designed to support an assembly

3.4.

mouhting plate
platel designed to support various components and suitable for installation in an assembly

3.4.

mou
fram
asse

3.4.5

encl
hous|

[SOU

3.4.6

COer

exte

3.4.7
door

nting frame
pwork designed to support various components and suitable for~installation i
mbly

psure

ng affording the type and degree of protection suitable for'the intended application

RCE: IEC 60050-195:1998, 195-02-35]

nal part of the enclosure of an assembly

hinged or sliding cover

3.4.8
remg

vable cover

covel which is designed.ifor closing an opening in the external enclosure and which c3
remaved for carrying.out certain operations and maintenance work

3.4.9

cover plate

part [of an-assembly which is used for closing an opening in the external enclosure

desig

ned.to be held in place by screws or similar means

Note 1 to entry: It is not normally removed after the equipment is put into service.

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

3.4.1

0

partition
part of an assembly separating one compartment from other compartments

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

3.4.1
barri

1
er

part providing protection against direct contact from any usual direction of access

N an

n be

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

3.4.12
obstacle

2024

been

part preventing unintentional direct contact, but not preventing direct contact by deliberate

action

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

ontact

by deliberate circumvention of the obstacle. They are intended to protect skilled, competent, authorised or

instructed persons but are not intended to protect ordinary persons.

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

3.4.13
termjnal shield

been

part penclosing terminals and providing a defined degree of protection adgainst access t¢ live

partg by persons or objects

3.4.14
cable entry
part with openings which permit the passage of cables into the/assembly

3.4.15
protécted space

part pf an assembly intended to enclose electrical*¢omponents, and which provides de
protgction against external influences and contact\with live parts

3.5 | Conditions of installation of assemblies

3.5.1
assembly for indoor installation

fined

assembly that is designed for usexin’locations where the normal service conditions for inpdoor

use as specified in 7.1 apply

3.5.2
assembly for outdoor<installation

assembly that is designed for use in locations where the normal service conditions for ou
use as specified in 7.1 apply

3.5.3
statipnary.assembly

assembly that is designed to be fixed at its place of installation, for instance to the floor
a walljand to be used at this place

door

or to

3.5.4
movable assembly

assembly which is designed so that it can readily be moved from one place of use to another

3.6 Insulation characteristics

3.6.1
clearance
shortest distance in air between two conductive parts

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

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

these
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3.6.2

creepage distance

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

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
voltafe having a peak value exceeding the corresponding peak value of maximum sigady-
statel voltage at normal operating conditions

[SOURCE: IEC 60664-1:2007, 3.7]

3.6.4
temporary overvoltage
overyoltage at power frequency of several seconds duration

3.6.

trangient overvoltage
shor{ duration overvoltage of a few milliseconds or less, oscillatory or non-oscillatory, ugually
highly damped

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

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

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

3.6.7
impylse withstand voltage
highgst 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.
pollution

addition of foreign matter, solid, liquid, or gaseous that can result in a reduction of electric
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 dielectric strength” has been replaced with “can result in a reduction
of electric strength” and Note 1 to entry was deleted.]

3.6.9

pollution degree

<of environmental conditions> conventional number based on the amount of conductive or
hygroscopic dust, ionized gas or salt, and on the relative humidity and its frequency of
occurrence resulting in hygroscopic absorption or condensation of moisture leading to
reduction in dielectric strength and/or surface resistivity
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Note 1 to entry: 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

3.6.1j0.1

micrp-environment
immegdiate environment of the insulation which particularly influences the dimensioning df the
creepage distances

Note 1 to entry: It is the effect of the micro-environment on the creepage and/or clearance distance
determines the selection of the insulation within the assembly. The micro-environment may be better or worsg than
the mfacro-environment.

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

3.6.1j0.2
macfo-environment
envionment 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 peen
replagced by “assembly”.]

3.6.11

overpoltage category

<of @ circuit or within an electrical-system> conventional number based on limiting (or

cont}olling) the values of prospectivetransient overvoltages occurring in a circuit (or withjn an
I

electfical system having different nominal voltages) and depending upon the means employed
to influence the overvoltages

Note 1 to entry: In an electrical system, the transition from one overvoltage category to another of lower cajegory
is obthined through appropriate means complying with interface requirements, such as an overvoltage profective
devicg or a series-shunt impedance arrangement capable of dissipating, absorbing, or diverting the energy |in the
assoc|ated surge current;-te-lower the transient overvoltage value to that of the desired lower overvoltage catggory.

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

3.6.12
surge protective device
SPD

device designed to protect the electrical apparatus from high transient overvoltages and to
limit the duration and frequently the amplitude of the follow-on current

[SOURCE: IEC 60947-1:2020, 3.4.22, modified — The term "surge arrester" was replaced with
"surge protective device" and "SPD".]

3.6.13

insulation coordination

mutual correlation of insulating characteristics of electrical equipment taking into account the
expected micro-environment and other influencing stresses

[SOURCE: IEC 60050-442:2014, modified — In the definition, ‘electrical’ has replaced
‘electric’.]
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3.6.14
inhomogeneous field
electric 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

insulating material,

contamination on this surface

[soy

3.6.1

comparative tracking index

CTI

numegrical value of the maximum voltage in volts which a material .€an withstand wi

track

Note

[soy

3.6.1
disru
phen
disch
elect

Note
liquid

Note 4

Note
inag

Note 4
3.7

3.71
live

RCE: IEC 60947-1:2020, 3.7.63]

6

ng and without a persistent flame occurring under specified testiconditions

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

RCE: IEC 60947-1:2020, 3.7.64, modified — Note 1 toeniry has been added.]

7
ptive 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 tsed when a disruptive discharge occurs in a gaseous or liquid diel

to entry: The term "flashoveris used when a disruptive discharge occurs over the surface of a di¢
hseous or liquid medium.

to entry: The term "puncture” is used when a disruptive discharge occurs through a solid dielectric.

Protection against electric shock

bart

conductor-or mid-point conductor, but by convention not a PEN conductor or PEM cond

or P

cond£ctive part intended to be energized under normal conditions, including a n4g

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

due to the combined effects of electric stress and electrolytic

hout

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

the

in a

petric.

ectric

utral
Lictor

L\conductor

Note 1 to entry: This term does not necessarily imply a risk of electric shock. When the neutral conductor is
effectively earthed it is not a hazardous live part and therefore not switched in TN-S or TN-C-S systems unless

specif

ically required by other standards.

[SOURCE: IEC 61140:2016, 3.4, modified — Note 1 to entry has been replaced.]

3.7.2
haza

rdous live part

live part which, under certain conditions, can give a harmful electric shock

[SOURCE: IEC 61140:2016, 3.5, modified — Note 1 to entry was deleted.]
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3.7.3

exposed-conductive-part

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: A conductive part of the assembly which can only become live through contact with an exposed-
conductive-part which has become live, is not considered to be an exposed-conductive-part itself.

[SOURCE: IEC 60050-195:1998, 195-06-10, modified — In the definition, “equipment” has
been replaced by “the assembly”. Note 1 to entry has been added.]

3.7.4

prot.lctive conductor
PE
conductor provided for purposes of safety, for example protection against electric,shock

Note 1 to entry: As an example, the protective conductor can electrically connect the following parts:

posed-conductive-parts;

traneous conductive parts;

e
e
— main earthing terminal;
earth electrode;

e

hrthed 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, modifiedv— The note 1 has been replaced and
note |2 added.]

neutfral conductor

conductor electrically connected to.the neutral point and capable of contributing tqQ 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

[SOURCEIEC 60050-195:1998, 195-02-12]

3.7.7

fault current

current resulting from an insulation failure, the bridging of insulation or incorrect connection in
an electrical circuit

3.7.8
basic protection
protection against electric shock under fault-free conditions

Note 1 to entry: Basic protection is intended to prevent contact with live parts and generally corresponds to
protection against direct contact.

[SOURCE: IEC 60050-195:1998, 195-06-01 modified — Note 1 to entry has been added]
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3.7.9

basic 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]

3.71
fault

0
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 reg
failurg of basic insulation.

[SOURCE: IEC 60050-195:1998, 195-06-02, modified — The notes to entry-have been adg
3.7.11

PELY 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, except earth faults in-ether 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 PELV ¢
can b¢ earthed.

[SOURCE: IEC 60050-826:2004, 826-12-32, modified — The IEC 60364-4-41:2005 refer
has heen added to the definition. Note2-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

Clau

- u

C

Note

Note 2

e 414:

hder normal conditions and
hder single fault conditions, including earth faults in other electric circuits
to entryy” SELV is the abbreviation for safety extra low-voltage.

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

arding

ed.]

005,

ircuits

ence

005,

[SOL

RCE: |1EC 60050-826:2004 _826-12-31 madified — The |EC 60364-4-41:2005 refen

nce

has been added to the definition. Note 2 to entry has been added.]

3.71

3

(electrically) skilled person
person with relevant education and experience to enable him or her to perceive risks and to
avoid hazards which electricity can create

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

3.71

4

competent person
person who can judge the work assigned and recognize possible hazards on the basis of
professional training, experience and knowledge of the relevant equipment
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to entry: Several years of practice in the relevant technical field may be taken into consideration in
assessment of professional training.

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

3.71
instr

5
ucted 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

pers
[sOU

3.71
auth

3.7.16
ordiiary person

4 1
LCTTIT. |

n who is neither a skilled person nor an instructed person
RCE: IEC 60050-826:2004, 826-18-03]

7
prized person

skillgd or instructed person who is empowered to execute defined work

3.7.18

mid-point conductor

M

conductor electrically connected to the mid-point @nd capable of the transmission of elec
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 t
distripution" has been replaced by "the'transmission". Note 1 to entry has been added.]
3.7.19

PEM|conductor

conductor combining the_functions of both a protective earthing conductor and a mid-
conductor

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

3.7.20

PEL [conductor

condugtor”combining the functions of both a protective earthing conductor and a
conductor

trical

b the

point

line

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

3.7.21
supplementary insulation
independent insulation applied in addition to basic insulation for fault protection

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

3.7.22
double insulation

insul

ation comprising both basic insulation and supplementary insulation
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[SOURCE: 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 protgctive
conductor as provision for a fault protection

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 profective
condutor 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;

— bpsic insulation as provision for basic protection, and

n

ipplementary insulation as provision for fault protection,
or in|which;

— 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:IE€ 60050-151:2001, 151-16-09]

3.8.2
limiting 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

value of a quantity used for specification purposes, established for a specified set of operating
conditions of a component, device, equipment, or system

[SOURCE: IEC 60050-151:2001, 151-16-08]
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3.8.4
rating
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

shorg-circuit current

overgurrent resulting from a short-circuit due to a fault or an incorre¢tyconnection in an
electric circuit

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

3.8.7
prospective short-circuit current
1Cp
currgnt which would flow if the supply conductorsito” the circuit are short-circuited by a
conductor of negligible impedance located as nearvas practicable to the supply termingls of

the gssembly

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

3.8.

cut-off current
let-through current
Iy
maximum instantaneous value of current attained during the breaking operation of a swit¢hing
devige or a fuse

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

[SOYRCE: IE€®60050-441:2000, 441-17-12]

3.8.9
voltgge ratings

3.8.9.1

rated voltage

Un

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

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

Note 4 to entry: The voltage is the RMS value and the mean value for AC and DC applications, respectively.
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3.8.9.2

rated operational voltage

Ue

value of voltage, AC (RMS) or DC (mean value), declared by the assembly manufacturer for
the assembly or a circuit of an assembly, which, combined with the rated current, determines
its application

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

3.8.9.3

rated insulation voltage
Ui
RMS| withstand voltage value, assigned by the assembly manufacturer (3.10.2)~td the
assembly or to a circuit of an assembly, characterizing the specified (long-termy withgtand
capapility 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 rateds ‘Operational voltgge of
equipment, which is primarily related to functional performance.

[SOYRCE: IEC 60664-1 2007, 3.9.1, modified — The symbol Uj has been added. In the
definjition, “manufacturer” has been replaced by “assembly” manufacturer (3.10.2)"| and
‘equipment or to a part of it’ has been replaced by ‘assembly/of to a circuit of an assembly’.
Note|1 to entry has been added.]

3.8.9.4

rated impulse withstand voltage

Ui
p

impu’[se withstand voltage value, assigned by the assembly manufacturer for an assembly or a

circujt of an assembly, characterizing thecspecified 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 oratcircuit of an assembly’.]

3.8.10
curr*nt ratings
3.8.10.1

rated current
valug of unintefrupted current, declared by the assembly manufacturer which can be cgrried
withqut the témperature-rise of various parts of the assembly exceeding specified limits ynder
speclfied conditions

Note 1 to.éntry: For rated current of the assembly (7 ,) see 3.8.10.7 and 5.3.1; for rated current of a main gircuit
(,.) 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 account the inrush currents for motors, transformers, etc.
when determining the rated current of a circuit.

3.8.10.2

rated peak withstand current

1

pk

value of peak short-circuit current declared by the assembly manufacturer, that can be
withstood under specified conditions
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0.3

rated short-time withstand current

1

2024

CW

RMS value of AC or mean value of DC short-time current, declared by the assembly
manufacturer, that can be withstood under specified conditions, defined in terms of current
and time

Note 1 to entry:
IECT

3.8.1
rateq

[nc
rated

an a

Note
the m

Note 2

Note

3.8.1
grou

I
rg?ed

R 61641.

hort-circuit current

Rated short-time withstand current is not the same as an internal arc fault rating as given in

of the prospective short-circuit current, declared by the assembly manufacturer,
e withstood for the total operating time (clearing time) of the SCPD under, spe
tions

0.5
current of a main circuit

current which a main circuit can carry when it is the only mainCircuit within a secti
bsembly that is carrying current

to entry: The rated current of a main circuit can be lower than the rated currents of the devices insta

hin circuit, according to the respective device standards.
to entry: Due to the complex factors determining the rated currents, no standard values can be given
to entry: An assembly can comprise of only a single 'section.

0.6

p rated current of a main circuit

current which a main circuit can.garry considering the mutual thermal influences ¢

that
cified

bn of

led in

f the

Ny of

hiture.

othef circuits that are simultaneously [oaded in the same section of the assembly

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

Note 2 to entry: An assembly can‘comprise only a single section.

3.8.10.7

rated current of an"assembly

InA w . . . .

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

Note 1 te’entfy: The rated current of the assembly is not to be exceeded if further circuits are added in the f
3.8.10.8

design current (of an electric circuit)

Ig

electric current intended to be carried by an electric circuit in normal operation

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

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

3.8.1

1

rated diversity factor

RDF

value, calculated by dividing the group rated current of an outgoing main circuit 7,

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

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

Note 2 to entry: For a group of circuits that are continuously and simultaneously loaded, the rated current of a
circuit (Z,,) multiplied by the rated diversity factor (RDF) normally is not less than the design current (/) of the
circuit normally provided by the useri.e. /. x RDF 2 I.

3.8.12

rated frequency

/n

value of frequency, declared by the assembly manufacturer, for which a circuit is designed
and to which the operating conditions refer

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.

3.8.13
elecfromagnetic compatibility
EMC
ability of an equipment or system to function satisfactorily in its electromagnetic environment
withqut introducing intolerable electromagnetic disturbances to anything’in that environmegnt

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

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

3.9 | Verification

3.9.1
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: Design verification may comprise one or more equivalent methods. See 3.9.1.1, 3.9.1.p and
3.9.1.8.

3.9.1.1

veriffcation test
test gonducted on a sample of an assembly or on parts of assemblies to verify that the d¢sign
meefs the requirements.of the relevant assembly standard

Note 1 to entry: Verification tests are equivalent to type tests as in the IEC 60439 series of standards.

3.9.1.2

veriffcation.comparison
structured comparison of a proposed design for an assembly, or parts of an assembly, with a
reference design(s) verified by test

3.9.1.3

verification assessment

design verification using strict design rules and/or calculations applied to an assembly or to
parts of assemblies to show that the design meets the requirements of the relevant assembly
standard

3.9.1.4
reference design
design of an assembly or parts of an assembly that has been verified by test
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3.9.2

routine verification

verification of each assembly performed during and/or after manufacture to confirm whether it
complies with the requirements of the relevant assembly standard

3.9.3

inspection

action comprising careful scrutiny, including visual scrutiny where conditions are obvious, of
an item carried out either without dismantling, or with the addition of partial dismantling as
required, supplemented by means such as measurement, in order to arrive at a reliable
conclusion as to the condition of an item

[SOURCE: IEC 60050-426:2008, 426-14-02, modified — The definition has been modified ]

3.10| Manufacturer

3.101
original manufacturer
orgahization that has carried out the original design and the associated verification ¢f an
assembly in accordance with the relevant assembly standard

3.1042
assembly 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 ofiginal
manufacturer.

3.11
user
partyl who will specify, purchase, use and/or operate the assembly, or someone acting on|their
behalf

4 $ymbols and abbreviations

Alphabetical list of terms with’ symbols and abbreviations together with the subclause where
they jare first used:
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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
rated conditional short-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 Irmterface 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.

This objective can be achieved through one of two typical processes; the user will either
select a catalogue product, the characteristics of which meet the required user needs, or

make a specific agreement with the manufacturer.

In both cases, the specification schedule according to Annex AA is intended to help the user
to provide all data necessary to specify, and to help the manufacturer to provide the actual
DBO characteristics. In some cases information declared by the DBO manufacturer may take

the place of an agreement.
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Voltage ratings

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.

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-
phast system, the rated operational voltage of single-phase circuits shall not be less thah the

nomi

al voltage divided by V3.

If different from the rated voltage of the assembly, the appropriate rated operational voltage of

the

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

circuit shall be stated.

The fated insulation voltage of a circuit of an assembly is the voltage'value to which diel¢ctric

test yoltages and creepage distances are referred.

The fated 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

single-phase circuits derived from IT systems (see IEC 60364-5-52:2009), the rated

insulption voltage shall be at least equal to the <voltage between the line conductors gf the

supppy.

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

The rated impulse withstand voltage-of the assembly shall be equal to or higher than the
valugs stated for the transient overvoltages occurring in the electrical system(s) to which the

circujt is designed to be connected.

DBOE shall comply with a-mihimum overvoltage category lIl (see IEC 60364-4-44) accofding

to Tgble G.1 of IEC 61439-1:2020.

5.3

5.3.1 Rated<current of an assembly (I,,5)

The rated current of an assembly is the lowest value of:

Current ratings

thexotal group rated current 7, of the incoming circuit(s) which is either the group rated
current of the single incoming circuit or the sum of the group rated currents of the
incoming circuits operated in parallel and simultaneously within the assembly;

the total current that the main busbar can distribute in the particular assembly
arrangement.

This current shall be carried without the temperature-rise of the individual parts exceeding the

limi

ts specified in 9.2.

NOTE 1 The group rated current of an incoming circuit can be lower than the rated current of the incoming device
(according to the respective device standard) installed in the assembly.

NOTE 2 The main busbar in this context is a single busbar or a combination of single busbars that are normally
connected in service e.g. by means of a bus-coupler.
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See Annex CC for examples of when a generator, for example a photovoltaic system, wind
turbine, battery is used as additional source(s) of supply in parallel with another source that is
connected to the DBO.

5.3.2 Rated current of a main outgoing circuit (1)

The rated current of a main outgoing circuit is the current that can be carried by the outgoing
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.

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

NOTH| 1ng represents the maximum permissible continuous load current in a fully loaded section.

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 ywhen
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
origimal manufacturer. It shall be carried without the temperature-rise of the various pafts of
the gssembly exceeding the limits specified in 9.2.

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

If 1,4 is declared, the original manufacturer shall state the specific arrangements whicl are
coveled by the group rated current in terms«<of:

e type(s), ratings and maximum number of circuits/functional units allowed to be installed in
the same assembly or section, and

e afrangement(s) of functional.units within the sections and/or assemblies.

NOTE| 2 For a functional unit with"a,given Log the specific arrangement of assembly or section of an assembfly can
also stated in terms of power Joss.

NOTE| 3 In most cases the’'same type of section provided by an original manufacturer can be equipped with a
varyinig 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
simultgneously. Therefore, the specific arrangement defined by the original manufacturer clarifies which situptions
are cdvered by a declared value of Log

The [group<rated current of the main circuits, which are continuously and simultanepusly
loadg¢d, shall be equal to or higher than the assumed loading of the outgoing circuits (equal to
the design current /g according to IEC 60364-1). The group rated current of the main cirguits,
which are continuously and simultaneously loaded, shall be equal to or higher than the
assumed loading of the outgoing circuits (equal to the design current of the circuit, /g,
according to IEC 60364-1).

The assumed loading of outgoing circuits shall be addressed by the relevant assembly
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 is obtained by a test according to 10.10.2.3.5 or 10.10.2.3.6 or 10.10.2.3.7, or by
calculation according to 10.10.4. Using method 10.10.2.3.6 or 10.10.2.3.7, Ing values are
required to calculate the RDF.
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An alternative to declaring I, for each type of main circuit is to declare I, for each type of
main circuit and the appropriate RDF.

5.3.4 Rated peak withstand current (ka)
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 fated shori-time withstand current of a main circuit of an assembly shall be equallto or
high¢r than the prospective value of the short-circuit current Iep at each point of conngectipn to
the sjupply (see also 3.8.10.3).

Diffefent values of I, for different durations (e.g. 0,2 s; 1 s; 3 s) may be(assigned fo an
assembly. Maximum duration normally does not exceed 1 s.

For AC, the value of the current is the RMS value of the AC compongnt. " For DC, the vallie of
the current is the arithmetic mean value.

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

The rated conditional short-circuit current of an assembly or a circuit of an assembly, decjared
by tHe assembly manufacturer, is the maximum short-Circuit current which that circuit ywhen
protdcted 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.

The fated conditional short-circuit current ofcan assembly or a circuit of an assembly shall be
equal to or higher than the prospective-value of the short-circuit current I, for a duration
limitgd by the operation of the short-circuit protective device that protects the circyit or
assembly. The assembly manufacturer shall declare the breaking capacity, current limitation
characteristics, 72+ and I, of (the specified short-circuit protective device, 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 each main outgoing circuit, [their
currgnt carrying capacity under conditions of simultaneous operation can be stated in terms of
the rated currents’’, . and the rated diversity factor.

continuously and simultaneously loaded in the same section of the assembly in the spgcific
arrarigement(s) as defined by the original manufacturer, taking into account the mutual
thermal influences. For further details on the specific arrangements, see 5.3.3.

The Jrated™diversity factor is the per unit value of I, ., to which outgoing circuits caE be

NOTE 1 More information on RDF is given in Annex E.

The rated diversity factor multiplied by the rated current I, of the circuits shall be equal to or
higher than the assumed loading of the outgoing circuits, where the assumed load current is
equal to the design current Iz for continuously and simultaneously loaded circuits. If the
design current Iz is not provided then the assumed loading of outgoing circuits shall be as
given in the relevant assembly standard of IEC 61439 and is subject to agreement between
user and manufacturer.

NOTE 2 The assumed loading of the outgoing circuits can be a steady continuous current or the thermal
equivalent of a varying current (see Annex ).
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In the absence of an agreement between the DBO manufacturer and user concerning the
actual load currents, the type of load, the assumed loading of the outgoing circuits of the DBO
or group of outgoing circuits can be based on the values in Table 101.

The assumed load current is the rated current of the protective device I,,, as required by the
user, multiplied with the assumed loading factor of Table 101.

NOTE 101 The rated current /, of a protective device is defined in their product standard.

5.5 Rated frequency (f,,)

The ratedfrequency of atircuitisthe vatue of frequency towhichtheoperatimg comnditiong are
referfed. Where the circuits of an assembly are designed for different values of frequency, the
rateq frequency of each circuit shall be given.

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

5.6 | Other characteristics
The following characteristics shall be declared:

a) dadditional requirements depending on the use of%a" functional unit (e.g. type of
cpordination, overload characteristics);

b) ppllution degree of the macro-environment (see 3.6.10.2);

c) types of earthing system for which the assembly.is designed;

d) indoor and/or outdoor installation (see 3.5.1 and 3.5.2);

e) slationary or movable (see 3.5.3 and 3.5.4);

f) degree of protection against contagt*with hazardous live parts, ingress of solid fofeign
bpdies and water, IP code (see 8.2\2);

g) intended for use by ordinary or‘authorized persons (see 3.7.16 and 3.7.17);

h) electromagnetic compatibility) (EMC) classification (see Annex J);

i) special service conditionsyif applicable (see 7.2);

j) ekternal design (see:3:3);

k) degree of protection against mechanical impact, IK code, if applicable (see 8.2.1);

I) type of construction — fixed or removable parts (see 8.5.1 and 8.5.2);
m) type of shiort-circuit protective device(s) (see 9.3.2);

measures for protection against electric shock;

)
o) operall dimensions (including projections e.g. handles, covers, doors), if required;
)

weight, if required.
6 Information

6.1 Assembly designation marking

The assembly manufacturer shall provide each assembly with one or more labels, marked in a
durable manner and located in a place such that they are visible and legible when the
assembly is installed and in operation. Compliance is checked according to the test of 10.2.7
and by inspection. The test of 10.2.7.1 only applies to DBOs intended for outdoor installation.

The following information regarding the assembly shall be provided on the designation
label(s):
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assembly manufacturer's name or trade mark (see 3.10.2);

type designation or identification number or any other means of identification, making it
possible to obtain relevant information from the assembly manufacturer;

means of identifying date of manufacture;

rated current of the assembly I, (see 3.8.10.7 and 5.3.1);
rated voltage of the assembly U, (see 3.8.9.1 and 5.2.1);
rated frequency of the assembly f,, (see 3.8.12 and 5.5);
IEC 61439-X (the specific part “X” shall be identified);

| F orif e PEXE

NOTE| The relevant assembly standard can specify where additional information is to be provided gn the

designation label.

6.2

6.2.

Documentation

1 Information relating to the assembly

All interface characteristics according to Clause 5, where applicablepshall be provided ip the

assembly manufacturer’s technical documentation supplied with the"assembly.

6.2.

2 Instructions for handling, installation, operation.and maintenance

The pssembly manufacturer shall provide in documents or) catalogues the conditions, iflany,
for the handling, installation, operation and maintenance of the assembly and the equipment

con

is t
man
carri¢d out by the installer for the DBO to conferm to IEC 61439-3.

be consulted when repair of an assembly ‘is required. The original or assgmbly

tciined therein. Where appropriate, instructions shall state that the assembly manufadturer
facturer shall provide in their documentation, any routine verification required be

If negessary, the instructions shall indicate the measures that are of particular importande for

the

gafe, 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
handlling of transport units. In addition, installation instructions shall provide sufficient d¢tails

for tHe installer to adequately.secure the assembly in service.

The gorrect location andtinstallation of lifting means and the thread size of lifting attachmients,
if applicable, shall becgiven in the assembly manufacturer's documentation or the instrugtions

on how the transpoft unit has to be handled.

The |measures<to be taken, if any, with regard to 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

warnmg shafttbemctuded i the operatmg mstructions, imaccordance with the fottowing:

ca
to

CAUTION

This product has been designed for environment A. Use of this product in environment B

n cause unwanted electromagnetic disturbances, in which case the user may be required
take adequate mitigation measures.

Where necessary, the above-mentioned documents shall indicate the recommended extent
and frequency of maintenance.
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If the circuitry within the assembly is not obvious, for example, there are connections from
several incoming power-supplies such as photovoltaic supplies, generators, batteries,
information detailing the circuit arrangements shall be supplied.

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

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
envinonment. Any designations used shall be in compliance with IEC 81346-1:2009l and
IEC $1346-2:2019 and identical to those used in the wiring diagrams, which shall“be in
accofdance with IEC 61082-1:2014.

For RCDs supplying more than one final circuit, it shall be possible for ordinary persops to
idenfify which outgoing circuits the RCD supplies, for example when the RCD is adjacgnt to
the qutgoing group of circuits it supplies or by providing labels for the installer to apply tp the
DBO|after installation. The identification means shall be visible without’accessing live pars.

7 $Service conditions

71 Normal service conditions
7.1.1 Climatic conditions

Assemblies conforming to this document are intended for use under the normal sefrvice
condjtions detailed in Table 15.

If coI]ponents, for example relays, electronic equipment, are used which are not designgd for
thes¢ conditions, the environment provided within the assembly shall be suitable fof the
components.

7.1.2 Pollution degree

The pollution degree referred to in Annex C is the macro-environmental condition for which
the assembly is intended:

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

For the purpoese of evaluating clearances and creepage distances, the following four degrees
of pdllutien’in the micro-environment are established.

. olfution degree 1:
No pollution or only dry, non-conductive pollution occurs. The pollution has no influence.
e Pollution degree 2:

Only non-conductive pollution occurs except that occasionally a temporary conductivity
caused by condensation is to be expected.

e Pollution degree 3:

Conductive pollution occurs, or dry, non-conductive pollution occurs which is expected to
become conductive due to condensation.

e Pollution degree 4:
Continuous conductivity occurs due to conductive dust, rain or other wet conditions.
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Pollution degree 4 is not applicable to this document for a micro-environment inside the
assembly.

A minimum pollution degree 2 applies.

The micro-environment within the assembly can be different from the macro-environment
outside the enclosure. The pollution degree for a particular type of assembly is given in the
relevant assembly standard.

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 ingtallation can have an effect on the micro-environment.

7.2 | Special service conditions

Whefe any special service conditions exist, the applicable particular requirements shgll be
complied with or special agreements shall be made between the assembly manufacturef and
the yser. The user shall inform the assembly manufacturer if such @xceptional sefrvice
condjtions exist.

Spedial service conditions include, for example:

alues of temperature, relative humidity and/or altitude differing from those specifiged in

a) v
7.1;

pplications where variations in climatic conditions are likely to result in excepfional
bndensation inside the assembly;

a
c

c) heavy pollution of the air by dust, smoke, corrosive or radioactive particles, vapours of salt;
ekposure to strong electric or magnetic fields;

ekposure to extreme climatic conditions;

attack by fungus or small creatures;

installation in locations where fire-orexplosion hazards exist;

0 «Q
= =
® =

kposure to heavy vibration, shecks, seismic occurrences;

installation in such a manner that the current-carrying capacity is affected, for example
quipment built into machihes or recessed into walls;

~

e

ekposure to conducted and radiated disturbances other than electromagnetic,| and
e]ectromagnetic disturbances in environments other than those described in 9.4;
e
e

xceptional overvoltage conditions or voltage fluctuations;
kcessive harmonics in the supply voltage or load current;
m) ekposure.to radiation (for example, X-rays, microwave, ultraviolet other than solar, lagers).

NOTE| 10¥ , The effects upon a DBO design and related ratings, instructions, etc. when used in a prosymer’s
electricahinstallation (PEI) can take account of the relevant requirements in IEC 60364-8-82. See Annex BB.

7.3 Conditions during transport, storage and installation

A special agreement shall be made between the assembly manufacturer and the user if the
conditions during transport, storage and installation, for example temperature and humidity
conditions, differ from those defined in 7.1.
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8 Constructional requirements

8.1

8.1.1

Strength of materials and parts

General

Under the responsibility of the original manufacturer, all design activities shall be carried out

or su

pervised by a competent person.

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

L n

b
o
W
W

—h

These enclosures may be constructed from various materials, e.g. insulating, metallic

comf

Asse
elect
servi

In th
whic
asse
asse

additional measures shall bg taken to avoid malfunctioning of the assembly and accele

dete
betw

Whe
mach
away
cons

c
e dpsk-type assembly (see 3.3.6);

ibicle-type assembly (see 3.3.4);
ulti-cubicle-type assembly (see 3.3.5);

Dx-type assembly (see 3.3.7);

ulti-box-type assembly (see 3.3.8);

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

bor-standing type assembly (3.3.11).

ination of these.

mblies shall be constructed of materials’\capable of withstanding the mecha
rical, thermal and environmental stresses that are likely to be encountered in spe
ce conditions.

e case of special service conditions that can be present in the physical environmg
n the assembly is to be installed (for example, dust, acids, corrosive gases, salts

mbly is subject to radiation (for example, X-rays, microwave, ultraviolet, lag

ioration of the insulation. When such measures are necessary, an agreement is req
ben the assembly manufacturer and the user.

h the assembly:is subject to undesirable effects of vibration or shock, e.g. caused

from they'source of the vibration, or the provision of anti-vibration mountings shs
dered:

or a

hical,
cified

nt in
, the

mblies shall be adequately, protected against contaminants (see Annex C). When the

ers),
rated
Lired

by a

ine and its“associated equipment, the selection of suitable equipment, or mounting it

Il be

8.1.2

Protection against corrosion

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).
Compliance with this requirement is checked by the test in 10.2.2.

8.1.3

Properties of insulating materials

8.1.3.1 Thermal stability

Enclosures 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.
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8.1.3.2 Resistance of insulating materials to heat and fire
8.1.3.21 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 msulatmg materials WhICh are suitable for the maximum
and

@ all be
justif ed based on, for example the methods of IEC 60216 (all parts), or thermal glass
identified in accordance with IEC 60085:2007.

NOTE| With recognition of the differences to other methods, insulating materials can also be“selected baged on
the re|ative thermal index (RTI), UL 746B.

NOTE| 101 This Subclause 8.1.3.2.2 also applies to covers and enclosures made of instlating materials.

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

Insulpting materials used for parts necessary to retain current carrying parts in positior] and
partg which can be exposed to thermal stresses due to internal electrical effects, of which the
deteffioration 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

Extefnal surfaces made of insulating material(s) and coated metal enclosures which are
intended to be used outdoor exposedto ultra-violet radiation shall not crack nor deteriprate
such| that it impairs the safety of the assembly. Resistance to ultra-violet radiation sh3gll be
verified according to 10.2.4.

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

expon surface(s) by synthetic*material, are subject to agreement between the user and the manufacturer.

8.1. Mechanical strength

All enclosures{or partitions, including locking means and hinges for doors, shall be|of a
mechanical.strength sufficient to withstand the stresses to which they may be subjectgd in
normal service, (see also 10.2.8) and during short-circuit conditions (see also 10.11).
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verified by test according to 10.2.8.
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8.1.6 Lifting provision

Where lifting, other than by manual means is recommended by the manufacturer, e.g. by
crane or fork lift truck, transport units shall be provided with the appropriate provision for
lifting. Compliance is verified according to 10.2.5.

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

The DBO shall comply with the following IK codes according to IEC 62262:
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— |IKO05 for a DBO for indoor use;
— |KO7 for a DBO for outdoor use.

Compliance is verified according to 10.2.6.

8.2.2

Protection against contact with live parts, ingress of solid foreign bodies and

water (IP code)

The degree of protection provided by any assembly against contact with live parts, ingress of
solid foreign bodies and water is indicated by the IP code according to IEC 60529:1989,
IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013; and verified according to 10.3.

The
the [

IP2X
in ng
prod
fuse-

NOTE|

IPXXD.

For 3

jegree of protection of a DBO shall be at least IP2XC after installation in accordance
BO manufacturer’s instructions.

C shall be maintained when operating devices e.g. switching and operating test bu
rmal use. The degree of protection can be temporarily reduced when permitted
ict standard for use by ordinary or unskilled persons e.g. IEC 60269-3 for replac
link.

101 A DBO can have more than one IP rating e.g. door open IP2XCrand-door closed IP3X or drain

numeral shall be at least 3.

NOTE|

Unle
appli

For outdoor installation, supplementary protection can be protective roofing or similar.

5s otherwise specified, the degree of protection indicated by the assembly manufad

manyfacturer's instructions, for example sealing of the open mounting surface of an ass¢g

etc.

IP ¢
verifi

Encl
high
arrar

bdes shall not be declaredby the assembly manufacturer unless the approg
cations have been made agccording to 10.3.

psed assemblies, for outdoor and indoor installation, intended for use in locations

gements (ventilation and/or internal heating, drain holes, etc.) to prevent ha

condensation within-the assembly. However, the specified degree of protection shall

sSamg

8.2.3

The

time be maintained.

Assembly with removable parts

humidity and temperatures varying within wide limits, shall be provided with su}able

with

tons
in a
ng a

holes

ssemblies for outdoor use having no supplementary protection, the second charactdristic

turer

s to the complete assembly whenm\installed in accordance with the assgmbly

mbly,

riate

with

mful

t the

degree of protection (IP) indicated for assemblies normally applies to the connefcted

posit

On (See 3.2.3) of the removable parts.

If, after the removal of a removable part, it is not possible to maintain the original degree of
protection (e.g. by closing a door), the assembly manufacturer shall make available covers or
similar to restore the original degree of protection. If these measures are not available, the IP

tests

shall be carried out without the removable part in place.

When shutters are used to provide adequate protection to live parts, they shall be secured to
prevent unintentional removal.
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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.

When incorporating equipment into the assembly, the specified clearances and creeL)age
distapces 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 cleafances and frated
insulption voltage for creepage distances).

The [clearances and creepage distances apply to line to line, lineVto neutral, and, except
wherge a conductor is connected directly to earth, line to earth and(neutral to earth.

For Ibare live conductors and terminations, 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 apd/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 declared rated impulse withstand vojtage
(Uim;) of a circuit to be achieved. The clearances shall be at least as specified in Tablg 1; if
not, B design verificatiopn\test and a routine impulse 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 circuit, the
rated insulation voltage shall not be less than the rated operational voltage (Uy).

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

Creepage distances shall correspond to a pollution degree as specified in 7.1.2 and to the
corresponding material 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.
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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).

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
obtaijned when an assembly is installed in an electrical system conforming to the{JEC 600364
series.

NOTE| For generally accepted protective measures, refer to IEC 61140:2016 and IEC 60364-4-41:2004, and
IEC 6(364-4-41:2005/AMD1:2017.

Those protective measures, which are of particular importancey for an assembly| 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 appropriate constructional measures on the
assembly itself or by additional measures™lo be taken during installation; this may refjuire
information to be given by the assembly-manufacturer.

An exkample of additional measures_to be taken is the installation of an open-type assgmbly
withqut further provisions in al-location where access is only permitted for authofized
person(s).

Whefre basic protection.s.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

destruction-orby-the-use-ofateolk

The insulation shall be made of suitable materials capable of durably withstanding the
mechanical, electrical and thermal stresses to which the insulation may be subjected in
service.

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.
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8.4.2.3 Barriers or enclosures

Bare live parts shall be inside enclosures or behind barriers. The enclosures or barriers shall
provide a degree of protection of at least IPXXC

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.

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
distapce between a conductive barrier or enclosure and the live parts they protect shall\npt 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 enclogures
(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
terlock.

b) Affter isolation of the supply to live parts, against which the barriers or enclosures gfford
bpsic protection, restoration of the supply being possible “@nly after replacement or
reclosure 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-Svand TN-C-S systems, the|mid-
ppint and neutral conductors need not be isolated or switched (see IEC 60364-5-53:2001,
536.1.2).

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.

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

o

8.4.3 Fault protection
8.4.3.1 Installation conditions

The pssembly shall include (protective measures and be suitable for installations designed to
be infaccordance with IEC‘60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017.

NOTHE| 1 Protective measure suitable for particular installations can be subject to additional or different
requirements, e.g. for,installation in ships as given in IEC 60092 series.

When a TT earthing system is being used in the electrical network, one of the follgwing
protgctive measures shall be applied in the assembly:

a) double”or reinforced insulation of all conductors (incoming cables, extension terminals,
' ' i is i ' when
a Class Il assembly is used); or

b) residual current device (RCD) protecting the incoming circuit.

NOTE 2 An equivalent to reinforced insulation can be provided by rigid connections, air and suitable mechanical
protection.

Such provisions are subject to agreement between 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 of the
supply for:


https://iecnorm.com/api/?name=705bf13bebfb0c55f6ce44d77b339747

IEC 61439-3:2024 EXV © |[EC 2024 - 49 -

a) protection against the consequences of earth faults within the class | assembly;

b) protection against the consequences of earth faults in external circuits supplied through
the class | and class Il assembly. In the case of a class Il assembly, the protective
conductor may or may not be incorporated within the assembly: it is permissible for it to
pass 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 t¢ the
protgctive conductor of the supply or via an earthing conductor to the earthing arrangemept.

Thesle interconnections may be achieved either by metal screwed \Connections, welding or
othef conductive connections, or by a separate conductor providingiearth continuity.

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

The |method to verify the earth continuity between the exposed-conductive-parts of the
assembly and the protective conductor is given in-10.5.2.

For the continuity of these connections, the following shall apply:

Vhen a part of the assembly is removed, for example for routine maintenance, the garth

a) V
cpntinuity for the remainder of the assembly shall not be interrupted.
M

eans used for assembling:the various metal parts of an assembly are considered
Lifficient for ensuring earth continuity if the precautions taken guarantee permanent good
bnductivity.

s

c

Flexible or pliable metal conduits shall not be used as protective conductors unless|they
are designed for.that purpose.
F
h

or lids, doorsy.cover plates and the like, the usual metal screwed connections and etal
jnges are«onsidered sufficient to ensure continuity provided that no electrical equipment
g attachéd)to them except equipment which is part of a PELV or SELV system.

If deyices_with a voltage exceeding the limits of PELV or SELV systems, as appropriatd, are
attached to lids, doors, or cover plates, additional measures shall be taken to ensure garth
continuity. These parts (lids, doors or covers) shall be fitted with a protective conductor (PE)
whose cross-sectional area is in accordance with Table 3 depending on the highest rated
operational current I, of the devices attached. Alternatively, if the rated operational current of
the attached devices is less than or equal to 16 A an equivalent electrical connection
specifically designed and verified for this purpose shall be provided (e.g. sliding contact,
hinges protected against corrosion).

Exposed conductive parts of a device that cannot be interconnected for earthing continuity by
the fixing means of the device shall be connected to the earthing arrangement of the
assembly by a conductor whose cross-sectional area is chosen according to Table 3.

Certain exposed-conductive-parts of an assembly that do not constitute a danger need not be
connected to the earthing arrangement, either;
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because they cannot be touched on large surfaces or grasped with the hand; or

because they are of small size (approximately 50 mm by 50 mm) or so located as to
exclude any contact with live parts.

This applies to screws, rivets and nameplates. It also applies to electromagnets of contactors
or relays, magnetic cores of transformers, certain parts of releases, or similar, irrespective of
their size.

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.

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 itycah withstand the
highgst thermal and dynamic stresses arising from earth fault currents-in external cifcuits
supplied through the assembly in its installed location. Conductive, Structural parts mgy be
used| as a protective conductor or a part of it. Additional regquirements for protdctive

conductors for class Il assemblies are given in 8.4.4 c).

Excelpt where verification of the short-circuit withstand strength is not required in accordance

with 10.11.2, verification shall be made in accordance with(10.5.3.

In principle, with the exception of the cases mentioded’below, protective conductors withjn an

assembly shall not include a disconnecting device(switch, disconnector, etc.).

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

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

- —~+

In the case of an assembly(containing structural parts, frameworks, enclosures, etc. mafe of
conducting materials, a protective conductor, if provided, need not be insulated from these
part§. Conductors to-Veltage-operated fault detection devices, including the condufctors
conngecting them to~a-separate earth electrode, shall be insulated when specified by |their

mandyfacturer. This_can also apply to the earth connection of the transformer neutral.

The pross-séctional area of protective conductors (PE, PEL, PEM, PEN) in an assembly to
which extérmal conductors are intended to be connected shall be not less than the yalue
calcylated/with the aid of the formula indicated in Annex B using the highest earth |fault
currgntuand fault duration that may occur and taking into account the limitation of the SCPDs
that protect the corresponding live conductors. The short-circuit withstand strength is verified
according to 10.5.3.

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

The minimum cross-sectional area shall be 10 mm?2 for copper or 16 mm? for aluminium.

The PEN and PEM conductor shall have a cross-sectional area not less than that required
for a neutral and mid-point conductor (see 8.6.1).

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

Structural parts shall not be used as a PEN, PEL and PEM conductor; however, mounting
rails according to IEC 60947-7-2:2009, Annex A, made of copper or aluminium may be
used.
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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.

8.4.4

a) Hor basic and fault protection, by double or reinforced insulation, the following additonal
requirements shall be met.The electrical equipment shall be enclosed in//insulating
aterial which is equivalent of double or reinforced insulation. The enclosure shall garry

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 behipd the
door of an enclosure.

NIOTE 2 The requirement of a class Il assembly can be fulfilled by means of )a “metal enclosure sepgrated
frpm hazardous live parts and protective PEL, PEM and PEN conductors by double or reinforced insulatign.

b) Tlhe enclosure shall at no point be pierced by conducting parts in such a mannern that
there is the possibility of a fault voltage being brought out’¢fthe enclosure.

is means that metal parts, such as actuator shafts that, for constructional reasons, [have
be brought through the enclosure, shall be insulated on the inside or the outside df the
ehclosure from the live parts for the maximum rated insulation voltage and the maxijmum
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),
itf shall be provided with insulation rated for’the maximum rated insulation voltage anfl the
maximum impulse withstand voltage of all circuits in the assembly.

c) If 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 and the maximum rated impulse
withstand voltage of all circuits in the assembly. The enclosure or protected space, ywhen
e class Il assembly is ready for operation and connected to the supply, shall enclose all
live parts, exposed-conductive-parts and parts belonging to a protective circuit in sych a

anner that they cannot be touched. The enclosure shall give at least the degrg¢e of

rotection IP2XE (see IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013).

Iff an externaliprotective PEL, PEM or PEN conductor is passed through the clgss Il
apsemblythe assembly should be provided with a suitably identified terminal.

—

d) Impside-the enclosure or protected space of a class Il assembly, the protective condyctor,
(PEs,REL, PEM or PEN conductor) and its terminal shall be insulated from the live parts
nd. \the exposed-conductive-parts. Exposed-conductive-parts within the assembly |shall
not be connected to the protective conductor. This applies also to built-in apparatus, even
if they have a connecting terminal for a protective conductor.

e) If doors or covers of the enclosure can be opened without the use of a key or tool, a
barrier of insulating material shall be provided that will afford protection of at least IPXXB
against unintentional contact not only with the accessible live parts, but also with the
exposed-conductive-parts that are only accessible after the door or cover has been
opened; this barrier, however, shall not be removable except with the use of a tool.

8.4.5 Limitation of steady-state touch currents and charge

If the assembly contains items of equipment that may retain charges after they have been
switched off (capacitors banks without internal basic protection, etc.), a warning label is
required.


https://iecnorm.com/api/?name=705bf13bebfb0c55f6ce44d77b339747

-52 - IEC 61439-3:2024 EXV © |[EC 2024

Small capacitors such as those used for arc extinction, for delaying the response of relays,
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.

8.4.6 Operating and servicing conditions

8.4.6.1 Devices to be operated or components to be replaced by ordinary personls

Protgction 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 replacementyof‘certain lamps or
fuseljnks, openings larger than those defined by the degree of protectiomylPXXC are allowed.

8.4.6.2 Requirements related to accessibility in service by authorized persons
8.4.6.2.1 General

Depgnding on the application and accessibility necessary dn*service, by authorized persqn(s),
one pr more of the following requirements in 8.4.6.2.2/to 8.4.6.2.4 shall be fulfilled. These
requirements shall be complementary to the basic pretection specified in 8.4.2.

If doprs or covers of the assembly can be opened by authorized persons by overriding an
interlock to obtain access to live parts, then ¢he interlock shall automatically be restorgd on
reclosing the door(s) or replacing the cover{(s).

Obstpacles can be used to prevent either:

— upintentional bodily approachto-live parts; or
— upintentional contact withJlive parts during the operation of live equipment in ngrmal
service.

Obsthcles may be remeved without using a key or tool but shall be so secured as to prgvent
unintentional removal.~The distance between a conductive obstacle and the live parts|they
protgct shall not be less than the values specified for the clearances and creepage distgnces
in 8.8.

Where a,conductive obstacle is separated from hazardous live parts by basic protection jonly,
it is gnexposed-conductive-part, and measures for fault protection shall also be applied.

8.4.6.2.2 Requirements related to accessibility for inspection and similar operations

The assembly shall be constructed in such a way that certain operations can be performed
when the assembly is in service and energized.

Such operations may consist of:

— visual inspections of;
e switching devices and other apparatus;
e settings and indicators of relays and releases;
e conductor connections and marking;

— adjusting and resetting of relays, releases and electronic devices;
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— replacement of fuse-links;
— replacement of indicating lamps;

— certain fault location operations, for example voltage and current measuring with suitably
designed and insulated devices.

8.4.6.2.3 Requirements related to accessibility for maintenance

To enable maintenance on an isolated functional unit or isolated group of functional units in
the assembly, with adjacent functional units or groups still energized, necessary measures
shall be taken. The choice depends on such factors as service conditions, frequency of
maintenance, competence of the authorized person, as well as local installation rules. Such
meagures may include the following:

Lifficient space between the actual functional unit or group and adjacent functional Junits
I groups. It is recommended that parts likely to be removed for maintenance have, gs far
5 possible, retainable fastening means;

quipment in adjacent functional units or groups;

s
o
a
— upe of barriers or obstacles designed and arranged to protect against)direct contac{ with
e
uge of terminal shields;
u

se of compartments for each functional unit or group;

insertion of additional protective means provided of, specified by the assgmbly
anufacturer.

3

8.4.6.2.4 Requirements related to accessibility for extension when energized

When it is required to enable future extension of antassembly with additional functional |units
or grpups, with the rest of the assembly still energized, the requirements specified in 8.4.5.2.3
shalll apply, subject to agreement between the assembly manufacturer and the user. These
requirements also apply for the insertion and connection of additional outgoing cables ywhen
the existing cables are energized.

The extension of busbars and connection of additional units to their incoming supply shajl not
be made when energized, unless the assembly is designed for this purpose.

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 (see 3.1.3) shall only be
conngcted or disconnected when the assembly is not energized. Removal and installatipn of
fixed|parts requires the use of a tool.

The gisconnection of a fixed part shall require the isolation of the complete assembly ol part
of it.

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

8.5.2 Removable parts

The removable parts shall be so constructed that their electrical equipment can be safely
removed from, or connected to, the main circuit even if this circuit is live. The removable parts
may be provided with an insertion interlock (see 3.2.5).

Clearances and creepage distances (see 8.3) shall be complied with during transfer from one
position to another.
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A removable part shall be fitted with a device that ensures that it can only be removed and
inserted after its main circuit has been switched off from the load.

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

8.5.3 Selection of switching devices and components

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

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

The rated insulation voltage, and rated impulse withstand voltage of therdevices installgd in
the qircuit shall be equal or higher than the corresponding value assignéd to that circyit. In
some¢ cases, overvoltage protection may be necessary (e.g. tfor equipment fulfilling
overyoltage category Il (see 3.6.11)). The switching devices and components having a ghort-
circuL:( withstand strength and/or a breaking capacity which is. insufficient to withstanﬂj the

stresises likely to occur at the place of installation, shall be protected by means of protgctive
deviges with suitable current-limiting characteristics, for (example fuses or current-limiting
circujt-breakers. When selecting current-limiting protective devices for built-in swit¢hing
deviges, 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 cgmply
with |EC 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.

When a switch-disconnector, circuit-breaker without overcurrent protection or an isolating
switgh is incorporated in the ;DBO, it shall conform to IEC 60947-3, IEC 609472 or
IEC $0669-2-4 as appropriate;to the DBO ratings.

Outgping circuits shall\;contain protective devices, intended to be operated by ordinary
persons, for example eonforming to IEC 60898-1, the IEC 61008 series, the IEC 61009 sgries,
IEC $2423, IEC 62606 and IEC 60269-3.

An ipcoming._protective device incorporated within the DBO not conforming to a pr¢duct
standard -intended to be operated by ordinary persons, shall require a key or tool fgr re-
closipg/after tripping and for the replacement of a fuse-link. Alternatively, a label shgll be
locatedvin the vicinity of the incoming protective device stating that re-closing of the tripped
device and the replacement of a fuse-link shall only be carried out by an instructed or skilled
person.

Circuit-breakers shall be designed or installed in a way that it shall not be possible to modify
their settings or calibration without a deliberate act involving the use of a key or tool.

NOTE 101 These requirements reflect that protective device product standards for ordinary people are limited to a
maximum rated current of 125 A. Household premises can require electrical supplies greater than 125 A and the
use of DBOs therefore, these particular installations are within the scope of IEC 61439-3.

8.5.4 Installation of switching devices and components

Switching devices and components shall be installed and wired in the assembly in accordance
with instructions provided by their manufacturers and in such a manner that their proper
functioning is not impaired by interaction, such as heat, switching emissions, vibrations,


https://iecnorm.com/api/?name=705bf13bebfb0c55f6ce44d77b339747

IEC 61439-3:2024 EXV © |[EC 2024 - 55 -

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
processing circuits.

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

8.5.5 Accessibility

Adjusting and resetting devices, that have to be operated inside the assembly, shall be easily
accessible.

Func]!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,
wiring, maintenance and replacement.

Assuming the base of the assembly and the normal standing area for operational pers¢nnel
are 3t the same level, the following accessibility requirements associated with floor-stapding
assemblies shall apply.

— The terminals, excluding terminals for protective conductarsioshall 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 radiirespected.

ndicating instruments that need to be read by the operator shall be located within a gone
between 0,2 m and 2,2 m above the base of the agsémbly.
h

— (perating devices such as handles, push buttofis, or similar shall be located at sych a
eight that they can easily be operated; this tneans that their centreline shall be logated
within a zone between 0,2 m and 2 m aboye‘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.
a

— Actuators for emergency switching devices (see 536.4.2 of IEC 60364-5-53:2001) shall be
ccessible 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.

To minimize dangerwhen replacing fuse-links, interphase barriers shall be applied, unlesf the
design and locatien of the fuses makes this unnecessary.

8.5.7 Direction of operation and indication of switching positions

The pperational positions of components and devices shall be clearly identified. Operafional
posit iti - =1 5 ipped
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

Unless otherwise specified in the relevant product standard, the colours of indicator lights and
push-buttons shall be in accordance with [IEC 60073:2002.

8.5.9 Power factor correction banks

For power factor correction banks incorporated in assemblies, the requirements of
IEC 61921:2017 shall be met.


https://iecnorm.com/api/?name=705bf13bebfb0c55f6ce44d77b339747

- 56 - IEC 61439-3:2024 EXV © |[EC 2024

NOTE IEC 61439 standard is the principal reference for the verification required by IEC 61921:2017.
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
short-circuit is not to be expected. They shall be rated at least in accordance with the
requirements concerning the short-circuit withstand strength (see 9.3) and designed to
withstand at least the short-circuit stresses limited by the protective device(s) on the supply
side of the busbars.

Eachl of the conductors between the incoming unit and outgoing unit as well_ag the
components included in these units can be rated on the basis of the reduced sheort-ciircuit
stresjses occurring on the load side of the respective outgoing short-circuit protective dgvice,
provided that these conductors are arranged so that an internal short-circuit, between live
partd and between live parts and earth is not to be expected as required by 8.6,4 and Taple 4
of IEC 61439-1:2020.

The minimum cross-sectional area of the neutral conductor within aythree-phase and ngutral
circujt shall be:

— fgr circuits with a line conductor cross-sectional area up to.and including 16 mm2, 1p0 %
of that of the corresponding lines;

— for circuits with a line conductor cross-sectional area@bove 16 mm2, 50 % of that df the
prresponding lines with a minimum of 16 mm?2.

O

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;

b) cpnductor is made of the same matetial as the line conductors. Where this is not the ¢ase,
he neutral conductor shall have® at least the same conductance or current carfrying
Bpacity as that provided when'the neutral conductor is of the same material as thg line
bnductors.

O 0O =

For ¢ertain applications, which lead to high values of zero sequence harmonics (e.qg.[third
ordef harmonics), higher\cross-sections of the neutral conductor may be required as these
harmonics of the lingsyare added in the neutral conductor and lead to high current load at
higher frequencies.(This is subject to special agreement between the assembly manufaqturer
and the user.

The PEL, PEM and PEN conductors shall be dimensioned as specified in 8.4.3.2.3.

8.6.2 Auxiliary circuits

The design of the auxiliary circuits shall take into account the auxiliary circuit(s) earthing and
ensure that an earth fault shall not cause unintentional dangerous operation.

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

NOTE Further information on the requirements for auxiliary circuits is given in IEC 60364-5-55:2011, |IEC 60364-
5-55:2011/AMD1:2012 and IEC 60364-5-55:2011/AMD2:2016, 557.3.4.
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8.6.3 Bare and insulated conductors

The connections of current-carrying parts shall not suffer undue alteration as a result of
normal temperature-rise, ageing of the insulating materials and vibrations occurring in normal
operation. The effects of thermal expansion, electrolytic action in the case of dissimilar metals,
and the ageing due to the temperatures attained shall be taken into consideration.

Connections to devices mounted on doors or to other movable parts shall be made using
flexible conductors, e.g. Class 5 or Class 6 according to |IEC 60228:2004, to allow the
movement of the part. The conductors shall be anchored to the fixed part and to the movable
part independent of the electrical connection terminals.

Connections between current-carrying parts shall be established by means that.-ensdre a
suffigient and durable contact pressure.

If the verification of temperature-rise is carried out on the basis of tests (see“10.10.2), the
selegtion of conductors and their cross-sections used inside the assgmbly shall bg the
responsibility of the original manufacturer. If verification of temperature-rise’ is made follqwing
the pssessment rules of 10.10.4, the conductors shall have a, ‘minimum cross-section
accofding to IEC 60364-5-52:2009. Examples on how to use this. document for conditions
inside an assembly are given in Tables H.1 and H.2. In addition to the current-carrying
capaity of the conductors, the selection is governed by:

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

—

he method used to lay and secure the conductors;

—

he type of insulation;

—

he type of components being connected (e.g:*switchgear and controlgear in accordance
ith IEC 60947 series; electronic devices or, equipment).

s

In th¢ case of insulated solid or flexible conductors, the following criteria apply:
hey shall be rated for at least.fhe rated insulation voltage (see 5.2.3) of the djrcuit
pbncerned.

T
c

Jonductors connecting two términation points shall have no intermediate joint, e.g. sgliced
of soldered.
g
b
g

onductors with only_basic insulation shall be prevented from coming into contact| with
are live parts at different potentials.

ontact of condlciors with sharp edges shall be prevented.

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

- oldered connections to apparatus shall be permitted in assemblies only in cases Where
provision is made for this type of connection on the apparatus and the specified type of
conductor is used.

— For apparatus other than those mentioned above, soldering cable lugs or soldered ends of
stranded conductors are not acceptable under conditions of heavy vibration. In locations
where, heavy vibrations exist during normal operation, for example in the case of dredger
and crane operation, operation on board ships, lifting equipment and locomotives,
attention should be given to the support of conductors.

— Generally, only one conductor should be connected to a terminal clamping unit; the
connection of two or more conductors to one terminal clamping unit is permissible only in
those cases where the terminal clamping units are designed for this purpose.

— Conductors of different circuits may be laid side by side, may occupy the same duct (for
example conduit, trunking system), or may be in the same multiconductor cable if the
arrangement does not impair the proper functioning of the respective circuits. Where those
circuits operate at different voltages, the conductors shall be separated by suitable
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barriers. Alternatively, all conductors within the same duct or any conductors in multicore
cables shall be insulated for the highest voltage to which any conductor within the same
duct can be subjected, for example line to line voltage for unearthed systems and line to
earth voltage for earthed systems.

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

Live conductors in an assembly that are not protected by short-circuit protective devices
(see 8.6.1 and 8.6.2) shall be selected and installed throughout the entire assembly in
accordance with Table 4. Non- protected live conductors selected and installed as in Table 4
shall ctive
SCPD or, in the case of a smgle section assembly, between the load termlnals of the
incorhing device and the supply terminals of each outgoing SCPD.

8.6.5 Identification of the conductors of main and auxiliary circuits

Except for the cases mentioned in 8.6.6, the method and the extentnof"identificatign of
conductors, for example by arrangement, colours or symbols, on the tesmihals to which|they
are ¢onnected or on the end(s) of the conductors themselves, is the“responsibility of the
assembly manufacturer and shall be in agreement with the indications on the wiring diagrams
and drawings. Where appropriate, identification according to IEC 80445:2017 shall be applied.

8.6.6 Identification of the protective conductor (PE, REL; 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 location
and/e¢r marking or colour. If identification by .coleur or marking is used it shall Qe in
accofdance with IEC 60445:2017. When the protective conductor is an insulated singlefcore
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 distinguishable by
locatjon and/or marking or colour (see\\leC 60445:2017 where blue is required).

8.6.7 Conductors in AC circuits passing through ferromagnetic enclosures or plgtes

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

— b arranged such.that the conductors are only collectively surrounded by ferromagnetic
material, e.g. pass through the same hole; or
— afrangemenfs:where conductors pass through separate holes shall have been verifigd by
temperatlre-rise test(s).

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

8.7 Cooling

If special precautions are required at the place of installation to ensure proper cooling, the
assembly manufacturer shall furnish the necessary information (for instance indication of the
need for spacing with respect to parts that are liable to impede the dissipation of heat or
produce heat themselves).

8.8 Terminals for external cables

Based on information from the original manufacturer, the assembly manufacturer shall
indicate whether the terminals are suitable for connection of copper or aluminium conductors,
or both. The terminals shall be such that the external conductors may be connected by a
means (screws, connectors, etc.) that ensures that the necessary contact pressure
corresponding to the current rating and the short-circuit strength of the apparatus and the
circuit is maintained.
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In the absence of a specific information that larger cables are to be used, which require larger
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 circuit
protective device I, (see Annex A). For adjustable protective devices, the rated current is the
current setting selected.

Where aluminium conductors are to be terminated, the type, size and termination method of
the conductors shall be as agreed between the assembly manufacturer and the user.

In the case where external conductors for electronic circuits with low-level currents and
voltages (less than 1 A and less than 50 V AC or 120 V DC) have to be connected to an
assembly, Table A.1 does not apply.

The pvailable wiring space shall permit proper connection of the external conducters gf the
indichted material and, in the case of multicore cables, spreading of the cores.

The gonductors shall not be subjected to stresses which are likely to redUce their normal life
expeptancy. 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 ngutral
conductor shall allow the connection of copper conductors having-asminimum cross-secfional
area

qual to half the cross-sectional area of the line conducter; with a minimum of 16 mm?2, if
Re size of the line conductor exceeds 16 mm?2;

|
= @

|
0]

qual to the full cross-sectional area of the line eonductor, if the size of the latter is| less
Ran or equal to 16 mm2.

—

For ¢onductors, other than copper conductors,*the above cross-sections should be replaced
by cross-sections of equivalent conductance, Which may require larger terminals.

For ¢ertain applications, which lead toshigh values of zero sequence harmonics (e.g.[third
ordef 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 manufaqturer
and the user.

If copnecting facilities fofiincoming and outgoing neutral, mid-point, protective, PEL, PEM and
PEN| conductors are(provided, they shall be arranged near the associated line condpctor
terminals.

NOTH IEC 6020412016 requires a minimum cross-section of the conductor and does not allow the connection of
PEN ipto the electrical equipment of the machinery.

Openings.in cable entries, cover plates, etc. shall be so designed that, when the cables are
propéefrlyvinstalled, the stated protective measures against contact and degree of protection
shall be obtained. This implies the selection of means of entry suitable for the application as
stated by the assembly manufacturer.

The terminals for external protective conductors shall be marked according to
IEC 60445:2017. As an example, see graphical symbol @ IEC 60417-5019:2006-08-25. This
symbol is not required where the external protective conductor is intended to be connected to
an internal protective conductor that is clearly identified with the colours green and yellow.

The terminals for external protective conductors (PE, PEL, PEM, PEN) and metal sheathing of
connecting cables (steel conduit, lead sheath, etc.) shall, where required, be bare and, unless
otherwise specified, suitable for the connection of copper conductors. A separate terminal of
adequate size shall be provided for the outgoing protective conductor(s) of each circuit.
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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 conductors
having a cross-section depending on the cross-section of the corresponding line conductors
according to Table 5. Terminals for PEN conductors shall be the same as for neutral
conductors.

In the case of enclosures and conductors of aluminium or aluminium alloys, particular
consideration shall be given to the danger of electrolytic corrosion. The connecting means to
ensure the continuity of the conductive parts with external protective conductors shall have no
other function.

Spedial precautions can be necessary with metal parts of the assembly, particularly d;land
platefs, where abrasion-resistant finishes, for example powder coatings, are used.

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

When a device or component in an outgoing circuit does not incorporaté’a‘neutral terrIinaI,
the number of neutral terminals of a DBO shall be not less than oneloutgoing terminal for
each| outgoing circuit requiring a neutral terminal. These terminals’ shall be locatgd or
identified in the same sequence as their respective line conductorterminals.

The [maximum number of neutral conductors that are permitted to be connected to feach
devige or component neutral terminal, shall be as stated in the manufacturer’s instructions.

DBOp shall have a minimum of two terminals for_glectrical installation protective bompding
conductors.

9 Performance requirements

9.1 Dielectric properties
9.1.1 General
Each circuit of the assembly shall be capable of withstanding:

— témporary overvoltages;

—

ansient overvoltages.

The ability to withstand temporary overvoltages, and the integrity of solid insulation, is verified
by thle power-frequency withstand voltage and the ability to withstand transient overvoltadges is
verified by thie impulse withstand voltage.

In the case of variable frequency drives or converters, reflected voltage waves, recurring [peak

Vo|tagoe and 'Frnqnnnr-y cah-treguire epar\lgl attention

NOTE IEC 60664-1:2020 contains the requirements for supplementary and reinforced insulation (Class Il).
9.1.2 Power-frequency withstand voltage

The circuits of the assembly shall be capable of withstanding the appropriate power-frequency
withstand voltages given in Table 8 and Table 9 (see 10.9.2). The rated insulation voltage of
any circuit of the assembly shall be equal to or higher than its maximum rated operational
voltage.

Enclosures and external operating handles manufactured from or covered with insulating
materials shall be capable of withstanding the power frequency dielectric tests as given in
10.9.4 and 10.9.5.
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Conductors covered with insulating material to provide protection against electric shock shall
be capable of withstanding the power frequency dielectric test as given in 10.9.6. This test is
not required for insulated conductors which are verified to be suitably insulated according to
their product standard (e.g. cables).

9.1.3 Impulse withstand voltage
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

th atocl l H Y s <l Iy
e r CU TTpuio T willtoldIlTu vuUIrtayvT.

The fated 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.

9.1.3.2 Impulse withstand voltages of auxiliary circuits

a) Auxiliary circuits that are connected to the main circuit .and operate at the fated
perational 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
ithstand capacity different from that of the main circuit! The clearances of such circliits —

C or DC - shall be capable of withstanding the appropriate impulse withstand voltage in
apcordance with Annex G.

9.1. 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 conditiops as
speclfied by the SPD manufacturer.

The |nstallation of the SPD needs“to respect the instructions of the SPD manufacturef, for
exanjple, the total length of conductors between the terminals of the SPD to the line and garth,
as anFLpIicabIe.

9.2 | Temperature-rise limits
9.2.1 General

The |assemblyyand its circuits shall be able to carry their rated currents under spetified
condjtions<(see 5.3.1, 5.3.2, 5.3.3 and 5.4), taking into 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 appl|y for
a daily average ambient air temperature of 35 "C.

The temperature-rise of an element or part is the difference between the temperature of this
element or part measured in accordance with 10.10.2.3.3 and the ambient air temperature
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 sum of
the ambient air temperature and the individual temperature-rise limit remains the same. If 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 assembly
manufacturer.

In some cases, for example, manual operating means, accessible external covers and
enclosures, higher temperatures are permitted, but not higher than maximum limits from
Table 6. See Table 6, footnote h.
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The temperature-rise shall not cause damage to current-carrying parts or adjacent parts of the
assembly. In particular, for insulating materials, the original manufacturer shall demonstrate
compliance either by reference to the temperature index, for example, by the methods 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

madg;themthe Tatedcurrents of the devices pubtisted-by the device manufacturers—siajl not

be exceeded.

If a temperature-rise test has been previously carried out applying the temperature-rise |imits
for a|daily average ambient air temperature of 35 °C, then, up to a daily average ambiept air
temperature of 50 °C, the rated currents verified by test can be adjusted.'by calculatign 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 ahd dynamic stresses resulting|from
short-circuit currents not exceeding the rated values.

NOTE|/ 1 The short-circuit stresses can be reduced by the useef current-limiting devices, e.g. inductance, cyrrent-
limiting fuses or other current-limiting switching devices.

NOTE| 2 When a short-circuit results from the operationyof arc quenching device (AQD) according to IEC 60947-9-
1 or apy other intentional short-circuiting device, thisyrésults in the maximum stress on the circuits concerned

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

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

Unlegs otherwise\'specified in the assembly manufacturer’s operating and maintenfance
instrlictions, ,asseémblies that have been subjected to a short-circuit may not be suitable for
future service-without inspection and/or maintenance by skilled person(s).

9.3.2 Information concerning short-circuit withstand strength

For assemblies with a SCPD incorporated in the incoming unit, the assembly manufacturer
shall declare the maximum allowable value of the prospective short-circuit current at the input
terminals of the assembly. This value shall not exceed the appropriate rating(s) (see 5.3.4,
5.3.5, and 5.3.6). The corresponding power factor and peak values shall be those shown in
9.3.3.

If a circuit-breaker with a time-delay release is used as the short-circuit protective device, the
assembly manufacturer shall state the maximum time-delay and the current setting
corresponding to the indicated prospective short-circuit current.

For assemblies where the short-circuit protective device is not incorporated in the incoming
unit, the assembly manufacturer shall indicate the short-circuit withstand strength in one or
both of the following ways:
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a) rated short-time withstand current (/) together with the associated duration (see 5.3.5)
and rated peak withstand current (ka) (see 5.3.4);

b) rated conditional short-circuit current (I..) 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 I?s = constant, provided that the peak value
does not exceed the rated peak withstand current.

For an assembly having several incoming units which are unlikely to be in operation
simultaneously, the short-circuit withstand strength can be indicated for each of the incoming
units|in accordance with the above.

For jJan assembly having several incoming units which are likely to be .in“0Opergation
simujtaneously, and for an assembly having one incoming unit and one or More outgoing
highqpower units likely to contribute to the short-circuit current, it is necessary to deteqmine
the Jalues of the prospective short-circuit current, considering all operatinig“modes, in [each
incoring unit, in each outgoing unit and in the busbars. The prospectiveyshort-circuit curfents
detefmined shall be based on data provided by the user.

9.3.3 Relationship between peak current and short-time current

For determining the electrodynamic stresses, the value of¢peak current shall be obtaingd by
multiplying the RMS value for AC applications and mean)value for DC applications of the
short-circuit current by the factor n. The values for the’factor » and the corresponding d:?wer
factof for AC applications are given in Table 7. The,peak factor for DC applications is subject
to agreement between the manufacturer and the user.

NOTHE| For DC applications, if the user has not stated a(peak current value, the value of n = 1,42 is typically ised.
9.3.4 Coordination of protective devices

The goordination of protective devices‘within the assembly with those to be used externally to
the gssembly shall be the subjectxof an agreement between the assembly manufacturef and
the Jser. Information given in the-assembly manufacturer's catalogue may take the plage of
such|an agreement.

If thg operating conditiens require maximum continuity of supply, the settings or selectipn of
the short-circuit protective devices within the assembly should, where possible, bp so
coorTinated 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.

Where short-circuit protective devices are connected in series and are intended to opgrate
simultaneously to reach the required short-circuit switching capability (i.e. bag¢k-up
prot ction), the assemDbbly Mmanuracturer shall Inform the user (e.g. DYy a warning label | the
assembly or in the operating instructions, see 6.2) that none of the protective devices are
allowed to be replaced by another device which is not of identical type and rating, unless the
device is tested and approved in combination with the back-up device since the switching
capability of the whole combination can otherwise be compromised.

Further guidance is given in IEC TR 61912-1:2007 and IEC TR 61912-2:2009. See also 8.5.3.

9.4 Electromagnetic compatibility (EMC)

For EMC-related performance requirements, see J.9.4.
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10 Design verification

10.1 General

Under the responsibility of the original manufacturer, all design verifications shall be carried
out or supervised by a competent person.

Design verification is intended to verify compliance of the design of an assembly or assembly
system with the requirements of the IEC 61439 series.

Whefe tests on the assembly have been conducted in accordance with the IEC 60439 skries
(withdrawn) or previous editions of the IEC 61439 series, and the test results” fulfi] the
requirements of the current edition of the relevant part of IEC 61439 series, the lverificatipn of
thesg¢ requirements need not be repeated.

Repgtition of verifications in the product standards of switching devices or compoments
inclufding conductors incorporated in the assembly, which have beenxselected in accordance
with |8.5.3 and installed in accordance with the instructions of-~their manufacturer ig not
required. Tests on individual devices and components including"conductors to their respgctive
product standards are not an alternative to the design verifications in this document for the
assembly.

If mqdifications are made to a verified assembly, Clause 10 shall be used to check if fhese
modIications affect the performance of the assembly. New verifications shall be carried put if
an aglverse effect is likely.

The Yyarious methods include:

verification testing;

verification comparison with a reference design(s);

— vgrification assessment, i.exlconfirmation 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 equivglent
and the selection of‘the appropriate method is the responsibility of the original manufactufer.

The tests shall be performed on a representative sample of an assembly in a clean and| new
condjtion’

The performance of the assembly may be aifecied by the veriication iesis (e.g. shori-circuit
test). These tests should not be performed on an assembly that is intended to be placed in
service.

An assembly which is verified in accordance with this document by an original manufacturer
(see 3.10.1) and manufactured or assembled by another does not require the original design
verifications to be repeated if all the requirements and instructions specified and provided by
the original manufacturer are met in full. Where the assembly manufacturer incorporates their
own arrangements not included in the original manufacturer’s verification, the assembly
manufacturer is deemed to be the original manufacturer in respect of these arrangements and
is responsible for verification of these alternate arrangements.
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Design verification shall comprise the following.

a) Construction:

10.2 Strength of materials and parts;
10.3 Degree of protection of assemblies (IP Code);
10.4 Clearances and creepage distances;
10.5 Protection against electric shock and integrity of protective circuits;
10.6 Incorporation of switching devices and components;
10.7 Internal electrical circuits and connections;
10.8 Terminals for external conductors.
b) Performance:
10.9 Dielectric properties;
10.10 Temperature-rise;
10.11 Short-circuit withstand strength;
1p.12 Electromagnetic compatibility.

The reference designs, the number of assemblies or parts thereof used for verification, the
selegtion of the verification method when applicable, and the_ order in which the verification is
carried out shall be at the discretion of the original manufactiurer.

The |data used, calculations made, and comparisons undertaken for the verificatign of
assemblies shall be recorded in verification reports.

10.2| Strength of materials and parts
10.2]1 General

The mechanical, electrical and thermal€apability of constructional materials and parts df the
assembly shall be deemed to beproven by verification of construction and performjance
characteristics.

Whefe an empty enclosure {in)accordance with IEC 62208:2011 is used, and it has not peen
modified so as to degrade .the performance of the enclosure, no repetition of the enclgsure
testing to 10.2 is required.

10.2)2 Resistance to corrosion
10.2J2.1 Verification by test

The |resistance to corrosion of representative samples of ferrous metallic enclospres,
incluging’internal and external ferrous metallic constructional parts of the assembly, shall be
verified.

The test shall be carried out on:

— an enclosure or representative sample enclosure with representative internal parts in
place and door(s) closed as in normal use, or

— representative enclosure parts and internal parts separately.

In all cases, hinges, locks and fastenings shall also be tested unless they have previously

been subjected to an equivalent test and their resistance to corrosion has not been
compromised by their application.

Where the enclosure is subjected to the test, it shall be mounted as in normal use according
to the original manufacturer's instructions.
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The test specimens shall be new and in a clean condition and shall be subjected to severity
test A or B, as detailed in 10.2.2.2 and 10.2.2.3.

NOTE

The salt mist test provides an atmosphere that accelerates corrosion and does not imply that the assembly

is suitable for a salt-laden atmosphere.

10.2.

2.2 Severity test A

This test is applicable to:

— ferrous metallic indoor enclosures;

- €

f

ternal ferrous metallic parts of indoor and outdoor assemblies upon which inteLded

mechanical operation may depend.
The {est 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,
folloywed by,
two gycles of 24 h each to salt mist test according to IEC 60068-2-11:1981 (Test Ka: Salf mist)
at a femperature of (35 + 2) °C.
The following is an alternative test.
All grease is removed from the parts or representative samples of the steel enclosures df the
DBO|to be tested, by immersion in a cold chemical degreaser such as methyl chlorofoim or

refin
amm

With

containing air saturated with-moisture at a temperature of (20 + 5) °C.

After
have
oxidi

Trac

For
of gr|

bd petrol for 10 min. The parts .are' then immersed for 10 min in a 10 % solutign of
onium chloride in water at a temperature of (20 + 5) °C.

put drying but after shaking-off any drops, the parts are placed for 10 min in g box

the parts have driedfor 10 min in a heating cabinet at a temperature of (100 £ 5) °G and
been left at room temperature for 24 h, their surfaces shall show no signs of] iron

vation.

s of ironoxide on sharp edges and any yellowish film removable by rubbing are igngred.
mall-helical springs and the like, and for inaccessible parts exposed to abrasion, a Jayer
3 n _provi fficient protection inst iron oxidization. h parts ar jected

to the test only if there is doubt about the effectiveness of the grease film, and the test is then
made without previous removal of the grease.

10.2.

This

2.3 Severity test B

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:
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five 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:

seven 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.

10.2.2.4 Results to be obtained

After[the test, the enclosure or samples shall be washed in running tap water for 5 min, rinsed
in distilled or demineralized water, then shaken or subjected to an air blast to remove Water
droplets. The specimen under test shall then be stored under normal service conditions for
2 h.

The first paragraph of 10.2.2.4 of IEC 61439-1:2020 does not apply to theyalternative tgst of
this document.

Compliance is checked by visual inspection to determine that:

|
—

here is no evidence of cracking or other deterioration other,than iron oxide as allowgd by
$0 4628-3:2016 for a degree of rusting Ri1 (considering the sample as a whole).
However, surface deterioration of the protective coating is allowed. In case of doubt
psociated with paints and varnishes, reference~shall be made to ISO 4628-3:2016 to
erify that the samples conform to the specimenRiY;

< QO

— the mechanical integrity is not impaired;

— spals are not damaged,;

(o}

bors, hinges, locks, and fastenings work without abnormal effort.

10.2J2.5 Verification by comparisonto reference design

Similar enclosures, enclosure parts and internal ferrous metallic parts, irrespective of|their
shape and size, are covered. by the corrosion test on the representative samples if they are
manufactured from the samé materials and with the same surface treatments, using the same
manyfacturing process.

10.2]3 Propertiesof-insulating materials
10.2)3.1 Thermal stability
10.2)3.1.1  Verification of thermal stability of enclosures by test

The thermal stability of enclosures manufactured from insulating material shall be verifigd by

th k. 4 + Tk + 4 ball b o= | $ ~H 4 IEC onneo 25 9.00N7 (T + D t
e ry o at oot TITo eSS T STTaimT oo oarT o U oU T ac LU Ty U T O VU0 VU272 ZUUT ([ TCotU U ] a

a temperature of 70 °C, with natural air circulation, for a duration of 168 h and with a recovery
of 96 h.

Parts intended for decorative purposes that have no technical significance shall not be
considered for the purpose of this test.

The enclosure, mounted as in normal use, is subjected to a test in a heating cabinet with an
atmosphere having the composition and pressure of the ambient air and ventilated by natural
circulation. If the dimensions of the enclosure are too large for the available heating cabinet,
the test may be carried out on a representative sample of the enclosure.

The use of an electrically heated cabinet is recommended.
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Natural circulation may be provided by holes in the walls of the cabinet.

The enclosure or sample shall show no crack visible to normal or corrected vision without
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 of a balance and the other pan is loaded with a mass equal to the mass of the sample plus 500 g. Equilibrium
is then restored by pressing the sample with the forefinger wrapped in a dry piece of rough cloth.

No tfraces of the cloth shall remain on the sample, and the material of the enclosure~ofr 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, sane or
greafer thickness of the walls and same general construction, but with), for example, pther
dimepsions, are covered by the test on the representative samples.

10.2/3.2 Verification of resistance of insulating materials to)abnormal heat and fir
due to internal electric effects

W

10.2)3.2.1  Verification by test

The plow-wire test principles of IEC 60695-2-10:2043"and the details given in IEC 60695-2-
11:2014 shall be used to verify the suitability of thexmaterials used:

a) on parts of assemblies, or

0
b) oh 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)

For g4 description of the test,se€ Clause 8 of IEC 60695-2-11:2014. The apparatus to be [used
shalllbe as described in Clause 5 of IEC 60695-2-11:2014.

The {emperature of the tip of the glow-wire shall be as follows:
50 °C for parts hecessary to retain current-carrying parts in position;
60 °€ for all other parts, including parts necessary to retain the protective conductgr and

hclosure parts intended to be embedded in and mounted on walls which are combugtion-
résistant

9

— 8p0 °C faorenclosures to be installed in hollow walls;
6
e

NOTE 1 Tolerances for temperatures of the tip are included in IEC 60695-2-11:2014.

NOTE 2 Parts of the assembly made from insulating material are considered to be end products and are to be
tested in accordance with IEC 60695-2-11:2014.

NOTE 101 850 °C does not apply to accessible parts of the enclosure after mounting in hollow walls e.g.
covers, doors.

For small parts having surface dimensions not exceeding 14 mm x 14 mm, an alternative test
may be used (e.g. needle flame test, according to IEC 60695-11-5:2016). The same
procedure may be applicable for other practical reasons where the metal material of a part is
large compared to the insulating material.
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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 than the
reference part that has already satisfied the requirements of 8.1.3.2.3, then the test need not
be performed. It is the same for all parts which have been previously tested according to their
own specifications.

10.2.3.2.3  Verification by assessment

As an alternative, the original manufacturer shall provide data on the suitability of materials
from the insulating material manufacturer to demonstrate compliance with IEC 60695-2-12 for
the e PP PPN B g HPY N D g - o g o Hp a A

10.2J4 Resistance to ultraviolet (UV) radiation
10.2}4.1 Verification by test

This [test applies only to enclosures and external parts of assemblies intended to be inslilalled
outdpors and which are constructed of insulating materials or enclosures that are entirely
coatg¢d by synthetic material. 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:

x test specimens of standard size according $o ISO 178:2010; and

S
— s|x test specimens of standard size according to 1SO 179-1:2010, 1SO 179-2:1997 and
I$0O 179-2:1997/AMD:2011,

shalllbe prepared.

The |test specimens shall be made under the same conditions as those used fof the
manyfacture of the enclosure beihg considered.

Test|sequence:

V test on all twelvessamples according to ISO 4892-2:2013, Method A, Cycle 1 providing
total test periad ,0f 500 h.

U

a

Verification of.the flexural strength in accordance with ISO 178 (method A) with six of the
shmples. Ahe surface of the sample exposed to UV radiation shall be turned face dowh
ahd the pressure applied to the non-exposed surface.

V

n

erification of the Charpy impact in accordance with ISO 179 on the other six sample$. No
ptches shall be cut into the sample and the impact shall be applied to the exposed
surface.

Results to be obtained:

i) Samples shall not show cracks or deterioration visible to normal or corrected vision
without additional magnification.

i) The flexural strength according to ISO 178 shall have 70 % minimum retention.

iii) The Charpy impact according to I1SO 179 shall have 70 % minimum retention. For
materials whose impact bending strength cannot be determined prior to exposure
because no rupture has occurred, not more than three of the exposed test specimens
shall be allowed to break.
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10.2.4.1.2 Verification for enclosures and external parts of assemblies coated on
their exposed surface(s) by synthetic material

Test sample: Three representative samples of suitable size shall be tested. The test
specimens shall be made under the same conditions as those used for the manufacture of the
enclosure being considered.

Test sequence:

a) UV test on all three samples according to ISO 4892-2:2013, Method A, Cycle 1 providing a
total test period of 500 h.

b) \erification of the retention of the coating according to ISO 2409.

ResJlts to be obtained:

The [adherence of the synthetic material shall have a minimum retention“of categq
according to ISO 2409.

ﬁ
<
w

10.2/4.2 Verification by comparison to a reference design

Enclpsures and external parts made of the same insulating materials, irrespective of [their
shapge and size, are covered by the test on the representative samples.

10.2/4.3 Verification by assessment

As an alternative, the original manufacturer shall provide data on the suitability of materials of
the dame type and thickness or thinner from thesinsulating material supplier to demongdtrate
compliance with the requirements of 8.1.4.

10.2)5 Lifting
10.2)5.1 Verification by test

If the original manufacturer makes provision for lifting other than by manual megans,
compliance is verified with the following tests.

The maximum number of sections allowed by the original manufacturer to be lifted togpther
shall| be equipped with..components and/or weights to achieve a weight of 1,25 timgs 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.

Fronm a standstill position, the transport unit shall be raised smoothly without jerking|in a
verti¢al planeto 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
clearn of‘the floor for 30 min without any movement. r

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 21 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 could impair any of its characteristics.

10.2.5.2 Verification by comparison to a reference design

Enclosures 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.
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10.2.6 Verification of protection against mechanical impact (IK code)

Verification of the degree of protection against mechanical impacts shall be carried out in

acco

rdance with IEC 62262.

The test shall be carried out by means of a hammer test apparatus as described in
IEC 60068-2-75, for example an impact spring hammer at an ambient air temperature
between 10 °C and 40 °C immediately after the DBO has been kept for 2 h at a temperature
of =5 °C + 1 K for indoor use and -25 °C £ 1 K for outdoor use. A test at -25 °C for outdoor
use also validates the -5 °C for indoor use, so only one test at =25 °C is required.

Com

pbliance is checked on those exposed parts of the DBO which can be subjectg

mechanical impact when mounted as in normal use.

The

against a rigid support.

Thre
provi
In nd

e blows shall be applied on separate places of each of the accessible faces and dg
ded). The impacts shall be evenly distributed on the faces of the.enclosure(s) under

enclgsure. A new sample for each accessible face is used, unless’ the previous test ha
influgnced the results of the subsequent test(s), then the sample may be reused. The K

shall
othe

not be applied to knock-outs, built-in components complying with other standard
fastening means which are recessed below the surface so as not to be subjected

actual impact.

Cabl
with

Befo
a tor

e entries which are not provided with knock=Quts shall be left open. If they are pro
knock-outs, two of them shall be opened.

e applying the blows, fixing screws of bases, covers and the like shall be tightened
jue equal to that specified in Table-102.

After|the test, a visual inspection shall verify that:

— the degree of protection (IP.code) of the enclosure is not impaired, where doubt exist

QD

rpropriate IP test according to 10.3 should be carried out;

d to

sample with a cover, or the enclosure, if any, shall be fixed as in normal-use or placed

or (if
test.

case shall the impacts be applied in the surrounding area™of the same point of the

5 not
lows
S, or
0 an

ided

with

5 the

d be

— djelectric propertiesshave been maintained, where doubt exists the appropriate dieléctric
tests according ,t6_10.9 of IEC 61439-1:2020 as modified in this document, shoul
cprried out;

— reémovable covers can be removed and reinstalled;

- d
10.2

pors can.be opened and closed.

7 { Marking

10.2.7.1 Verification by test

This

test only applies to DBOs intended for outdoor installation.

Marking made by moulding, pressing, engraving or similar, including labels with a laminated
plastic covering, shall not be submitted to the following test.

The test is made by rubbing the marking by hand for 15 s with a piece of cloth soaked in

wate

r 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.
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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 samples.

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 which have already
been type tested according to their relevant product standard (e.g. withdrawable circuit-
breaker—urless—their—meschanical—operation—has—been—modified—by—their—meounting

arrarjgements differing from those given in the device manufacturer’s instructions.

For parts, required to be verified by test e.g. mobile parts such as doors (se€ 8.1{5 of
IEC $1439-1:2020), satisfactory mechanical operation shall be verified after installation ip the
DBO} The number of operating cycles shall be 50. Where a device has) been testg¢d in
accofdance with its own product standard, but the mounting arrangement isynot in accordance
with [he manufacturer’s instructions, the number of operations shall be.inyaccordance with the
produict standard.

At the same time, the operation of the mechanical interlocks associated with fthese
movégments shall be checked. The test is passed if the operatihg conditions of the appanatus,
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/oq the
mandfacturer’s instructions should be consulted.

10.2/8.2 Verification by comparison to a reference design

Enclpsures with the same or equal constructional solution for mechanical operatior] are
covered by tests completed on the reference samples.

10.3| Degree of protection of assemblies (IP Code)

The flegree of protection provided in accordance with 8.2.2, 8.2.3 and 8.4.2.3 shall be veyified
in accordance with IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC $0529:1989/AMD2:2013; the test may be carried out on one representative equi’[)ped

assembly in a conditiof 'stated by the original manufacturer. Where an empty enclosure in
accofdance with IEC,62208:2011 or an assembly enclosure tested in accordance with the
IEC $1439 series\is used, a verification assessment shall be performed to ensure thaf any
extennal modifiCation that has been carried out does not result in a deterioration of the dggree
of protection. Such an assessment can, for example, be a visual check to confirm that a
devige wijth:a suitable degree of protection (IP code) has been installed in an opening |n an
enclgsure-in accordance with the device manufacturer’s installation instructions. In this ¢ase,
no further testing is required.

Degree of protection (IP code) tests shall be carried out:

o for the test of protection against contact with live parts, all covers and doors which are
required to be opened or removed without the use of a key or tool shall be opened or
removed;

o for the test of protection against contact with live parts, all covers and doors which are
required to be opened or removed to provide access for operating devices by ordinary
persons, for example resetting circuit-breakers, RCDs or pressing an RCD test button,
shall be opened or removed;

e 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 a key or tool;

e tests shall be carried out 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 conditions for the assembly over its life in a short period of time. In true life a slow pollution|takes
place which is removed by regular maintenance.

The test device for IPX3 and IPX4 as well as the type of support for the enclosure“during 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 covér.all relevant surfaces of
the gdssembly. Each separate test shall take 10 min.

Ingrgss of water in the IPX1 to IPX6 tests on an assembly.is’permissible only if its royte of
entryl 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 clearances and creepage distance$ are
redug¢ed, they shall not be below the minimum specifi€dyin Table 1 and Table 2, respectivgly.

The |P5X 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, dee
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 shall be measured in accordance with Annex F.
Cleafances 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 gfféectiveness of the earth continuity and the protective circuit is verified for the follgqwing
functions:

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 epsure 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 ¢

acco

To e

throdgh 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(in)the reference design.

10.5

0.5.3.4.

e a separate protective conductor is provided in accordance wijth 8.4.3.2.3, short-c

3.3 Verification by comparison with reference designs — 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 the 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 volttage trasbeemadjustedtotheappropriate testvot
the dutput current is sufficient to trip the overcurrent relay and it is greater than 100 mA.

The

The

pvercurrent relay shall not trip when the output current is less than 100 mA.,

alue of the test voltage shall be that specified in Table 8 or Table 9 as-appropriate v

permiitted tolerance of £3 %.

10.9
The

2.3 Application of the test voltage

est voltage at the moment of application shall not exceed.50 % of the full test val

shall|then be increased progressively to this full value and maintained for 6062 s as follg

age,

ith a

e, It

WS

a) between all live parts of the main circuit conrected 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\jtv the closed position or bridged by a suitablg low
resistance link;

c) between each auxiliary circuifnot 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 pvercdrrent relay shall not operate and there shall be no disruptive discharge (see 3|6.17)

duri g the tests

10.9.3 Impulse withstand voltage

10.9.3.1 General

Verification shall be made by test or by assessment.

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-
plarts, with the main contacts of all switching devices in the closed position or bridged| by a
suitable low-resistance link;

b) between each live part of different potential of the main circuit and the other live pafts of

different potential and exposed-conductive-parts connected together,/with the |main
cpntacts of all switching devices in the closed position or bridged,by a suitable|low-
resistance link;
b

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.the 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 thge ratad fraauaneyv ith a
—=o+Hag HaH—ae—a—S4Ho V—SH e a—Wa-eoHR—a+—e—atea—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 ternlinals
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 yalue of the test voltage shall be that specified in 9.1.3 and Table,40 as appropriatg with
a pefmitted 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 relaysshall not operate and there shall b
disrupptive discharge during the tests.

(4]

no

10.9)3.5 Verification assessment

Cleafances shall be verified by measurement, or verification of measurements on degsign
drawjngs, employing the measurement methods stated in Annex F. The clearances shall pe at
least|1,5 times the values specifiedin 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
enclgmmmrmmmm 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);
apsessment (calculation) (10.10.4).

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 the
maximum temperature-rise under normal operating and installation conditions. The selection
of the representative arrangements to be tested is given in 10.10.2.2.2 and 10.10.2.2.3 and is
the responsibility of the original manufacturer. The original manufacturer shall take into
consideration in the selection for testing the configurations to be derived from the tested
arrangements according to 10.10.3.

10.1‘).2.2.2 Busbars

For husbar systems consisting of single or multiple rectangular sections of conductor, where
the vjariants differ only in the reduction of one or more of;

|
=

eight,
— thickness,
— qpantity of bars per conductor,

and >Lave the same;

ometric arrangement of bars,

g
— cgntre line spacing of conductors,
ehclosure, and

b

usbar compartment (if any),

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 pther
materials, see 10.10.3.3.

10.10.2.2.3 Functional units
a)

(0)]

election of comparable functional unit groups

unctional units intended_fo be used at different rated currents can be considered to |have
similar thermal behaviour and form a comparable range of units if they fulfil the follqwing
bnditions:

O 0 T

) the function‘and basic wiring diagram of the main circuit is the same (e.g. incoming
unit, reversing starter, cable feeder);

the devices are of the same frame size and belong to the same series;
the mounting structure is of the same type;

B W N

)

)

)~ the mutual arrangement of the devices is the same;

) the type and arrangement of conductors is the same;
)

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 and
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. For
functional units containing only one device, this is the rated current of the device. 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 power
losses of the associated conductors.
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Where outgoing devices for the DBO have a range of rated currents, a single /. test can
be used to establish the I, ratings for the complete range without further testing where:

A WO N -~

the ranges covered are from the same manufacturer’s series;

the ranges covered have the same electrical connection arrangements line and load;

)
) the ranges covered all have the same physical dimensions;
)
)

using the data given by the device manufacturer, the device with the highest
power loss within the product range is used for the test;

5) the device is placed in the most onerous position with respect to mutual heating,

insulating effects.

total

and

If the
most|

Addi
arrar

10.1

In 10
tests
of te
10.1
of t
explg

The

whic
volta
elect]
rated

For 4

he critical functional unit shall at least be tested:

10.11.2.3 Methods of test

with the worst variant of internal separation (if any) with respect to size)of ventil
openings; and

with the enclosure with the highest installed power loss per volume’‘and
with the worst variant of ventilation of the enclosure with respect to the Kkir
ventilation (natural or forced convection) and size of ventilatienopenings.

functional unit can be arranged in different orientations((horizontal, vertical), the
onerous arrangement shall be tested.

ional tests may be made at the discretion of theloriginal manufacturer for less ci
gements and variants of functional units, if any.

.2.3.1 General

inside the smallest compartment (if any) which is intended for this functionakunit; Lnd

tion

d of

n the

itical

.10.2.3.5 to0 10.10.2.3.7, three methods of testing are given, which differ in the numb

sting a complete assembly<where the group rated current 7., is the test r
.2.3.6 provides a means ofitesting an assembly where additionally the rated curre

e outgoing circuits is .determined with fewer tests than specified in 10.10.2.3.7.

nation is provided in Annex L.

emperature-riseltest 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

ronic components, coils of relays, contactors, releases, etc. shall be supplied with
operational voltages.

needed and in the range of applicability of the test results. 10.10.2.3.5 provides a m{ans

er of

sult.
t /e
An

ht for
test

ge may bewwused to produce the desired current. Current consuming items such as,

their

rmal

ssemblies with active cooling, the cooling equipment shall be operational, as in ng

service.

The assembly shall be mounted as in normal use, with all covers including bottom cover

plate

s, etc. in place.

In the absence of manufacturer’s instructions, the tightening torque applied to terminals shall
be in accordance with those specified for the temperature rise test in the relevant device
product standard.

If the assembly includes fuses, it shall be fitted for the test with fuse-links as specified by the
manufacturer.

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
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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
(including the ambient air temperature) does not exceed 1 K/h.

To sll\orten 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 meagured
when thermal equilibrium is reached in both the main circuit and the control électro-magnégt.

The pverage value of the actual incoming test currents shall be between2100 % and 103|% of
the intended value. Each phase shall be within 5 % of the intended valte.

Test$ on an individual section of the assembly are acceptable. To make the| test
reprgsentative, the external surfaces at which additional sectiohs may be connected shall be
thermally insulated with a covering to prevent any undue ceoling.

When the performance of a single functional unit in~one compartment is being tested ag 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 compartments, 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 mgy be
incorporated, heating resistors shallsimulate the power dissipation of these additional items.

To reduce the testing required.to determine the rated current of a circuit 7, at the maximum
pernissible temperature-rise AT, the current rating may 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:

0,61
I, [ Ar
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 conductors is
substantially proportional to /2.

EXAMPLE A busbar has reached AT, = 102 K (AT, = 105 K allowed) under test at a current of 973 A; by using the
formula, the reported value of the test will be 990 A at 105 K.

NOTE For the limited range of temperature adjustments being considered, the formula is also applicable to
aluminium conductors.

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
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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:

1) The conductors shall be single-core, copper cables or insulated wires with cross-
sectional areas as given in Table 11;

N

) As far as practicable, the conductors shall be in free air;

w

) The minimum length of each temporary connection from terminal to terminal shall be:
— 1 m for cross-sections up to and including 35 mm?2;
— 2 m for cross-sections larger than 35 mm2.

b) Not applicable.
c) Not applicable.
d) Not applicable.

10.10.2.3.3 Measurement of temperatures

Thermocouples or thermometers shall be used for temperature measurements. For windings,
the method of measuring the temperature by resistanee variation shall generally be usdd. In
casep where this is not practical, thermocouplesmay be used to determine the tempergture-
rise on the surface of the coil.

The thermometers or thermocouples shall be'protected against air currents and heat radiation.

The {emperature shall be measured at\all points where a temperature-rise limit (see 9.2)[shall
be opserved. Particular attention 'shall be given to joints in conductors and terminals within
the main circuits. For measuremeént of the temperature of the air inside an assembly, seyveral
meaguring devices shall be arranged in convenient places.

10.10.2.3.4 Ambient airtemperature

The pmbient air temperature shall be measured by means of at least two thermometefs or
thermocouples equally distributed around the assembly at approximately half its height apd at
a disfance of approximately 1 m from the assembly. The thermometers or thermocouples|shall
be pfotected\against air currents and heat radiation.

The gambient air temperature during the test shall be between +10 °C and +40 °C.

10.10.2.3.5 Verification of the complete assembly

The main circuits of the assembly shall be loaded with their estimated group rated currents,
Ing: (see 5.3.3) (see Annex L).

If the group rated current, Ings of the incoming circuit or distribution busbar system is less than
the sum of the group rated currents, Ing, of all outgoing circuits, then the outgoing circuits
shall be split into test sets corresponding to the group rated current of the incoming circuit or
distribution busbar system. The test sets shall be formed in a manner so that the highest
possible temperature-rise is obtained. Enough test sets shall be formed and tests undertaken
to include all different variants of functional units in at least one test set.
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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 group rated currents.

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 may
differ significantly.

10.10.2.3.6 Verification considering individual functional units separately and the
complete assembly

The proup rated currents, ,,,, according to 5.3.3 and the rated currents, /., of the outgoing
main| circuits according to 5.§.2 shall be verified in two stages:

- e rated current, /., of each critical variant of outgoing functional unit_as defingd in
1P0.10.2.2.3 b) shall be verified separately in accordance with 10.10.2.3.7 ¢)

- e assembly is verified by loading the incoming circuit and all outgoeing”functional junits
cpllectively to their estimated group rated currents, Ing-

If thg group rated current, 1,4, of the incoming circuit or distribution busbar system is less|than
the qum of the currents, Ing: of all outgoing circuits, then the outgoing circuits shall be| split
into fest sets corresponding to the group rated current of the incoming circuit or distribution
busbpr system. The test sets shall be formed in a mannef/so that the highest pogsible
templerature-rise is obtained. Sufficient test sets shall be\formed and tests undertak¢n to
inclufe all different variants of functional units in at least one test set. A method to detefmine
the most onerous group for continuously loaded and adjacent circuits to be tested, so thgt the
highest possible temperature-rise is obtained, is for¢the rated current of the DBO (7,,), o be
distriputed amongst the smallest possible number of adjacent, continually and simultanepusly
loade¢d outgoing circuits, so that each of these circuits is loaded with:

(i) I)y or I,. x RDF; I,, and RDF being ‘estimated values by the manufacturer so as to
eptimate the test currents. If verifiedi'by the test, this produces a rated value I, and
provides the possibility to calculate the RDF; or
n

(i) 14~ * the assumed loading factor in Table 101. This method uses the assumed logading
factor as a means to estimate the RDF to use for the test. If verified by the test| this
pfoduces a rated value /gq:

In bath (i) and (ii), the actual RDF per circuit is calculated by dividing 7., by I,. from|their
verified tested values;

Whefe the fullysloaded circuits do not distribute exactly the total incoming current] the
remaining curfent shall be distributed via any other appropriate circuit. This test shgll be
repegted untilall types of outgoing circuit have been verified at their test current.

Changelin the arrangement of functional units within a verified assembly, or section ¢f an

assembty, mmay retessitate additiomattestsas thethermatinfloerceof the—adjacentomits may

differ significantly.

If I,c and /4 are verified, the RDF is calculated by dividing /,,4 by /,,; for the individual circuits
being considered.

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
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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
shall pass through the full length of the busbars. Where the design of the assembly
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 minimum of
2 m and include a minimum of one joint when the busbars are extendable.

Each distribution busbar shall be tested separately from the outgoing units. They shall be
mounted in the enclosure as in normal use with all covers and all partitions that separate
the busbar from other compartments in place. Distribution busbars shall be connected to
the main busbar. No other conductors (e.g. connections to functional units) shall be
connected to the distribution busbar. In order to consider the most onerous condition, the
test 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
it junction with the distribution busbar.

If the manufacturer declares I,., the relevant functional units shall be tested individyally.

e functional unit shall be mounted in the enclosure as in normal useywith all coverg and
all internal partitions in place. If it can be mounted at different~places, the |most
upfavourable place shall be used. It shall be connected to the main or the distribution
busbar as in normal use. If the main busbar and/or the distribution busbar (if any) are
intended to supply other circuits and they are rated for a highép current, they shall bg fed
with additional currents so that they carry their individual ratéd currents to the respqctive
junction points. The test shall be carried out at the estimated rated current I, fof the
fdnctional unit.

Where the device tested achieves an [,,. equal to-its rated current 7,,, all other devices in
the same constructional range have an [/, equal’to-their 7,,.

here the device tested achieves an [,. lower than its rated current I,, the same
reduction is applied to all other devices in the constructional range. For example, a device
ith an 7,, of 63 A achieves an /. of 55:Ai*565 / 63 = 0,874. The I,. of the other deviges in
the same constructional range is 7, x 0,874.

e complete assembly shall be verified by temperature-rise testing of the most ongrous
rangement(s) possible in service' and as defined by the original manufacturer. Fof this
gst the incoming circuit and each outgoing functional unit are loaded to their group fated
urrent /,, where [, is equalto /.. multiplied by RDF when 7. is declared. If the group
ated current of the incoming circuit or distribution busbar system is less than the sym of
e test currents of all outgoing circuits (i.e. their group rated currents), then the outgoing
rcuits shall be splithinto test sets corresponding to the rated current of the incoming
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 thes«rating achieved in a) and b). The test sets shall be formed in a manngr so
at the highest possible temperature-rise is obtained. Enough test sets shall be fofmed
hd tests\undertaken to include all different variants of functional units in at least ong test
bt

s
A ‘method to determine the most onerous group for continuously loaded and adjacent
cIfcults to be tested, so that the highest possible temperature-rise Is obtained, Is for the
rated current of the DBO (7,,,), to be distributed amongst the smallest possible number of

adjacent, continually and simultaneously loaded outgoing circuits, so that each of these
circuits is loaded with:

D TJLOVLOO T OT0

(i) I., or I,. *x RDF; I,, and RDF being estimated values by the manufacturer so as to
estimate the test currents. If verified by the test, this produces a rated value I, and
provides the possibility to calculate the RDF; or

(i) I,~ * the assumed loading factor in Table 101. This method uses the assumed loading
factor as a means to estimate the RDF to use for the test. If verified by the test, this
produces a rated value /.

In both (i) and (ii), the actual RDF per circuit is calculated by dividing I, by I, from their
verified tested values.
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If I,c and 1,4 are verified the RDF is calculated by dividing /,,4 by /;,; for the individual circuits
being consigered.

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 I,,4, as applicable.

At the end of the test, the temperature-rise shall not exceed the values specified in Table 6.

If te ition
to 1,4, for the outgoing circuits, then the rated diversity factor may be calculated (see \3{8.11
and $.4).

10.10.3 Verification by comparison
10.10.3.1 General

The [following subclauses define how the rated currents of variahts”can be verified by
deriviation from similar arrangements verified by testing.

Test$ carried out at a particular frequency are applicable at the“same current rating to lower
freqyencies including DC.

Temperature-rise tests on the circuit(s) carried out at50 Hz are applicable to 60 Hz for fated
currgnts up to and including 800 A. In the absence ¢f tésts at 60 Hz for currents above 800 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 value, thep de-
rating for 60 Hz is not required.

10.10.3.2 Assemblies

Asselmblies verified by derivation from a similar tested arrangement shall comply with the
following:

a) the functional units shall belong to the same group(s) as the functional unit(s) selectgd for
test (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 for the test;

d) the same orjincreased cooling conditions as used for the test (forced or natural convection,
spme or_larger ventilation openings);

e) the same or reduced internal separation as used for the test (if any);

f) thesdame or reduced power losses in the same section as used for the test.

The assembly 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 to the tested variant is allowed as long as the thermal
influences of the adjacent units are not more severe.

Thermal tests performed on 3-phase, 3-wire assemblies are considered as representing 3-
phase, 4-wire and single-phase, 2-wire or 3-wire assemblies, provided that the neutral
conductor is sized equal to or greater than the line conductors and arranged in the same
manner.

DBOs with synthetic enclosures are considered representative of DBOs with metallic
enclosures, if the highest temperature rise on the inside surfaces of the synthetic enclosure
does not exceed the maximum surface temperature rise for the accessible external metal
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surfaces according to Table 6 of IEC 61439-1:2020. When it has been verified that the highest
surface of the enclosure is the hottest location, the internal air thermocouple located at the
top of the enclosure can be used to establish the highest temperature rise on the inside
surfaces.

10.10.3.3 Busbars

Ratings established for aluminium busbars are valid for copper busbars with the same cross-
sectional 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 determingd by
multiplying their cross-section with the current density of a larger cross-section busbar-qf 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
fulfil§ 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 ig not
higher than in a comparable test on the reference design.

10.10.3.4 Functional units

After{the critical variant of each group of comparabl€ fdunctional 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 defermined, I,,., of all other functional units in‘the group shall be calculated using the rgsults
of these tests.

For gach functional unit tested, a de-rating factor (rated current, /. or /,,, 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 Iy of each non-tested functional unit in the range shall b¢ the
maximum possible current ofgthe 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¢ot higher than in a comparable test on the reference design.

10.1J).3.5 Functional units — Temperature-rise considerations for device substitutign

A dUV;\/U vv;th [} ICltUd buIIUIIt In II\Jt UI\UUUd;IIH AIGCCII'\\ |||c|y bU oubot;tutcd VV;th [«} D; ilar
device from another series from the same or a different device manufacturer to that used in
the original verification, provided that the power loss and terminal temperature-rise of the
substituting device is the same as or lower than the device used in the original verification,
when both are tested in accordance with the devices' product standard.

Alternatively, and without a limit on current rating, when the original device and the
substituting device are from the same device manufacturer, the device manufacturer may
issue a declaration of temperature-rise performance. The declaration shall confirm that the
substituting device can replace the original device with no further need for verification in
respect 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 above options the physical arrangement within the functional unit
shall be maintained. The rating of a functional unit shall not be increased.
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The physical arrangements shall include terminal shields, conductor type, material, and
connection sizes, mounting orientation, clearances to other parts, ventilation arrangements
and terminal arrangement.

The performance data on terminal temperatures and power loss may be obtained from the
device manufacturer or from comparison tests undertaken by those responsible for the
substitution. 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.

10.1‘).3.6 Calculation of currents based on adjustment of ambient air temperature

Oncg a temperature-rise test has been carried out applying the temperature-rise fimits [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 detefqmine
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 proportionalto the power|loss
generated in this component.

Cautjon 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 fixg¢d or
linear losses. By agreement between the user and the manufacturer, in assemblies wherg the
powgr loss of conductors and devices is substantially praportional to /2, the rated currgnt of
the dircuits at ambient air temperatures (outside the englosure) between 20 °C and 50 °C|{ may
be calculated using the following formula:

o)
I, AT,
[SOURCE: Copper Development Association; Publication No. 22:1996 formula No. 8.]

NOTE| For the limited range of temperature adjustments being considered, the formula is also applicaple to
alumigium conductors.

wherge

14 is the current at' which the temperature-rise test is carried out;

15 is the cufrent rating to be determined at the specific ambient air temperature betyween
20 °C-and 50 °C;

AT, is-the*temperature-rise measured by test with a current of 7;

AT, iS, maximum permissible temperature-rise at the specific ambient air tempergture

o
\ 7

| Y on o DU = aY
DCTIWTTIT 22U U allu Ju

I, cannot exceed the rated current of any device, (e.g. /, for a circuit-breaker), within the
circuit being considered, e.g. a circuit including a 1600 A circuit-breaker cannot be assigned a
current rating of 1750 A in an ambient air temperature of 20 °C.

10.10.4 Verification assessment
10.10.4.1 General
The following calculation methods are provided, which have differing ranges of applicability:

1) single compartment assembly with natural cooling and rated current 7,5, not exceeding
630 A (10.10.4.2);

2) assembly with natural cooling and rated current 7, 5, not exceeding 1600 A (10.10.4.3).
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These methods determine the approximate air temperature-rise inside the enclosure, which is
caused by the power losses of all circuits, and compares this temperature with the limits for
the installed equipment. The methods differ only in the way the relationship between the
delivered power loss and the air temperature-rise inside the enclosure is ascertained.

Due to the actual local temperatures of the current-carrying parts, which cannot be calculated
by these methods, some limits and safety margins are necessary and included. Verification of
the temperature-rise may be made by calculation if all the following general conditions and
the additional conditions for the selected calculation method are fulfilled.

a) The rated frequency is up to and including 60 Hz.

e power loss data for all built-in electrical components is available from the compg@nent
anufacturer.

ere is an approximately even distribution of power losses inside the enclosure:

e mechanical parts and the installed equipment are so arranged that @aircirculatipn is
t significantly impeded.

e group rated current of the circuits, (f,4), of the assembly tonbe” verified shall not
ceed 80 % of the rated conventional free air thermal current () if known, or when|/,, is
t available, 80 % of the rated current (/) of the switching”'devices and electrical
mponents included in the circuit. Circuit-protection devices'shall be selected to ensure
equate protection to outgoing circuits, e.g. thermal motor protection devices at the
Iculated temperature in the assembly. The limitation t0"80"% of the rated current [y, (or 7,
es not apply to electronic devices which incorporatesmeans for forced ventilation ywhen
ey are installed according to the device manufacturer’s instructions.

T O 0O O 3 0

NIOTE 1 There is no common characteristic for switching«devices and electrical components that desfribes
tHe value of current to be used here. For the purpose of\verifying the temperature-rise limits, the value [of the
ctirrent is used, which describes the maximum contihuous operational current that can be carried without
oyerheating. This is, for example, for contactors the>rated operational current 7, AC1 and for circuit-brg¢akers
tHe rated current 7.

NIOTE 2 This verification method assesses.-the mean air temperature inside the enclosure assuming ar] even
distribution of the power losses. Thereforepotential local hot spots at the devices, which are the main power
Igss sources, cannot be detected. To _prevent overheating of the devices, the safety margin of 8¢ % is
roduced. This is based on general testing experience.

NOTE 3 Electronic devices with\forced ventilation distribute their power losses mainly via the coolifg air.
They do not rely on the powef dissipation via the conductors and the surface of the device/enclosure. Usually
they are equipped with internal'temperature monitoring to prevent overheating. Therefore, a limitation tq 80 %
of the rated current as imposed for other devices is not appropriate.

Il conductors directly connected to a device shall have a minimum cross-sectional|area
bpsed on 125 %-of the group rated current, I,,, of the associated circuit. Selectipn of
chbles shall.be"in accordance with IEC 60364-5-52:2009. Examples of how to adapi this
dpcument-for conditions inside an assembly are given in Annex H. The cross-sectipn of
bpre copper bars shall be as tested or as given in Annex K. Where the degvice
anufacturer specifies a conductor with a larger cross-sectional area, this shall be usgd.

f)

OTE 4 The factor of 125 % is used to ensure that the conductors will not further derate the devices

g) Conductors carrying currents in excess of 200 A and the adjacent structural parts are so
arranged that eddy-current and hysteresis losses are minimized.

The effective power losses of all circuits including interconnecting conductors shall be
calculated assuming the circuits are operating at their group rated current, /,,. The total
power loss of the assembly is calculated by adding the power losses of the circuits taking
additionally into account that the total load current is limited to the rated current of the
assembly, I 5. The power losses of the conductors are determined by calculation (see
Annex H and Annex K).

NOTE 5 There are devices where the power loss is substantially proportional to /2 and others that have
substantially fixed losses, e.g. variable speed drive.
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EXAMPLE A single compartment assembly with a rated current 7, of 100 A (limited by the distribution busbars) is
equipped with 20 outgoing circuits. The assumed group rated current [ for each circuit is 8 A. The total effective
power loss should be calculated for 12 outgoing circuits loaded with 8 A each.

10.10.4.2 Single compartment assembly with natural cooling and rated current (7,,) not
exceeding 630 A

10.10.4.2.1 Verification method

Verification of the temperature-rise may be made by calculation if all the general conditions
listed in 10.10.4.1 are fulfilled, and using the following:

se within the 6 i S i 8 2, for
the applicable installation method rface
ounting) is:

available from the enclosure manufacturer, or

determined in accordance with 10.10.4.2.2.
he total power loss within the enclosure is calculated as detailed in 10:10.4.1.

he maximum permissible air temperature-rise within the enclosureis determined by the
Evice with the lowest maximum operating air temperature and.is*taken as the maxijmum

erating temperature of that device minus the daily average ambient air temperpture
utside the enclosure).

Soo- o

hen electronic devices with integral forced ventilation~afe incorporated, the enclgsure
hall be considered as having no natural ventilation, irrespective of whether of not
penings exist in the enclosure.

o <

10.10.4.2.2 Determination of the power loss capability of an enclosure by test

The power loss shall be simulated by means of heating resistors that produce heat equivalent
to tHe intended power loss capability of\ithe enclosure. The heating resistors shajl be
distripbuted evenly over the height of the enclosure and installed in suitable places insidge the
enclgsure.

The gross-section of the leads to these resistors shall be such that no appreciable amoynt of
heat|is conducted away from theenclosure.

The |test shall be carried out in accordance with 10.10.2.3.1 to 10.10.2.3.4 and the air
templerature-rise shall_beimeasured in the top of the enclosure. Enclosure temperatures|shall
not gxceed the valuges.given in Table 6.

10.10.4.2.3 Results to be obtained

The assemblyis verified if:

— theléenclosure is capable of dissipating power losses equal to or greater than those
gk - - . _ thrih the
enclosure;

— all conductors within the assembly have been selected to operate at the maximum
permitted air temperature within the assembly.

NOTE Guidance is in the form of a publication of the maximum rated current at a specified ambient air
temperature in the immediate vicinity of the device.

EXAMPLE

a) As a starting point, data identifies that the ;;, = 125 A at 50 °C free air ambient temperature of the device
therefore, it is derated by 0,8 x 125 A = 100 A. 100 A is used in the calculation to avoid hot spots and the
limiting ambient temperature is 50 °C. If the enclosure is capable of dissipating power losses equal to or
greater than those generated based on 100 A and the calculated internal air temperature does not exceed
50 °C, it is verified that the continuous permissible load is 100 A.

b) However, if for the same 125 A device derated to 100 A, the calculated air temperature within the enclosure is
60 °C thus exceeding the 50 °C limit, and the 125 A device manufacturer’s information limits the device I, to
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80 A at 60 °C free air ambient temperature, to avoid hot spots, a safety margin is applied i.e. 0,8 x 80 A = 64 A,
it is verified that the continuous permissible load is 64 A. No further calculation would be required, as 64 A
accounts for both the 0,8 factor and ambient temperature limits.

If a continuous permissible load of 100 A is required, then: an enclosure with higher dissipating power losses, or a

device with lower power losses, or a device with a higher rated current for ambient temperature can be used, or a
combination to achieve conformity.

10.10.4.3 Assembly with natural cooling and rated current (I,,) not exceeding 1600 A
10.10.4.3.1 Verification method

Verification of the temperature-rise may be made by calculation in accordance with the
methjpd of TEC TR 60890:20T4 providing the additional requirements of 10.10.4.T are tulii]led.

The pir temperature-rise within the assembly is then determined from the total ‘power| loss
using the method of IEC TR 60890:2014.

The fir temperature within the assembly is calculated by adding this air temperature-risg and
the daily average ambient air temperature of the assembly. When electronic devices| with
integral forced ventilation are incorporated, the enclosure shall be considered as havirlg no
natufal ventilation, irrespective of whether or not openings exist in the“’enclosure.

NOTE| Natural ventilation is by means of air flow into and out of the enclosdre-without forced ventilation.
10.10.4.3.2 Results to be obtained

The assembly is verified if the calculated air temperature' at the mounting height of any byilt-in
component (devices, conductors, etc.) does not{ exceed the permissible operatin$ air
temperatures of the built-in components as declared by their manufacturers.

NOTE| Guidance is in the form of a publication @f\the maximum rated current at a specified ambignt air
tempdrature in the immediate vicinity of the device.

EXAMPLE

a) Ap a starting point, data identifies that'the 7, = 125 A at 50 °C free air ambient temperature of the {levice
tHerefore, it is derated by 0,8 x 125 A= 100 A. 100 A is used in the calculation to avoid hot spots apd the
limiting ambient temperature is. 50,°C. If the enclosure is capable of dissipating power losses equal| to or
gleater than those generated-based on 100 A and the calculated internal air temperature does not exceed
°C, it is verified that the continuous permissible load is 100 A.

5
b) Hpwever, if for the same_125 A device derated to 100 A, the calculated air temperature within the encloqure is
6 °C thus exceeding/the.50 °C limit, and the 125 A device manufacturer’s information limits the devicq 7,,, to
80 A at 60 °C free air ambient temperature, to avoid hot spots, a safety margin is applied i.e. 0,8 x 80 A F 64 A,
it|is verified thatthe-Continuous permissible load is 64 A. No further calculation would be required, aq 64 A
a

counts for both.the 0,8 factor and ambient temperature limits.

If a cqntinuous (permissible load of 100 A is required, then: an enclosure with higher dissipating power losse$, or a
devicg with lewer power losses, or a device with a higher rated current for ambient temperature can be usedq, or a
combipation to achieve conformity.

10.11+-Short-eireuit-withstand-strength
10.11.1 General

The short-circuit current ratings declared shall be verified except where exempt, see 10.11.2.
Verification may be made by comparison with a reference design(s) (10.11.3 and 10.11.4) or
by testing (10.11.5). For verification, the following apply.

a) If the assembly system to be verified comprises a number of variants, the most onerous
arrangement(s) of the assembly shall be selected, taking into account the rules in 10.11.3
and 10.11.4.

b) The assembly variants selected for test shall be verified according to 10.11.5.

c) When the assemblies tested are the most onerous variants of the larger product range of
an assembly system, then the test results can be used to establish the ratings of similar
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variants without further testing. Rules for such derivations are given in 10.11.3 and
10.11.4.

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;

clrrent not short-circuit-c

xiliary circuits of assemblies intended to be connected to transformers \whose fated
ppwer does not exceed 10 kVA for a rated secondary voltage of not less~than 110 ), or
116 kVA for a rated secondary voltage less than 110 V, and whose short-circuit impedance
i not less than 4 %;

0

clrcuits 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 dec|ared
by the manufacturer.

All ofher circuits shall be verified.

10.11.3 Verification by comparison with a reference‘design — Using a checklist

The |verifications are undertaken by comparison “of the assembly to be verified wjth a
reference design(s) using the checklist provided inTable 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 by a fuse link of another make or
seriejs without any further testing if:

— 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 loss4s the same or lower.
10.11.4 Verification by comparison with a reference design(s) — Using calculation

Assessment of the rated short-time withstand current of an assembly and its circuit$, by
calcutatiom,—strattbe—umdertakem by acomparisomof theassembty tobe—assessed—with an
assembly already verified by testing. The assessment to verify the main circuits of an
assembly shall be in accordance with Annex M. In addition, each of the circuits of the
assembly to be assessed shall meet the requirements of items 6, 8, 9 and 10 in Table 13.

The data used, calculations made and the comparison undertaken shall be stated in the
verification documentation.

If the assessment in accordance with Annex M does not pass or any of the items listed above
are not fulfilled, then the assembly and its circuits shall be verified by test in accordance with
10.11.5.
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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.

10.11.5.2 Performance of the test

If the test circuit incorporates fuses, fuse-links with the maximum let-through current_apd, if
required, of the type indicated by the original manufacturer as being acceptable, shallibe Jused.

The jsupply conductors and the short-circuit connections required for testing the assgmbly
shall| have sufficient strength to withstand short-circuits and be so arranged)that they dp not
introgluce any additional stresses on the assembly.

Unlegs 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 in seivice,
inclufing the enclosure, shall be connected as follows:

a) for assemblies suitable for use on three-phase four-wire systems with an 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.

Excapt for assemblies according to 8.4@, the connection mentioned in a) and b) shall in¢lude
a fugible element consisting of a copper wire of 0,8 mm diameter 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 cireuit shall be 1500 A + 150 A, except as stated in Notes 2 and
3. If pecessary, a resistor limiting the current to that value 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 prospegtive fault current can be less than 1500 A in the case of small equipment, according |to the
requirements of the ‘televant product standard, with a smaller diameter copper wire (see Note 4) corresponding to
the sgme melting.time as in Note 1.

NOTH| 3 In-the'case of a supply having an 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)
correslponding 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 diameter of
the copper wire is given in Table 14.

10.11.5.3 Testing of main circuits
10.11.5.3.1 General

Circuits shall be tested with the highest thermal and dynamic stresses that may result from
short-circuit currents up to the rated values for one or more of the following conditions as
declared 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)).
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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).

NOTH In some cases, where protective functions of the device can be disabled, this can result in higheq peak
currer|ts 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-cjircuit
conngection. When the protective device in the outgoing circujt-is“a circuit-breaker, thg test
circh may include a shunting resistor in accordance with 9.34.:1.2 b) of IEC 60947-1:20R0 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 Table 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 normally used in sefvice.
The {est voltage shall then be applied once for a magnitude and duration as given in 10.1/1.5.4.
In the case of outgoing circuits whichido not include an SCPD, the magnitude and durjation
shalllbe as specified for the main<busbars by the original manufacturer. Testing of outgoing
circufts may also result in the operation of the incoming SCPD.

10.11.5.3.3 Incoming circuit and main busbars

Asselmblies containingymain busbars shall be tested to prove the short-circuit withgtand

busbjars are intended to be extendable. The short-circuit shall be placed such that the Igngth
of mpin busbar~included in the test is (2 + 0,4) m. For the verification of rated shortttime
withdtand cutrent (see 5.3.5) and rated peak withstand current (see 5.3.4), this distance| may

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 sections (as
regards cross-sections, centre line spacing of the conductors, type and number of supports
per metre), each section shall be tested separately or concurrently, provided that the above
conditions are met.
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A rated conditional short-circuit current can be assigned where the distance of the main and
distribution busbar between the load terminals of the incoming device connected to the main
busbar and the supply terminals of the outgoing functional unit does not exceed 3 m. The
main busbar, distribution busbar and incoming device may be tested and rated on the basis of
the reduced short-circuit stresses occurring on the load side of the respective short-circuit
protective device within each unit, provided that these conductors are arranged so that an
internal short-circuit between live parts or between live parts and earth is not to be expected
(see 8.6.4 of IEC 61439-1:2020).

NOTE Examples of conductor types and installation requirements are given in Table 4 of IEC 61439-1:2020.

10.11-534—Connections-te-thesupplysideofoutgoingunits

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 requifemerjts of
8.6.4, 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 busbgrs to
a single outgoing unit, as near as practicable to the terminals on the busbar side of the
outgging unit. The value and duration of the short-circuit current shall bée 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 ghort-
circujt withstand strength in relation to the nearest line conductor of the circuit under test
inclufing any joints. Line to neutral short-circuit\connections shall be applied as specified in
10.11.5.3.3.

Unlegs otherwise agreed between the original manufacturer and the user, the value of the¢ test
currgnt in the neutral conductor shall\'be at least 60 % of the line current during the three-
phask test.

The {est need not be executed\if the test is intended to be made with a current of 60 % qf the
line ¢urrent and if the neutral.éonductor is:

— the same shape anpdicross-section as the line conductors;

|
(7]

Lipported in an\identical manner as the line conductors and with support centres glong
the length ofdhe conductor not greater than that of the phases;

— spaced ata‘distance from the nearest phase(s) not less than that between phases;

— 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 current
test including the neutral need not be executed if the test is intended to be made with a
current of 60 % of the line current and:

a) the criteria listed above are met; and

b) the 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
necessary to support the line and neutral conductors if the 3-pole device were not present.

10.11.5.3.5.2 Mid-point conductor

The mid-point conductor shall be subjected to one test to prove its short-circuit withstand
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 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 mid-point conductor shall be 100 % of the line to line test current.

The test need not be executed if the mid-point conductor is not positioned between the line
conductors if the following are fulfilled:
— it is the same shape and cross-section as the line conductors;

— it is 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 line conductors;

— it is spaced at an equal or greater distance than the distance between the line

TIPSR
cprauctor(s):

In the case of a short-time withstand current, the test need not be executed if:

a) the criteria listed above are met; and
b) the mid-point pole is part of a 3-pole busbar system that includes a devicgj; -and

c) the device does not result in any changes to the support system that would be necesgsary
te 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 prqspective current at the supply side of the specified prétective device, if any, equal tp the
valug of the rated short-time withstand current, ratedpeak withstand current or frated
condjtional short-circuit current.

For the verification of all the short-circuit withstand ratings (see 5.3.4 to 5.3.6 inclusive], the
valug of the prospective short-circuit current shall be within a tolerance of 0 % to +5 %]| at a
test yoltage equal to 1,05 times the rated opérational voltage U, of the circuit. The valte of
the slhort-circuit current shall be determinedfrom a calibration oscillogram, which is taken with
the pupply 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
equiyalent to the operation of the protective device incorporated in the assembly or for the
spec|fied duration (see 9.3.2 a))-

The yalue of current during the calibration is:

— for a test with AC,the RMS value of the AC component and the average of currents pf 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 shall be ¢qual
to the rated short circuit current with a tolerance of 0 % to +5 %. In poly phase systems this

: - , Surre mhile , , may
have a toIerance of 5 % of the rated value For AC tests, the power factor shall be W|th|n 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 tests for AC applications shall be carried out at the rated frequency of the assembly with a
tolerance of + 25 %. With the following exception, tests for DC applications shall be carried
out with DC.

An AC short-time current test may be used to verify a rated DC short-time withstand current
and a rated DC peak withstand current providing the test with AC has a peak current equal to
the rated DC peak withstand current and the RMS value of the short-time current is at least
equal to the rated DC short-time withstand current. When substituting a DC test by an AC test,
it should be recognized that the thermal and dynamic stresses of the AC test are higher than
those of the equivalent DC test.
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a)

For a test at the rated conditional short-circuit current /., whether the protective devices
are in the incoming circuit of the assembly or elsewhere, the test voltage shall be applied
for a time sufficiently long to enable 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 short-
circuit currents, at the supply side of the specified protective device, equal to the value of
the rated conditional short-circuit current. Tests at lower voltages are not permitted.

For a test at the rated short-time withstand current and at the rated peak withstand current,
the dynamic and thermal stresses shall be verified with a prospective current equal to the
value of rated short-time withstand current and rated peak withstand current declared. The
current shall be applied for the specified time during which the RMS value of its AC
cpmponent in the case of a test with AC, or the DC value in the case of a test wit DC,
shall remain constant.

In the event of difficulties in carrying out the short-time or peak withstand \tests af the
maximum operational voltage with the test station, the tests according~to- 10.11.5.3.3,
10.11.5.3.4 and 10.11.5.3.5 may be carried out at any convenient voltage |with the original
mandifacturer’s agreement, the actual test current being in this case equalto the rated ghort-
time jcurrent or peak withstand current. This shall be stated in the test report. If, however} any
momgentary 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 operatjional

voltage.

If negessary, due to test limitations, a different test period:is permissible; in such a casqg, the
test gurrent should be modified in accordance with the’ formula /2 = constant, provided that

the

the

one

man%facturer's consent and that the RMS value in the case of a test with AC, or DC valpe in

beak value does not exceed the rated peak{withstand current without the original

se of a test with DC, of the short-time current is not less than the rated value in at|east
hase for at least 0,1 s after current initiation:

The peak current withstand test and the short-time current test may be separated. In this|case,

the

time during which the short-circuit i, applied for the peak current withstand test shgll be

such|that the value /2¢ is not larger than the equivalent value for the short-time current|test,

but

if shall be not less than 60 ms:

Where the required test current'in each phase cannot be achieved, the positive tolerancel 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 thaf the
clearances and creepage distances specified in 8.3 are still complied with. In case of any

doubt, clearances and creepage distances shall be measured (see 10.4).

The |characteristics of the insulation shall remain such that the mechanical and dielgctric
properties of the equipment salisfy the requirements of the relevant assembly standard. A
busbar 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 cracks, including surface
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
times U, with a minimum of 1000 V shall be performed in accordance with 10.9.2.

There shall be no loosening of parts used for the connection of conductors and the
conductors shall not separate from the outgoing terminals.

Distortion of the busbars or supporting structure of the assembly that impairs its normal use
shall be deemed a failure.
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Any distortion of the busbars or supporting structure of the assembly that impairs normal
insertion or removal of the removable parts shall be deemed a failure.

Deformation of the enclosure or of the internal partitions, barriers and obstacles due to the
short-circuit current is permissible to the extent that the degree of protection is not apparently
impaired and the clearances or creepage distances are not reduced to values that are less
than those specified in 8.3.

Additionally, after the tests of 10.11.5.3 incorporating short-circuit protective devices, the
tested 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-circuit
protgctive device standard for the appropriate short-circuit test, as follows:

a) tween all live parts and the exposed-conductive-parts of the assembly, and

b) bgptween each pole and all other poles connected to the exposed-conductivesparts df the
apsembly.

If teqts a) and b) above are conducted, they shall be carried out with any- fuses replaced and
with pny switching device closed.

In case of any doubt, it shall be checked that the equipment incorperated in the assembly is in
a copdition as prescribed in the relevant product standards,‘anhd/or device manufactyrer’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 betyeen
poleg of the protective device, or between poles and enelosure.

10.11.5.6 Testing of the protective circuit
10.11.5.6.1 General

This ftest does not apply for circuits according to 10.11.2.

A sirlgle-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 assgmbly
is extendable, the protective circuit tested shall include at least one joint. For [each
reprgsentative outgoing .unit, a separate test shall be carried out with a bolted short-dircuit
conngection between the-corresponding outgoing phase terminal of the unit and the terminal
for tHe relevant outgoing protective conductor.

Each outgoing.anit on test shall be fitted with its intended protective device. Where alternfative
protdctive devices can be incorporated in the outgoing unit, the protective device which lets
throygh the-maximum values of peak current and 72t shall be used.

For this“test, the frame of the assembly shall be insulated from the earth, The test voltage
shall be equal to 1,05 times the single-phase value of the rated operational voltage. Unless
otherwise agreed between the original manufacturer and the user, the value of the test current
in the protective conductor shall be at least 60 % of the line current during the three-phase
test of the assembly.

All other conditions of this test shall be analogous to 10.11.5.2 to 10.11.5.4 inclusive.

10.11.5.6.2 Results to be obtained

The continuity and the short-circuit withstand strength of the protective circuit, whether it
consists of a separate conductor or the frame or enclosure of the assembly, shall not be
significantly impaired. Besides visual inspection, this may be verified by measurements with a
current of the order of the rated current of the relevant outgoing unit. The earth continuity
between the exposed-conductive-parts of a class | assembly and the protective circuit shall
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remain effective. If in doubt, measurements according to 10.5.2 shall be carried
Deformation of the enclosure or of the internal partitions, barriers and obstacles due to the
short-circuit current is permissible to the extent that the degree of protection is not apparently
impaired and the clearances or creepage distances are not reduced to values that are less
than those specified in 8.3.

out.

Where the frame or enclosure of the assembly is used as a protective conductor, sparks and
localized 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 resistances measured before and after the test, between the terminal for the incoming

proteitlve conductor and the terminal for the relevant outgoing protective conductor, gives an indicat
confomity with this condition.

10.12 Electromagnetic compatibility (EMC)

For EMC tests, see J.10.12.

11

11.1| General

Undgr the responsibility of the assembly manufacturer, all routine verification including te
installation and commissioning shall be carried out or supervised by a competent person.

Rout|ne verification is intended to detect faults in matferials and workmanship and to asce
proper functioning of the manufactured assembly: It is made on every assembly.
assembly manufacturer shall determine if routine Yyerification is carried out during and/or
manyfacture. Routine verification shall confirm, that the assembly manufacturing instrug
have|been adhered to.

Routine verification

on of

sting,

rtain

The
after
tions

Rout|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
8.5.3 and installed in accordance, with 8.5.4.

Verif|cation shall comprise the following categories:

a)

b)

Gonstruction (see A4:2 to 11.8):

1) degree of protection against contact with hazardous live parts, ingress of solid fo
bodies and\water of enclosures;

clearances and creepage distances;
protection against electric shock and integrity of protective circuits;

incorporation of built-in components;

with

Feign

internal electrical circuits and connections;

B WO DN
~ ~~ = = —

terminals for external conductors;
7) mechanical operation.
Performance (see 11.9 to 11.10):

1) dielectric properties;

2) wiring, operational performance and function.

NOTE This verification includes the proper connection and operation of any communicating devices.

Confirmation that documents that are intended to be supplied with the assembly are

provided and include those required in 6.2.1.
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11.2 Degree of protection against contact with hazardous live parts, ingress of solid
foreign bodies and water of enclosures

A visual inspection is necessary to confirm that the assembly meets the prescribed measures
to achieve the designated degree of protection.

11.3 Clearances and creepage distances
Where the clearances are:

— less than the values given in Table 1, an impulse voltage withstand test in accordance

vidth-10 9 2 chall ha carried out:
H—to—oo-SHatBe-caHH8a—0uHt

npt evident by visual inspection to be larger than the values given in Table “4|(see
10.9.3.5), verification shall be by physical measurement or by an impulse' voltage
withstand test in accordance with 10.9.3;
e
c

vidently larger by visual inspection than the values given in Table 1, vgfification may be
arried out only by visual inspection.

The prescribed measures with regard to creepage distances (see 8.3(3)-shall be subjeci to a
visugl inspection. Where it is not evident by visual inspection, verification shall be by physical
meagurement. 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 <4asic protection and fault protection
(see(8.4.2 and 8.4.3) shall be subject to a visual inspéction.

The [protective circuits shall be checked by¢inspection to ascertain that the meagures
pres¢ribed in the manufacturer’s instructions»>,are adhered to and verified. When it i$ not
obviqus 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.

11.5| Incorporation of builtsin-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 gonnections, especially screwed and bolted connections, shall be checked for the cdrrect
tightpess on=a random basis.

Conductors shall be checked in accordance with the aqqpmhly’q m.:muf.:mhlring instructions.

11.7 Terminals for external conductors

The number, type and identification of terminals shall be checked in accordance with the
assembly’s manufacturing instructions.

11.8 Mechanical operation

The effectiveness of mechanical actuating elements, interlocks and locks, including those
associated with removable parts, shall be checked.

Where a device's operating handle is used to indicate the switching position of the device,
and it detaches from the device when the door is open, it shall be confirmed that, when the
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door is closed, the handle provides positive and unambiguous indication of the device's open
and closed positions.

11.9

Dielectric properties

A power-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. A
dielectric test is not required on a DBO containing busbars or prefabricated main circuit wiring
only, where inspection of the conductors and cables, including proper laying is sufficient to

valid

This

— that are protected by a short-circuit protective device with a rating not exceeding/16 A

As al; alternative for assemblies with incoming protection rated up {0,630 A and a
volta
meagurement using an insulation measuring device at a voltage of at least 500 V DC.

In th

conductive-parts is at least 1 MQ.

It sh

Depégnding on the complexity of the assemblysit may be necessary to inspect the wiring
to carry out an electrical function test. The test procedure and the number of tests deper
whether or not the assembly includes complicated interlocks, sequence control facilities,

By a
are

basig operation and functionality-

In sgme cases, it may.be necessary to make or repeat this test on site before puttin
instajlation into operation.

flan electrical function test has been made previously at the rated operational voltag
which the auxiliary circuits are designed.

11.1I Wiring, operational performance and function

ate clearances.

test need not be made on auxiliary circuits:

e U, not exceeding 500 V, the verification of insulation resistance may b

s case, the test is satisfactory if the insulation resistance between circuits and expq

Il be verified that the information and markings specified in Clause 6 are complete.

gjreement between the user andthe assembly manufacturer, communicating deviceg
included and connected in~a-system within the assembly may need to be checke

Table 1 — Minimum clearances in air (8.3.2)

e for

rated
e by

sed-

and
d on
ptC.

that
d for

) the

Rated impulse withstand voltage, Uimp Minimum clearance?
kV mm
<25 1,5
4,0 3,0
6,0 5,5
8,0 8,0
12,0 14,0
a8 Based on inhomogeneous field conditions and pollution degree 3.
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Table 2 — Minimum creepage distances (8.3.3)

IEC 61439-3:2024 EXV © |[EC 2024

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, naturerand 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.

When specified_in the device manufacturer's instructions, manual operating means for miniature circuit-jreakers,
residpal current operated circuit-breakers with integral overcurrent protection, residual current operated circuit-
brealfers’ without integral overcurrent protection, arc-fault detection devices etc. within the DBO, which |are only
accessible’after a cover or door is opened, are permitted to sustain a 25 K increase on these temperature-rige limits.

Unless 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 WO017 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
a8 The value of the rated current shall be greater than the first value in the first column and less than or eq{al to
tHe second value in that column.
b Fpr convenience of testing and withlthe manufacturer's consent, smaller test conductors than those givgn for
a|stated rated current may be used.
¢ Ejther of the two conductors specified may be used.
Table 12 — Copper test conductors for rated currents
from 400 A to 7000 A (10.10.2.3.2)
Test conductors®
ange of rated current? Cables® Copper bars®
1 Quantity Cross-sectional area Quantity Dimensionis
A mm? mm
(width x depth)
400 <7< 500 2 150 2 30x5
500 <7< 630 2 185 2 40 x 5
630 < 7<800 2 240 2 50 x 5
800 <7< 1000 3 185 2 60 x 5
1000 < /<1250 3 240 2 80 x5
4 240
1250 < /<1600 or 2 100 x 5
3 300
1600 < /<2000 3 100 x 5
2000 <7< 2500 4 100 x 5
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2500 <7=<3150 3 100 x 10
3150 <7<4000 4 100 x 10
4000 <7=5000 5 100 x 10
5000 <7< 6000 6 100 x 10
6000 </=<7000 7 100 x 10

a  The value of the rated current shall be greater than the first value and less than or equal to the second value.

b Bars are assumed to be arranged with their long faces (W) vertically. Arrangements with long faces
horizontally may be used if specified by the manufacturer. Bars may be painted.

¢ For rated currents higher than 1600 A and when the terminals are designed to be connected to a cable

bg used as test conductors.

system, cables in parallel, with a total cross-section not exceeding that of the copper bars in this table, c

AN

checklist (10.5.3.3, 10.11.3 and 10.11.4)

Table 13 — Short-circuit verification by comparison with reference designs:

Item

No.

Requirements to be considered

YES

NO

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?

Are the cross-sectional dimensions of the busbars and conductors of each circuit of
the assembly to be assessed greater than or equal to thos€ of the reference
design?

Is the centre line spacing of the busbars and conductors of each circuit of the
assembly to be assessed greater than or equal to.these of the reference design?

Are the busbar and conductor fixing means of‘each circuit of the assembly to be
assessed of the same type, shape and matefial 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 thedbusbar and conductor fixing means of the
same design and mechanical strength?

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?

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 each circuit of the assembly
to be assessed

e havea 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

werant 1 balt hiabaor thon th rafaran descian
et e+ —Hgrer—rah—re—fereren > LS e

cw

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?

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?

If the assembly to be assessed includes an enclosure, did the reference design
include an enclosure when verified by test?

Is the enclosure of the assembly to be assessed of the same design, type and have
at least the same dimensions as that of the reference design?

10

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?
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Item

No.

Requirements to be considered YES NO

"YES" to all requirements — no further verification required.

"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 (72, 1),
and critical distances.

Table 14 — Relationship between prospective fault current
and diameter of copper wire
Diameter of copper wire Prospective fault current in the fusible elemegnt
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
Env|jronmental parameter Unit
Lower-limit Upper limit Lower limit Upper limit
(1) Ambient air °C -52 +402 -25 +40P°
ftemperature
(average over (average oyer a
a period of period of 34 h
24 h does not does nat
exceed 35 °C) exceed 35|°C)
(2) Relative humidity % 5b.0 95b. ¢ 15b 100°
(3) Rate of change of °C/min 0,5
temperature (average
ver a period of . min)
(4) Altitudef m Not specified 2000 Not specified 2000
(corresponding (corresponfling
to an air to an aif
pressure of the pressure of the
site of site of
installation not installationl not
less than less than
80 kPa)d © 80 kPa)® ©
(5) Condensation Yes — moderate condensation Yes
may occasionally occur due to
variations in temperature
(6) Wind-driven No Yes
precipitation (rain,
snow, hail, etc.) and/or
dust

(7) Water from sources
other than rain

According to user requirement: none / vertically dripping water / water
sprayed at an angle up to 60° on either side of the vertical / water
splashed from any direction / water projected in jets from any direction
/ water projected in powerful jets from any direction

(8) Formation of ice

No Yes
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2@ Equal to Class AA4 of IEC 60364-5-51:2005.
b 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.

d  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.

Table 101 — Values of assumed loading

Number of outgoing circuits for general

purpose and other specific circuits Gt e L) Vi

2 and 3 0,8
4 and 5 0,7
6 to 9 inclusive 0y6
10 and above 0,5

Circuits such as for EV charging equipment or PV,

unless load control load reduction is included in 1

the associated equipment or installed in the DBO
or a combination of both.

Fable 102 — Tightening torque values for the verification of mechanical strength

Diameter of thread Tightening torque
mm Nm @

Metric standard Range of diameters | b e n d
values "d"
mm mm

2,5 d=2,8 0,13 0,26 0,26

3,0 2,8<d<3,0 0,16 0,33 0,33

- 3,0<d=<3,2 0,20 0,40 0,40

3,5 3,2<d<3,6 0,26 0,53 0,53

4 3,6 <d<4,1 0,47 0,80 0,80

4.5 4,1<d<4,7 0,53 1,20 1,20

5 4,7<d<53 0,53 1,33 1,33

[§] 5,3<d=s0,0 0,80 1,066 2,00

8 6<d=<8 1,66 2,33 4,00

10 8< d=<10 - 2,66 6,66

12 10<d<12 - - 9,33

14 12<d<15 - - 12,6

16 15<d <20 - - 16,6

20 20<d<s24 - - 24

24 24 < d = = 33
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For screws and fasteners made of plastic, the tightening torque applied shall be the value specified in the
manufacturer’s instructions. 90° locking mechanisms not containing a thread are not subjected to the
tightening torques specified in this table, they are operated so as to engage in normal use.

Column | applies to screws without heads which, when tightened, do not protrude from the hole and to other
screws which cannot be tightened by means of a screwdriver with a blade wider than the root diameter of the
screw.

Column Il applies to nuts and screws, which are tightened by means of a screwdriver.

Column 1l applies to nuts and screws, which can be tightened by means other than a screwdriver.
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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);

I id the value (RMS) of AC or the mean value of DC fault current for a fault of negligible
impedance which can flow through the protective device (A);

i the operating time of the disconnecting device (s);

k i the factor dependent on the material of the protective eohductor, the insulation angd 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
Aluminiom 95 116 110
Steel 52 64 60

a

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.
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Annex C
(informative)

User information template

Annex C of IEC 61439-1:2020 is not applicable.
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Annex D
(informative)

Design verification

Annex D of IEC 61439-1:2020 is not applicable.
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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


https://iecnorm.com/api/?name=705bf13bebfb0c55f6ce44d77b339747

- 116 - IEC 61439-3:2024 EXV © |[EC 2024

Al I =500A
ln—‘IUUUI:\ ] =430A
I _=1550A ne
nc
Incoming C2:1 =200A | 1
I.=190A D2a D2b D2¢ D2
I = I = Y= =
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nc
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I.=190A .y
Section A Section B Section C Section D

IEC

For egch functional unit (A1, B1, etc.) the rated currentof a circuit (/) is shown. @

2 THhe rated current of a circuit in the assemblylmay be less than the rated current of the device.

b If the rated current of D2 is less than~the sum of the rated currents of the circuits D2a to D2d, inclusive,
typically in line with good engineering practice, D2 is afforded appropriate overcurrent protection.

Figure E.1 — Typical assembly
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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.
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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

Actual| loading is indicated by the figures in brackets, e.g. [450 Al.

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 5

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).

5 Annex F is based on IEC TR 60664-2-1:2011.
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\ Minimum height

of 2 mm

-

A

S
Minimum width of base
according to mechanical
Foguirerments o
Figure F.1 a) — Measurement of ribs: examples
. _ <Xmm
e ettt 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
TRRESEIRIA 8RR
XK HKRS [SERAXAK
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
|

Condition-  This creepage distance path includes an Rule- Clearances and creepage distance paths

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.

Confition: 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.

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.

Figure F.1 k) — Example 10

Clearance is the distance-d* D

Figure F.1 1) - Example 11

clearance

o :
Figure F-4+—=Measurementof cltearanceand-—creepagedistances

Rule:

IEC

Measurement' of creepage distance is [from
screw, to“wall when the distance is equgl to
X mm;

Creepage distance is also d + D

creepage distance
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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 6

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 on“4.3.p of
IEC $0664-1:2007. Further information about criteria for the selection of an“approgriate
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.

6 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 x k2

P, =Ir$1ax X Roq x[1+a><(Tc -20 °C)]

where
ky is the reduction factor for air temperature inside the<enclosure around the condugtors
(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, « = 0,004 K™ 1;
is the conductor temperature;

I3o |is the maximum operating ctitrent 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 tempeérature 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 ufpless
precise information is available for the loading of adjacent circuits.

A

N~

y
A
Y
A
Y

IEC

112 X1 +122 X ty +I§><t3
o=

Wity +13
Key
1 Starting time at.current 7,
i, Run time at surrent I,
1y Intervalitime at 7; = 0
L+ )+t Cycle time

Figure 1.1 — Example of average heating effect calculation
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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 dssembly 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 onlly 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 constdered as part or tne normal etectromagrietiC environiment 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) afnd 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]112.2.2 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)

IEC 61439-3:2024 EXV © |[EC 2024

. 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.

specification may exceed 3 m.

Applicable only to ports interfacing with cables whose total length according to the manufacturer’s functional
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Table J.2 — Tests for EMC immunity for environment B (see J.10.12.2)

Type of test Test level required Pﬁ:;‘tc;rrrinoannge

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 3V/m A

IEC 61000-4-3:2006, IEC 61000-4-

3:20p67AMD 172007 andtEC 6 1000-4=3720067

AMDZ2:2010

Radipted radio-frequency electromagnetic

field|immunity test

IEC p1000-4-3:2006, IEC 61000-4- 3 Vim A

3:20p6/AMD1:2007 and IEC 61000-4-3:2006/

AMD2:2010

Elecjrical fast transient/burst immunity test +1 kV/ 5 kHz on power ports

N h B

IEC B1000-4-4:2012 i0,5 kV/ 5 kHz on S|gnal pOI'tS

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

) : C

(50 Hhz / 60 Hz) 0 % during 0,5 cycle and 1 cycle

IEC p1000-4-11:2004 and IEC 61000-4- 70 % during 25 / 30 cycles®? C

11:2p04/AMD1:2017¢

Short interruptions immunity test

IEC p1000-4-11:2004 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
input/output gorts (< 60 V), when secondary circuits (isolated from the A mains) are not subject to trarlsient
ofervoltag€s)

b Applicable-only to apparatus containing devices susceptible to power magnetic fields.

¢ Theqiven percentage means percentage of the rated operational voltage, e.g. 0 % means 0 V.

d Thevalue hefore the slash mark (/) isfor 50 Hz and the value after for 60 Hz tests
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Table J.3 — Acceptance criteria when electromagnetic disturbances are present

IEC 61439-3:2024 EXV © |[EC 2024

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 anrirdication 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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1 The operating current values given in Table K.1 only apply for the specific bar configurations given.

]2 X k3
KxA

P, = x[1+a><(Tc—20°C)]

where

is the power loss per metre;

I is the operating current;

is

the current displacement factor:

=
w

e

For
cond
have

NOTE
practi

The

asse
by th
using

the conductivity of copper, x =56 m 7
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

B 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 to take into account variations that can og

operating currents may be converted for «0ther 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 Table.K2. 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 k,
enclosure around the
conductors Conductor temperature Conductor
N 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.
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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] ’

c) 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 nagminal 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 speg¢ified
for gdssumed conditions, namely, continuous and simultaneous loading of circuits within a
spec|fied 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 current,
Iy, fdra*Circuit, as defined in the IEC 60364 series.

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 supplied 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, I, is the lower of (i) the sum of the group rated currents
of the incoming circuits, and (ii) the group rated current of the main busbars.

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 7. 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 shortperiod (the on|time
being less than the off time and the maximum on time being 30 min), thethermal 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

It is the manufacturer’s responsibility to select the appropriate method for temperaturg-rise
verification.

All the tempenature-rise limits given in this document assume that the assembly will be
located inan-environment where the daily average and peak ambient air temperatures dp not
excepd/36.°C 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).
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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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L.3.4 Method c) — Verification considering individual functional units and the main
and distribution busbars separately as well as the complete assembly
(10.10.2.3.7)

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) functional units (optional),

d) aJcomplete assembly.

To verify the performance of the assembly as a whole, methods a), b) and ¢) above| are
complemented by a test d) on a representative assembly in which the incoming)and outgoing
circujts are loaded to their group rated currents (Ing).

Whilgt this approach requires more testing than L.3.2 Method a) and L,3.8 Method b) aboye, it
has fthe advantage that the modular system rather than a specifi¢ arrangement of the
assembly is verified.

L.4 | Verification assessment

L.4.1 General

Variqus methods of verifying temperature-rise performance by calculation are included Within
this document.

L.4.2 Single compartment assembly with a rated current (I,,,) not exceeding 630 (A

This [is a very simple method of temperature-rise verification that requires confirmation that
the tptal power loss of the components and conductors within the assembly do not exceef the
known power dissipation capability of the enclosure. The scope of this approach is|very
limitgd and in order that there-are no difficulties with hot spots, all components should bg de-
rated to 80 % of their free aif current rating or less.

L.4.3 Assembly with'rated currents (1,,5) not exceeding 1600 A

Temperature-rise werification is by calculation in accordance with IEC TR 60890:2014| with
additional margins: The scope of this approach is limited to an assembly rating, 7,5, of 1400 A,
components @re de-rated to 80 % of their free air rating or less, and any horizontal partitions
should havexas a minimum, a 50 % open area.

L.5 —Verificationbycomparison-with-areferencedesign

This document allows, in clearly defined circumstances, for the derivation of ratings from
similar variants that have been verified by test. For example, if the current rating of a double
lamination busbar has been established by test, it is acceptable to assign a rating equal to 50 %
of the tested arrangement to a busbar comprising a single lamination with the same width and
thickness as the tested laminations, when all other considerations are the same.

The rating of all circuits within a group of comparable functional units (all devices shall be of
the same frame size and belong to the same series) can be derived from a single
temperature-rise test on the critical variant within the group. An example of this may be to test
a nominal 250 A outgoing circuit-breaker and establish a rating for it in the assembly. Then,
assuming the same frame size breaker is being considered and other specified conditions are
met, verify by calculation the rating of a nominal 160 A circuit-breaker within the same
enclosure.
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In respect of temperature-rise, there are very strict design rules that permit the substitution of
a device with a similar device from another series or even another make, without retesting. In
this case, in addition to the physical arrangement being essentially the same, the power loss
and terminal temperature-rise of the substitute device, when it is tested in accordance with its
own product standard, should not be higher than those of the original device.

When considering device substitution, all other performance criteria, in particular that dealing
with short-circuit capability, should be considered and satisfied, in accordance with this
document, before an assembly is deemed to be verified.
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Figure L.1 — Verification of temperature-rise
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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

M.1 General

Annex M describes a method for assessing the short-circuit withstand strength of busbar
structures of an assembly by a comparison of the assembly to be assessed with an assembly
alreddy verified by test (see 10.171.5).

M.2 | Terms and definitions
For the purposes of Annex M, the following terms and definitions apply.

M.2.
testgqd busbar structure
TS
structure whose arrangement and equipment are documented by drawings, parts list§ and
descfiptions in the test certificate (Figure M.1)

1 Side view

G o p— S =

¢ ¢ — 4 —
rfee- L. L |
1 I i
1 | i
l. -, e —

[ ] |\4

5 I DT ]_

IEC

Key

1 busbar

2 support

3 busbar connection

4 equipment connection

a, b, 1 distances

Figure M.1 — Tested busbar structure (TS)
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M.2.2

non tested busbar structure

NTS

structure which requires verification of short-circuit withstand strength (Figure M.2)

14 > l1 , Side view
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' Sl 3}
_+ ............... .*_ ------ -

b b

Key

1 busbar

2 support

3 busbar connection

4 equipment cénnection

a, b, I| distances

Figure M.2 — Non tested busbar structure (NTS)

M.3 —Methodof verification

The short-circuit withstand strength of a derived busbar structure, i.e. an NTS, is verified from
a tested busbar structure (TS) by applying calculations according to IEC 60865-1:2011 to both
structures. The short-circuit withstand strength of the NTS is considered verified if the
calculations show that the NTS does not have to withstand higher mechanical and thermal
stresses than the tested structure.
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M.4 Conditions for application

M.4.1 General

Changes of parameters, such as busbar clearances, busbar cross-section and busbar
configuration are permissible only in so far as the following conditions in M.4.2 to M.4.7 are
adhered to.

M.4.2 Peak short-circuit current

The short-circuit current may be changed only to lower values.

M.4. Thermal short-circuit strength

The thermal short-circuit strength of an NTS shall be verified by calculations, \according to
IEC $0865-1:2011. The calculated temperature-rise of the NTS shall not be higher than that of
the T|S.

M.4.4 Busbar supports

Changes of material or shape of supports taken from an assembly verified by test ar¢ not
permitted. However, other supports may be used but they shall have been previously tT;ted
for tHe required mechanical strength with a short-circuit test in<a representative arrangemgnt.

M.4.% Busbar connections, equipment connections

The {ype of busbar and equipment connections shall*have been previously verified by tesf.

M.4.I Angular busbar configurations

IEC $0865-1:2011 is applicable only te\ straight busbar configurations. Angular bysbar
configurations may be considered asia’series of straight configurations when support$ are
provided at the corners (see Figure M:3).

]
i
T
[}
i

d,
Minimum height
of 2 mm

I
1
-1 S —y

! . IEC

Key

-

busbar
support

equipment connection

QU W N

support distance

Figure M.3 — Angular busbar configuration with supports at the corners
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M.4.7 Calculations with special regard to conductor oscillation

For calculations in conformity with IEC 60865-1:2011 on the tested structure (TS), the
following values of the factors V', V¢ and Vg shall be used:

where

Vs  is the ratio between dynamic and static main conductor stress;
y

os is the ratio hetween dynamir and static sub-caoanductor stress:

Ve | is the ratio between dynamic and static force on support.
For the NTS:

Vo =Vss = 1,0 and

Ve ig found from calculations in accordance with IEC 60865-1:2011, butoVg < 1,0 is fo be
repldced by Vg = 1,0.
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Annex N
(informative)

List of notes concerning certain countries

Subclause Text

3.1.14 In the Russian Federation, the term “line conductor” is defined differently:
line conductor (L)
conductor which is energized under normal conditions and used for the transmission of
electric energy but which is not a neutral or mid conductor

3.1.14 In the Russian Federation, the following definition applies:
earthed line conductor (LE)
line conductor which has an electrical connection with a local earth

3.1.14 In the Russian Federation, the following definition applies:
phase conductor
line conductor which is used in an AC electric circuit

3.1.14 In the Russian Federation, the following definition applies:
pole conductor
line conductor which is used in a DC electric circuit

3.4.11 In the Russian Federation, the term (electrically) protective barrier is defined
differently:
(electrically) protective barrier
part providing protection against centact with hazardous-live-parts from any usual
direction of access

3.4.12 In the Russian Federationythe‘term (electrically) protective obstacle is defined
differently:
(electrically) protective obstacle
part preventing unintentional contact with hazardous-live-parts, but not preventing
such contact by, deliberate action

3.7 In the Russian Federation, the term current-carrying part is defined:

earth fault
occurrence of an accidental conductive path between a live part and the Earth or
exposed-conductive-part, or extraneous-conductive-part, or protective conductor

3.71 Add the following after Note 1 to entry:
Note 2 to entry: In Norway, the neutral is required to be switched for isolation, and
disconnection of the neutral may also be necessary for protection against
overcurrents.

3.7,3 In the Russian Federation, the term “exposed-conductive-part” is defined differgdntly:
exposed-conductive-part
conductive part of equipment, which can be touched and which is not live under
normal conditions, but which can become live when basic insulation fails

3.7.4 In the Russian Federation, the term “protective conductor” is defined differently:
protective conductor (PE)
conductor provided for purposes of electrical safety, for example protection against
electric shock

3.7.5 In the Russian Federation, the term “neutral conductor” is defined differently:

neutral conductor (N)

conductor electrically connected to the neutral and used for the transmission of
electric energy
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Subclause Text

3.7.7 In the Russian Federation, the following definition applies:
earth-fault current
current flowing to the earth, exposed-conductive-part, extraneous-conductive-part or
protective conductor due to an insulation fault of a live part

3.7.8 In the Russian Federation, the term “basic protection” is defined differently:
basic protection
protection against electric shock under normal conditions

3.7.9 In the Russian Federation, the term “basic insulation” is defined differently:
basic insulation
insulation of live-parts which provides basic protection

3.7.11 In the Russian Federation, the term “protective extra low-voltage system? is def|lned
differently:
protective extra low-voltage system (PELV system)
electric system in which the voltage cannot exceed the value(of extra-low-voltage:
— under normal conditions and
— under single fault conditions, except earth faults inther electric circuits

3.7.12 In the Russian Federation, the term “safety extra lew-voltage system” is defined
differently:
safety extra low-voltage system (SELV sysiem)
electric system in which the voltage canhnot exceed the value of extra-low-voltage:
— under normal conditions and
— under single fault conditionss including earth faults in other electric circuits

3.7.18 In the Russian Federationathe‘term “mid conductor” is defined differently:
mid conductor (M)
conductor electricalijxconnected to the mid live part of the DC electrical system and
used for the transmission of electric energy

3.7.24 In the Russian_Federation, the term “class | equipment” is defined differently:
class |, equipment
electrical equipment in which a basic insulation is used as a protective provision fgr a
basie protection, and a protective bonding is used as a protective provision for a fault
protection
Note to entry: The protective bonding is electrical connection of an exposed-
conductive-part of the class | electrical equipment to a protective conductor.

3.7.25 In the Russian Federation, the term “class Il equipment” is defined differently:
class Il equipment
electrical equipment in which a basic insulation is used as a protective provision fgr a
basic protection, and a supplementary insulation is used as a protective provision for a
fault protection, or in which the basic protection and the fault protection are provided
by a reinforced insulation.

3.8.6 In the Russian Federation, the term short-circuit current is defined differently:
short-circuit current
overcurrent in an electric circuit under short-circuit

3.10.2 Add the following note to entry.

Note 2 to entry: In the UK, when the party installing the assembly completes the final
assembly on site by the installation of equipment strictly in accordance with the
assembly manufacturer’s instructions, they are not necessarily considered to be the
assembly manufacturer.
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Subclause

Text

3.10.2

Add a note,

Note 3 to entry: Within the European Union the assembly manufacturer is defined as
the manufacturer in respect of relevant Directive, e.g. Low-voltage Directive, EMC
Directive.

5.4

Add the following note after the last paragraph:

NOTE 3 In Norway, the overload protection of conductors shall not solely be based
on the use of diversity factors of the downstream circuits.

6.1

Add the following NOTE 2 after the note:

NOTE 2 Norway ciimate condftfons deviate from those specitied m thisdocumegnt
(see 7.1.1) and the assembly is not intended for a fixed location.

7.1.1

Add the following note:

NOTE In Norway, assemblies suitable for normal operation at a lower ambient ai
temperature than —25 °C shall also comply with the requirements of,this"document

8.2.2

Add the following after the first paragraph:

In the United States of America (USA), Canada and in Mexi¢e;“enclosure “type”
designations are used to specify “the degree of protection»provided to the assemfily.
For applications in the USA, the appropriate enclosure-type designation should be
used as specified in NEMA 250. For applications in.Canada, the appropriate enclopure
type designation should be used as specified in GSAJstandard C22.2 No. 94.1 and
94.2. For applications in Mexico, the appropriateenclosure Type designation should
be used as specified in NMX-J-235/1-ANCE and NMX-J-235/2-ANCE

8.3.1

Add the following:

In the United States of America (USA), and Mexico National Electrical Codes are uped
to specify minimum creepage distances. In the USA, National Electric Code NFPA|70,
Article 408.56 is applicable. In Mexico NOM-001-SEDE is applicable. For applicatipns
in Canada minimum creepage distances are specified in the Canadian Electrical Code,
Part 2 Product Safety Standards.

Minimum clearance and créepage distances for North American region are given i
Table 1 and Table 2, respectively.

Table 1 — Minimum clearances in air

Rated operational Minimum clearances
voltage mm

\Y

Phase to phase Phase to earth

(150)2 125 or less 12,7 12,7

(151)2 126 to 250 19,1 12,7

251 to 600 25,4 25,4

a

Values in brackets are applicable in Mexico.

Table 2 — Minimum creepage distances

Rated operational
1

Mini "

voltage mm

\Y

Phase to phase Phase to earth

(150)2 125 or less 19,1 12,7

(151)2 126 to 250 31,8 12,7

251 to 600 50,8 25,4

a8 Values in brackets are applicable in Mexico.

This is not a complete and exhaustive listing of all regulations that are specific to the
North American marketplace.

8.4.2.3

Add the following note after the end of item b):

NOTE In Norway, the neutral conductor shall be isolated or switched.
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Subclause Text
8.4.3.1 Add the following note after the end of item b):
NOTE In the Netherlands, it is permitted to use overcurrent protective device fora TT
system.
8.6.6 Add the following note after the last paragraph:
NOTE In the USA, Australia, South Africa, Korea, other colours for the neutral
conductor are required.
8.8 Add the following note after the fifth paragraph:
NOTE 1 In the United States of America (USA) and Mexico, National Electrical Codes
should be used for determining the minimum wire bending space requirements. In the
USA NFPA 70, Article 312 is applicable. In Mexico, NOM-001-SEDE is applicabte.|In
Canada, wire space and wire bending space is required in the Canadian Eléctrical
Code, Part 2 Standard, C22.2 No. 0.12, Wire Space and Wire Bending Spac€’ in
Enclosures for Equipment Rated 750 V or Less.
9.2 Add the following:

In the United States of America (USA) and Mexico, National Electrical Codes, are

used to specify maximum temperature-rises. In the USA, NFPA 70, Article 110.14C¢ is

applicable. In Mexico, NOM-001-SEDE is applicable. For these applications,
temperature-rises shall be selected using the values given below. In Canada,
maximum temperature-rise is prescribed in the Canadian Electrical Code, Part 2,
Product Safety Standards.

These values are based upon the allowable risés‘permitted for the devices connegted

(wire connectors, cables, circuit-breakers, etc). In order to maintain the proper an
safe performance of the entire electrical system, these shall be taken into account

Table 3 — North Américan temperature-rise limits

Parts of assemblies Temperature-rise

K

Unplated busbars 50

Plated busbars 65

Terminals except.as covered below 50

Terminals forsdevices marked for use with 60

90 °C conductors, based upon 75 °C ampacity

(current:carrying capacity)

Terminals for devices rated 110 A and 65

less, if marked for use with 75 °C conductors
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Subclause

Text

10.10.3.5

Add the following note after the last paragraph:

NOTE In CO, AU and NZ, a similar device from another manufacturer can be
substituted if the conditions of this clause are satisfied and the device rating does not
exceed 3150 A.

10.10.3.5

Add the following note after the last paragraph:

NOTE In the US, a device within a circuit with a rated current 7. not exceeding
1 200 A can be considered for substitution.

10.10.3.5

Add the following note after the last paragraph:

NOTE In the US, no individual dimension and the overall dimension of the substifute
device, height x width x depth, shall not exceed 110 % of the original device. |In
addition, when the substitution device is installed as intended in the assembly| the|
distance to adjacent devices shall not be less than 90 % of the distance for'the
original device.

10.10.3.5

Add the following note after the last paragraph:

NOTE |In ltaly, the value of the devices terminals temperature-rise (when tested i
accordance with the relevant product standard) is not significant to define if the

substitution is possible, providing that both devices are totalty fulfilling the product
standards requirements.

=)

10.11.5.4

Add the following note at the end of item b):

~=

NOTE In South Africa (ZA) the National Standard SANS 10142-1 for the Wiring o)
Premises Part 1: Low-voltage installations, requires that the supply voltage could lbe
equal to 1,1 times the nominal voltage where the operational voltages are up to and
including 525 V.

10.11.5.6.1

Add the following note at the end.of the subclause:

NOTE In South Africa (ZA), the.allowable voltage variations require that the test
voltage be equal to 1,1 times'the nominal voltage.

Table 6

Add the following note to\footnote b:

NOTE In the United\Kingdom (UK), where an installation conductor operates at a
temperature exceeding 70 °C, it shall be ascertained that the equipment connected to
the conductor is suitable for the resulting temperature at the connection. See
IEC 60364-5-52:2009, Table 52.1.

Installation circuit conductors having an in service operating temperature exceedin
70 °C shall not be connected to assemblies manufactured to a standard in this ser
unless; the circuit(s) in question is/are specifically agreed and recorded by the

manufacture in the assembly documentation that, the above requirement has been
verified by test.

D Q

Table 13

Replace the text of item 6 after the first paragraph with the following note:

NOTE In Norway, if the short-circuit protective devices are not equivalent, they spall:

e have a breaking capacity not less than the short-circuit rating of the assembly|at
the rated operational voltage of the assembly, and

e in the case of a current-limiting protective device, have a peak let-through curfent

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, and

e in the case of a non-current-limiting device, have a rated short-time withstand
current ICW equal to or higher than the reference design, and

e have a heat dissipation less or equal to that of the reference design when applied
for a current corresponding to the rated breaking capacity of the device, and

o fulfil the requirements of coordination with upstream and downstream devices
(see 9.3.4), if required, and

e have the same arrangement as in the reference design.
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Subclause

Text

Table 13

Add in item 6 the following note:

NOTE In Colombia (CO), South Africa (ZA), Singapore (SG), Australia (AU) and New
Zealand (NZ) short-circuit protective devices from another manufacturer may be
substituted if the conditions of Table 13 footnote a are satisfied and the substituting
device has limitation characteristics (/% ka) equal to or better than the verified
substituted device.
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Annex AA
(informative)

Items subject to agreement between
the DBO manufacturer and the user

The information given

in Table AA.1

is subject to an agreement between the DBO

manufacturer and the user. In some cases the information declared by the DBO manufacturer
may take the place of an agreement.

Table AA.1 — Items subject to agreement between
the DBO manufacturer and the user

contribute to the short-circuit current

make a
significant
contribution
allowed for

Reference
e el el Default Options listed User,
SHEEHEE EHpEELES G arrangement? in IEC 61439-3° | requiremlent®
IEC 61439-
1:2020
Elecfrical system
EartHing system 5.6, 8.4.3.1, Manufacturer’s YT /TN-C/
8.4.3.2.3, 8.6.2, standard, TN-C-S /IT/
10.5, 11.4 selected to suit TN-S
local
requirements
Nominal voltage of the power supply 3.8.9.1, 5.2.1, Locals~according | Nominal voltage
V) 8.5.3 to~installation to earth < 300 V
conditions AC
Trangient overvoltages 5.2.4, 8.5.3, Determined by Overvoltage
9.1, Annex G the electrical category Il
system
Temporary overvoltages 9.1 Nominal system None
voltage +
1200V
Ratedl frequency f, (Hz) 3.8.12, 5.5, According to 50 Hz / 60 Hz
8.5.3, 10.10.3.1, | local installation
10.11.5.4 conditions
Additional onsite testing requirements: 11.10 Manufacturer’s None
wiring, operational performance and standard,
functjon according to
application
Short-circuit withstand capability
Prospective short<Circuit current at 3.8.7 Determined by None
supply terminals ICp (kA) the electrical
system
Prospective short-circuit current in the 10.11.5.3.5 Min. 60 % of None
neutral eonductor phase values
Prospective short-circuit current in the 10.11.5.6 Min. 60 % of None
protective circuit phase values
SCPD in the incoming functional unit 9.3.2 According to Yes / No
requirement local installation
conditions
Co-ordination of short-circuit protective 9.3.4 According to None
devices including external short-circuit local installation
protective device details conditions
Data associated with loads likely to 9.3.2 No loads likely to None
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Reference
. el el Default Options listed User
SHETEEENELE CHDEHETER G arrangement? in IEC 61439-3° | requirement®
IEC 61439- 9 q
1:2020
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 (protection local installation
against direct contact) regulations
Type of protection against electric 8.4.3 According to Automatic
shock — Fault protection (protection local installation | disconnection of
agairjst indirect contact) conditions supply /
Electrical
separation /
Double or
reinforced
insulation
Instdllation environment
Location type 3.5,8.1.4,8.2 Manufacturer’s Indoors /
standard, Outdoors
according to
application
Protdction against live parts, ingress of 8.2.2,8.2.3 Indoors After removal of
solid|foreign bodies and water (enclosed): removable parts:
IP2XC
As for connected
Outdoors (min.): position /
P23 Reduced
protection
to manufacturer’s
standard
Extenal mechanical impact (IK code) 8.2.1, 10:2:6 Indoors IK05 None
Outdoors IKO7
Resigtance to UV radiation (applies for 10.2.4 Indoors: Not None
outdqor assemblies only unless applicable
specified otherwise)
Outdoors:
Temperate
climate
Resigtance to corrosion 10.2.2 Normal None
Indoor/Outdoor
arrangements
Ambient air temperature — Lower limit 7.11 Indoors: -5 °C None
Outdoors: -25 °C
Ambient airtemperature — Upper limit 7.11 40 °C None
Ambient airtemperature — Daily 7.1.1,9.2 35 °C None
avergge.maximum
Maximum relative humidity 7.1.1 Indoors: None
95 % at

-5°C to +30 °C
70 % at +35 °C
57 % at +40 °C
Outdoors:
100 % at
-25 °C to +27 °C
60 % at 35 °C
46 % at 40 °C
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Reference
. el el Default Options listed User
SHETEEENELE CHDEHETER G arrangement? in IEC 61439-3° | requirement®
IEC 61439- 9 q
1:2020
Pollution degree (of the installation 7.1.2 2 3,4
environment)
Altitude 7.1.1 <2000 m None
EMC environment (A or B) 9.4, 10.12, B A or B
Annex J
Special service conditions (e.g. 7.2,8.5.4,9.3.3 No special None
vibrafion, exceptional condensation, Table 7 Service
heavy pollution, corrosive environment, conditions
stron electric or magnetic fields,
fungys, small creatures, explosion
hazafds, heavy vibration and shocks,
earthiguakes)
Installation method
Type 3.3,5.6 Manufacturer’s Various,€.g.
standard floor‘standing /
wall*mounted
Statipnary/Movable 3.5 Stationary None
Maxijmum overall dimensions and 5.6, 6.2.1 Manufacturer:s None
weight standard,
according\to
application
External conductor type(s) 8.8 Manufacturer’s Cable / Busbar
standard trunking system
Diregtion(s) of external conductors 8.8 Manufacturer’s None
standard
External conductor material 8.8 Copper Copper /
Aluminium
Extefdnal line conductor, cross- 8.8 As defined within None
sectipns, and terminations the standard
Extefnal protective, neutral, mid-point, 8.8 As defined within None
the standard
PEL,|PEM, PEN conductor cross-,
sectipns and terminations
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 7.3 As service None
conditions
Packing details 6.2.2 Manufacturer’s None
standard
Operating arrangements
Access to manually operated devices 8.4 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 8.4.6.2 standard groups / all
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Reference
. el el Default Options listed User
Characteristics subclause of a . b : &
IEC 61439- arrangement in IEC 61439-3 requirement
1:2020
Maintenance and upgrade
capabilities
Requirements related to accessibility in 8.4.6.1 Basic protection None
service by ordinary persons;
requirement to operate devices or
change components while the
assembly is energized
Requirements related to accessibility 8.4.6.2.2 No requirements None
for inspection and similar operations for accessibility
Reguirements related to accessibility 8.4.6.2.3 No requirements None
for maintenance in service by for accessibility
authqrized persons
Requirements related to accessibility 8.4.6.2.4 No requirements None
for extension in service by authorized for accessibility
persqns
Methpd of functional units connection 8.5.1,8.5.2 Manufacturer’s None
standard
Protgction against direct contact with 8.4 No requirements None
hazafdous live internal parts during for protectiof
mainjenance or upgrade (e.g. during
functjonal units, main busbars, maintenarce or
distripution busbars) upgrade
Current carrying capability
Maximum total load current to be 3.8.10.1, 5.3, T.a <250 A None
supplied by the assembly (from which
the rated current of the assembly 7_, 8.4.3.2.3,8.53,
(A) will be determined) 8.8 10.10.2
10:-10.3,
10.11.5,
Annex E
Design current 7, and nature / type-«of 3.8.10.8 I,.<125A None
load p.g. EV, PV or alternatively, Z of
the devices and nature of thetload (in .
such|cases, the assumed loading Assumed loading
facto['s as given in Table. 4101 can be factor as given in
used|) Table 101
Ratig of cross-segtion'of the neutral 8.6.1 100 % None
condfictor to line.€onductors: line
cond|ictors up.'to,and including 16 mm?
Ratid of cfoss-section of the neutral 8.6.1 50 % None

condpctof to line conductors: phase
condlicters above 16 mm?2

(min. 16 mm?2)

a8 In some cases the information declared by the DBO manufacturer may take the place of an agreement.

b
value.

'None' in this column means that there are no options in IEC 61439-3 other than the default condition or

¢ For exceptionally onerous applications, the user may need to specify more stringent requirements to those in

this document.
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Annex BB
(informative)

Effects upon a DBO design and related ratings, instructions, etc. when

used in a prosumer’s electrical installation (PEI)

The effects upon a DBO design and related ratings, instructions, etc. when used in a
prosumer’s electrical installation (PEI) shall take account of the relevant requirements in
IEC 60364-8-82, for example the installation with a local generator, photovoltaic systems,
turbines, batteries, and potentially with energy management (e.g. load shedding

wind

equipment, monitoring device).

A no
— thH

f

0O 5SS PMOL O CTOT

imes including thermal constraints for cables, busbars and shock’ protection. Th
bcause the I2f can be higher at lower fault levels; see IEC TR 61912-1. The DBO should

requiring the use of SPDs to be evaluated,

n-exhaustive list of some aspects that should be considered are:

e maximum short-circuit level (typically PEI in parallel with distribution system);
e minimum short-circuit level (typically island mode) to achieve related disconne

bve suitable short-circuit protection and ratings based on the_information provided b
Ser;

rcuits potentially supplied by both sides and reversg./connected; protection de
hould be able to function with respect to whatever ‘the direction of the current

bt be reverse connected;

ansient overvoltages in a PEIl which can be more frequent than in a usual installatior]
e to the switching between sources, load shedding, load shifting) and ther

ction
is is

y the

vices
flow.

rotection devices with line and load terminals such as’a polarized circuit-breaker should

(e.g.
bfore
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Annex CC
(informative)

Rated current of an assembly (/,,)

When a generator, for example a photovoltaic system, wind turbine, battery is used as an
additional source of supply in parallel and simultaneously with another source that is
connected to the DBO, the DBO should be selected such that:

[ma,n{s

See

Alter
supp
grea
arrar

Whe
sour
rated
gene
eithe

InA 2 In + Ignn(e);

3]
is the rated current of the assembly;
is the rated current of the incoming circuit overcurrent protective’)device ¢
incorporated within the DBO or upstream of it;

y is the rated output current of the generating set or sets supplied through sep

incoming overcurrent protective devices.

-igure CC.1.

hatively, where the generating set or sets are supplied in¢parallel with the main inco
y through a single overcurrent protective device within the DBO, the 7,5 shoul
er than or equal to this single overcurrent sprotective device and the sp
gements shall be verified.

N a power supply is not arranged to be operated in parallel and simultaneously with

ither

Brate

ming
d be
beific

bther

es, for example a back-up generator copnected through a transfer switch, the minimum

current of the DBO (I,5) should be;the highest value of the mains power supp
rator aligned with the rated current of the incoming circuit overcurrent protective de
I incorporated within the DBO or upstream of it.

l Main overcurrent protection

ly or
vice,

¢ 40A
DBO 40 A & Main switch
1 40 A
Busbar 40 A -
i. j} <==53A
.
RCCB S3A RCCB 16 A
”1 40 A= 30 mA 1 X 40A—30mA X
“ . A l
Y 18A \ 16A \16A Y 16A X 16A W 16A Y 16A Y 16A 13A
- -~ I~ - T~
e e e [e [~» e e [~e e
5 B 8 B ® 83 8 & U
PV-inverter
3KW (13 A)

IEC

SOURCE: NPR 5310, reproduced with permission of the authors.

Figure CC.1 — Example of overloading where I, + I o) is greater than 1,5
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The required 7,5 is: 1,4 2 40 A circuit-breaker + Iy, 13 A therefore, 7,4 240 + 13 = 53 A.
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Annex DD
(informative)

List of notes concerning certain countries

Country Clause/Subclause Text

IT 1 Add the following:

In Italy, the standard CEI 23 51 is applicable for domestic household
installations with maximum incoming unit of 125 A and rated voltage
up to 440 V.

FR 1 Add the following to the end of the Scope before the note:

In France, this standard does not apply to a meter board which-is
covered by a local network operator requirement.

GB 3.1 Add the following terms and definitions which are used |in the United

Kingdom:

3.1.102

type A DBO
DBO designed for single-phase outgoing cireuits only, the incominjg
supply possibly being single or three-phase

@

Note 1 to entry: A type A DBO can have single-phase outgoing
devices which have switched or unswitched neutral connections apd
may be arranged horizontally and/or vertically.

Note 2 to entry: In the United\Kingdom, a type A DBO used
principally for domestic (Household) installations and having a
maximum incoming unit*rating of 100 A and a maximum outgoing
circuit rating of 63 A;issKknown as a "consumer unit".

3.1.103

type B DBO
DBO designed,for single-phase and/or poly-phase outgoing circuifs,
the incoming supply being poly-phase

Note 1.to entry: A type B DBO can have outgoing devices which
have'switched or unswitched neutral connections and may be
arranged horizontally and/or vertically.

3:1.104
blank

component used for closing an opening in the external enclosure fo
provide basic protection

3.1.105

consumer unit

Ccu

integrated assembly, for the control and distribution of electrical
energy, principally in a household or similar premise, incorporatin
manual means of double-pole isolation on the incoming circuit(s),
with polarity observed throughout

Note 1 to entry: Consumer units are designed for use exclusively
with specific protective devices on the outgoing circuits, and type-
tested for use when energized through a BS 88-3 fuse having an /. .
of 8 KA Tatimg udeT thespetific testarrangementsaccording to

10.11.5.101

ZA 5.2 Add the following:

In South Africa, see IEC 60038 and SANS 1019 for further details on
the nominal system voltage.

GB 5.6 of IEC 61439- Add the following item q) to 5.6:

1:2020
q) type A or type B DBO (see 3.1.102 and 3.1.103 which are
applicable for the United Kingdom).
DE, SE 6.1 Add the following note after the first paragraph:

NOTE In Germany and Sweden, 10.2.7 applies to DBOs intended
for indoor installation.
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Country

Clause/Subclause

Text

GB

6.2.1 of IEC
61439-1:2020

In the United Kingdom, add the following additional subclause.
6.2.1.101 Assembly outgoing unit and outgoing circuit marking

Each DBO shall be marked with the 7., RDF and/or 7 of each
outgoing unit and each outgoing circuit/functional unit for its speci
arrangement/location in the DBO. The marking can be by a single
label covering various rated currents and/or RDF.

Verification shall be fulfilled by:

a) Where an outgoing unit and outgoing circuit/functional unit is

supplied fitted in the DBO, the assembly manufacturer shall
nlnlnly the relevant labhel to the DBQO or device

fic

b) Where an outgoing unit and outgoing circuit/functional unit-is

fitted in the DBO on site by the installer, the DBO manufacturer

shall provide labels and instructions with the DBO so that the
1., RDF and/or I, of each outgoing unit and each outgoing
circuit/functional unit can be marked by the installer on the D
or device.

For both a) and b):

. The marking shall be readily visible aftesinstallation. It can b
visible after a hinged/sliding cover,or.door is opened but not
located behind covers designed to.be held in place by screwd
similar means.

BO

Y

or

us

8.2.1

Add the following note after the'last paragraph:

NOTE In the United Statesrof*\America, no IK code is required as
the requirements applicab)e t6 an "enclosure type" designation co
this consideration.

The United States of‘America (USA) uses enclosure "Type"
designations accarding to UL 50 and UL 50E. The enclosure Type|
designations incorporate constructional requirements as well as
additional enyironmental requirements for conditions such as
corrosiony fust, icing, oil, and coolants. For this reason, the IEC
Enclosure Classification Designations IP are used with an enclosy
Type designation number appropriate for these markets.

er
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Country

Clause/Subclause

Text

GB

8.2.2

Add the following:

For parts of the United Kingdom, the Building Regulations Approved
Document P and Approved Document M require consumer units e.g.
DBOs to be easily reached and accessible. Therefore, in the United
Kingdom, a blank used for closing an opening in the external
enclosure to provide basic protection, must be securely retained in
position. To meet this condition the following requirements are to be
verified by the following additional test:

Verification of blank retention in a DBO

A blank shall be securely retained in position. Conformity is verified

by comptyimg wittrbotirthe pustranmd puttests:

The blank shall be tested when fitted as in normal use. The tests
shall be applied to each construction type and size of blank.
Separate samples may be used for each of the tests below.

Push test

A push force of 50 N is applied by test probe 11-of IEC 61032 (rig
test finger) for 10 s without jerks in the centre of.the blank.

o

During and after the push test the blank shallremain in position apd
not become detached.

Any apertures which are present around the blank after the test shall
pass a test of IP2XC.

Pull test using IEC 60335-1:2020, Figure 7 test fingernail

a) The test fingernail tip isdocated at the centre of the shortest
side of the blank and applied with a force of 10 N. If the
fingernail tip does\not engage under the edge of the blank at
any angle, the pull test below is not required.

=

The test fingernailyis then pulled for 10 s without jerks, by means
the loop (eyelet); with a force of 30 N in the direction of removal.

b) The test'fingernail tip is located at the centre of the longest s|de
of the blank and applied with a force of 10 N. If the fingernail|tip
doés not engage under the edge of the blank at any angle, thle
pull test below is not required.

=

The test fingernail is then pulled for 10 s without jerks, by means
the loop (eyelet), with a force of 30 N in the direction of removal.

During and after the pull test the blank shall remain in position an
not become detached.

Any apertures which are present around the blank after the test shall
pass a test of IP2XC.

NO|

8.5.3

Add the following:

In Norway, the alternative of labelling protective devices that re-
closing shall only be carried out by skilled or instructed persons shall
not be applied.

Add the following note after the last paragraph:

NOTE In Norway, protective devices in outgoing circuits used fof

wiring protection in building shall comply with IEC 60898-1,

IEC 61008, IEC 61009, IEC 60269-3 or IEC 60947-2 as long as the
requirements in IEC 60898-1 or IEC 61009 are met for all tests
except the test for time-current characteristic B, C and D as
specified in IEC 60898-1:2002, 9.10.1 or IEC 61009-1:2010, 9.9.2.1.

NL

8.5.3

Add the following:

In the Netherlands, it is allowed to install a socket outlet in
accordance with IEC 60884-1 (NEN 1020) in the DBO without
shutters, in such a way that the minimum degree of protection
(IP2XC) is not met only at the location of the holes where the plug-
pins are inserted to establish the electrical contact. The verification
test report that is published shall record the presence of the socket
outlet and exception to the requirement in the paragraph of the
degree of protection (IP) test.
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Country

Clause/Subclause

Text

GB

8.6.1

Add the following note after the last paragraph:

NOTE In the United Kingdom, the UK Electricity, Safety and Quality
Regulations S.I. 2002 No. 2965 require electricity suppliers to state
the maximum prospective short-circuit current at the supply
terminals. In the United Kingdom, the maximum prospective short-
circuit current at the supply terminals of household and similar
electrical installations declared by the supply authority in accordance
with the Electricity Association Publication P 25 is 16 kA for single-
phase supplies up to and including 100 A.

ZA

8.8

Add the following:

I SOuUtn AITICd, CONductor Colour coding Is covered I SANS TU I4K-

1.

AT

8.8

Add the following:

In Austria, terminals, or components to connect neutral ¢onductor$ of
more than one outgoing circuit must consist of independent
terminations for every single circuit to be able to disconnect singld
circuits independently from others.

us

8.8

Add the following note after the last paragraph

NOTE In the United States of Americay the neutral conductor is
identified by the colour white and the(protective earth conductor may
be either green/yellow or solid green,

GB

10.10.1 of
IEC 61439-1:2020

In the United Kingdom, building, regulations require thermal
insulation and/or sound proofing 'material which influences the
temperature rise verification,_therefore, replace the second
paragraph of 10.10.1 of IEC 61439-1:2020 with the following:

Verification of DBOS;

a) Surface mounting shall be made with one or more of the
following iNIEC 61439-1:2020: testing (10.10.2), comparison
with a réference design (10.10.3), or assessment (calculation|)
(10.10:4).

b) Elush mounting in hollow walls shall be made with one or mofe
of'the following: testing (10.10.2) or comparison with a
reference design (10.10.3).

The hollow wall test(s) shall be made in a test wall with a width of
200 mm + 10 mm of thermal insulation in contact with the top, bot
and both sides of the DBO filled to the depth of the wall cavity. Th
maximum thermal conductivity of the thermal insulation shall be
0,044 W/mK.

(i)
3

The rear of the DBO is not required to have any thermal insulation
other than air or the typical finishing material of the mounting wall
The DBO manufacturer’s instructions supplied with the DBO shall
specify for flush mounting arrangements the location of the therma
insulation.

c) Suitability for flush mounting in solid walls e.g. brick, stone,
concrete is covered by testing in accordance with b) above.

All temperature rise tests shall be applied with holes for both test

ol AR ol fiAd ! ol Lol
caoreentrreSant—Spare entrreS—CroSetor—Starear

Annex L of IEC 61439-1:2020 provides guidance on the verification
of temperature rise.

Flush mounting hollow wall test arrangements are as follows:

Test wall with a width of 200 mm = 10 mm of thermal insulation in
contact with the top, bottom and both sides of the DBO.
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Country Clause/Subclause Text

C

o
®
ol
gs
@

=

LHS
insulation
200 mm

RHS
insulation
00 mm

[+ - »

Bottom
insulation
200 mm

X
Frame

Front view

Frame

\Q/U

) Onsulation -
( filled to a depth
of wall cavity

Frame

i

Test

sample %
o

insulation
< .
-

Backboard

Insulation —
filled to a depth
of wall cavity

Frame

F

Frame

Side view

— IEC

10.10.2.3.6 Add the following to the second paragraph:

In the United Kingdom, for an example considering a complete spl
load DBO, see Figure DD.1.

—
]
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——————————————————— e |
r | Rated current of the DBO: I, = 100 A |
I Outgoing | Outgoing unit 1 Ing = 80 A
| unit 1 | Outgoing unit 2 7, s = 80 A |
| I,=100 A |
| Ing=80A | An alternative to declaring I, for each type |
| of outgoing circuit is to declare /,; and |
| TEST current | the appropriate RDF. |
| 80 A
| | RDF is calculated by dividing Z,,g by /¢ |
| I of the same outgoing main circuit, where Ing |
— - | and 1, are derived by test. |
| Main incoming 1a 1b 1c 1d |
| et << |<< |<<|<< For this example: |
| Rated current of o198 (283|128 I Outgoing functional units 7,,, = 63 A |
the DBO (I,5) «© «© «© © | i i
nA TR T TR T maximum (lower rated devices may be used |
| 100 A F 2| £ 2|2 F 2 | when installed)
| | ROF for the DBO = 06 |
| I,=125A |
| I,y =100 A | TEST currents: |
I
| TEST current | Main incoming unit = 1000A :
| 100 A Outgoing
| unit 2 I Outgoing unit 1 = test’current 80 A |
1,=100 A |
I Ing = 80 A | Test currentla=63 A(Z,;) x 0,6 =37,8 A I
| | Test current 1b =63 A(Z,;) x 0,6 =37,8 A I
TEST current Test current 1c =6 A (I,) =44 A |
20A | "
I
I Circuit 1c is the balance current to load the
I
| outgoing unit 1 to its rated circuit current (Z,,;),
I nc
so as to achieve the highest temperature rise. |
I
| Outdor 2a 2b 2c 2d |
going
| functional < | < | < | & | Total test current 80 |A |
unit 18 @ 3 8 3 @ ® @ |
| b T TS ] Outgoing unit 2 = test current 20 A, which |
| -~ 2 Llsg =2 I is the balance to obtain incoming unit 7, o |
o . | so as to achieve the highest temperature rise. |
I u_tgoIng | Therefore outgoing circuit 2a = 32 A (1;)) x 0,6
| circuit | = 19,2 Aand 2b = 2 A(J,) loaded to 0,8 A (balanfe) |
| I
J_ I I_ Total test current 20 |A |I
______________ [ e
Main
Functional unit incoming 1 1a 1b 1c 1d 2 2a 2b 2c | 2d
unit
Raling of the device, 7, 125 A 100A | 80A 80 A 6 A 0 [100A | 32A 2A | NA| NA
Fynctional My vated NA NA | 63A | 63A | 63A | 0 | NA | 63A | 63A | NA|NA
RDF NA NA 0,6 0,6 NA 0 NA 0,6 0,6 NA | NA
Groupafed current /[,,and | 1555 | goA |37,8A[37,8A[44A | © | 204" [192A|08A | 0 | 0

Test current balance not Inq.

NOTE 1 This Figure DD.1 is one example where the DBO is loaded to its rated current (/.,). More tests in
different configurations may be required.

NOTE 2 The 80 A outgoing units shown are an example of /. ratings as a means of verification of temperature
rise under normal operation of the outgoing unit at the rated current assigned by the manufacturer. The 7, ratings
are not restricted to 80 A.

NOTE 3 In DBOs, where the total of the rated currents of the outgoing circuits operating at rated diversity factor,
exceeds the capacity of the incoming circuit, the diversity factor applies to any combination of outgoing circuits
used to distribute the incoming current.

In this Figure DD.1, 1a to 1d, each 63 A = (63 x 4) x 0,6 = 151,2 A, which exceeds the capacity of the 100 A
incoming circuit.
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Therefore, in this example, outgoing circuits are loaded to the 7, of outgoing unit 1 i.e. 80 A, with outgoing unit 2
loaded to the balance of the incoming circuit i.e. 20 A.

NOTE 4 The rated current of a functional unit (the circuit) is the value of current declared by the assembly
manufacturer, which may be equal to, or lower than the rated current of the device according to the respective
device standard.

NOTE 5 The following overload requirements could influence the 7. of the switch and RCCB assigned by the
assembly manufacturer.

Switches and RCCBs should be protected against overload. When using an overcurrent protective device (OCPD)
for the overload protection, the OCPD is typically installed upstream of the switch and RCCB in the service/supply

cut-out.

Overlgad coordination can be achieved when the switch/RCCB [ _ is greater than or equal to the upstream PCPD
rated [current (/). Overload protection cannot solely be based on the use of diversity factors of the downdtream

circuits.

BS 7471 requires the electrical installation designer to arrange the circuits in the installation~so*that the¢y are

appropriately divided across the RCCBs to minimize unwanted operation and inconvenience.

Figure DD.1 — Example of temperature rise verification by-test
of a complete split-load DBO as in 10.10.2.3.6

Country Clause/Subclause

Text

GB 10.11.5 of
IEC 61439-1:2020

Add the following additional paragraph:

In the United Kingdom, a DBO designated as a consumer unit shall have|an [
of 16 kA verified by test to additional\subclause 10.11.5.101.

GB 10.11.5 of
IEC 61439-1:2020

The UK Electricity, Safety and.Quality Regulations S.I. 2002 No. 2965 refuire
electricity suppliers to state-the/maximum prospective short-circuit current at
the supply terminals.

This information is givenjin Electricity Association publication P25. To me¢et this
condition the following requirements are to be incorporated and also alighed
with BS 7671 combined short-circuit protection and back-up protection:

Add the following Subclause 10.11.5.101:
10.11.5.10916 kA combined short-circuit and back-up protection verification
10.11.5.101.1 General

Verification of the CU /. 16 kA rating using combined short-circuit prote¢tion
and back-up protection as defined in BS 7671. Co-ordination, in short-circuit
conditions of two OCPDs in series, using an upstream BS 88-3 fuse (formerly
BS 1361) and an outgoing OCPD in the CU to achieve a higher capability than
the CU OCPD alone and providing back-up protection to devices such ag a
switch or RCCB. This verifies the performance of the incoming device and its
connections, and any other item in the CU not separately rated in excesq of
16 kA, verifying the complete CU with a conditional rating 7, of 16 kA.

The following test(s) are applied to a CU as covered by the definition in
3.1.104.

10.11.5.101.2 Test arrangements

The CU shall be set up as in normal use. It will be sufficient to test a single

functional unit if the remaining functional units are constriicted in the same way
and cannot affect the test result.

10.11.5.101.3 Short-circuit test procedure

a) It shall be verified that the representative samples of the final circuit
protective devices used for the test comply with Table DD.1 and
Table DD.2 where applicable.

b) The reference fuse shall be a 100 A fuse-link complying with type Il of BS
88-3. Details of the fuse-links used for the test, i.e. manufacturer’s name,
reference, rated current, rated voltage and pre-arcing (/2¢), shall be given
in the test report.

Where BS 1361 type Il fuse-links are available for test/certification
purposes, they may be used in place of BS 88-3 fuse-links as key
performance characteristics are identical. This test using a 100 A fuse-link
is deemed to cover 60 A and 80 A ratings.

c) The final circuit protective device shall be mounted as in service in the
manufacturer’s smallest recommended enclosure (metal if offered in the

re
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Country

Clause/Subclause

Text

d)

e)

catalogue). The connection on the load side of the protective device under
test shall be in accordance with Table DD.3 and 0,6 m + 0,05 m in length.

The test circuit shall be connected as shown in Figure DD.3. The relative
positions of the closing switch, inductive reactor and resistor are not
obligatory, but the inductive reactor and resistor shall be in series with the
master circuit-breaker.

The impedance used for limiting the prospective short-circuit fault current
to the required value shall be inserted on the supply side of the circuit.

Resistors shall be connected between line and neutral, after the impedances
for adjusting the prospective current, so as to draw current of 10 A per phase

at rated voltage from the sunnply
=) ™Y

If an air-cored inductor is used, a resistor taking approximately 1 % ofth
current through the inductor shall be connected in parallel with it,

A lower value of shunt current may be used with the consent of\the
manufacturer.

114

Table DD.1 — Requirements for final circuit protective-devices:
Circuit-breakers complying with BS EN 60898
and RCBOs complying with BS EN 61009

Qircuit-breaker or i s
RCBO type Time multiples-of Result
ypP rated Current
h ()
B,C,D 1 1,13 No trip
12 1,45 Trip

NOTE Test to be conducted at specified reference ambient temperature.

2 This test shall commence within 5 s of the end-of the test at 1,13 .

Table DD.2 — Requirements for final circuit protective devices:
Semi-enclosed fuses complying with BS 3036 and cartridge fuses

complying with BS 88.3

Test current Time Test current in multiples Result
A h of
rated current
(1,)
5(6) 0,75
15(16) 1
20 1 1.0 Fuse intact
30(32) 1,25
45 1,5
5(6) 0,75
15(16) 1
20 1 2.0 Fuse melted
30(32) 1,25
45 1,5
Where BS 1361 fuse-links are available for test/certification purposes, they may be used in place of BS 88-3
fuse-links as key performance characteristics are identical.
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Table DD.3 — Cross-sections of copper conductors on load side of

protective device under test

Device rating Conductor

A mm?

<6 1,0

>6 <10 1,5
> 10 <20 2,5
> 20 <32 6,0
>32 <50 70,0
> 50 <63 16,0

Cqg

untry

Clause/Subclause

Text

10.11.5.101.4 Circuit conditions

The applied voltage shall be that which is necessary to produce the
necessary power frequency recovery voltage.

The value of the power frequency voltage-shall be equal to 110 %
(0, =5 %) of the rated recovery voltage of the CU.

The voltage on the supply side shall be measured during the first cor
cycle after arc extinction and after all high frequency phenomena ha
subsided.

NOTE The value of 110/%, (0, -5 %) of the rated voltage is deemed
cover the variations of&ystem supply voltage under normal service

conditions. The upper limit may be increased with the approval of thg
manufacturer.

The value of thé’prospective short-circuit current shall be 16 kA

hplete
e

to

-0 % + 5 % at.a power factor of 0,6 + 0,05 determined from a calibrajtion

oscillogram\taken with a link of negligible impedance positioned as s
in Figure;DD.3. All parts of the equipment normally earthed in servic
including’its enclosure, shall be insulated from earth, but shall be

connected to the neutral of the supply or to a substantially inductive
artificial neutral, permitting a prospective fault current of at least 100]

This connection shall include a reliable device, such as a fuse consis
of a copper wire of 0,1 mm diameter and not less than 50 mm in leng
the detection of the fault current and, if necessary, a resistor to limit
value of the prospective fault current to approximately 100 A.

hown

b

A.

ting
th for
the
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Country Clause/Subclause Text

\\ a) = Calibration of circuit

4 it A i A, = Prospective peak making current
1
A,

Current { ! —j_ = Prospective symmetrical breaking

"""" 1TV TV 22 current (RMS value)

\ A2

Current

VAN B
~I —_— 2,2 =Applied voltage (RMS value)
|
|
I

b) =0 or CO operation
Voltage

2z = Breaking capacity(RMS value)
A, = Making capacity (RMS value)

—= =R It RMS val
25 ecovery voltage ( value)

O operation

test diagram.

Ko

Voltage

CO operation

NOTE The amplitude ef the voltage trace, after initiation of the test current, varies according to the relative
positions of the closing device, the adjustable impedances, and the voltage sensing devices, and according to the]

IE

Figure DD.2 — Calibration of the test circuit

NS

10.11.5.101.5 Test sequence
The CU shall be subject to the following tests A and B with the outgqg

ing

way fitted with a final circuit protective device of the maximum therm
current rating.

16 kA, further tests A and B shall be carried out with a device of the

further tested separately.

al

If the final circuit protective devices have a short-circuit rating less than

minimum thermal rating fitted. In addition, if the CU is designed to accept
different types or ranges of outgoing devices, each type or range shall be
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Country

Clause/Subclause

Text

The tests are as follows:

a) Test A1. With the circuit connected as described above, with the

service cut-out fuse in place and a new outgoing fuse, cartridge
fuse wire, installed, the test voltage is applied with the point on

or
wave

controlled to provide initiation of the fault at between 0° and 20°

(electrical) on the rising voltage wave.

b) Test A2. With the circuit connected as described above, with the

service cut-out fuse in place and all circuit breakers closed, the
voltage is applied with the point on wave controlled to provide
initiation of the fault at between 55° and 65° (electrical) on the r|
voltage wave.

test

ising

c) Test B. A further short-circuit operation shall be applied after.sy
preparation as indicated in Table DD.4 dependent on whichiof t
alternative results of test A1 is achieved.

If circuit-breakers are included in the CU, the test shall ' be appli
reclosing the circuit-breaker with the test circuit eherdized. If fu
are used, the test shall be as in Test A1.

During the tests a cheesecloth shall be placed en the outside of the
enclosure at all openings, e.g. arc vents and handles. There shall be
ignition of the cheesecloth.

The cheesecloth shall be clean and dry bteached plain cotton of
approximately 30 g to 40 g per squaré metre. When placed into posif
the cheesecloth shall be folded loasely’in such a manner that cut an
edges will not be exposed directly'to’the arc or flash. Ignition of the
cheesecloth is considered to have occurred when a flame is visible.
Smouldering is not considered to be evidence of ignition. The cheesg
may be changed followingeach Test B.

Details of the /27 let thraugh by the combination of devices during the
shall be given in the test report. A new CU of the same design may Q
used for each of the-two test sequences.

An alternativerto-cheesecloth is to use clear polyethylene foil placed
front of the circuit-breaker for Test A2 only. The polyethylene foil sh3
show no_holes visible with normal or corrected vision without additio
magnification.

The-clear polyethylene foil shall be 200 mm x 200 mm reasonably
stretched in a frame, placed 10 mm from the front of the circuit-brea¥
The foil should have the following physical properties:

* Thickness (0,05 £ 0,01) mm

« Density at 23 °C (0,92 + 0,05) g/m?

* Melting point (110 to 120) °C
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Table DD.4 — Preparation for Test B

Result of Test A1 or Test A2

Reference fuse complying with BS 88-3 Intact Blown
(formerly BS 1361)
Protective device in the CU Operated Not operated
Final circuit Circuit-breaker complying No action Replace reference Replace reference
preparation with BS EN 60898 . fuse fuse, open circuit
for Test B or RCBO complying with (circuit breaker breaker or RCBO

BS EN 61009 or RCBO ready for

Test B closing test)
Fuse complying with Rewire test fuse Replace reference Replace reference
BS 3036 fuse fuse
Rewire test fuse

Fuse complying with Replace test fuse No action No action

BS 88-3 (formerly

BS 1361)

Country Clause/Subclause Text

10.11.5.101.6 Conditions after test

Where the incoming switch is a protective device, the test report shall stp
which of the protective devices operated during the test, i.e. the incominp
and/or outgoing devices.

te

The earth fault indicating device shall be intact and the degree of protection of
the enclosure shall not be impaired.
The insulation resistance a) shall be measured within 3 min of the concldision

of the series of tests. The ifnsulation resistance for b) and c) shall be
measured as soon as practical after measurement of a), the times of

measurement of b) and‘c) being recorded in the test report. The values ghall

be measured at 500 V\DC and shall not be less than the following:

a) 0,10 MQ betWween the final circuit protective device incoming terminp

| and

the corresponding outgoing terminal, with the isolating device open|and
with thesblown fuse in position or the circuit-breaker or RCBO opengd,

whichever is applicable.

b) 0§25 MQ between the final circuit protective device terminals and egrth,

with the final circuit fuse rewired, the final circuit cartridge fuse replp

or the circuit-breaker or RCBO reclosed, whichever is applicable, and

with the incoming isolating device open.

c) 0,25 MQ between the final circuit protective device incoming terminp

ced,

Is

and any other metal parts which are unearthed and exposed in serVice.

The condition of the incoming isolating device shall comply with its proddict

specification with regard to isolating properties. The conductors shall no

be

deformed such that the clearance and creepage distances specified in 8)3 of
IEC 61439-1:2020 are impaired. There shall be no loosening of parts us¢d for

the connection of the conductors.

Where an RCCB/RCBO is included in the CU its operation shall be chec
With the RCCB/RCBO closed and connected to a supply at 0,85 times the
rated voltage + 5 % the test device shall be operated. The RCCB/RCBOIS

OpPETT.

ed.

hall
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line conductor

circuit breaker

closing switch

calibration point

100 A Fuse-link complying with type Il of BS88.3 or BS 1361
consumer unit (metalclad, if applicable (see 10.11.5.10143))
house service cut-out

device under test

0,6 m of twin cable (see Table DD.3)

neutral conductor

25 mm? copper cable

fine wire fuse 0,1 mm in diameter and’at least 50 mm long tinned copper wire
resistor to limit earth fault current'to 100 A

shunt resistor

oscillograph connections

Figure DD-3 — Test circuit to prove coordination of characteristics
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR ASSEMBLIES -

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiof,comy

all
co|
in

Pdblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEGy Publication(s)”).
bparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

pr

may participate in this preparatory work. International, governmental and non-governmental organizations i

wi
St

THe formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng

CO

inferested IEC National Committees.

IE

Cgmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible forythe way in which they are used or fd
miginterpretation by any end user.

In

trgnsparently to the maximum extent possible in their national and regional publications. Any divergence beg

an
IE

aspessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible f

se
Al

Nq liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
m¢mbers of its technical committeés'and IEC National Committees for any personal injury, property dam

ot

expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdblications.

At
in
IE

paent(s). IECdakes no position concerning the evidence, validity or applicability of any claimed patent rig

re
m
th
sh

Part 3: Distribution boards intended to be operated
by ordinary persons (DBO)

FOREWORD

national electrotechnical committees (IEC National Committees). The object of IEC is to promote interng
toperation on all questions concerning standardization in the electrical and electronic fields. To this er]
pddition to other activities, IEC publishes International Standards, Technical Specifications,»Technical Rq

h the IEC also participate in this preparation. IEC collaborates closely with thé\lnternational Organizat
bndardization (ISO) in accordance with conditions determined by agreement between the two organizati

hsensus of opinion on the relevant subjects since each technical ,ommittee has representation fr

C Publications have the form of recommendations for international use and are accepted by IEC N3

order to promote international uniformity, IEC National Committees undertake to apply IEC Public|

y IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

~

C itself does not provide any attestation of conformity. Independent certification bodies provide conf

Fvices carried out by independent certificatioh bodies.

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

er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees

ention is drawn to theyNormative references cited in this publication. Use of the referenced publicati
ispensable for the correct application of this publication.

C draws attention‘to the possibility that the implementation of this document may involve the use

pect thergof.*As of the date of publication of this document, IEC had not received notice of (a) patent(s),
y be required to implement this document. However, implementers are cautioned that this may not rep
b latest information, which may be obtained from the patent database available at https://patents.iec.c
allcnot-be held responsible for identifying any or all such patent rights.
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IEC 61439-3 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 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 the structure of IEC 61439-1:2020;
b) inclusion in the scope of more examples of the type of protection and control devices;

c) deletion of type A and type B DBOs;
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d) addition of a new Annex BB related to DBOs used in a prosumer’s electrical installation
(PEI);

e) addition of a new Annex CC related to rated current of a DBO with additional source of
supply in parallel/simultaneously with another source that is connected to the DBO e.g. PV.

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

the
The
This
acco

at w
desc

This

Draft Report on voting

121B/193/FDIS 121B/195/RVD

Fulljnformation on the voting for its approval can be found in the report on voting indicat

bove table.
anguage used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2,)and develop

wvw.iec.ch/members_experts/refdocs. The main document typesxdeveloped by IEQ
Fibed in greater detail at www.iec.ch/publications.

Hocument is to be read in conjunction with IEC 61439-1:2020. The provisions of the ge

rules| dealt with in IEC 61439-1 are only applicable to this document insofar as they

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

subc

ause in IEC 61439-1:2020.

Tablgs and figures in this document that.are new are numbered starting with 101.

New

annexes in this document are.lettered AA, BB, etc.

The reader’s attention is drawn to the fact that Annex DD lists all of the "in some-co(
clauges on differing practices of a less permanent nature relating to the subject of
document.

A list of all parts in/the IEC 61439 series, published under the general title Low-vo
switghgear and_centrolgear assemblies, can be found on the IEC website.

The
stabi
spec

ity, date indicated on the IEC website under webstore.iec.ch in the data related t

ed in

ed in

rdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEG Supplement, available

are

heral
are
, the

bame

ntry"
this

tage

committee has decided that the contents of this document will remain unchanged unftjl the

b the

ficcdocument. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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1

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR ASSEMBLIES -

Part 3: Distribution boards intended to be operated
by ordinary persons (DBO)

Scope

This jpart of IEC 61439 defines the specific requirements for distribution boards intended
operated by ordinary persons (abbreviated DBO throughout this document, see 3.1:40
follows:

apsemblies intended to be operated by ordinary persons (e.g. switching operations
placing fuse-links), e.g. in domestic (household) applications;

—

rdinary persons, complying e.g. with IEC 60898-1, the IEC 61008 _series, the IEC 6

series, |IEC 62606, IEC 62423 and IEC 60269-3;

a
0

apsemblies for applications where the nominal voltage to earth does not exceed 300
(3ee Table G.1 of IEC 61439-1:2020);

NOTE The voltage limits for DC applications are under consideration.

apsemblies with a rated current (/,;) of the outgging circuits not exceeding 125 A ¢

rated current (/,5) not exceeding 250 A;

apsemblies intended for use in connection With the generation, transmission, distrib|
ahd conversion of electrical energy, and_ far the control of equipment consuming elec
ehergy and for associated data processing;
e
a

hclosed, stationary assemblies;

5semblies for indoor or outdoor-use.

fo be
) as

and

5semblies containing outgoing circuits with protective devices intended to be operated by

1009

vV AC

nd a

ution
trical

DBOE can contain protection deyices, control devices, signalling devices alone or a combinfation
of degvices e.g. circuit-breakers, load shedding relay, energy management, communic
deviges, lighting control.

This | document does-—not apply to an empty enclosure nor to individual devices
self-¢ontained components, such as circuit-breakers, fuse-switches, electronic equipr
which comply with* the relevant product standards, it describes the integration of device

self-¢ontained~components, or both, into a DBO or into an empty enclosure forming a DBO.

This document applies to DBOs designed, manufactured, and verified on a one-off basis of
standardized and manufactured in quantity.

ation

and
hent.
s, or

fully

This document does not apply to the specific types of assemblies covered by other parts of the
IEC 61439 series.

NOTE Enclosures for electrical accessories for household and similar fixed electrical installations are covered in
IEC 60670-24.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.
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Clause 2 of IEC 61439-1:2020 is applicable in addition to the following.
Addition:
IEC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 60269-3, Low-voltage fuses — Part 3: Supplementary requirements for fuses for use by
unskilled persons (fuses mainly for household and similar applications) — Examples of
standardized systems of fuses A to F

IEC 036 ; i
Prosimer's low-voltage electrical installations

IEC ¢$0898-1, Electrical accessories — Circuit-breakers for overcurrent protection.for houséhold
and $imilar installations — Part 1: Circuit-breakers for a.c. operation

IEC $60669-2-4, Switches for household and similar fixed electrical installations — Part| 2-4:
Particular requirements — Isolating switches

IEC $0947-3, Low-voltage switchgear and controlgear — Part- 3 Switches, disconnedgtors,
switgh-disconnectors and fuse-combination units

IEC 61008 (all parts), Residual current operated circuit-breakers without integral overcdrrent
protdction for household and similar uses (RCCBs)

IEC 61009 (all parts), Residual current operated--circuit-breakers with integral overcyrrent
protdction for household and similar uses (RCBOS)

IEC $1439-1:2020, Low-voltage switchgeak and controlgear assemblies — Part 1: General jules

IEC 62423:2009, Type F and type B-residual current operated circuit-breakers with and without
integyral overcurrent protection for household and similar uses

IEC 62262, Degrees of protection provided by enclosures for electrical equipment against
exteninal mechanical impacts (IK code)

IEC 62606, General requirements for arc fault detection devices

3 erms _and definitions

For the purposes of this document, the terms and definitions given in IEC 61439-1:202(Q and
the follawing apply

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

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

Clause 3 of IEC 61439-1:2020 is applicable except as follows.


https://www.electropedia.org/
https://www.iso.org/obp
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3.1

General terms

Additional terms and definitions:

3.1.1

01

distribution board intended to be operated by ordinary persons

DBO

assembly used to distribute and control electrical energy for all types of electrical supplies and
loads, intended for operation by ordinary persons

Note 1 to entry: For operation by ordinary persons, see 8.4.6.1 of IEC 61439-1:2020.

Note 2 to entry: Switching operations and replacing fuse-links are examples of operations intended to be\d
out by ordinary persons.

Note

and also being used in non-domestic installations.

Note 4 to entry: DBOs can be assembled outside the factory of the original manufacturer. DBO's can be asseg
by the original manufacturer or by an assembly manufacturer.

4 $ymbols and abbreviations

Clau

5 1
Clau

5.1
Addi

This
a ca
spec

In bog
provi

characteristics. In_some cases information declared by the DBO manufacturer may tak

place

5.2.4 Rated impulse withstand voltage (Uj,,,) (of the assembly)

Repl

to entry: Definition 3.1.101 does not preclude the DBO from being operated by skilled or instructed pe

5e 4 of IEC 61439-1:2020 is applicable.

nterface characteristics
e 5 of IEC 61439-1:2020 is applicable exceptias follows.

General

jon:

alogue product, the characteristics of which meet the required user needs, or ms
fic agreement with the manufacturer.

th cases, the specification schedule according to Annex AA is intended to help the ug
de all data necessary to specify, and to help the manufacturer to provide the actual

of an agreement.

arried

Fsons,

mbled

pbjective can be achieved through one of two typical processes; the user will either select

ke a

erto
DBO
b the

hcement:

The rated impulse withstand voltage of the assembly shall be equal to or higher than the values
stated for the transient overvoltages occurring in the electrical system(s) to which the circuit is
designed to be connected.

DBOs shall comply with a minimum overvoltage category lll (see IEC 60364-4-44) according to
Table G.1 of IEC 61439-1:2020.
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5.3.1 Rated current of an assembly (7,,,)

Addition:

See Annex CC for examples of when a generator, for example a photovoltaic system, wind
turbine, battery is used as additional source(s) of supply in parallel with another source that is
connected to the DBO.

5.4 Rated diversity factor (RDF)
Addition:

In th¢ absence of an agreement between the DBO manufacturer and user concerning the actual
load purrents, the type of load, the assumed loading of the outgoing circuits of the DBOQ’or group
of outgoing circuits can be based on the values in Table 101.

The passumed load current is the rated current of the protective device I,f>as required by the
user)| multiplied with the assumed loading factor of Table 101.

NOTE|[ 101 The rated current I of a protective device is defined in their product(standard.
6 Information

Clauge 6 of IEC 61439-1:2020 is applicable except as-follows.

6.1 |Assembly designation marking

Addition to the first paragraph:
The fest of 10.2.7.1 only applies to DBQSs, intended for outdoor installation.

Addition of the following new item:
h) degree of protection if greater than IP2XC.
6.2.2 Instructions for handling, installation, operation and maintenance

Addition to the first paragraph:

The [original or~assembly manufacturer shall provide in their documentation, any roputine
verification required to be carried out by the installer for the DBO to conform to IEC 61439-3.

6.3 [Device and/or component identification

Addition:

For RCDs supplying more than one final circuit, it shall be possible for ordinary persons to
identify which outgoing circuits the RCD supplies, for example when the RCD is adjacent to the
outgoing group of circuits it supplies or by providing labels for the installer to apply to the DBO
after installation. The identification means shall be visible without accessing live parts.


https://iecnorm.com/api/?name=705bf13bebfb0c55f6ce44d77b339747

IEC 61439-3:2024 © |IEC 2024 -9-

7 Service conditions

Clause 7 of IEC 61439-1:2020 is applicable except as follows.

7.1.2

Pollution degree

Addition:

A minimum pollution degree 2 applies.

7.2
Addi

NOTE|
electr

8 (
Clau

8.1.3
Addi

NOTE
8.2.1

Repl

The

K
K

Com

8.2.2

Repl

The

jon:

101 The effects upon a DBO design and related ratings, instructions, etc. when used jn a prosy
cal installation (PEI) can take account of the relevant requirements in IEC 60364-8-82. See/Annex BB.

Lonstructional requirements
e 8 of IEC 61439-1:2020 is applicable except as follows.

.2.2 Resistance of insulating materials to normal heat

jon:

101 This Subclause 8.1.3.2.2 also applies to covers and“enclosures made of insulating materials.
Protection against mechanical impact (IK code)

hcement:

DBO shall comply with the following IK codes according to IEC 62262:

K05 for a DBO for indoor use:
(07 for a DBO for outdaor use.

pliance shall be verified according to 10.2.6.

Protection_against contact with live parts, ingress of solid foreign bodies
water (IPicode)

hcemeht-of the second paragraph:

legrée of protection of a DBO shall be at least IP2XC after installation in accordance

the DBO manufacturers instructions.

mer’s

and

with

IP2XC shall be maintained when operating devices e.g. switching and operating test buttons in
normal use. The degree of protection can be temporarily reduced when permitted in a product
standard for use by ordinary or unskilled persons e.g. IEC 60269-3 for replacing a fuse-link.

NOTE

101 A DBO can have more than one IP rating e.g. door open IP2XC and door closed IP3X or drain

IPXXD.

holes

Paragraphs 5 and 6 and the associated examples in IEC 61439-1 do not apply to this document.
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8.4.2.3 Barriers or enclosures

Replacement of the first paragraph:

Bare live parts shall be inside enclosures or behind barriers. The enclosures or barriers shall
provide a degree of protection of at least IPXXC.

8.5.3 Selection of switching devices and components

Addition:

switgh is incorporated in the DBO, it shall conform to IEC 60947-3, IEC 609472 or

Whe{ a switch-disconnector, circuit-breaker without overcurrent protection or an isollating
IEC $0669-2-4 as appropriate to the DBO ratings.

Outgping circuits shall contain protective devices, intended to be operated bycordinary pergons,
for ¢xample conforming to IEC 60898-1, the IEC 61008 series, thenlEC 61009 s¢gries,
IEC $2423, IEC 62606 and IEC 60269-3.

An incoming protective device incorporated within the DBO neot ‘conforming to a product
standard intended to be operated by ordinary persons, shall require’a key or tool for re-clpsing
after(tripping and for the replacement of a fuse-link. Alternatively,“a label shall be located ip the
vicinity of the incoming protective device stating that re-clesing of the tripped device and the
replacement of a fuse-link shall only be carried out by an ifstructed or skilled person.

Circdit-breakers shall be designed or installed in a‘way that it shall not be possible to modify
their|settings or calibration without a deliberate actinvolving the use of a key or tool.

NOTE]| 101 These requirements reflect that protective(device product standards for ordinary people are limitgd to a
maxinmpum rated current of 125 A. Household premises‘ean require electrical supplies greater than 125 A and tlje use
of DBPs therefore, these particular installations are within the scope of IEC 61439-3.

8.6.1 Main circuits

Replacement of the second paragraph:

Each of the conductors between the incoming unit and outgoing unit as well as the components
inclufed in these units ean be rated on the basis of the reduced short-circuit stresses occyrring
on the load side of the respective outgoing short-circuit protective device, provided that fhese
conductors are arranged so that an internal short-circuit between live parts and between live
partg and earth_js-not to be expected as required by 8.6.4 and Table 4 of IEC 61439-1:2020.

8.8 |Terminals for external cables

Additien;

When a device or component in an outgoing circuit does not incorporate a neutral terminal, the
number of neutral terminals of a DBO shall be not less than one outgoing terminal for each
outgoing circuit requiring a neutral terminal. These terminals shall be located or identified in the
same sequence as their respective line conductor terminals.

The maximum number of neutral conductors that are permitted to be connected to each device
or component neutral terminal, shall be as stated in the manufacturer’s instructions.

DBOs shall have a minimum of two terminals for electrical installation protective bonding
conductors.
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9 Performance requirements

Clause 9 of IEC 61439-1:2020 is applicable except as follows.

9.1.1 General
Addition:
NOTE IEC 60664-1:2020 contains the requirements for supplementary and reinforced insulation (Class Il).

10 Bc§;ull vcl;f;uat;un

Clau

10.2.
Addi

The 1

All g
DBO
refin
amm

5e 10 of IEC 61439-1:2020 is applicable except as follows.
2.2 Severity test A

ion:

ollowing is an alternative test.

ease is removed from the parts or representative samplés-of the steel enclosures d

bd petrol for 10 min. The parts are then immersed_for 10 min in a 10 % solutid
pnium chloride in water at a temperature of (20 +,.5)°C.

f the

to be tested, by immersion in a cold chemical degreaser such as methyl chlorofoqm or

n of

Without drying but after shaking off any drops,\the parts are placed for 10 min in g box
containing air saturated with moisture at a temperature of (20 + 5) °C.

After[the parts have dried for 10 min in a heating cabinet at a temperature of (100 + 5) °¢ and
have| been left at room temperature. for' 24 h, their surfaces shall show no signs off iron
oxidigation.

Traces of iron oxide on sharp edges and any yellowish film removable by rubbing are igngred.
For dmall helical springs_and the like, and for inaccessible parts exposed to abrasion, a Jayer
of grease can provide sufficient protection against iron oxidization. Such parts are subjected to
the test only if there.is)doubt about the effectiveness of the grease film, and the test is|then
mad¢ without previous removal of the grease.

10.2{2.4 ReSults to be obtained

The first(paragraph of 10.2.2.4 of IEC 61439-1:2020 does not apply to the alternative tgst of
this document.

10.2.3.2.1 Verification by test

Addition:

NOTE 101 850 °C does not apply to accessible parts of the enclosure after mounting in hollow walls e.g. covers,
doors.

10.2.6 Verification of protection against mechanical impact (IK code)

Replacement:

Verification of the degree of protection against mechanical impacts shall be carried out in
accordance with IEC 62262.
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The test shall be carried out by means of a hammer test apparatus as described in
IEC 60068-2-75, for example an impact spring hammer at an ambient air temperature between
10 °C and 40 °C immediately after the DBO has been kept for 2 h at a temperature of
-5 °C = 1 K for indoor use and -25 °C £ 1 K for outdoor use. A test at -25 °C for outdoor use
also validates the -5 °C for indoor use, so only one test at —25 °C is required.

Compliance is checked on those exposed parts of the DBO which can be subjected to
mechanical impact when mounted as in normal use.

The sample with a cover, or the enclosure, if any, shall be fixed as in normal use or placed
against a rigid support.

Three blows shall be applied on separate places of each of the accessible faces and-door (if
provided). The impacts shall be evenly distributed on the faces of the enclosure(s) under|test.
In ng case shall the impacts be applied in the surrounding area of the same'point of the
enclgsure. A new sample for each accessible face is used, unless the previous test hag not
influgnced the results of the subsequent test(s), then the sample may bejtetdsed. The hlows
shall[not be applied to knock-outs, built-in components complying with other'standards, or pther
fastehing means which are recessed below the surface so as not to be’subjected to an gctual
impagt.

Cable entries which are not provided with knock-outs shall bé left open. If they are proyided
with knock-outs, two of them shall be opened.

Befofe applying the blows, fixing screws of bases, covers and the like shall be tightened with a
torgye equal to that specified in Table 102.

After|the test, a visual inspection shall verify that:

|
—

he degree of protection (IP code) of the*enclosure is not impaired, where doubt exists the
bpropriate IP test according to 10,3;8hould be carried out;

|
Q

electric properties have been maintained, where doubt exists the appropriate dielg¢ctric
gsts according to 10.9 of IEC 64439-1:2020 as modified in this document, should be cgrried
opt;

—

emovable covers can bé removed and reinstalled;

—

o

bors can be openedtand closed.
10.2f7.1 Verification by test

Addition of a new~first paragraph:

This testonly applies to DBOs intended for outdoor installation.

10.2.8—Mechanical-operation
10.2.8.1 Verification by test

Replacement of the first and second sentences of the second paragraph:

For parts, required to be verified by test e.g. mobile parts such as doors (see 8.1.5 of
IEC 61439-1:2020), satisfactory mechanical operation shall be verified after installation in the
DBO. The number of operating cycles shall be 50.

10.3 Degree of protection of assemblies (IP Code)

Replacement of the second paragraph and dashed items:

Degree of protection (IP code) tests shall be carried out:
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Whe
secti

10.10.2.2.3 Functional units

Repl

Whe
used

—

1) th
2) th
3) th

4) u
I

for the test of protection against contact with live parts, all covers and doors which are
required to be opened or removed without the use of a key or tool shall be opened or

removed;

for the test of protection against contact with live parts, all covers and doors which are

required to be opened or removed to provide access for operating devices by ord

inary

persons, for example resetting circuit-breakers, RCDs or pressing an RCD test button,

shall be opened or removed,;

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 a key or tool;

tests shall be carried out in a de-energized state (main and auxiliary circuits).

e the assembly is made up of multiple sections or is described as extendablé,jq
bns shall be included.

hcement of the second and third paragraphs of 10.10.2.2.3 b):

e outgoing devices for the DBO have a range of rated currents; a single I, test ca
to establish the 7. ratings for the complete range without further testing where:

e ranges covered are from the same manufacturer’s series;
e ranges covered all have the same physical dimensions;
e ranges covered have the same electrical connection arrangements line and load;

5ing the data given by the device manufacturer, the device with the highest total p
ss within the product range is used for the'test;

5) t

imsulating effects.

10.1

Addi

In th
be in
stang

e device is placed in the most onerdus” position with respect to mutual heating,

.2.3.1 General

jon after the fourth paragraph:

b absence of manufacturer’s instructions, the tightening torque applied to terminals
accordance with those ‘specified for the temperature rise test in the relevant device prq
ard.

10.1

Modification:

Bull

.2.3.2 Test.conductors

points b), ¢) and d) do not apply to this document.

ined

n be

ower

and

shall
duct

10.10.2.3.6 Verification considering individual functional units separately and the

complete assembly

Addition to the second paragraph:

A method to determine the most onerous group for continuously loaded and adjacent circuits to
be tested, so that the highest possible temperature-rise is obtained, is for the rated current of
the DBO (/,,5), to be distributed amongst the smallest possible number of adjacent, continually

and simultaneously loaded outgoing circuits, so that each of these circuits is loaded with:

(i) Ingorly. x RDF; I, and RDF being estimated values by the manufacturer so as to estimate
the test currents. If verified by the test, this produces a rated value Ing and provides the
possibility to calculate the RDF; or
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(i) I, * the assumed loading factor in Table 101. This method uses the assumed loading factor

as a means to estimate the RDF to use for the test. If verified by the test, this produces a
rated value /.

In both (i) and (ii), the actual RDF per circuit is calculated by dividing Ing by I,,. from their verified
tested values.

10.10.2.3.7 Verification considering functional units and the main and distribution
busbars separately as well as the complete assembly

Addition to item c):

Whefe the device tested achieves an /. equal to its rated current /,,, all other deyices ip the
samg constructional range have an /. equal to their /,.

Where the device tested achieves an I, . lower than its rated current 7, the:same reduction is
applied to all other devices in the constructional range. For example, a deyice with an I, of[63 A
achigves an I, of 55 A: 55/63 = 0,874. The I, . of the other devices in,the same construcfional
range is /,, x 0,874.

Addition to item d):

A mdthod to determine the most onerous group for continuously loaded and adjacent circufits to
be tgsted, so that the highest possible temperature<fise is obtained, is for the rated currgnt of
the OBO (1,,5), to be distributed amongst the smallest possible number of adjacent, continually

and simultaneously loaded outgoing circuits, so‘that each of these circuits is loaded with:

(i) Iggor i, x RDF; 1,4 and RDF being estimated values by the manufacturer so as to estimate
the test currents. If verified by the test, this produces a rated value Ing and providep the
ppssibility to calculate the RDF; or

(ii) I}, x the assumed loading factorin Table 101. This method uses the assumed loading factor

ap a means to estimate the(RDF to use for the test. If verified by the test, this produges a
ted value 7.

—

In both (i) and (ii), the actual RDF per circuit is calculated by dividing Ing by I,,. from their vefified
tested values.

10.10.3.2 AsSemblies

Addition:

DBOb—w i i d—represe i i tallic
enclosures, if the highest temperature rise on the inside surfaces of the synthetic enclosure
does not exceed the maximum surface temperature rise for the accessible external metal
surfaces according to Table 6 of IEC 61439-1:2020. When it has been verified that the highest
surface of the enclosure is the hottest location, the internal air thermocouple located at the top
of the enclosure can be used to establish the highest temperature rise on the inside surfaces.

10.10.4.2.3 Results to be obtained
Addition:

NOTE Guidance is in the form of a publication of the maximum rated current at a specified ambient air temperature
in the immediate vicinity of the device.

EXAMPLE
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a) As a starting point, data identifies that the 7, = 125 A at 50 °C free air ambient temperature of the device
therefore, it is derated by 0,8 x 125 A =100 A. 100 A is used in the calculation to avoid hot spots and the limiting
ambient temperature is 50 °C. If the enclosure is capable of dissipating power losses equal to or greater than
those generated based on 100 A and the calculated internal air temperature does not exceed 50 °C, it is verified

th

at the continuous permissible load is 100 A.

b) However, if for the same 125 A device derated to 100 A, the calculated air temperature within the enclosure is
60 °C thus exceeding the 50 °C limit, and the 125 A device manufacturer’s information limits the device 7, to

80 A at 60 °C free air ambient temperature, to avoid hot spots, a safety margin is applied i.e. 0,8 x 80 A = 64 A,
it is verified that the continuous permissible load is 64 A. No further calculation would be required, as 64 A
accounts for both the 0,8 factor and ambient temperature limits.

If a continuous permissible load of 100 A is required, then: an enclosure with higher dissipating power losses, or a
device with lower power losses, or a device with a higher rated current for ambient temperature can be used, or a

combIanon to achieve conformity.

10.10.4.3.2 Results to be obtained

Addition:

NOTE| Guidance is in the form of a publication of the maximum rated current at a specified’ambient air tempefrature

in thelimmediate vicinity of the device.

EXAMPLE

a) Ap a starting point, data identifies that the 7, = 125 A at 50 °C free air ambient temperature of the device
tHerefore, it is derated by 0,8 x 125 A =100 A. 100 A is used in the calculation to avoid hot spots and the limiting
ambient temperature is 50 °C. If the enclosure is capable of dissipating’ power losses equal to or greatelr than
tHose generated based on 100 A and the calculated internal air temperature does not exceed 50 °C, it is vrified
tHat the continuous permissible load is 100 A.

b) Hpwever, if for the same 125 A device derated to 100 A, the calculated air temperature within the enclodure is
60 °C thus exceeding the 50 °C limit, and the 125 A devicg)manufacturer’s information limits the devicq 7, to
80 A at 60 °C free air ambient temperature, to avoid hot spots, a safety margin is applied i.e. 0,8 x 80 A 464 A,
itlis verified that the continuous permissible load is 64 A. No further calculation would be required, a§ 64 A
ag¢counts for both the 0,8 factor and ambient temperature limits.

If a cqntinuous permissible load of 100 A is required, then: an enclosure with higher dissipating power losse$, or a

devicg with lower power losses, or a device with athigher rated current for ambient temperature can be useq, or a

combipation to achieve conformity.

10.11.5.3.3 Incoming circuit and'\main busbars

Addition:

A rafed conditional shortscircuit current can be assigned where the distance of the mairj] and

distripution busbar between the load terminals of the incoming device connected to the main

busbpr and the supply terminals of the outgoing functional unit does not exceed 3 m. The |main

busbgr, distribution.busbar and incoming device may be tested and rated on the basis df the

redug¢ed short<circuit stresses occurring on the load side of the respective short-circuit

protgctive device within each unit, provided that these conductors are arranged so thIt an

intermal short-circuit between live parts or between live parts and earth is not to be expgcted

(see [8.6+40f IEC 61439-1:2020).

NOTE

Examples of conductor types and installation requirements are given in Table 4 of IEC 61439-1:2020.

11 Routine verification

Clause 11 of IEC 61439-1:2020 is applicable except as follows.

11.9

Dielectric properties

Addition after the first paragraph:

A dielectric test is not required on a DBO containing busbars or prefabricated main circuit wiring
only, where inspection of the conductors and cables, including proper laying is sufficient to
validate clearances.
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Table 6 — Temperature-rise limits (9.2)

Replacement of footnote c:

When specified in the device manufacturer's instructions, manual operating means for miniature circuit-breakers,
residual current operated circuit-breakers with integral overcurrent protection, residual current operated circuit-
breakers without integral overcurrent protection, arc-fault detection devices etc. within the DBO, which are only
accessible after a cover or door is opened, are permitted to sustain a 25 K increase on these temperature-rise
limits.

Additional tables and figure:

Fabte—t0t—=—Vatuesof assumed-toading

Number of outgoing circuits for general

purpose and other specific circuits Assumed loading factor

2and3 0,8
4 and 5 0,7
6 to 9 inclusive 0,6
10 and above 0,5

Circuits such as for EV charging equipment or PV,
unless load control load reduction is included in
the associated equipment or installed in the DBO
or a combination of both.
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Table 102 — Tightening torque values for the verification of mechanical strength

Diameter of thread

Tightening torque

mm Nm @

Metric standard Range of diameters | b e @
values "d"
mm mm

2,5 d<28 0,13 0,26 0,26

3,0 28<d=<3,0 0,16 0,33 0,33

= 303 a = 3,2 0,20 0,40 0,40

3,5 32<d=<36 0,26 0,53 0,53

4 36<d=<41 0,47 0,80 0,80

4,5 41<d=<47 0,53 1,20 1,20

5 47<d=<53 0,53 1,33 1,33

6 53<d<6,0 0,80 1,66 2,00

8 6<d=<8 1,66 2,33 4,00

10 8< d=<10 - 2,66 6,66

12 10<d=<12 - - 9,33

14 12<d=<15 - - 12,6

16 15<d=<20 - - 16,6

20 20<d=<24 - - 24

24 24< d N - 33

a8 Hor screws and fasteners made of plastic, the tightening torque applied shall
manufacturer’s instructions. 90° locking mechanismsnot containing a thread are not subjected to the tightg
tprques specified in this table, they are operated so as to engage in normal use.

Crew.

¢ {olumn Il applies to nuts and screws; which are tightened by means of a screwdriver.

be the value specified i

Golumn | applies to screws without heads'which, when tightened, do not protrude from the hole and to
gcrews which cannot be tightened by means of a screwdriver with a blade wider than the root diameter 9
S

4 @olumn Ill applies to nuts and screws, which can be tightened by means other than a screwdriver.

the
ning

ther
f the
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Annexes
Annexes of IEC 61439-1:2020 are applicable except as follows.

Annex C and Annex D of IEC 61439-1:2020 are not applicable.
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Annex AA
(informative)

Items subject to agreement between
the DBO manufacturer and the user

The information given in Table AA.1 is subject to an agreement between the DBO manufacturer
and the user. In some cases the information declared by the DBO manufacturer may take the

placg of an agreement.

Table AA.1 - Items subject to agreement between
the DBO manufacturer and the user

contribute to the short-circuit current

make a
significant
contribution
allowed for

Reference
. clause or Default Options, listed User|
Characteristics subclause of a . b . c
IEC 61439- arrangement in IEC%61439-3 requiremient
1:2020
Elecfrical system
EartHing system 5.6, 8.4.3.1, Manufacturer's TT/TN-C/
8.4.3.2.3, 8.6.2, standard, TN-C-S/IT/
10.5, 11.4 selected t0 suit TN-S
logal
requirements
Nominal voltage of the power supply 3.8.9.1,5.2.1, bocal, according | Nominal voltage
(V) 8.56.3 to installation to earth < 300 V
conditions AC
Trangient overvoltages 5.2.4,8.53, Determined by Overvoltage
9.1, Anpex G the electrical category Il
system
Temporary overvoltages 9.1 Nominal system None
voltage +
1200V
Ratedl frequency f, (Hz) 3.8.12, 5.5, According to 50 Hz / 60 Hz
8.5.3, 10.10.3.1, | local installation
10.11.5.4 conditions
Addifjonal onsite testing néquirements: 11.10 Manufacturer’s None
wiring, operational performance and standard,
functjon according to
application
Short-circuit withstand capability
Prospectiye short-circuit current at 3.8.7 Determined by None
supply términals Iep (kA) the electrical
system
Prospective short-circuit current in the 10.11.5.3.5 Min. 60 % of None
neutral conductor phase values
Prospective short-circuit current in the 10.11.5.6 Min. 60 % of None
protective circuit phase values
SCPD in the incoming functional unit 9.3.2 According to Yes / No
requirement local installation
conditions
Co-ordination of short-circuit protective 9.3.4 According to None
devices including external short-circuit local installation
protective device details conditions
Data associated with loads likely to 9.3.2 No loads likely to None
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Reference
e clause or Default Options listed User
Characteristics subclause of a . b . ¢
IEC 61439- arrangement in IEC 61439-3 requirement
1:2020
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 (protection local installation
against direct contact) regulations
Type of protection against electric 8.4.3 According to Automatic
shock — Fault protection (protection local installation | disconnection of
agairjst indirect contact) conditions supply /
Electrical
separation /
Double or
reinforced
insulation
Installation environment
Location type 3.5,8.1.4,8.2 Manufacturer’s Indoors /
standard, Outdoors
according to
application
Protgction against live parts, ingress of 8.2.2,8.2.3 Indoors After removal of
solid|foreign bodies and water (enclosed): removable parts:
IP2XC
As for connected
Outdoors (min.): position /
P23 Reduced
protection
to manufacturer’s
standard
Extenal mechanical impact (IK code) 8.2.1, 10:2:6 Indoors 1K05 None
Outdoors IK07
Resigtance to UV radiation (applies for 10.2.4 Indoors: Not None
outdgor assemblies only unless applicable
specified otherwise)
Outdoors:
Temperate
climate
Resigtance to corrosion 10.2.2 Normal None
Indoor/Outdoor
arrangements
Ambient air temperature — Lower limit 711 Indoors: -5 °C None
Outdoors: -25 °C
Ambient air temperature — Upper limit 711 40 °C None
Ambient airtemperature — Daily 7.1.1,9.2 35°C None
avergge.maximum
Maximum relative humidity 711 Indoors: None
95 % at

-5°C to +30 °C
70 % at +35 °C
57 % at +40 °C
Outdoors:
100 % at
-25°C to +27 °C
60 % at 35 °C
46 % at 40 °C
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Reference
. clause or Default Options listed User
Characteristics subclause of a . b . ¢
IEC 61439- arrangement in IEC 61439-3 requirement
1:2020
Pollution degree (of the installation 7.1.2 2 3,4
environment)
Altitude 7.1.1 <2000 m None
EMC environment (A or B) 9.4,10.12, B AorB
Annex J
Special service conditions (e.g. 7.2,8.5.4,9.3.3 No special None
vibrafion, exceptional condensation, Table 7 Service
heavy pollution, corrosive environment, conditions
stron electric or magnetic fields,
fungys, small creatures, explosion
hazafds, heavy vibration and shocks,
earthiquakes)

. (9 D
Installation method a )/
Type 3.3,5.6 Manufacturer’s Various,€.g.

standard floor{standing /
wall*mounted
Statipnary/Movable 3.5 Stationary None
Maximum overall dimensions and 5.6, 6.2.1 Manufacturers None
weight standard,
according\to
application
External conductor type(s) 8.8 Manufacturer’s Cable / Busbar
standard trunking system
Diredtion(s) of external conductors 8.8 Manufacturer’s None
standard
External conductor material 8.8 Copper Copper /
Aluminium
Extefdnal line conductor, cross- 8.8 As defined within None
sectipns, and terminations the standard
Extefnal protective, neutral, mid-point, 8.8 As defined within None
the standard
PEL,|PEM, PEN conductor cross-
sectipns and terminations
Specjal terminal identificatioan 8.8 Manufacturer’s None
requirements standard
Storage and handling
Maxijpum 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
Envilonmental conditions 7.3 As service None
conditions
Packing details 6.2.2 Manufacturer’s None
standard
Operating arrangements
Access to manually operated devices 8.4 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 8.4.6.2 standard groups / all
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Reference
. clause or Default Options listed User
Characteristics subclause of a . b . ¢
IEC 61439- arrangement in IEC 61439-3 requirement
1:2020
Maintenance and upgrade
capabilities
Requirements related to accessibility in 8.4.6.1 Basic protection None
service by ordinary persons;
requirement to operate devices or
change components while the
assembly is energized
Regdirements related to accessibility 8.4.6.2.2 No requirements None
for inspection and similar operations for accessibility
Reqguirements related to accessibility 8.4.6.2.3 No requirements None
for maintenance in service by for accessibility
authqrized persons
Regdirements related to accessibility 8.4.6.2.4 No requirements None
for extension in service by authorized for accessibility
persqns
Methpd of functional units connection 8.5.1,8.5.2 Manufacturer’s None
standard
Protgction against direct contact with 8.4 No requirements None
hazafdous live internal parts during for protectiof
mainjenance or upgrade (e.g. during
functjonal units, main busbars, maintenarnce or
distripution busbars) upgrade
Current carrying capability
Maximum total load current to be 3.8.10.1, 5.3, 1l , <250 A None
. . nA
supplied by the assembly (from which
the rated current of the assembly I, 8.4.3.2.3,8.53,
(A) will be determined) 8.8, 10.10.2,
10-16.3,
10.11.5,
Annex E
Design current /5 and nature / type-of 3.8.10.8 I,.<125A None
load p.g. EV, PV or alternatively, [ _bf
the devices and nature of the I_oad (in Assumed loading
such|cases, the assumed(loading : :
factoh . in Table 101 b factor as given in
actofs as given in Table can be Table 101
used|)
Ratid of cross-sectioh of the neutral 8.6.1 100 % None
condfictor to line'conductors: line
condfictors upto and including 16 mm?
Ratig of/cross-section of the neutral 8.6.1 50 % None
condfictor’to line conductors: phase (min. 16 mm?)
conductors above 16 mm?

a8 In some cases the information declared by the DBO manufacturer may take the place of an agreement.

b 'None' in this column means that there are no options in IEC 61439-3 other than the default condition or value.

¢ For exceptionally onerous applications, the user may need to specify more stringent requirements to those in
this document.
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Annex BB
(informative)

Effects upon a DBO design and related ratings, instructions, etc. when
used in a prosumer’s electrical installation (PEI)

The effects upon a DBO design and related ratings, instructions, etc. when used in a prosumer’s
electrical installation (PEI) shall take account of the relevant requirements in IEC 60364-8-82,
for example the installation with a local generator, photovoltaic systems, wind turbines,
batteries, and potentially with energy management (e.g. load shedding equipment, monitoring
devige).

A nop-exhaustive list of some aspects that should be considered are:

— the maximum short-circuit level (typically PEI in parallel with distribution system);

— the minimum short-circuit level (typically island mode) to achieve related disconnection
times including thermal constraints for cables, busbars and shock’ protection. THis is
bcause the 72¢ can be higher at lower fault levels; see IEC TR 61912-1. The DBO should
bve suitable short-circuit protection and ratings based on the.information provided bl the
Ser;

b
h
u
— cfrcuits potentially supplied by both sides and reverse confécted; protection devices s{ould
b
d

e able to function with respect to whatever the direction of the current flow. Protection
cvices with line and load terminals such as a pglarized circuit-breaker should n¢t be
reverse connected;

nansient overvoltages in a PEI which can be moré frequent than in a usual installation|(e.qg.
Le to the switching between sources, load shedding, load shifting) and therefore requiring
the use of SPDs to be evaluated.

|
o =
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Annex CC
(informative)

Rated current of an assembly (/,,)

When a generator, for example a photovoltaic system, wind turbine, battery is used as an
additional source of supply in parallel and simultaneously with another source that is connected
to the DBO, the DBO should be selected such that:

InA 2 In + ]nnnle\a
=) 7

wherg
I is the rated current of the assembly;
Iy is the rated current of the incoming circuit overcurrent protective, ldevice gither

incorporated within the DBO or upstream of it;

Igen(4) is the rated output current of the generating set or sets supplied through sepprate
incoming overcurrent protective devices.

See Figure CC.1.

Alterpatively, where the generating set or sets are supplied:in parallel with the main incoming
supply through a single overcurrent protective device withinthe DBO, the 7,5 should be grpater

than |or equal to this single overcurrent protective device and the specific arrangements [shall
be ve¢rified.

When a power supply is not arranged to be operated in parallel and simultaneously with pther
sour¢es, for example a back-up generator ¢onnected through a transfer switch, the minimum
rated current of the DBO (/,,5) should bé the highest value of the mains power supply or

genefrator aligned with the rated currentof the incoming circuit overcurrent protective dgvice,
either incorporated within the DBO or upstream of it.
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l Main overcurrent protection

\«1 40 A

DBO 40 A IL Main switch
‘ 40A
Busbar 40 A
f == 53 A
RCCB S3A RCCB 16 A
X 40A-30mA l Y 40A—30mA %
\;,116A \]16A YeA \ij \TeA >]1eA \16A 16A 13A

PP

PV-inverter
3 kW (13 A)

IEC

SOURCE: NPR 5310, reproduced with permission of the authors.

Figure CC.1 — Example of overloading where I, + I o) is greater than I,

The fequired 7,5 is: I, 2 40 A circuit-breaker +'g¢, 13 A therefore, 7,4 240 + 13 = 53 A.
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Annex DD
(informative)

List of notes concerning certain countries

Country Clause/Subclause Text

IT 1 Add the following:

In Italy, the standard CEI 23 51 is applicable for domestic household
installations with maximum incoming unit of 125 A and rated voltage
up to 440 V.

FR 1 Add the following to the end of the Scope before the note:

In France, this standard does not apply to a meter board which-is
covered by a local network operator requirement.

P

GB 3.1 Add the following terms and definitions which are used |in the Unitgd

Kingdom:

3.1.102

type A DBO
DBO designed for single-phase outgoing cireuits only, the incominlg
supply possibly being single or three-phase

Note 1 to entry: A type A DBO can have single-phase outgoing
devices which have switched or unswitched neutral connections apd
may be arranged horizontally and/or vertically.

Note 2 to entry: In the United-Kingdom, a type A DBO used
principally for domestic (Household) installations and having a
maximum incoming unitrating of 100 A and a maximum outgoing
circuit rating of 63 A¢is\Known as a "consumer unit".

3.1.103

type B DBO
DBO designed,for single-phase and/or poly-phase outgoing circuits,
the incoming-supply being poly-phase

Note 1.to entry: A type B DBO can have outgoing devices which
havelswitched or unswitched neutral connections and may be
arranged horizontally and/or vertically.

3:1.104
blank

component used for closing an opening in the external enclosure fo
provide basic protection

3.1.105

consumer unit

Ccu

integrated assembly, for the control and distribution of electrical
energy, principally in a household or similar premise, incorporatin
manual means of double-pole isolation on the incoming circuit(s),
with polarity observed throughout

Note 1 to entry: Consumer units are designed for use exclusively
with specific protective devices on the outgoing circuits, and type-|
tested for use when energized through a BS 88-3 fuse having an 1,

of 16 kA rating under the specific test arrangements according to
10.11.5.101

ZA 5.2 Add the following:

In South Africa, see IEC 60038 and SANS 1019 for further details on
the nominal system voltage.

GB 5.6 of IEC 61439- Add the following item q) to 5.6:

1:2020
q) type A or type B DBO (see 3.1.102 and 3.1.103 which are
applicable for the United Kingdom).
DE, SE 6.1 Add the following note after the first paragraph:

NOTE In Germany and Sweden, 10.2.7 applies to DBOs intended
for indoor installation.
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Country

Clause/Subclause

Text

GB

6.2.1 of IEC
61439-1:2020

In the United Kingdom, add the following additional subclause.
6.2.1.101 Assembly outgoing unit and outgoing circuit marking

Each DBO shall be marked with the I.e RDF and/or Ing of each

outgoing unit and each outgoing circuit/functional unit for its specific

arrangement/location in the DBO. The marking can be by a single
label covering various rated currents and/or RDF.

Verification shall be fulfilled by:

a) Where an outgoing unit and outgoing circuit/functional unit is
supplied fitted in the DBO, the assembly manufacturer shall

TR } P Y BR ' :
dpply tic TTicvalit TauTh iU Uic DU Ul UTVviLT.

b) Where an outgoing unit and outgoing circuit/functional unit'is

fitted in the DBO on site by the installer, the DBO manufacturer

shall provide labels and instructions with the DBO so that the]
I,., RDF and/or g of each outgoing unit and each, eutgoing

circuit/functional unit can be marked by the installer on the D
or device.

For both a) and b):

. The marking shall be readily visible after installation. It can b
visible after a hinged/sliding cover'or door is opened but not
located behind covers designed to)be held in place by screwg
similar means.

BO

1

or

us

8.2.1

Add the following note after the\ast paragraph:

NOTE In the United States\of America, no IK code is required as
the requirements applicable to an "enclosure type" designation co
this consideration.

The United States’of America (USA) uses enclosure "Type"
designations aceording to UL 50 and UL 50E. The enclosure Type
designations incorporate constructional requirements as well as
additional-environmental requirements for conditions such as
corrosion, xtust, icing, oil, and coolants. For this reason, the IEC
Enclosdre Classification Designations IP are used with an enclosy
Type'designation number appropriate for these markets.

er
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Country

Clause/Subclause

Text

GB

8.2.2

Add the following:

For parts of the United Kingdom, the Building Regulations Approved
Document P and Approved Document M require consumer units e.g.
DBOs to be easily reached and accessible. Therefore, in the United
Kingdom, a blank used for closing an opening in the external
enclosure to provide basic protection, must be securely retained in
position. To meet this condition the following requirements are to be
verified by the following additional test:

Verification of blank retention in a DBO

A blank shall be securely retained in position. Conformity is verified

by comptyimgwittrbotirthepostramdpuottests:

The blank shall be tested when fitted as in normal use. The tests
shall be applied to each construction type and size of blank,
Separate samples may be used for each of the tests belgw.

Push test

A push force of 50 N is applied by test probe 11.of IEC 61032 (rig
test finger) for 10 s without jerks in the centre of the blank.

o

During and after the push test the blank shalyremain in position apd
not become detached.

Any apertures which are present around the blank after the test shall
pass a test of IP2XC.

Pull test using IEC 60335-1:2020, Figure 7 test fingernail

a) The test fingernail tip isdocated at the centre of the shortest
side of the blank and applied with a force of 10 N. If the
fingernail tip does\not engage under the edge of the blank at
any angle, the pull test below is not required.

=

The test fingernailyis then pulled for 10 s without jerks, by means
the loop (eyelet); with a force of 30 N in the direction of removal.

b) The test'fingernail tip is located at the centre of the longest s|de
of the blank and applied with a force of 10 N. If the fingernail|tip
does not engage under the edge of the blank at any angle, the
pull test below is not required.

=

The test fingernail is then pulled for 10 s without jerks, by means
the loop (eyelet), with a force of 30 N in the direction of removal.

During and after the pull test the blank shall remain in position an
not become detached.

Any apertures which are present around the blank after the test shall
pass a test of IP2XC.

NO|

8.5.3

Add the following:

In Norway, the alternative of labelling protective devices that re-
closing shall only be carried out by skilled or instructed persons shall
not be applied.

Add the following note after the last paragraph:

NOTE In Norway, protective devices in outgoing circuits used for

wiring protection in building shall comply with IEC 60898-1,

IEC 61008, IEC 61009, IEC 60269-3 or IEC 60947-2 as long as the
requirements in IEC 60898-1 or IEC 61009 are met for all tests
except the test for time-current characteristic B, C and D as
specified in IEC 60898-1:2002, 9.10.1 or IEC 61009-1:2010, 9.9.2.1.

NL

8.5.3

Add the following:

In the Netherlands, it is allowed to install a socket outlet in
accordance with IEC 60884-1 (NEN 1020) in the DBO without
shutters, in such a way that the minimum degree of protection
(IP2XC) is not met only at the location of the holes where the plug-
pins are inserted to establish the electrical contact. The verification
test report that is published shall record the presence of the socket
outlet and exception to the requirement in the paragraph of the
degree of protection (IP) test.
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Country

Clause/Subclause

Text

GB

8.6.1

Add the following note after the last paragraph:

NOTE In the United Kingdom, the UK Electricity, Safety and Quality
Regulations S.I. 2002 No. 2965 require electricity suppliers to state
the maximum prospective short-circuit current at the supply
terminals. In the United Kingdom, the maximum prospective short-
circuit current at the supply terminals of household and similar
electrical installations declared by the supply authority in accordance
with the Electricity Association Publication P 25 is 16 kA for single-
phase supplies up to and including 100 A.

ZA

8.8

Add the following:

I SOuUtn AITICd, CONductor Colour coding Is covered I SANS TU I4g-

1.

AT

8.8

Add the following:

In Austria, terminals, or components to connect neutral ¢onductors$ of
more than one outgoing circuit must consist of independéent
terminations for every single circuit to be able to disconnect single
circuits independently from others.

us

8.8

Add the following note after the last paragraph}

NOTE In the United States of Americay the neutral conductor is
identified by the colour white and the(protective earth conductor nmjay
be either green/yellow or solid green,

GB

10.10.1 of
IEC 61439-1:2020

In the United Kingdom, building, regulations require thermal
insulation and/or sound proofing 'material which influences the
temperature rise verification,_therefore, replace the second
paragraph of 10.10.1 of JEC 61439-1:2020 with the following:

Verification of DBOS;

a) Surface mounting shall be made with one or more of the
following inIEC 61439-1:2020: testing (10.10.2), comparison
with a réference design (10.10.3), or assessment (calculation|)
(10.10:4).

b) Elush mounting in hollow walls shall be made with one or mofe
of'the following: testing (10.10.2) or comparison with a
reference design (10.10.3).

The hollow wall test(s) shall be made in a test wall with a width of
200 mm = 10 mm of thermal insulation in contact with the top, botfom
and both sides of the DBO filled to the depth of the wall cavity. The
maximum thermal conductivity of the thermal insulation shall be
0,044 W/mK.

The rear of the DBO is not required to have any thermal insulation
other than air or the typical finishing material of the mounting wall
The DBO manufacturer’s instructions supplied with the DBO shall
specify for flush mounting arrangements the location of the thermg
insulation.

c) Suitability for flush mounting in solid walls e.g. brick, stone,
concrete is covered by testing in accordance with b) above.

All temperature rise tests shall be applied with holes for both test

ol i ol foai I ol Ll
caoreentrreSant—Spare entrreS—CroSetor—Searea-

Annex L of IEC 61439-1:2020 provides guidance on the verification
of temperature rise.

Flush mounting hollow wall test arrangements are as follows:

Test wall with a width of 200 mm = 10 mm of thermal insulation in
contact with the top, bottom and both sides of the DBO.
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Country Clause/Subclause Text

Frame

f

Top

‘Sig insulation
200 mm

1 RHS
;'a insulation
1 200 mm

e iy

Bottom
insulation
200 mm

|

L3
Frame ,\(

Front view

<a

Fra’rgeko
\J
N4
Onsulation -

'< filled to a depth
of wall cavity

_/ » _Frame

Test

sample %
o
insulation
< .
-

Backboard

Insulation —
filled to a depth
of wall cavity

Frame

Frame

Side view

— IEC

10.10.2.3.6 Add the following to the second paragraph:

In the United Kingdom, for an example considering a complete spl
load DBO, see Figure DD.1.

—
]



https://iecnorm.com/api/?name=705bf13bebfb0c55f6ce44d77b339747

IEC 61439-3:2024 © |IEC 2024 -31-

___________________ ———————————— — =
r | Rated current of the DBO: I, = 100 A |
I Outgoing | Outgoing unit 1 Ing = 80 A
| unit 1 | Outgoing unit 2 Ing = 80A |
| I,=100 A |
| Ing=80A | An alternative to declaring I, for each type |
| of outgoing circuit is to declare /,; and
| TEST current | the appropriate RDF. :
| 80 A
| | RDF is calculated by dividing Z,,g by /¢ |
| I of the same outgoing main circuit, where Ing |
| and I are derived by test.
I — ne I
Main incoming 1a 1b 1c 1d |
| et << |<< |<<|<< For this example: |
| Rated current of 231282338 I Outgoing functional units 7,,, = 63 A |
| the DBO (/,p) Wt fwouw | wow | won | || maximum (lower rated devices may be used |
100 A S E|FE |8 £ 8 | wheninstalled)
| | ROF for the DBO = 06 |
| I,=125A |
| I,y =100 A | TEST currents: |
I
| TEST current | Main incoming unit = 1000A I
| 100 A Outgoing |
| unit 2 I Outgoing unit 1 = test’current 80 A |
1,=100 A |
I Ing = 80 A | Test currentla=63 A(Z,;) x 0,6 =37,8 A :
| | Test current 1b =63 A(Z,;) x 0,6 =37,8 A
| TESI;[;:l:rent | Test cuirent 1c =6 A(I,) =44 A |
I
I | Circuit 1c is the balance current to load the |
| | Qutgoing unit 1 to its rated circuit current (Z,),
| so as to achieve the highest temperature rise. |
| - 2a | 2b | 2¢ | 2d I |
utgoing
| functional < i < g < g < :.:) | Total test current 80 [A |
unit 80 |80 |8 e © | . . : |
| b T TS ] Outgoing unit 2 = test current 20 A, which
| -~ 2 Llsg =2 I is the balance to obtain incoming unit 7, o |
. | so as to achieve the highest temperature rise.
| Outgoin |
tgoing | Therefore outgoing circuit 2a = 32 A (1;)) x 0,6
| circuit | = 19,2 Aand 2b = 2 A(J,) loaded to 0,8 A (balanfe) |
| I
J_ I Total test current 20 (A |
—_)—— - e ] L - [ |
IEC
Main
Functional unit incoming 1 1a 1b 1c 1d 2 2a 2b 2c | 2d
unit
Rafing of the dgvice, 7, 125 A 100A | 80 A 80 A 6 A 0 |100A | 32A 2A | NA| NA
Fyinctional Unit rated
current. 7 NA NA 63 A 63A | 63A 0 NA 63A | 63A | NA| NA
7 “nc
RDF NA NA 0,6 0,6 NA 0 NA 0,6 0,6 NA | NA
Group ratéd current /__ and . N N A N A . . .
TUU A OU A ol,0O A OIL,OA [ 44 A Y ZU A 9,2 A U,0 A U 0
test current

Test current balance not lng.

NOTE 1 This Figure DD.1 is one example where the DBO is loaded to its rated current (/). More tests in different
configurations may be required.

NOTE 2 The 80 A outgoing units shown are an example of /__ ratings as a means of verification of temperature rise
under normal operation of the outgoing unit at the rated current assigned by the manufacturer. The I__ ratings are
not restricted to 80 A.

NOTE 3 In DBOs, where the total of the rated currents of the outgoing circuits operating at rated diversity factor,
exceeds the capacity of the incoming circuit, the diversity factor applies to any combination of outgoing circuits used
to distribute the incoming current.
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In this Figure DD.1, 1ato 1d, each 63 A = (63 x 4) x 0,6 = 151,2 A, which exceeds the capacity of the 100 A incoming

circuit.

Therefore, in this example, outgoing circuits are loaded to the 1ng of outgoing unit 1 i.e. 80 A, with outgoing unit 2

loaded to the balance of the incoming circuit i.e. 20 A.

NOTE 4 The rated current of a functional unit (the circuit) is the value of current declared by the assembly
manufacturer, which may be equal to, or lower than the rated current of the device according to the respective device

standard.

NOTE 5 The following overload requirements could influence the 7 . of the switch and RCCB assigned by the

assembly manufacturer.

S 't &l ol b Lol b + taal i l &l AV.VIN H + + F'H | H L f\PD
witches—are—RESCBs-shotte—be-protected-againstoveroad—Whentusingaroveretrrentprotectve—deviee<9C

for thg overload protection, the OCPD is typically installed upstream of the switch and RCCB in the service/$upply

cut-oyt.

Overlgad coordination can be achieved when the switch/RCCB /. is greater than or equal to the tpstream PCPD
rated fcurrent (7). Overload protection cannot solely be based on the use of diversity factors~of| the downgtream

circuits.

BS 7671 requires the electrical installation designer to arrange the circuits in the installation so that thgy are

appropriately divided across the RCCBs to minimize unwanted operation and inconvenience.

Figure DD.1 — Example of temperature rise verification by test
of a complete split-load DBO as in 10.40.2.3.6

Country Clause/Subclause

Text

GB 10.11.5 of
IEC 61439-1:2020

Add the following additional paragraph:

In the United Kingdom, a BBO“designated as a consumer unit shall havd an
I, of 16 kA verified by testto additional subclause 10.11.5.101.

GB 10.11.5 of
IEC 61439-1:2020

The UK Electricity, Safety and Quality Regulations S.I. 2002 No. 2965 rgqquire
electricity suppliersdo state the maximum prospective short-circuit currept at
the supply terminals.

This information is given in Electricity Association publication P25. To mleet
this condition the following requirements are to be incorporated and alsg
aligned.with BS 7671 combined short-circuit protection and back-up
protection:

Add the following Subclause 10.11.5.101:
10.11.5.101 16 kA combined short-circuit and back-up protection verification
10.11.5.101.1 General

Verification of the CU /. 16 kA rating using combined short-circuit proteption

and back-up protection as defined in BS 7671. Co-ordination, in short-cifcuit

conditions of two OCPDs in series, using an upstream BS 88-3 fuse (forfnerly
BS 1361) and an outgoing OCPD in the CU to achieve a higher capability
than the CU OCPD alone and providing back-up protection to devices sych
as a switch or RCCB. This verifies the performance of the incoming device
and its connections, and any other item in the CU not separately rated ir
excess of 16 kA, verifying the complete CU with a conditional rating /_ ¢
16 KA

—h

The following test(s) are applied to a CU as covered by the definition in
3.1.104.

10.11.5.101.2 Test arrangements

The CU shall be set up as in normal use. It will be sufficient to test a single
functional unit if the remaining functional units are constructed in the same
way and cannot affect the test result.

10.11.5.101.3 Short-circuit test procedure

a) It shall be verified that the representative samples of the final circuit
protective devices used for the test comply with Table DD.1 and
Table DD.2 where applicable.
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