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LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

Part 5-53: Selection and erection of electrical equipment — Devices for
protection for safety, isolation, switching, control and monitoring

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC'is~“to promote
international co-operation on all questions concerning standardization in the electrical and glectronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafters referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International*governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordanceywith conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express,fasnearly as possible, an international
consensus of opinion on the relevant subjects since each technical’committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible ip their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of ‘the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn_to the Normative references cited in this publication. Use of the referenced publications is
indispensable forthe correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s)AEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
which, may be required to implement this document. However, implementers are cautioned that this may not
repfesent the latest information, which may be obtained from the patent database available at
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

IEC 60364-5-53 edition 4.2 contains the fourth edition (2019-02) [documents
64/2352/FDIS and 64/2359/RVD], its amendment 1 (2020-12) [documents 64/2457/FDIS

——and—64/2465/RVBl—and—its—amendment—2—(2024-12)—fdocuments—64/2648FDIS—and———

64/2738/RVD].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendments 1 and 2. Additions are in green text, deletions are in
strikethrough red text. A separate Final version with all changes accepted is available
in this publication.
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International Standard IEC 60364 has been prepared by IEC technical committee 64:
Electrical installations and protection against electric shock.

This fourth edition constitutes a technical revision.

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

a) revision of all clauses except 531 and 534;

b) introduction of a new Clause 537 Monitoring;

c) Clause 530 contains all normative references and all terms and definitions.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2

The reader's attention is drawn to the fact that Annex F lists all of the ,‘inssome-country”
clauses on differing practices relating to the subject of this standard.

A list of all parts in the IEC 60364 series, published under the general title Low-voltage
electrical installations, can be found on the IEC website.

The committee has decided that the contents of this documeént and its amendments will
remain unchanged until the stability date indicated on the 1EC 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 publication indicates
that it contains colours which” are considered to be useful for the correct
understanding of its contents.. Users should therefore print this document using a
colour printer.
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LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

Part 5-53: Selection and erection of electrical equipment — Devices for

530.1 Scope
This document provides requirements for:

a) isolation, switching, control and monitoring, and
b) selection and erection of:
1) devices for isolation, switching, control and monitoring, and

2) devices to achieve compliance with measures of protection for safety,
530.2 Normative references

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

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 60269-2, Low-voltage fuses — Part 2: Supplementary requirements for fuses for use by
authorized persons (fuses mainly for industrial application) — Examples of standardized
systems of fuses A to K

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 fusesiAxto F

IEC 60269-4, Low-voltage~fuses — Part 4: Supplementary requirements for use-links for the
protection of semiconductor devices

IEC 60309 (all parts), Plugs, socket-outlets and couplers for industrial purposes
IEC 60364/(all parts), Low-voltage electrical installations

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

IEC 60364-4-42:2010, Low-voltage electrical installations — Part 4-42: Protection for safety —
Protection against thermal effects
IEC 60364-4-42:2010/AMD1:2014

IEC 60364-4-43:2008, Low-voltage electrical installations — Part 4-43: Protection for safety —
Protection against overcurrent

IEC 60364-4-44:2007, Low-voltage electrical installations — Part 4-44: Protection for safety —
Protection against voltage disturbances and electromagnetic disturbances
IEC 60364-4-44:2007/AMD1:2015
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IEC 60364-5-55, Electrical installations of buildings — Part 5-55: Selection and erection of
electrical equipment — Other equipment

IEC 60364-6:2016, Low voltage electrical installations— Part 6: Verification

IEC 60417 (all parts), Graphical symbols for use on equipment

IEC 60664-1:2007, Insulation coordination for equipment within Ilow-voltage systems —
Part 1: Principles, requirements and tests

IEC 60669-1, Switches for household and similar fixed-electrical installations —
Part 1: General requirements

IEC 60669-2-1, Switches for household and similar fixed electrical cinstallations —
Part 2-1: Particular requirements — Electronic switches

IEC 60669-2-2, Switches for household and similar fixed electrical installations —
Part 2-2: Particular requirements — Electromagnetic remote-control switeches (RCS)

IEC 60669-2-3, Switches for household and similar fixed™ electrical installations —
Part 2-3: Particular requirements — Time-delay switches (TDS)

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

IEC 60669-2-5, Switches for household and- similar fixed electrical installations —
Part 2-5: Particular requirements — Switchescand related accessories for use in home and
building electronic systems (HBES)

IEC 60669-2-6, Switches for household and similar fixed electrical installations —
Part 2-6: Particular requirements —<Fjreman's switches for exterior and interior signs and
luminaires

IEC 60670-24, Boxes and enelosures for electrical accessories for household and similar fixed
electrical installations — Part24: Particular requirements for enclosures for housing protective
devices and other powerdissipating electrical equipment

IEC 60884 (all parts), Plugs and socket-outlets for household and similar purposes

IEC 60898 (all-parts), Electrical accessories — Circuit-breakers for overcurrent protection for
household\and similar installations

IEC 60906 (all parts), IEC system of plugs and socket-outlets for household and similar
purposes

IEC 60947-2:2016, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers

IEC 60947-3, Low-voltage switchgear and controlgear — Part 3: Switches, disconnectors,
switch-disconnectors and fuse-combination units

IEC 60947-4-1, Low-voltage switchgear and controlgear — Part 4-1: Contactors and motor-
starters — Electromechanical contactors and motor-starters

IEC 60947-4-2, Low-voltage switchgear and controlgear — Part 4-2: Contactors and motor-
starters — AC semiconductor motor controllers and starters
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IEC 60947-4-3, Low-voltage switchgear and controlgear — Part 4-3: Contactors and motor-
starters — AC semiconductor controllers and contactors for non-motor loads

IEC 60947-5-1, Low-voltage switchgear _and _controlgear — Part 5-1: Control circuit devices

and switching elements — Electromechanical control circuit devices

IEC 60947-6-1, Low-voltage switchgear and controlgear — Part 6-1: Multiple function
equipment — Transfer switching equipment

IEC 60947-6-2, Low-voltage switchgear and controlgear — Part 6-2: Multiple function
equipment — Control and protective switching devices (or equipment) (CPS)

IEC 61008 (all parts), Residual current operated circuit-breakers without integral evercurrent
protection for household and similar uses (RCCBs)

IEC 61009 (all parts), Residual current operated circuit-breakers with integral overcurrent
protection for household and similar uses (RCBOs)

IEC 61095, Electromechanical contactors for household and similarplrposes

IEC 61439-2, Low-voltage switchgear and controlgear assemblies — Part 2: Power switchgear
and controlgear assemblies

IEC 61439-3, Low-voltage switchgear and controlgeaf assemblies — Part 3: Distribution
boards intended to be operated by ordinary persons (DBO)

IEC 61439-6, Low-voltage switchgear and controlgear assemblies — Part 6: Busbar trunking
systems (busways)

IEC 61534 (all parts), Powertrack systems

IEC 61557-8, Electrical safety in low voltage distribution systems up to 1 000 V a.c. and
1500V d.c. — Equipment fortesting, measuring or monitoring of protective measures —
Part 8: Insulation monitoring.devices for IT systems

IEC 61557-9, Electricalisafety in low voltage distribution systems up to 1 000 V a.c. and
1500V d.c. — Equipment for testing, measuring or monitoring of protective measures —
Part 9: EquipmentAfor insulation fault location in IT systems

IEC 61643-11,2Low-voltage surge protective devices — Part 11: Surge protective devices
connected\to low-voltage power systems — Requirements and test methods

IEC©61643-12, Low-voltage surge protective devices — Part 12: Surge protective devices
caonnécted to low-voltage power distribution systems — Selection and application principles

[EC 61984:2008, Connectors — Safety requirements and tests

IEC 61995 (all parts), Devices for the connection of luminaires for household and similar
purposes

IEC 62020, Electrical accessories — Residual current monitors for household and similar uses
(RCMs)

IEC 62208, Empty enclosures for low-voltage switchgear and controlgear assemblies —
General requirements
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IEC 62305 (all parts), Protection against lightning

IEC 62423, Type F and type B residual current operated circuit-breakers with and without
integral overcurrent protection for household and similar uses

IEC 62606, General requirements for arc fault detection devices

IEC 62626-1, Low-voltage switchgear and controlgear enclosed equipment — Part 1: Enclosed
switch-disconnectors outside the scope of IEC 60947-3 to provide isolation during repair and
maintenance work

530.3 Terms and definitions

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

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

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

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

530.3.1

disconnector

mechanical switching device which in the open position complies with the requirements
specified for the isolating function

Note 1 to entry: A disconnector is capable of opening and-closing a circuit when either negligible current is
broken or made, or when no significant change in thesvoltage across the terminals of each of the poles of the
disconnector occurs. It is also capable of carrying currents under normal circuit conditions and carrying for a
specified time currents under abnormal conditions suehvas those of short-circuit.

[SOURCE: IEC 60050-441:2000, 441-14-05, modified — Referring to isolating function instead
of isolating distance.]

530.3.2

switch disconnector

switch which, in the opén* position, satisfies the isolating requirements specified for a
disconnector

[SOURCE: IEC 60050-441:1984, 441-14-12]

530.3.3

mechanical’switch

device (capable of making, carrying and breaking currents through contacts controlled by
mechanical operation under normal circuit conditions which may include specified operating
overfead conditions and also carrying for specified time currents under specified abnormal
circuit conditions such as those of short-circuit

Note 1 to entry: A switch can be capable of making but not breaking short-circuit currents.

[SOURCE: IEC 60050-441:2000, 441-14-10, modified — "through contacts controlled by
mechanical operation" has been added.]

530.3.4

switching-off for mechanical maintenance

opening operation of a switching device intended to inactivate an item or items of electrically
powered equipment for the purpose of preventing a hazard, other than due to electric shock or
to arcing, during non-electrical work on the equipment
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[SOURCE: IEC 60050-826:2004, 826-17-02]

530.3.5
emergency switching-off

opening operation of a switching device intended to remove electric power from an electrical
installation to avert or alleviate a hazardous situation

[SOURCE: IEC 60050-826:2004, 826-17-03]

530.3.6
emergency stopping
operation intended to stop as quickly as possible a movement which has become dangerous

[SOURCE: IEC 60050-826:2004, 826-17-04]

530.3.7

functional switching

operation intended to switch on or off or vary the supply of electriccenergy to an electrical
installation or parts of it for normal operating purposes

[SOURCE: IEC 60050-826:2004, 826-17-05]

530.3.8

SPD assembly

one SPD or a set of SPDs, in both cases including all'SPD disconnectors required by the SPD
manufacturer, providing the required overvoltage protection for a type of system earthing

530.3.9

SPD disconnector

disconnector

device for disconnecting an SPD, or part of an SPD, from the power system

Note 1 to entry: This disconnecting device is not required to have isolating capability for safety purposes. It is to
prevent a persistent fault on the system)and is used to give an indication of an SPD’s failure. Disconnectors can be
internal (built in) or external (required by the manufacturer). There may be more than one disconnector function, for
example an overcurrent protection.function and a thermal protection function. These functions may be in separate
units.

[SOURCE: IEC 6164311:2011, 3.1.28]

530.3.10

mode of protection of an SPD

intended current path, between terminals that contains protective components, e.g. line-to-
line, line-to-earth, line-to-neutral, neutral-to-earth

[SOURCE: IEC 61643-11:2011, 3.1.8]

530.3.11
follow current interrupt rating
I

prospective short-circuit current that an SPD is able to interrupt without operation of a

disconmector

[SOURCE: IEC 61643-11:2011, 3.1.39]
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530.3.12
short-circuit current rating

Iscer
maximum prospective short-circuit current from the power system for which the SPD, in

conjunction with the disconnector specified, Is rated
[SOURCE: IEC 61643-11:2011, 3.1.27]

530.3.13

voltage protection level

Up

maximum voltage to be expected at the SPD terminals due to an impulse stress with _defined
voltage steepness and an impulse stress with a discharge current with given amplitude and
waveshape

Note 1 to entry: The voltage protection level is given by the manufacturer and may not be exceeded by:

e the measured limiting voltage determined for front-of-wave sparkover (if applicable) ahd)the measured limiting
voltage determined from the residual voltage measurements at amplitudes corresponding to 7/ and/or 1imp
respectively for test classes Il and/or [;

e the measured limiting voltage at the open circuit voltage of the combination wave generator (Uy), determined
for the combination wave for test class Ill.

[SOURCE: IEC 61643-11:2011, 3.1.14]

530.3.14

rated impulse voltage

Uw

impulse withstand voltage value assigned by the\thanufacturer to the equipment or to a part of
it, characterizing the specified withstand, (capability of its insulation against transient
overvoltages

[SOURCE: IEC 60664-1:2007, 3.9.2]

530.3.15

maximum continuous operating voltage

Uc

maximum RMS voltage, which may be continuously applied to the SPD's mode of protection

Note 1 to entry: The Ugs.alue covered by this document may exceed 1 000 V.

[SOURCE: IEC61643-11:2011, 3.1.11]

530.3.16
nominal discharge current for class Il test
1

n
créstvalue of the current through the SPD having a current waveshape of 8/20 us
[SOURCE: IEC 61643-11:2011, 3.1.9]

530.3.17
impulse discharge current for class | test

Iimp
crest value of a discharge current through the SPD with specified charge transfer Q0 and
specified energy W/R in the specified time

[SOURCE: IEC 61643-11:2011, 3.1.10]
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530.3.18

two-port SPD

SPD having specific series impedance connected between separate input and output
connections

[SOURCE: IEC 61643-11:2011, 3.1.3]

530.4 General and common requirements
530.4.1

Equipment for protection, isolation, switching, control and monitoring shall be selected and
erected to provide for the safety and proper functioning for the intended useyof the
installation.

Such equipment shall be selected and erected so as to allow compliance with the
requirements stated in this document and the relevant requirements~in- other parts of
IEC 60364.

530.4.2

Except as provided in 536.2.2.7 and 536.5.1.2, an independently operated single-pole
protective or switching device shall not be inserted in the neltsal conductor.

530.4.3

Devices providing more than one function shall~comply with all the requirements of this
document appropriate to each separate function.

530.5 Erection of equipment
530.5.1

Equipment shall be erected in such a way that connections between wiring and equipment
shall not be subject to undue“stress or strain resulting from the foreseen use of the
equipment.

530.5.2

Unenclosed type equipment shall be mounted in a suitable mounting box or enclosure in
compliance with a‘relevant standard.

NOTE Examples of relevant standards are IEC 60670 (all parts), IEC 62208, IEC 61439 (all parts), and
IEC 61084 (all-parts).
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OF
531 eq@?nent for protection against electric shock

531 &e‘neral
O

Igdse 531 deals with requirements for the selection and erection of equipment for the
Q‘ lowing protective measures in accordance with IEC 60364-4-41:
S

NS

automatic disconnection of supply,
e double or reinforced insulation,

1 $acs 1 i
hd crovtiidr STidraltivlT,

e extra-low-voltage provided by SELV and PELV systems.

It also deals with requirements for the selection and erection of equipment for additional
protection.
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531.2 Devices for automatic disconnection of supply

531.2.1 General

Ll L o tlo
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of the circuit which is intended to be protected.

These devices shall be suitable for isolation in accordance with 536.

NOTE 1 Protective devices which require manual operation in order to achieve isolation are not excluded.

The following protective devices may be used: @Q
— overcurrent protective devices in accordance with 531.2.2; x?”
— residual current protective devices (RCDs) in accordance with 531.2.3. Qq/

Devices according to IEC 60947-2 identified with voltage value(s) followe @ ‘the symbol )a:
(IEC 60417-6363:2016-07-16) or by the symbol @ shall not be used systems for such
voltage(s) or above.

Cb

Devices according to IEC 60947-2 identified \lth the symbol )Sl(
(IEC 60417-6363:2016-07-16) or by the symbol ) with nob(l’somated voltage value, shall
not be used in IT systems. «

/

NOTE 2 The symbol @ previously required will be progrp@ely superseded by the preferred new symbol
above. Q)Q

531.2.2 Overcurrent protective devices Q/C)
531.2.2.1 TN system \

An overcurrent protective device s)@(be so selected that its operating characteristics meet

the following requirement: Q
N
QO
% Uy
I, <—
$’\.\(\ a Zq
where A‘\Q)

is the curr’sg in amperes (A) causing the automatic operation of the disconnecting
device, hin the time specified in [EC 60364-4-41:2005 and IEC 60364-4-
41:2 MD1:2017, 411.3.2.2 or 411.3.2.3.

Zg i@the impedance in ohms (Q) of the fault loop comprising

I

a

the source,

@O — the line conductor up to the point of the fault, and

— the protective conductor between the point of the fault and the source;
U,

o

531.2.2.2 TT system

is the nominal AC or DC line-to-earth voltage in volts (V).

X
V
P

According to IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD 1:2017, 411.5.2, RCDs
shall generally be used for protection against electric shock in TT systems.

Overcurrent protective devices may alternatively be used for this purpose, provided a suitably
low value of earth fault loop impedance is permanently and reliably ensured.
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Where, exceptionally, an overcurrent protective device is used for this purpose, it shall be so
selected that its operating characteristics meet the following requirement.

@O U, is the nominal AC or DC voltage in volts (V) between line conductor and neutral or

<9
C
where Qq/b‘

1 is the current in amperes (A) causing the automatic operation of the disconnectin
device within the time specified in IEC 60364-4-41:2005 and I|EC 60364¢4-.
41:2005/AMD1:2017, 411.3.2.2 or 411.3.2.4; Q

Zg is the impedance in ohms (Q) of the fault loop comprising @

— the source, Qx
— the line conductor up to the point of the fault, Qq’
— the protective conductor of the exposed-conductive-parts, '\(1/
— the earthing conductor, @Q
— the earth electrode of the installation, and x?‘
— the earth electrode of the source; '\q
U, isthe nominal AC or DC line-to-earth voltage in volts (V)_‘Q
531.2.2.3 IT system (0/03
/

Devices shall be suitable for IT systems in accordanc@%ith the manufacturer instructions.

The overcurrent protective devices shall be o@élected that their operating characteristics
comply with the following requirement: Q/é)

a) Where exposed-conductive-parts areﬂ\terconnected by a protective conductor collectively
earthed to the same earthing arrarQe ent, the following conditions shall be fulfilled:

e where the neutral or mid-th onductor is not distributed:

A\
QO U
7] I <
O 22,
e or where the&@tral or mid-point conductor is distributed:
O

b\ U,
- O Iy <—

N\ 2Zs

e
h ere
N

is the nominal AC or DC voltage in volts (V) between line conductors;

mid-point conductor, as appropriate;

%O Zg is the impedance in ohms (Q) of the fault loop comprising the line conductor and
O the protective conductor of the circuit;
\Q/ Z's is the impedance in ohms (Q) of the fault loop comprising the neutral or mid-point
conductor and the protective conductor of the circuit;
I, is the current in amperes (A) causing operation of the protective device within the

time required for TN systems in I|EC 60364-4-41:2005 and IEC 60364-4-
41:2005/AMD1:2017, 411.3.2.2 or 411.3.2.3.

NOTE The factor 2 in both formulas takes into account that in the event of the simultaneous occurrence of two
faults, the faults may exist in different circuits.
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b) Where the exposed-conductive-parts are earthed in groups or individually, the following
condition applies:

e In alternating current

%O

-

<0
Rp

where

Ry is the sum of the resistances in ohms (Q) of the earth electrode and the protective.
conductor to the exposed-conductive-parts;

I, is the current in amperes (A) causing automatic disconnection of the @tive
device in a time complying to that for TT systems in IEC 60364-4-46 5 and
IEC 60364-4-41: 2005/AMD1:2017, 411.3.2.2 or 411.3.2.4. Qq/

In direct current, in accordance with |EC 60364-4-41:2005 and IEC,QO, 4-4-41:2005/
AMD1:2017, 411.6.2, no requirement is needed. @Q

531.2.3 Residual current protective devices qx?‘
531.2.3.1 General conditions of installation Q\
An RCD shall disconnect all live conductors in the circuibgﬁ)‘tected, except as permitted in
531.2.3.5.1. (0/
b‘/
For a multiphase supplied installation, where th is subdivision into single phase final

circuits, protection by individual RCDs is recomfignded. Where time delayed RCDs (CBRs
(circuit breaker incorporating residual curra&%rotection), and MRCD (modular residual
current device) in conjunction with circuit-b, ers, according to IEC 60947-2) are used, the
setting of the time delay shall be in accor{ e with IEC 60364-4-41:2005 and IEC 60364-4-
41:2005/ (@)

AMD1:2017, 411.3.2. QQ

<

Where a modular RCD is used,%n MRCD according to IEC 60947-2:2016, Annex M shall be
selected and used in conjunctﬁq\:\;?with a circuit breaker in accordance with IEC 60947-2.

<

A protective conductor@r’%\not pass through the sensor of an MRCD. However, where such
passing is unavoidab@ or example in case of armoured cables, the protective conductor
alone shall be pass@} again through the sensor but in the reverse direction. The protective
conductor shall ,@ insulated and shall not be earthed between the first and the second
passing. N~

‘\\C)
531.2.3.2 C'Unwanted tripping

To r@e the risk of unwanted tripping, the following shall be considered:

@Céubdivision of electrical circuits with individual associated RCDs so that the accumulated

protective conductor currents and/or leakage currents likely to occur during normal
operation downstream of an RCD is less than 0,3 times the value of the rated residual
operating current (Ip,) of the RCD. See also IEC 60364-1:2005, Clause 314 and
IEC 60364-5-51:2005, Clause 516,

Py coordination of aanoral tvuyna DC
oot —o—geRerar—type—r=

™
N4

Do calactivia tvna DCNe (1 o tvyn S
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IEC 61008-1, IEC 61009-1 or IEC 62423) and time delayed RCDs (i.e. CBRs, MRCDs
according to IEC 60947-2), and

e coordination of RCDs with surge protective devices (SPDs).

accanrdina 0
e o tHag—o
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531.2.3.3 Types of RCDs
531.2.3.3.1 Selection of type of RCD

Lo l
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O
3
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components of the residual current to be interrupted.

531.2.3.3.2 Selection of the types of RCDs connected in series
Wherever an RCD type A, F or B is installed downstream of another RCD, the upstream RCD‘(I/Q

e shall comply at least with the requirements of the type of the downstream RCD, or Qq/
@rer’s

e shall be coordinated with the downstream RCD, in accordance with the manu)f(

instructions. Q
N

NOTE See Annex G for the different types of RCDs and their behaviour with fault currents. (1/

N -

531.2.3.4 Selection according to the accessibility to the installation

531.2.3.4.1
Ny

In AC installations where RCDs are accessible to ordinary pergﬂ%(BAﬂ, children (BA2) or
handicapped persons (BA3), residual current protective device all comply with

e IEC 61008-2-1 for RCCBs, or fo(b
e |EC 61009-2-1 for RCBOs, or b‘fo

e IEC 62423 for RCCBs and RCBOs. Qrb@
531.2.3.4.2 Q(b

In AC installations where RCDs are ac ible only to instructed persons (BA4) or skilled
persons (BA5), residual current protectiv@evices shall comply with

« IEC 61008 (all parts) for RCCBs<or
e |EC 61009 (all parts) for RCB@s, or
e |EC 62423 for RCCBs an@ CBOs, or
e |EC 60947-2 for CBR§’§Y\1d MRCDs.

NOTE A‘\Q)

RCCB is a residual ot{'ant operated circuit breaker without integral overcurrent protection.
RCBO is a res@ current operated circuit breaker with integral overcurrent protection.
CBRis a citcS’(breaker incorporating residual current protection.

MRCP modular residual current device, in conjunction with a circuit-breaker.

@Q@Z.3.4.3

<2‘In DC installations, IEC TS 63053 may be used as a reference for DC-RCDs.

531.2.3.5 Selection of RCD according to the type of system earthing

b‘c?’

531.2.3.5.1 TN systems

A PEN conductor shall not be used on the load side of an RCD.

In a TN-S system and in the part of a TN-C-S system, where the neutral and protective
functions are provided by separate conductors, the neutral conductor need not be
disconnected if the neutral conductor is considered to be reliably at earth potential.
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In TN-C systems RCDs shall not be used.

The characteristics of the RCD, except those selected according to IEC 60364-4-41:2005 and
I[EC 60364-4-41:2005/AMD1:2017. 411.3.3, shall be such that:

T

U,
I, sZ—°
where ‘.
I, is the current in amperes (A) causing the automatic operation of the disconnectin@g@ce
within the time specified in IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AM 17,
411.3.2.2 or 411.3.2.3;
Zg is the impedance in ohms (Q) of the fault loop comprising Qq/
— the source, y\q’
— the line conductor up to the point of the fault, and Q
— the protective conductor between the point of the fault and the rce;
U, is the nominal AC or DC line-to-earth voltage in volts (V). '\Cbx
531.2.3.5.2 TT systems (I,Q

In AC installations the characteristics of the RCD, é@pt those selected according to
IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1;2047, 411.3.3, shall be such that:

i
©
o3
&>

\5”*’*

where S\
R, is the sum of the resistance {k hms of the earth electrode and the protective
conductor to the exposed con e- parts

is the current in amperes %\&ausmg the automatic operation of the disconnecting device
within the time specmed in1EC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017,
411.3.2.2 or 411. 324\(\

NOTE The d|sconnec@@ times according to IEC 60364-4-41:2005 and |IEC 60364-4-41:2005/AMD1:2017,
Table 41.1 relate to pective residual currents significantly higher than the rated residual operating current
of the RCD (typically~§ 7, ).

O

<
Where the vale;{.of Ry is not known, it shall be replaced by Z; (see 531.2.2.2).

531.2.3.5. g)IT systems
531 .5.3.1 Disconnection at first fault condition for IT public distribution systems

here the disconnection at the first fault is to be achieved by an RCD, the rated residual

Q, perating current of the RCD shall be selected to be less or equal to the current which

circulates on the first fault to earth.

NOTE Where the current circulating during the first fault is not known or cannot be calculated, the current in mA
can, for IT installations connected to a network, be estimated to 0,5 times the value of the rated power of the

transformer given in kVA.
531.2.3.5.3.2 Disconnection at second fault condition

Where the automatic disconnection of supply at a second fault is to be achieved by an RCD,
that RCD shall be installed in the final circuit to be protected. The rated residual current of the
RCD shall be greater than 2 times the current which circulates on the first fault to earth of
negligible impedance affecting a line conductor.
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After the occurrence of a first fault, conditions for automatic disconnection of supply in the
event of a second fault occurring on a different live conductor shall be as follows:

- 23—

a) Where exposed-conductive-parts are interconnected by a protective conductor collectively

edrined 1o e sdme edrining arrangermerit, e 1onowing conartion snall e Tultiinea.

e where the neutral or mid-point conductor is not distributed:

U

I <
&= 27

e or where the neutral or mid-point conductor is distributed:

N

oz le S
27 (19
where Q'\
U, is the nominal AC or DC voltage, in volts (V) between Iin@muctor and neutral
conductor or mid-point conductor, as appropriate; X
U is the nominal AC or DC voltage in volts (V) between }igé conductors;

is the impedance in ohms (Q) of the fault loop

ca;ﬁ]rrising the line conductor and
the protective conductor of the circuit;

4
is the impedance in ohms (Q) of the fault Ioc&fﬁbmprising the neutral conductor and
the protective conductor of the circuit;

©
is the current in amperes (A) causing@jbautomatic operation of the disconnecting
device within the time specifie IEC 60364-4-41:2005 and |EC 60364-4-
41:2005/AMD1:2017, 411.3.2.2 0 .3.2.4,

N
The times stated in IEC 60364-4-41:20 nd IEC 60364-4-41:2005/AMD1:2017, Table 41.1

for the TN system apply to IT systemQW| h a distributed or non-distributed neutral conductor
or mid-point conductor. Q

NOTE 1 The factor 2 in both formu@ékes into account that in the event of the simultaneous occurrence of two
faults, the faults can exist in different ¢Circuits.

b) In AC installations %\ere the exposed-conductive-parts are earthed in groups or
individually, the foléqking condition applies:

4\
xO
o
\\C)
where C)

%5 t‘he sum of the resistances in ohms (Q) of the earth electrode and the protective
conductor to the exposed-conductive-parts;

Nl
X

NOTE 2 The disconnecting times according to IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, Table
41.1 relate to prospective residual fault currents significantly higher than the rated residual operating current of the

250
Rp

is the current in amperes (A) causing the automatic operation of the disconnecting
device within the time specified in IEC 60364-4-41:2005 and IEC 60364-4-
41:2005/AMD1:2017, 411.3.2.2 or 411.3.2.4.

o

b‘c?’
&

RCD (h}/pir\all\il 5 ,An)
531.3 Equipment for protection by double or reinforced insulation
531.3.1 General

For compliance with [|EC 60364-4-41:2005 and |IEC 60364-4-41:2005/AMD
Clause 412, electrical equipment shall be selected as follows:

1:2017,
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a) electrical equipment marked with the symbol [[]| (IEC 60417-5172:2003-02-18); or

b) electrical equipment declared in the relevant product standard or by the manufacturer as
equivalent to Class ll: or

-

c) electrical equipment with basic insulation only: supplementary insulation shall be provided
by an enclosure of at least IPXXB or IP2X, or by a process of installation providing the
equivalent level of safety; or

d) electrical equipment having uninsulated live parts shall have reinforced insulation provided
by an enclosure of at least IPXXB or IP2X, or by a process of installation providing t
equivalent level of safety.

In the case of equipment covered by c) or d) above, 531.3.2 to 531.3.6 apply. @
X

Q
531.3.2 Q
P

The following requirements apply as specified: r\
— the insulating enclosure shall not be traversed by conductive p r@ﬂkely to transmit a
potential; and %‘

— the insulating enclosure shall not contain any screws or othef\q}xmg means of insulating
material which might need to be removed, or are likely to@g emoved, during installation
and maintenance and whose replacement by metallic s or other fixing means could
impair the enclosure’s insulation.

for operating handles of built-in apparatus), thes ould be arranged in such a way that
protection against shock in case of a fault is not@ ired

O
531.3.3 \(<,

Where lids or doors in the insulating e;cl&ure can be opened without the use of a tool or key,

Where the insulating enclosure has to be traversed ?Mechanical joints or connections (e.g.

all conductive parts which are ac ible if the lid or door is open shall be behind an
insulating barrier (providing a de of protection not less than IPXXB or IP2X) preventing
persons from coming unintentio % into contact with those conductive parts. This insulating
barrier shall be removable onIS\‘h\w use of a tool or key.

\\(\Q)

531.3.4
N

Conductive parts en@géed in the insulating enclosure shall not be connected to a protective
conductor. Howeyer, provision may be made for connecting protective conductors which
necessarily ruQ% ough the enclosure in order to serve other items of electrical equipment
whose sup ircuit also runs through the enclosure. Inside the enclosure, any such
conductor(g d their terminals shall be insulated as though they were live parts, and their
termir@’shall be marked as PE terminals.

5@5

conductor unless specific provision for this is made in the specifications for the equipment
concerned.

Qﬁ:cessible conductive-parts and intermediate parts shall not be connected to a protective

531.3.6

™
Q‘lx

The enclosure shall not adversely affect the operation of the equipment protected in this way.
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531.3.7

The installation of equipment mentioned in |EC 60364-4-41:2005 and I|EC 60364-4-
41:2005/AMD1:2017, 412.2.1 (fixing, connection of conductors, etc.) shall be effected in such

o

D
\<</C)

d Wdy das NOLU 1O TMpadlr the protecuorn arfroraeda In compltiance Wit the equiprment Specitication.

531.4 Equipment for protection by electrical separation

The equipment selected for electrical separation, for example safety isolating transformer in
accordance with IEC 61558-2-6, shall provide at least simple separation between incomin
and outgoing terminals and the separated side shall be installed so that it is isolatedbﬂy'
other circuits and earth. @

v

531.5 Equipment for protection by extra-low-voltage provided by SELV and@ELV

systems Q
531.5.1 Sources for SELV or PELV systems r\q’
The following sources may be used for SELV or PELV systems: @Q

e A safety isolating transformer in accordance with IEC 61558-2-&8(

N
e A source of current providing a degree of safety equivaleq‘&gb that of the safety isolating

transformer specified above (e.g. motor generator wiﬂg‘ indings providing equivalent
isolation). %)
4

e An electrochemical source (e.g. a battery) or an&é@r source independent of a higher
voltage circuit (e.g. a diesel-driven generator). Q)

e Certain electronic devices complying with a@ priate standards where provisions have
been taken in order to ensure that, even i@l case of an internal fault, the voltage at the
outgoing terminals cannot exceed th ues specified in |IEC 60364-4-41:2005 and
IEC 60364-4-41:2005/AMD1:2017, 414."NY. Higher voltages at the outgoing terminals are,
however, permitted if it is ensured th&t)'in case of contact with a live part or in the event of
a fault between a live part an exposed-conductive-part, the voltage at the output
terminals is immediately reduc those values or less.

NOTE 1 Examples of such dev'&%\}wlude insulation testing equipment and monitoring devices.

NOTE 2 Where higher voléggd exist at the outgoing terminals, compliance with 531.5 can be assumed if the
voltage at the outgoing t inals is within the limits specified in IEC 60364-4-41:2005 and |IEC 60364-4-
41:2005/AMD1:2017, 41@.1 when measured with a voltmeter having an internal resistance of at least 3 000

Q. X %)
\)

e Mobile sourcebsupplied at low voltage, for example safety isolating transformers or motor
generators shall be selected or erected in accordance with the requirements for
protecti r\(b the use of double or reinforced insulation (see IEC 60364-4-41:2005 and
IEC 60@‘-4-41 :2005/AMD1:2017, Clause 412).

531.5@ Selection of plugs and socket-outlets

PIQgs and socket-outlets in SELV or PELV systems shall comply with the following
uirements:

plugs shall not be able to enter socket-outlets of other voltage systems;

— socket-outlets shall not admit plugs of other voltage systems;

— plugs and socket-outlets in SELV systems shall not have a protective contact.

b‘c?’
&

NOTE For socket-outlets according to IEC 60884-1 the protective contact is referred to as earthing contact.
531.6 Devices for additional protection

A PEN conductor shall not be used on the load side of an RCD.
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In AC installations, an RCD used for additional protection shall have a rated residual
operating current not exceeding 30 mA and shall be selected according to the requirements of
531.2.3.1 to 531.2.3.4.

In AC installations, when installed at the origin of a final circuit, an RCD with a rated residual
current not exceeding 30 mA may ensure simultaneously fault protection and additional
protection. In this case, not all final circuits supplied by a common distribution circuit shall be
disconnected by this RCD.

NOTE Correct assignment of the final circuits to the common RCD will contribute to continuity of the supply (see
531.3.2).

In AC installations, an RCD for protection of socket-outlets shall be installed at the efigin of
the final circuit except where this additional protection is provided by RCDs integral ‘with all
the socket-outlets of the circuit or associated with all fixed socket-outlets withifn’the same
mounting box or in the immediate vicinity, see for example IEC 62640.

RCDs for protection of luminaires shall be installed at the origin of the finghgircuit.

In DC installations, an RCD used for additional protection shalX have a rated residual
operating current not exceeding 80 mA, and shall be selected adeording to the requirements
of 531.2.3.1 to 531.2.3.4.

531.7 Monitoring devices

In IT-systems the following monitoring devices may* be used to detect insulation fault
conditions:

— Insulation monitoring devices (IMDs) selected and erected in accordance with 537.1.2;
— residual current monitors (RCMs) selecte@/and erected in accordance with 537.1.3;

— equipment for insulation fault locatiori.selected and erected in accordance with 537.2.1.
532 Devices and precautions.{or protection against thermal effects

532.1 General

Devices shall be mounted so as to allow, under all operating conditions to be expected at the
point of installation, safe’ dissipation of heat or arcs/sparks which could cause harmful thermal
effects.

Protective devices shall be installed as close as practically possible to the origin of the circuit
to be protected.

532.25.\'Locations with a particular risk of fire
532.2.1 General
NOTE Locations with a particular risk of fire are defined in IEC 60364-4-42.

Devices in the fixed installation or in equipment incorporated in the fixed installation and used
for protection against thermal effects shall not be provided with automatic re-closure.

532.2.2 Locations with external influences BD2, BD3 or BD4

With the exception of devices to facilitate evacuation, switchgear and controlgear devices in
locations with external influences BD2, BD3 or BD4 shall be accessible only to authorized
persons. Where installed in passages, switchgear and controlgear devices shall be placed
within enclosures complying with IEC 60670-24, IEC 61439-2, IEC 61439-3 or IEC 62208.
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532.2.3 Locations with external influences BE2

532.2.3.1 General

o kale £ s i 4 1 + lad. I Ul 1 <l taial | i i
UVVILbIIyUGI TU1 }JIULUULIUII, CUTItrvr Ul 1oUIdtlivull oliaill ucT plaucu UULloiutT 1uvalivlilo }JIUDUIIUIIU
external condition BE2, unless it is in an enclosure providing a degree of protection
appropriate for such a location of at least:

e |P4X, or
e |P5X in the presence of dust, or

e |P6X in the presence of conductive dust.

Unless specifically designed to be inherently heat-limiting, in all operational modes,/motors
shall be protected against excessive temperature by a motor protective device with manual
reset.

532.2.3.2 Selection of residual current protective devices (RCD)

Where an RCD for protection against thermal effects is required, the rated residual operating
current shall be in compliance with IEC 60364-4-42:2010° and |EC 60364-4-
42:2010/AMD1:2014, 422.3.9.

RCDs shall comply with IEC 61008 (all parts), IEC 61009 (all’parts), IEC 62423 or IEC 60947-
2 and shall comply with the requirements of 531.2.2.

An RCD shall ensure the disconnection of all live conductors of the circuit protected.

532.2.3.3 Selection of residual current monitoring device (RCM) in IT systems

Where an RCM is selected preventing the,risk of fire in compliance with IEC 60364-4-42:2010
and IEC 60364-4-42:2010/AMD1:2014, 422.3.9 b), the rated residual warning level shall not
exceed 300 mA and shall be less thanor equal to the expected first fault current.

It is recommended to set the response value to a reasonable lower value to indicate a fault as
early as possible.

RCMs shall comply with I[EC 62020.

532.2.3.4 Selection of insulation monitoring devices (IMDs) in IT systems

Where an IMDxis selected preventing the risk of fire in compliance with IEC 60364-4-42:2010
and |IEC 60364-4-42:2010/AMD1:2014, 422.3.9 b), the response value shall not be lower than:

e 1000Q/V except in a public distribution system with a galvanic supply, the value shall not
be\lower than 40 Q/V; or

e .50 % of the insulation resistance without insulation failure and full load.

It is recommended to set the response value to a reasonable higher value to indicate a fault
as early as possible.

IMDs shall comply with IEC 61557-8.

532.3 Selection of arc fault detection devices (AFDD)

Where an AFDD is specified for the protection against arc faults in accordance with
IEC 60364-4-42:2010 and |IEC 60364-4-42:2010/AMD1:2014, 421.7, the following applies:

e the AFDD shall comply with IEC 62606;
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e the AFDD shall be placed at the origin of the final circuit to be protected;

e the AFDD shall be erected and coordinated in accordance with the manufacturer's
instructions.

NOTE AFDDs according to IEC 62606 can include other protective capabilities, i.e. overcurrent protection and/or
residual current protection.

533 Devices for protection against overcurrent

533.1 General requirements
533.1.1 General

Clause 533 provides requirements for the selection and erection of overcurrent protective
devices where required by IEC 60364-4-43.

A protective device that may be operated by persons other than instructed-persons (BA4) and
skilled persons (BA5) shall be so selected or installed that access.o its overcurrent
characteristic settings, if any, is only possible with a deliberate act involving the use of a key,
padlock, tool, password or similar, and resulting in a visible indication®of its setting.

533.1.2 Compliance with standards
533.1.2.1 General

Devices for protection against overcurrent shall comply with at least one of the following
standards:

e |EC 60269-2;

e |EC 60269-3;

e |EC 60269-4;

e |EC 60898 (all parts);
e |EC 60947-2;

e |EC 60947-3;

e |EC 60947-6-2;

o |EC 61009 (all parts);
e |EC 62423.

533.1.2.2 Applicability of devices

Circuit-breakers according to IEC 60947-2 identified with voltage value(s) followed by the

symbol )’( (IEC 60417-6363:2016-07-16) or by the symbol @ shall not be used in IT
systems for such voltage(s) or above.

Circuit-breakers according to IEC 60947-2 identified with the symbol ¥ (IEC 60417-

6363:2016-07-16) or by the symbol @ with no associated voltage value, shall not be used in
IT systems.

IEC 62423 is only applicable for residual current operated circuit-breakers with integral
overcurrent protection (RCBOs).

IEC 60947-3 is only applicable for devices in combination with fuses, i.e. switch-fuses, fuse-
switch, disconnector-fuse, fuse-disconnector, switch-disconnector-fuse and fuse-switch-
disconnector.
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The following devices provide protection against short-circuit current only and therefore shall
not be used for overload protection:

e instantaneous trip circuit-breakers (ICB) complying with IEC 60947-2:2016, Annex O;

e aM and aR type fuses complying with IEC 60269-2 or IEC 60269-3.
533.1.3 Fuses

533.1.3.1 A fuse base using screw-in fuses shall be connected so that the centre contact is
connected to the conductor from the supply and the shell contact is connected to the
conductor to the load.

Fuse bases shall be arranged so as to exclude the possibility of the fuse carrier\making
contact between conductive parts belonging to adjacent fuse bases.

Fuse bases in accordance with IEC 60269-3 shall be used together with|gauge pieces
preventing the use of fuse-links of higher rated current. The gauge piege, is superfluous in
cases where the fuse-link with the highest rated current within the fuse_system is acceptable
for the purpose of protection.

For protection of DC circuits or DC applications, only fuse sysiems (e.g. fuse-holder, fuse
base) that are marked by the manufacturer as suitable for dire¢tl current shall be used.

533.1.3.2 Fuses having fuse-links intended to be removed or replaced by persons other than
instructed persons (BA4) or skilled persons (BA5), shall,comply with IEC 60269-3.

Fuses or combination units having fuse-links inténded to be removed and replaced only by
instructed persons (BA4) or skilled persons (BAS), shall be installed in such a manner that it
is ensured that the fuse-links can be remaved or replaced without unintentional contact with
live parts. These devices shall be erected in such a manner that they are not accessible to
ordinary persons.

533.2 Selection of devices for'protection against overload current

533.2.1 General

Protective devices shall be selected to fulfil the following requirements:

a) the rated current.@f’the current setting of the protective device, I,,, is greater than or equal

to the design current of the circuit, /g; and

b) the rated current or the current setting of the protective device, 1, is less than or equal to
the current-carrying capacity of the cable, I,; and

c) the current ensuring effective operation within the conventional time of the protective
device I,, is less than or equal to the current carrying capacity of the cable, 7,, multiplied
by)the factor 1,45.

Compliance with a), b) and c) may not ensure protection in certain cases, for example where
sustained overcurrents less than I, occur. In such cases, consideration should be given to
selecting a cable with a larger cross-sectional area or to selecting a device having a value of
I, equal to or less than /,.

NOTE 1 R\l anl\nnn h\ rnnnnrnmnnf r\\ is—automatically fulfilled where nrr\fnr\hun devices-—are-in hnmnlnanr\n with

IEC 60898 (aII parts) IEC 60947 2, IEC 61009 (all parts) or RCBOs complylng with I[EC 62423.

The current I, ensuring effective operation of the protective device is provided by the
manufacturer.
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The current ensuring effective operation in the conventional time of protective devices may
also be named I, I, or I; according to the product standards. Both /; and I; are multiples of I,
and attention should be given to the correct representation of values and indexes.

Where the copper equivalent cross-sectional area of the neutral conductor is less than that of
the line conductors, overload protection for the neutral conductor shall be provided in
accordance with IEC 60364-4-43. For the purposes of this requirement, the current carrying
capacity for the neutral conductor shall be ascertained, for example by obtaining it from the
manufacturer.

NOTE 2 The current-carrying capacity of the neutral conductor can be considered to be that of a circuit” with
conductors having the same cross-sectional area, construction and installation conditions (e.g. .ambient
temperature and grouping) as the neutral conductor, determined in accordance with IEC 60364-5-52:2009,
Clause 523.

533.2.2 Presence of harmonic currents

Overload protective devices shall be selected in order to operate correctly.in.the presence of
harmonic currents.

533.2.3 Unequal current sharing between parallel conductors

Where the currents in parallel conductors are unequal, eachconductor shall be individually
protected by an overload protective device according to 533.2.1.

533.3 Selection of devices for protection against;short-circuit current
533.3.1 Thermal stresses
533.3.1.1 Cables and insulated conductors
In order to comply with the requirements“of IEC 60364-4-43:2008, 434.5, for all currents
caused by a short-circuit occurring at any point of the circuit, the operating times of the
protective devices shall be equal te.or lower than that which brings the insulation of the
conductors to the highest permissibletemperature, calculated using the formula:

t < (k- SI)?

where

~

is the operating tinte, in s, of the protective device;
is the effectivelshort-circuit current, in A, expressed as an RMS value;
is the crossssectional area of the conductor, in mm2;

= n N~

is a factor taking account of the resistivity, temperature coefficient and heat capacity of the
conductor material, and the appropriate initial and final temperatures.

NOTE_1 Refer to IEC 60364-4-43 for the description and values of the factor k£ used in the above formula.

For operating times of protective devices < 0,1 s (e.g. current-limiting devices) the application
of the above requirement is achieved where the let-through energy (/2¢) of the protective
device is less than or equal to the maximum withstand energy of the conductor (k252).

12t < k2852

NOTE 2 The let-through energy of the protective device is given by the manufacturer.
533.3.1.2 Busbar trunking systems and powertracks

In order to comply with the requirements of IEC 60364-4-43:2008, 434.5.3, where busbar
trunking systems complying with IEC 61439-6 or powertrack complying with IEC 61534 (all
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parts) are used, the short-circuit protective device shall be selected according to one of the
following conditions:

e the maximum operating time of the protective device shall not exceed the maximum time

for which the Iy (fated shori-time withstand carrent) is defined for such busbar tranking
or powertrack system, or

o the rated conditional short-circuit current, I, of the busbar trunking or powertrack system
associated with a protective device, selected according to the manufacturer of the busbar
trunking or the powertrack system, is equal to or higher than the prospective short-circuit
current at the point of installation.

533.3.2 Breaking capacity

The short-circuit breaking capacity (I or I,) of the protective device shall be egual to or
higher than the maximum prospective short-circuit current at the point where it)is’ installed.
However, a lower short-circuit capacity may be selected where permitted by~ IEC 60364-4-
43:2008, 434.5.1.

In certain circumstances (e.g. where the protective device is intended to be fit for service after
breaking a short-circuit current) it may be desirable to select the protective device on the
service short-circuit breaking capacity (/¢g)-

NOTE Breaking capacities are defined as follows:

in IEC 60947-2:

— service short-circuit breaking capacity (I,g): a breaking capacity for which the conditions according to a
specified test sequence include the capability of the circuit-breaker to carry its rated current continuously;

— ultimate short-circuit breaking capacity (/;,): a breaking capacity for which the conditions according to a
specified test sequence do not include the capability of the circuit-breaker to carry its rated current
continuously.

in IEC 60898-1 and IEC 61009-1:

— service short-circuit breaking capacity (/{g): the breaking capacity for which the conditions according to a
specified test sequence include the capability of the circuit-breaker to carry 0,85 times its non-tripping current
for the conventional time;

— rated short-circuit capacity (/,,); thebreaking capacity for which the conditions according to a specified test
sequence do not include the capability of the circuit-breaker to carry 0,85 times its non-tripping current for the
conventional time.

533.4 Positioning of.avercurrent protection devices
533.4.1 General

Devices requiréd by IEC 60364-4-43 for overload and/or short-circuit protection shall be
installed at:the origin of each circuit, unless the exceptions of 533.4.2 and/or 533.4.3 are
applied, see/Annex A.

53342 Positioning of devices for overload protection

533.4.2.1 A device for protection against overload shall be placed at each point where there
is a reduction in the value of current-carrying capacity of the conductors except where
IEC 60364-4-43:2008, 533.4.2.2, 533.4.2.3, 533.4.2.4 or 433.3 apply.

The requirements in 533.4.2.2 to 533.4.2.4 shall not be applied to installations situated in

locations - pnresentina-a fira risk or risk of axnlosion
tocaHoRspreseRtHhRgatHeHSKOFHHSK—OHBXPHostoh-

NOTE A reduction in the current-carrying capacity of the conductors could be due to a change in, for example:
e conductor cross-sectional area,

e conductor material,

e conductor insulation material,

. method of installation,
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e external influences,

e grouping of conductors.

533.4.2.2 The device protecting the conductor against overload may be connected within the

run of that conductor IT:

a) the part of the run between the point where a reduction in the value of current-carrying
capacity occurs (see note in 533.4.2.1) and the position of the protective device has
neither a branch circuit nor a socket-outlet, and

b) it fulfils at least one of the following two conditions:

1) it is protected against short-circuit current in accordance with the requirements stated
in IEC 60364-4-43:2008, Clause 434;

2) its length does not exceed 3 m, it is carried out in such a manner as to reduceé the risk
of short-circuit to a minimum, and it is installed in such a manner as to'reduce to a
minimum the risk of fire or danger to persons (see also 533.4.3.2).

NOTE For installations according to 1), see Figure A.1. For installation according to 2)'see Figure A.2.
533.4.2.3 Devices for protection against overload need not be provided:

a) for a conductor situated on the load side of a reduction in the“value of current-carrying
capacity of the conductors, that is effectively protected against overload by a protective
device placed on the supply side; or

b) at the origin of an installation where the distributor provides an overload device and
agrees that it affords protection to the part of the,installation between the origin and the
main distribution point of the installation where furthier overload protection is provided.

533.4.2.4 In IT systems without a neutral conductor, the overload protective device may be
omitted in one of the line conductors if a residual current protective device is installed in each
circuit.

533.4.3 Positioning of devices for short-circuit protection

533.4.3.1 A device for protection{ against short-circuit shall be placed at the point where
there is a reduction of the let through energy withstand capability (k252) of the conductor,
except where IEC 60364-4-43:2008, 533.4.3.2, 533.4.3.3 or 434.3 applies.

NOTE The let through energy withstand capability (k252) of the conductor is determined in accordance with
IEC 60364-4-43:2008, 434.5:

The requirementscin 533.4.3.2 and 533.4.3.3 shall not be applied to installations situated in
locations presenting a fire risk or risk of explosion.

533.4.3.2 "Where permitted by IEC 60364-4-43:2008, 434.2.1, the device for protection
againstishort-circuit may be placed other than as specified in 533.4.3, provided

a)the part of the run between the point where there is a reduction of the let through energy
withstand capability (k252) and the position of the protective device has neither a branch
circuit nor a socket-outlet, and

b) that part of the conductor
1) does not exceed 3 m in length, and
2) is installed in such a manner as to reduce the risk of a short-circuit to a minimum, and

NOTE 1 This condition can be obtained for example by reinforcing the protection of the wiring against
external influences.

NOTE 2 See Figure B.1.
3) is not placed close to combustible material.
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533.4.3.3 A protective device may be placed on the supply side of the point where there is a
reduction of the let through energy withstand capability (k252), provided that it possesses an
operating characteristic such that it protects the wiring situated on the load side of that point
against short-circuit, in accordance with IEC 60364-4-43:2008, 434.5.2.

NOTE The requirements of 533.4.3.3 can be met by the method given in Annex B.

533.4.3.4 Devices for protection against short-circuit need not be provided at the origin of an
installation where the distributor installs one or more devices providing protection against
short-circuit and agrees that such a device affords protection to the part of the installation
between the origin and the main distribution point of the installation where further short-circuit
protection is provided.

533.5 Co-ordination of overload and short-circuit protective functions
533.5.1 Protective functions provided by one device

A protective device providing protection against overload and short-circuit gurrents shall fulfil
the applicable requirements of 533.1 to 533.4.

533.5.2 Protective functions provided by separate devices

The requirements of 533.1 to 533.4 apply, respectively, to overload protective devices and
short-circuit protective devices. In addition, those devices¢shall be coordinated according to
manufacturer’s instructions, if any, regarding the suitability of devices to be used in
combination with each other.

534 Devices for protection against transient overvoltages

534.1 General

This clause contains provisions for th€-application of voltage limitation to obtain an insulation
coordination in the cases described in IEC 60364-4-44, I|EC 60664-1, IEC 62305-1,
IEC 62305-4 and IEC 61643-12. See also Annex C.

This clause focuses mainly con the requirements for the selection and erection of SPDs for
protection against transient' overvoltages where required by Clause 443 of IEC 60364-4-
44:2007, the IEC 62305:series, or as otherwise specified.

This clause does_not take into account:

— surge protéctive components which may be incorporated in the appliances connected to
the installation;

— portable SPDs.

NOTE./Further information can be found in IEC 61643-12.

Annex H provides additional information for the application of DC SPDs.
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534.2 Void
534.3 Void

534.4.1 SPD location and SPD test class

SPDs shall at least be installed as close as possible to the origin of the installation. For
protection against effects of lightning and against switching overvoltages, class Il tested
SPDs shall be used.

Where the structure is equipped with an external lightning protection system or protection
against effects of direct lightning is otherwise specified, class | tested SPDs shall be.used.

Where the structure is not equipped with an external lightning protection system and where
the occurrence of direct lightning strike to the overhead lines between thejlast pole and the
entrance of the installation is to be taken into consideration, class | tested SPDs at or near
the origin of the electrical installation may be also selected according tosAnnex D.

NOTE 1 The origin of the installation could be the location where the supply‘enters the building or the main
distribution board.

NOTE 2 Following the product standard, the marking of the product is as(follows:
— for test class I: "test class |I" and/or "" (T1in a square);
— for test class II: "test class II" and/or "" (T2 in a square);

- for test class IlI: "test class IlI" and/or "" (T3 in a square).

Additional class Il tested or class lll tested/SPDs may be needed to sufficiently protect the
installation according to 534.4.4.2 and shall be located downstream in the fixed electrical
installation, for example in the sub-distribution boards or at the socket outlets. These SPDs
shall not be used without SPDs being-installed at the origin of the installation and shall be
coordinated with SPDs located upsiteam (see 534.4.4.5).

If a class | tested SPD is not“able to provide protection according to 534.4.4.2, it shall be
accompanied by a coordipated class |l tested or class Ill tested SPD to ensure the required
voltage protection level.

Additional class Il_tested SPDs or class Il tested SPDs may be needed close to sensitive
equipment to sufficiently protect the equipment according to-—Table—4 IEC 60364-4-44:2024,
Table 3 and shalt be coordinated with SPDs located upstream.

NOTE 3 Such additional SPDs may be part of the fixed electrical installation or may be portable SPDs.

Additignal SPDs may be necessary to provide transient overvoltage protection regarding
threats coming from other sources such as:

~ switching overvoltages produced by current using equipment located within the
installation;

— overvoltages on other incoming services such as telephone lines, internet connections;

— overvoltages on other services feeding other structures such as secondary buildings,

external installations/lighting, power lines feeding external sensors;

in which case one should consider installing SPDs located as close as possible to the origin
of such threats. More information may be found in IEC 61643-12.
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At or near the origin
of the installation
e.g. main distribution board

Distribution circuits Close to sensitive equipment
e.g. sub-distribution board

Class | tested SPD Class |l tested SPD Class lItested SPD
and/or or or
Class |l tested SPD Class lll tested SPD Class\ll tested SPD

Figure 1 — Example of installation of class I, class Il and,¢lass Ill tested SPDs

The presence of SPDs installed downstream of a distributien board (e.g. in a socket-outlet)
shall be permanently indicated (e.g. by a label) in this distribution board.

534.4.2 Transient overvoltage protection requirements
Protection against transient overvoltages may be;provided:

— between live conductors and PE (commafr mode protection);
— between live conductors (differential mede protection).

NOTE 1 Connection type CT1 provides primarily common mode protection. If differential mode protection is also
necessary, this will in most cases require @dditional SPDs between live conductors.

NOTE 2 Connection type CT2 provides a combination of common mode protection and differential mode
protection.

Protection between live, conductors and PE (including neutral to PE if there is a neutral
conductor) is compulsory.

Protection betweenh line conductors and neutral (if there is a neutral conductor) is
recommended‘te-ensure equipment protection.

Protection between line conductors (in the case of multiple phases) is optional.

Some/ equipment may require both common mode protection (for impulse withstand) and
differential mode protection (for impulse immunity).

NOTE 3 For example, electronic class | equipment or class Il equipment with FE-connection requires common
mode as well as differential mode protection to ensure overall protection against transient overvoltages due to
switching or from atmospheric origin.

53443 Connection types

Connection type CT1 (e.g. 3+0 or 4+0-configuration): SPD assembly providing a mode of
protection between each live conductor (line and neutral conductors, if available) and PE or
between each line conductor and PEN.

Two examples of connection type CT1 for application in a three-phase system are
represented in Figure 2 and in Figure 3.
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Connection type CT2 (e.g. 3+1-configuration): SPD assembly providing a mode of protection
between each line conductor and the neutral conductor, and between the neutral conductor
and PE.

An example of connection type CT2 for application in a three-phase system is represented in
Figure 4.

L1 L2 L3 N

PE

Figure 2 — Connection type CT1 (4+0<configuration)
for a three-phase system with’neutral

L1 L2 E3

PEN

Figure 3'=Connection type CT1 (3+0-configuration) for a three-phase system
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L1 L2 L3

oTuTw

ovow

PE

Figure 4 — Connection type CT2 (e.g. 3+1-configuration)
for a three-phase system with neutral

When assembling SPDs, attention should be drawn to the selection @f-parameters for SPDs
connected between N and PE, depending on the connection type.

In TN-S or TN-C-S systems, the SPD between neutral and PE may be omitted if the distance
between the separation point of PE to N and the location/ofothe installed SPDs is less than
0,5 m or if the separation point and the SPDs are locatedin the same distribution board.

If a line conductor is earthed, it is considered telbe technically equivalent to a neutral
conductor for the application of this subclause.” However correct choice of the SPD
parameters requires special considerations in such case.

534.4.4 Selection of SPDs
534.4.4.1 General
The selection of SPDs shall be based on the following parameters:

— voltage protection level (¥,) and rated impulse voltage (Uyy) of equipment to be protected
(see 534.4.4.2);

— continuous operatingivoltage (U,), i.e. supply system (TT, TN, IT) (see 534.4.4.3);
— nominal discharge current (/,) and impulse discharge current (Iimp) (see 534.4.4.4);
— SPD coordination (see 534.4.4.5);

— expected.short-circuit current (see 534.4.4.6);

— follow current interrupting rating (see 534.4.4.7).

SPDs‘for use in AC circuits shall comply with the requirements of IEC 61643-11.

NOTE 1 Additional information regarding selection and application is given in IEC 61643-12.

NOTE 2 |IEC 61643-41 Low-voltage surge protective devices — Part 41: Surge protective devices connected to DC
low-voltage power systems — Requirements and test methods, is under development.

534.4.4.2 Selection of voltage protection level (Up) as a function of equipment rated

impulise voitage (Uy)
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The voltage protection level U, of SPDs between live conductors and protective earthing
conductors shall he selected in accordance with the rr-'nnlllirr:nr‘l rated imlmllcp \/nltngp of the

equipment and not exceed the value specified for overvoltage category Il in accordance with
IEC 60364-4-44:2024, Table 4.

Where protection between line conductors and PE is provided by a series connection of SPD
protection modes (e.g. single mode SPDs, line-to-neutral + neutral-to-PE, according CT2)
this series connection shall fulfill the above voltage protection level requirement.

Where such combined voltage protection level between line conductor and PE is not provided
in the data sheet of the manufacturer, it shall be calculated by addition of the ‘voltage
protection levels given for the individual SPDs modes of protection, which are connected in
series.

The voltage protection level provided by SPDs should not ex¢eed 80 % of the required rated
impulse voltage of the equipment and the value specifi€d” for overvoltage category Il in
accordance with IEC 60364-4-44:2024, Table 4.

This safety margin is not necessary where one of the)following cases applies:

where the equipment is connected directly(to the SPD terminals;
— where a protection scheme according Figufe 9 is already applied;

— where the voltage drop across the ‘overcurrent protection in the SPD branch circuit is
already taken into account for the~voltage protection level Up;

— where protection according to<overvoltage category Il is provided but only overvoltage
category Il or IV equipment is‘installed at this location.

NOTE-2 IEC 61643-12 gives additional information about the rated impulse voltage of equipment and the given U,
for the SPD.
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Additional SPDs between live conductors may besneeded to avoid equipment malfunctions.
An appropriate voltage protection level needs_to(be evaluated based on equipment immunity
and availability requirements (see IEC 6164 3-12).

Where the required voltage protection (Jevel cannot be met with a single SPD assembly,
additional coordinated SPDs shall be-applied to ensure the required voltage protection level.

534.4.4.3 Selection of SPDs.with regard to continuous operating voltage (U,)

In AC, the maximum continu@us operating voltage U, of SPDs shall be equal to or higher than
required in Table 2.
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Table 2 — U, of the SPD dependent on supply system configuration

SPD connected System configuration of distribution network
between
/ TR DAY TN system TIT system IT system
‘ﬂD GPPIIUGMIC’ Cd 4 rd
1,10 1,1U 1,10
Line conductor NE) 33 v
and neutral conductor
or (0,64 x U) or (0,64 x U) or (0,64 x U)
1,10 1,1U
Line conductor and PE conductor 3 3 1,1xU
or (0,64 x U) or (0,64 x U)
1,10
Line conductor and PEN conductor 3 N/A NFA
or (0,64 x U)
1,10
U v K
Neutral conductor and PE conductor A % a
or (0,64 x U)
Line conductors 1,1xU 1,1xU 1,1xU

NOTE 1 N/A: not applicable.

NOTE 2 U is the line-to-line voltage of the low-voltage system.

2 These values are related to worst-case fault conditions, therefore the tolerance of 10 % is not taken into
account.

534.4.4.4 Selection of SPDs with regard-to nominal discharge current (/,,) and
impulse discharge current (Iimp)

At or near the origin of the installation, SBDs shall comply with one of the following cases, as
applicable:

— where the building is protected. against direct lightning strike, SPDs at the origin of the
installation shall be selected“according to 534.4.4.4.2 and Table 4;
— in other cases, SPDs shalll be selected according to 534.4.4.4.1.

Further SPDs installed-downstream of the SPDs at or near the origin of the installation shall
also comply with the eoordination requirements in 534.4.4.5.

Overvoltages due“to switching can be longer in duration and can contain more energy than
the transient Qvervoltages of atmospheric origin. This has to be considered for the selection of
SPDs with(regard to nominal discharge current and impulse discharge current.

534.4:4.4.1 Class Il tested SPDs

Where class Il tested SPD are required at or near the origin of installation, their nominal
discharge current shall be not less than that given in Table 3.
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Table 3 — Nominal discharge current (1)) in kA depending
on supply system and connection type

Connection Supply system
Single-phase Three-phase
CT1 CT2 CT1 CT2
L-N 5 5
L - PE 5 5
N - PE 5 10 5 20
534.4.4.4.2 Class | tested SPDs

Where class | tested SPDs are required at or near the origin of the installation, one of the
following cases applies:

a) Where no risk analysis according to IEC 62305-2 has been carried out, the impulse
discharge current (£, ) shall be not less than as given in Table 4:

Table 4 — Selection of impulse discharge current'(;,,,) where
the building is protected against direct lightning strike

Limp in kA
Supply.system
Connection
Single phase Three phase

CT1 CT2 CT1 CT2
L-N 1275 12,5
L - PE 12,5 12,5
N - PE 12,5 25 12,5 50

NOTE This table refers to lightning protection levels (LPL) Il and IV.

b) Where the risk analysis@according to IEC 62305-2 has been carried out, the impulse

discharge current ([imp) shall be determined according to the IEC 62305 series.

534.4.4.5 Coordination of two or several SPDs

Coordination of SPDs in the installation needs to be ensured. The manufacturer's instructions
on how to achieve coordination between SPDs shall be followed with reference IEC 61643-12.

534.4.4.6 Selection of SPDs with regard to the short-circuit current rating Igccr

In general, the short-circuit current rating /gccr of the SPD, as stated by the manufacturer,
shall be not lower than the maximum prospective short-circuit current at the connection points
of the SPD assembly. See Figure 5.

This requirement does not apply to SPDs connected between neutral conductor and PE in TN
or TT systems, for which this is already covered by the product standard IEC 61643-11.

For SPDs connected between the neutral conductor and PE in IT systems, the short-circuit
current rating Igccr of the SPD shall not be lower than the maximum prospective short-circuit
current at the connection points of this SPD in case of a double earth fault under worst case
conditions.
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534.4.4.7 Selection of SPDs with regard to the follow current interrupting rating
In general, the follow current interrupting rating I; of the SPD, if declared by the

manufacturer, shall not be lower than the maximum prospective short-circuit current at the
—_connection poimts of the SPDassembty—Sce Figure 5.

This requirement does not apply to SPDs connected between neutral conductor and PE

conductor in TN or TT systems, for which this is already covered by the product standard
IEC 61643-11.

For SPDs connected between the neutral conductor and PE in IT systems, the follow current
interrupting rating 7;; of the SPD if declared by the manufacturer shall not be lower than, the
maximum prospective short-circuit current at the connection points of this SPD in caSe\of a
double earth fault under worst case conditions.

A
—1{ ocpPD1 E“&
O
/I, \\
s \
7 \
/! OCPD2 3
4 1
i | ‘
1
: of
b “r
\ SPD
\ © /
\ 4
\ 7/
LA
e SPDA
B

Key
OCPD1 overcurrent protective ‘'device in the installation

OCPD2 overcurrent protective'device (SPD disconnector) required by the SPD manufacturer
SPD surge protective device

SPDA SPD assembly

A & B connectionpoints of SPD assembly

E/I equipment or installation to be protected
Figure 5 — Connection points of an SPD assembly

534:4.5 Protection of the SPD against overcurrent

534.4.5.1 General

SPD installations shall be protected against overcurrent with respect to short-circuit currents.
This protection may be internal and/or external to the SPD according to the manufacturer’s

instructions

The ratings and characteristics of external overcurrent protective device(s) (OCPD) for
protecting the SPD assembly shall be selected:

— according to Clause 434; and

— as high as possible, to ensure a high surge current capability for the complete assembly
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but not exceeding the ratings and characteristics as required in the SPD manufacturer’s
installation instructions for the maximum overcurrent protection.

534.4.5.2 Arrangement of SPDs with relation to overcurrent protection

The location of overcurrent protective devices used to protect the SPDs may have an
influence on the continuity of supply of the installation and the effective voltage protection
level within the installation.

NOTE 1 National committees may decide which of the following arrangement is to be preferred, depending on the
type of installation.

a) If the overcurrent protective device for the SPD is located in the SPD branch circuit) the
continuity of the supply is unaffected in case of SPD failure, but neither the installation nor
the equipment is protected against possible further overvoltages (see Figure' 6) after
tripping of such protective devices. In such an arrangement, the effective voltage
protection level within the installation is increased due to the voltage drop |at the external
overcurrent protective device connected in series with the SPD.

NOTE 2 |If the protection against overcurrent is internal to the SPD the voltage drop_ofithe overcurrent protective
device is already included in the SPD’s voltage protection level Up.

A
E/I
OCPB
SPD
®
B
Key
OCPD overcurrent protective device (SPD disconnector) required by the SPD manufacturer
SPD surge protective device

A and B connection points of SPD assembly

E/I equipment or installation to be protected

Figure 6 — Example of overcurrent protection in the SPD branch
by using a dedicated external overcurrent protective device

b) If the overcurrent protective device for the SPD is installed upstream of the SPD branch
circuit, continuity of the supply is not likely to be provided in the event of SPD failure (see
Figure 7). Nevertheless, in such an arrangement, the effective voltage protection level
within the installation is kept to a minimum.
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However, protection according to Figure 6 shall also be applied whenever the rating of the
upstream overcurrent protective device (OCPD) is higher than the maximum overcurrent
protection recommended by the SPD manufacturer.

OCPD ® A E/l
SPD
®
B

Key
OCPD overcurrent protective device of the installation.used to protect the SPD
SPD surge protective device
A and B connection points of SPD assembly
E/I equipment or installation to be protected

Figure 7 — Protective device, which is a part of the installation,
also used to protect the SPD

534.4.5.3 Selectivity between overcurrent protective devices

Where required, the\'need for selectivity between overcurrent protective devices shall be
considered according to the installation conditions at the point of installation of the SPD and
the information provided by the manufacturer (see Clause 535 of IEC 60364-5-53:2002).

534.4.5.4 Surge current withstand capability of upstream devices

For most installation devices (e.g. meters, terminals, protective devices, switches, etc.) which
aré installed upstream of the SPD, there is no dedicated surge current withstand capability
fequired by the relevant product standards.

The installation of SPDs as close as possible to the origin of the installation, according to
534.4.1, reduces surge currents flowing through downstream installation devices.

534.4.6 Fault protection

Fault protection, as defined in IEC 60364-4-41, shall remain effective in the protected
installation even in the event of SPD failures.
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In case of automatic disconnection of supply:

— in TN systems, this may generally be fulfilled by the overcurrent device on the supply side
of the SPD;

— in TT systems, this may be fulfilled by:
a) the installation of SPDs downstream of an RCD; or

b) the installation of SPDs upstream of the main RCD. Because of the possibility of a
failure of an SPD connected between neutral conductor and PE, the conditions of
411.4.1 of |IEC 60364-4-41:2005 shall be met and the SPDs shall be installed in
accordance with connection type CT2.

— in IT systems, no additional measure is needed.

Surge protective devices at or near the origin of installation shall be connected according to
Table 5.

Table 5 — Connection of the SPD dependent on supply system

Supply system at the connection Connection type
point of the SPD assembly
CT1 CT2
TN system X X
TT system SPD only downstream of RCD, X
IT system with neutral X X
IT system without neutral X N/A

NOTE 1 X = applicable.

NOTE 2 N/A = not applicable.

NOTE Additional requirements might apply for SPDs installed in the area of influence of applications such as
railway systems, HV power systems, mobile<units, etc.

534.4.7 SPDs installation innconjunction with RCDs

If SPDs are installed in accotdance with 534.4.1 and are located on the load side of a residual
current device, RCD(s) may be with or without a time delay but shall have an immunity to
surge currents of at least*3 kA 8/20.

NOTE 1 S-type RCDs"in accordance with IEC 61008-1 and IEC 61009-1 satisfy this requirement.

NOTE 2 In the case of surge current higher than 3 kA 8/20, the RCD may trip causing interruption of the power
supply.

NOTE 3 . This may not be applicable for RCDs installed upstream of additional SPDs provided to protect sensitive
equipment.

Installation of class | tested SPDs downstream of an RCD is not recommended.

534.4.8 Connections of the SPD

The effective voltage protection level within the installation depends significantly on the
connection and the wiring length and arrangement of the SPD itself and the required SPD

disconmectors:

All conductors and interconnections to the relevant line to be protected as well the
connections between the SPD and any external SPD disconnector shall be kept as short and
as straight as possible and any unnecessary cable loop shall be avoided.



https://iecnorm.com/api/?name=56158cb6e2ca23d1736486f57e503ec4

REDLINE VERSION — 46 - IEC 60364-5-53:2019+AMD1:2020
+AMD2:2024 CSV © IEC 2024

The length of the connecting conductors is defined by the sum of the path length of
conductors used from the live conductor to the PE in between connection points A and B as
defined in Figure 8.

Consideration shall be given to limit the total wiring length of conductors between connection
points of the SPD assembly (see Figure 8 below) to a value not greater than 0,5 m.

A Live conductor
Length
a
OCPD
Length
b
__________ Voo -
SPD
Length
c
B PE
Key
OCPD overcurrent protectivesdevice
SPD surge protective dévice

PE conductor protective earthing conductor

A and B connectian(ppints of SPD assembly

NOTE When OCPD is'not present, length b is equal to 0.

Figure 8 — Connection of the SPD

To meet these requirements, the main protective conductor shall be connected to the earthing
terminal located as near as possible to the SPD by adding, if necessary, an intermediate
earthing terminal (see diagrams in Figure 9).

To determine the total length of the connecting conductors according to Figure 9, the
following cable lengths:

— from the main earthing terminal to the intermediate earthing terminal;

— fromthe intermediate nnrfhing terminal to the Dlz-r‘nnrhmfnr;

shall not be taken into account.

The length (and therefore inductance) of the cables between the SPDs and the main earthing
terminal shall be kept to a minimum. SPDs may be connected to the main earthing terminal or
to the protective conductor via metallic parts, e.g. the metallic enclosures of the assembly
(see 543.4.2), provided it is connected to PE and meets the requirements for a protective
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conductor in accordance with IEC 60364-5-54. Connection of the relevant SPD(s) to the main
earthing terminal, and in addition to the main protective conductor, may improve the voltage

protection level.

REDLINE VERSION

If the total wiring length (a + b + c) as defined in Figure 8 exceeds 0,5 m, at least one of the

following options shall be chosen:

o select an SPD with a lower voltage protection level U, (a 1 m length of rectilinear cable
carrying a discharge current of 10 kA (8/20) adds a voltage drop of about 1 000 V);

e install a second coordinated SPD close to the equipment to be protected so as to adapt
the voltage protection level Up to the rated impulse voltage of the equipment {6 be

protected,;

e use the installation described in Figure 9.

Key
OCPD
SPD

and-B

534.4.9

Where the distance between the SPD and the equipment to be protected is greater than 10 m,

overcurrent protective device

surge protective device

protective earthing
equipment/installation

main earthing_terminal

intermediate earthing terminal

length cifto be considered)
cablelengths need not be considered
table lengths need not be considered

connection points of the SPD assembly

of SPD supply conductors

Effective protective distance of SPDs

EA

Figure 9 — Example of installation of an SPD in order to decrease lead length

additional protective measures should be provided such as:

— an additional SPD installed as close as possible to the equipment to be protected; its
voltage protection level Up shall in no case exceed the required rated impulse voltage Uy,

of the equipment; or

— the use of one-port SPDs at or near the origin of the installation; their voltage protection
level Up shall in no case exceed 50 % of the required rated impulse voltage Uy, of the
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equipment to be protected; This measure should be implemented together with other
measures such as the use of shielded wiring in the whole protected circuit(s); or

— the use of two-port SPDs at or near the origin of the installation; their voltage protection
level I/n shall in no case exceed the required rated impulse voltage I/ ,of the equipment

to be protected This measure should be implemented together with other measures such
as the use of shielded wiring in the whole protected circuit(s).

534.4.10 Connecting conductors of SPDs

Conductors between the SPD and the main earthing terminal or the protective conductor shall
have a cross-sectional area not less than:

— 6 mm2 copper or equivalent for class Il tested SPDs installed at or near the origin of the
installation;

— 16 mm2 copper or equivalent for class | tested SPDs installed at or near the origin of the
installation.

Referring to 433.3.1 b) of IEC 60364-4-43:2008, conductors connecting SPDs and the
overcurrent protective devices to live conductors shall be rated to withstand the prospective
short-circuit current to be expected and shall have a cross-sectional area not less than:

— 2,5 mm?2 copper or equivalent for class |l tested SPDs instalted"at or near the origin of the
installation;

— 6 mm2 copper or equivalent for class | tested SPDs iristalled at or near the origin of the
installation.

535 Co-ordination of protective devices

535.1 Selectivity between overcurrent protective devices
535.1.1 General

Selectivity between several overcurrent protective devices (OCPDs) in series is provided if, in
case of an overload, short-circuit,«or earth fault, only the OCPD (Q2) directly on the supply
side of the fault or overload operates without affecting the supply to parallel circuits (Q3) (see
Figure 10).

The OCPD on the load_side (Q2) provides protection up to the level of overcurrent selectivity
limit 7, without causingsthe upstream OCPD (Q1) to operate (see Figure 10).

To determine the“selectivity limit current I, reference shall be made to the instructions of the
manufacturer (of the downstream and upstream OCPDs. Where no information about this
combinatidn jis available from the manufacturer, the selectivity limit current /; may be defined
by comparison of operating time-current curves of the OCPDs.

The selectivity limit current /g shall be evaluated taking into account energy values, such as
let-through energy for circuit-breakers and melting energy for fuses. See also relevant product
Standards.
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Q1

Q3 Q2

IEC

Key
Q1, Q3 no trip
Q2 trips

Figure 10 — Example of selectivity

535.1.2 Partial selectivity

The selectivity limit current /g is lower than the maximum prospective short-circuit current
Is. may at the installation point of the OCPD on the load side (see\Figure 11).

I

S<]

sc_max

535.1.3 Full selectivity

The selectivity limit current /g is equal to or highérjthan the maximum prospective short-circuit
current I . 4 at the installation point of the, OCPD on the load side and lower than its

breaking capacity I, according to IEC 60947-2 or I, according to IEC 60898 (all parts) or
IEC 61009-1 (see Figure 11).

v

SC€_max s ]S < ICU or Icn

535.1.4 Total selectivity

The selectivity limit current\/y is equal to or higher than the maximum prospective short-circuit
current I, a5 at the installation point of the OCPD on the load side and equal to its breaking
capacity I, according4o IEC 60947-2 or I, according to IEC 60898 (all parts) or IEC 61009-1
(see Figure 11).

]sc_max s ]S = ICU or Icn

535.1.5 Enhanced selectivity

The'selectivity limit current /g is equal to or higher than the maximum prospective short-circuit
current at the installation point of the OCPD on the load side (Q2) and lower than or equal to
the combined current I, of this combination. The breaking capacity I, according to
IEC 60947-2 or I, according to IEC 60898 (all parts) or IEC 61009-1 of the OCPD on the load
side (Q2) is lower than the maximum prospective short-circuit current at its installation point.

Iml or Irn < ]er_mny = ]e = ]anh

Enhanced selectivity can only be designed with respective information from the manufacturer
of the devices.
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Iz ISC_mm ISC_max
< : >
| | T
I I orl I
B cu cn comb EC
Key
1 continuous current-carrying capacity of the cable
ISC_min minimum prospective short-circuit current (at load side of circuit)
ISC_max maximum prospective short-circuit current (at supply side of circuit)
Iy design current of the circuit
I selectivity limit current
I, ultimate short-circuit breaking capacity
I, rated short-circuit capacity
1 combined current of the combination

comb

Figure 11 — Example of currents and their correlationyto selectivity

535.2 Co-ordination between residual current protective. devices and OCPDs

A residual current protective device without integral-~overcurrent protection requires
overcurrent protection. This overcurrent protection shall.be selected according to the residual
current protective device manufacturer’s instructions!

535.3 Selectivity between residual current protective devices

Selectivity between residual current protective€ devices installed in series may be required for
service reasons, particularly when safetyy\is involved, to provide continuity of supply to the
parts of the installation not involved intthe fault, if any.

This selectivity can be achievediby' selecting and erecting residual current protective devices
such that, in the event of a fault,Jonly the RCD closest to the fault on its supply side operates.

To ensure selectivity between two residual current protective devices in series, these devices
shall satisfy both the folfowing conditions:

a) the residual current protective device located on the supply side (upstream) shall be
selected according to IEC 61008 (all parts), IEC 61009 (all parts), or IEC 62423 as type S
or accordifg to IEC 60947-2 as time delay type;

b) the rated residual operating current of the device located on the supply side shall be at
least three times greater than that of the residual current protective device located on the
load side.

535.4 Selectivity of RCD and OCPD

Under consideration.

535.5 Combined short-circuit protection of OCPDs

Where an OCPD (Q2) has to break a prospective short-circuit current higher than its own
breaking capacity I, according to IEC 60947-2 or I, according to |IEC 60898 (all parts) or
IEC 61009-1, it shall be assisted through the additional limiting of the short-circuit current and
short-circuit energy of an upstream OCPD (Q1) (see Figure 12).

The upstream OCPD (Q1) may also trip, so that the supply to the other circuits (Q3) would be
interrupted.
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Q1

Q3 Q2

IEC

Key
Q1 and Q2 trip: I or I, Q2 S Ige o
Q3 no trip

Figure 12 — Example of combined short-circuit protection of QCPDs

When selecting two OCPDs for combined short-circuit protection of OE€PDs, reference shall
be made to the instructions of the manufacturer of the downstream OCPD. Where no
information is available from the manufacturer, this combined short-gircuit protection shall not
be used, and each OCPD shall have the required short-circuit capability at the point of
installation.

If declared by the manufacturer of both devices, the short=circuit capability of the combination
of two OCPDs in series may be higher than the breaking capacity of either OCPD. In such
cases, the conductors between the two OCPDs shall

e be made in such a way as to reduce the Trisk of a short-circuit to a minimum (see
IEC 60364-4-43:2008, 434.2.1 b)), and

e not be placed close to combustible material.

If declared by the manufacturer of Hoth devices, the combined short-circuit capability of the
combination of two OCPDs in séries may be higher than the breaking capacity of either
OCPD. In this case, the conductorts between the two OCPDs shall

e be protected by the combination of OCPDs according to IEC 60364-4-43:2008, 434.5.2,
e not exceed 3 m in length,

e be installed in such™a manner as to reduce the risk of a short-circuit to a minimum, and

NOTE This condition can be obtained for example by reinforcing the protection of the wiring against external
influences.

e not be placed close to combustible material.

Co-ordination of an OCPD with a separate current limiter to increase the short-circuit breaking
capacity of an OCPD may be used according to the manufacturer’s instructions.

536 Isolation and switching

536.2 Isolation

——536:2:+—Generatl

536.2.1.1 Every circuit shall be capable of being isolated from all live conductors.

Provisions may be made for isolation of a group of circuits by a common means, if the service
conditions allow this.
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Each supply shall have a means of isolation.

536.2.1.2 Suitable means shall be provided to prevent any equipment from being
unintentionally energized.

Such precaution may include one or more of the following measures:

e selection of device suitable for padlocking in the off position;

e |ocation of the suitable means within a lockable space or lockable enclosure.
NOTE Earthing can be used as a supplementary measure.

536.2.1.3 Where an item of equipment or enclosure contains live parts connected, t0" more
than one supply, a warning notice shall be placed in such a position that any perSen gaining
access to live parts will be warned of the need to isolate those parts from the various supplies
unless an interlocking arrangement is provided to ensure that all the circuits |concerned are
isolated from all supplies.

The interlocking mechanism shall be both

e capable of being reliably secured in the off position so that'none of the circuits can be
independently energized, and

e simultaneously provide isolation for all of the circuits so.that one or more circuits will not
remain energized longer than any of the other protectéd Circuits.

536.2.1.4 Where necessary, suitable means shall b€ provided for the discharge of stored
electrical energy (see details in IEC 60364-5-55).

536.2.2 Devices for isolation

536.2.2.1 Some devices suitable {or~ isolation are identified with the symbol L,
(IEC 60417-6169-1:2012-08). This,symbol may be combined with symbols for other functions.

Devices shall be selected accerding to overvoltage category Il or IV only, whichever is
applicable for the point of insgtallation.

Devices used for isolation shall be selected from Table E.1, Annex E, and in accordance with
536.2.2.2 to 536.2.2.7:

536.2.2.2 Devices for isolation shall be so selected and erected that the position of the
contacts is-clearly and reliably indicated.

EXAMRLE\ "Off", "off" or "OFF" marking or symbol "O" to indicate the open position; "On", "on", or "ON" marking
or symbol "I" to indicate the closed position.

5§36.2.2.3 Semiconductor devices shall not be used as isolating devices.

536.2.2.4 Devices for isolation shall be designed and/or installed so as to prevent
unintentional closure.

Tl o o al o 1 i 4l al + : l 1 ol 1 1 =l 1 o
s Triay o aullicvVvoUu Uy Toutalllly uic UTVvILT 1T a TULRAVUIT opJalt Ul TULRAUIT TITVIVSUTT Ul Uy

padlocking.

NOTE Such closure can be caused for example by shocks and vibrations.

536.2.2.5 Provision shall be made to prevent the inadvertent and/or unauthorized opening of a
disconnector, unless the device for isolation is capable of making and breaking currents under
normal conditions.
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This may be achieved by locating the device in a lockable space or lockable enclosure or by
padlocking. Alternatively, a disconnector may be interlocked with a switch or a protective
device.

536.2.2.6 Where a link is inserted in the neutral conductor, the following shall apply:

e it is accessible to skilled persons only;
e it is designed to prevent the inadvertent and/or unauthorized removal;

e it cannot be removed without the use of a tool.

536.2.2.7 Means of isolation shall be provided preferably by a multipole switching degvice
which disconnects all poles of the relevant supply; however, single-pole devices, ssituated
adjacent to each other for multi-phase circuits, are not excluded.

Single-pole protective devices (e.g. circuit-breakers or fuses) shall not be used‘in the neutral
conductor only.

536.2.2.8 All devices used for isolation shall be clearly identified, foriexample by marking, to
indicate the circuit which they isolate.

536.2.2.9 Subclauses 536.2.2.1 to 536.2.2.8 do not apply|to plugs and socket-outlets,
connectors and devices for connection of luminaires.

536.3 Switching-off for mechanical maintenance
536.3.1 General

536.3.1.1 Means of switching-off shall be (provided where mechanical maintenance may
involve a risk of physical injury other than duesté.electric shock or to arcing.

Where electrically powered mechaniéal equipment is within the scope of IEC 60204-1, the
requirements for switching-off for mechanical maintenance of IEC 60204-1 apply.

Systems powered by non-electrical means, e.g. pneumatic, hydraulic or steam, are not
covered by 536.3.1. In such(cases, switching-off any associated supply of electricity may not
be a sufficient measure.

536.3.1.2 Suitable.means shall be provided to prevent electrically powered equipment from
becoming unintentionally reactivated during mechanical maintenance, unless the means of
switching-off is.continuously under the control of any person performing such maintenance.

EXAMPLE
e selection of device suitable for padlocking in the off position;
e _location within a lockable space or lockable enclosure.

The switching-off shall cause the disconnection of all line conductors by a device suitable for
isolation.

536.3.2 Devices for switching-off for mechanical maintenance

E28 2 9 41 | mVP=SWH for aantalkins ££f £y o baoanical maintan o hall ol th £20 2 9O
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and shall fulfil all the other requirements of 536.3.2.

A device for switching-off for mechanical maintenance shall be inserted preferably in the
supply circuit of the current using equipment to be maintained.
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Where for this purpose switches are provided, they shall be capable of cutting off the full-load
current of the relevant part of the installation. They shall not necessarily interrupt all line
conductors.

Interruption of a control circuit where the device is not inserted in the supply circuit of the
current using equipment to be maintained shall be used only where:

e supplementary safeguards, such as mechanical restrainers, are provided; or

e requirements for the control devices used provide a condition equivalent to the direct
interruption of the main supply.

EXAMPLE Switching-off for mechanical maintenance can be achieved, by means of:
e multipole switches;

e circuit-breakers;

e control switches operating contactors;

e plugs and socket outlets.

536.3.2.2 Devices for switching-off for mechanical maintenance shall. be placed and marked
so as to be readily identifiable and convenient for their intended use.

536.4 Emergency switching
536.4.1 General

536.4.1.1 Where electrically powered equipment is \within the scope of IEC 60204-1, the
requirements for emergency switching of IEC 60204s1.apply.

Emergency switching is either emergency switching-on or emergency switching-off.

536.4.1.2 Means shall be provided for-emergency switching of any part of an installation
where it may be necessary to control the supply to remove an unexpected danger.

536.4.1.3 Means for emergency ‘switching shall act as directly as possible as one single
action on all relevant supply conductors.

536.4.1.4 The arrangement of the emergency switching shall be such that its operation does
not introduce a further-danger or interfere with the complete operation necessary to remove
the danger.

536.4.2 Devices for emergency switching-off

536.4.2.1 ( Devices used for emergency switching shall be selected from Table E.1 and in
accordance with 536.4.2.1 to 536.4.2.6.

The emergency switching-off device shall interrupt all live conductors.

The devices for emergency switching-off shall be capable of breaking the full-load current of
the relevant parts of the installation taking account of stalled motor currents where
appropriate.
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one switching device suitable for isolation, capable of directly interrupting the appropriate
supply, or

e a combination of equipment suitable for isolation activated by a single action for the
purpose of interrupting the appropriate supply.
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Hand-operated switching devices for direct interruption of the main circuit shall be selected
where practicable.

A _switching device suitable for isolation operated by remote control shall open on_de-

energization of coils, or other equivalent failure-to-safety techniques shall be employed.

EXAMPLE Failure-to-safety techniques are pneumatic actuators, or a shunt trip relay provided that the continuity
of the actuating circuit is indicated (e.g. by a lamp).

536.4.2.3 The means of operating (handles, push-buttons, etc.) devices for emergency
switching-off shall be clearly identified, preferably coloured red, with a contrasting
background, preferably yellow.

Text shall not be used as the sole identification of such devices.

536.4.2.4 The means of operating shall be readily accessible at places where a danger
might occur and, where appropriate, at any additional remote position fromWhich that danger
can be removed.

536.4.2.5 The release of an emergency switching-off device shall’rot result in re-energizing
the relevant electrically powered equipment and/or relevant part of.the installation.

536.4.2.6 Devices for emergency switching-off shall be¢so placed and marked as to be
readily identifiable and convenient for their intended use:

536.4.3 Devices for emergency stopping

NOTE IEC 60204-1 provides requirements for the selection-and erection of devices for emergency stopping.

Retention of the supply may be necessary, f6rexample, for braking of moving parts.

536.5 Functional switching (control)
536.5.1 General

536.5.1.1 A functional switching device shall be provided for each part of a circuit which may
require to be controlled indépendently of other parts of the installation.

536.5.1.2 Functional‘switching devices need not necessarily control all live conductors of a
circuit.

A single-pole. switching device shall not be placed in the neutral conductor, except where it is
essential forythe operation of a control device (e.g. sensor, luminaire control device, dimmer,
remote,control switch (RCS)) that the line conductor is not switched.

536.5/1.3 Current-using equipment requiring control shall be controlled by an appropriate
functional switching device.

A single functional switching device may control several items of equipment intended to
operate simultaneously.

53652 Pevicesfor-functionatswitchi
JIVU.J. & L Wll.bllllly

536.5.2.1 Devices used for functional switching shall be selected from Table E.1 and in
accordance with 536.5.2.2 to 536.5.2.3

536.5.2.2 Functional switching devices shall be selected and erected for the most onerous
duty they may be called upon to perform.


https://iecnorm.com/api/?name=56158cb6e2ca23d1736486f57e503ec4

REDLINE VERSION - 56 — IEC 60364-5-53:2019+AMD1:2020
+AMD2:2024 CSV © IEC 2024

536.5.2.3 Functional switching devices may control the current without necessarily opening
the corresponding poles.

NOTE Semiconductor switching devices are examples of devices capable of interrupting the current in the circuit

but not opening the corresponding poles.

536.5.2.4 Links shall not be used for functional switching.

536.5.2.5 Plugs and socket-outlets rated at not more than 16 A may be used for functional
switching.

537 Monitoring

537.1 General
53711 Monitoring devices

Monitoring devices are not intended to provide protection against electric.shock.

537.1.2 Selection of insulation monitoring devices (IMDs)

IMDs shall be in accordance with IEC 61557-8.

IMDs shall be installed at or near the origin of the part of\the installation to be monitored, as
practicable.

537.1.3 Selection of residual current monitpring devices (RCMs)

RCMs shall comply with [EC 62020.

RCMs shall be installed at or near thesorigin of the part of the installation to be monitored, as
practicable.

Where a residual current protective device (RCD) is installed upstream of the RCM, it is
recommended to set the RCM“to a residual actuating current not higher than a third of the
rated residual operating cufrent 7,,, of the RCD.

537.2 IT systems for continuity of supply
537.21 General

An IMD isintended to permanently monitor the insulation resistance of an IT system and
provides an-alarm where the insulation resistance Rg is below the response value R,.

An_IMD shall be installed in IT systems in accordance with the requirement of IEC 60364-4-
41:2005 and IEC 60364-4-41:2005/AMD1:2017, 411.6.3.1.

Instructions shall be provided indicating that when the IMD detects an insulation fault to earth,
the insulation fault shall be located and eliminated in order to restore normal operating
conditions with the shortest practicable delay.

Where IT systems are used for continuity of service, the alarm indicating detection of the first
insulation fault shall be located so it is audible and/or visible by instructed (BA4) or skilled
(BA5) persons.

It is recommended to use an IMD that signals an interruption of the measurement connections
to the system conductors and earth.
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Where IT systems are used for continuity of service, it is recommended to combine the IMD
with devices enabling the fault location on-load, and equipment for insulation fault location
shall be selected in accordance with IEC 61557-9.

537.2.2 Insulation monitoring devices (IMDs)

In multiphase systems, IMDs shall be selected to withstand at least line to line voltage.

Where the system to be monitored contains DC components (due to electronic equipment,
e.g. rectifiers or converters), IMDs shall be selected accordingly.

537.2.3 Installation of IMDs

Where an IMD is connected to the neutral conductor, no OCPD shall be inserted in the
connection between the IMD and the neutral conductor.

The setting of the IMD shall only be adjusted by instructed (BA4) or skitled (BA5) persons.
Access to the setting means may be achieved through use of a key, a tool'or a password.

NOTE A value of 100 Q/V (300 Q/V for pre-warning) of the rated system voltagé_is an example of typical setting
values.

Where the installation is supplied from more than one powersupply, one IMD per supply shall
be used.

For power supplies temporarily connected in parallel(ttie associated IMDs shall be interlocked
in such a way that only one IMD remains connected to the IT system.

If the IMD is also intended to monitor the disconhected part of an installation, the IMD shall be
supplied by an auxiliary source

537.3 IT public distribution system

For installations connected to an T public distribution network and where more than one
installation is intended to be connhected to the same distribution network, the following apply:

Where interruption of the supply in case of a first insulation fault to earth is not required or not
permitted, a monitoring-device shall be selected and erected to indicate the occurrence of a
first insulation fault from a live part to exposed-conductive-parts or to earth in accordance with
411.6.3.1 of IEC 60364-4-41:2005/AMD1:2017.

Such monitoring devices may be:

e |MDs, or,

e _where the residual fault current is sufficiently high, residual current monitoring devices
(RCMs).

It is recommended to use directionally discriminating RCMs in order to avoid unwanted
signalling of leakage current when high leakage capacitances are liable to exist downstream
from the point of installation of the RCM.
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faults on different live conductors downstream of the RCM.
537.4 Off-line systems in TN, TT and IT systems

Where insulation monitoring of off-line systems is needed, it may be achieved by using
insulation monitoring devices (IMDs).
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IMDs used for off-line system monitoring shall automatically be deactivated whenever the
system is switched on.

NOTE As an example, this can be applicable for systems which are normally de-energized, such as a fire pump or

a fire ventilation.

The reduction of the insulation level shall be indicated locally by either a visual or an audible
signal with the option of remote indication. The alarm indicating detection of the first
insulation fault shall be located so it is audible and/or visible by instructed (BA4) or skilled
(BA5) persons.

The alarm threshold should be above 300 kQ, as the insulation levels measured are generally
very high.
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Annex A
(informative)
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A.1 General

Devices for overload protection and devices for short-circuit protection have to be installed fof
each circuit. These protective devices generally need to be placed at the origin of each circuit.

For some application one of the devices for overload protection or for short-circuit protection
may not follow this general requirement, provided the other protection remains operative.

A.2 Cases where overload protection need not be placed at the origin of the
branch circuit

a) In accordance with the requirements of 533.4.2.2 a) and Figure A.1, an overload
protective device P, may be moved from the origin (O) of the ®ranch circuit (B) provided
that there is no other connection or socket-outlet on the supply-side of P, — the protective
device of this branch circuit — and, in accordance with the fequirements of 533.4.2.2 b) 1),
short-circuit protection for this part of the branch circuit,is’provided.

5 3 8
L Pt

v

IEC

Key

S cross-sectional area of\the conductor

Figure A.1 — Overload protective device (P,)
not at the origin of branch circuit (B)

The overload “protective device is to protect the wiring system. Only current-using
equipment-may generate overload; therefore, the overload protective device may be
moved'along the run of the branch circuit to any place provided short-circuit protection of
the branch circuit remains operational.

b) In‘yaccordance with the requirements of 533.4.2.2 a) and Figure A.2, an overload
protective device P, may be moved from the origin (O) of the branch circuit (B) provided
that there is no other connection or socket-outlet on this length of the branch circuit, and,
in accordance with the requirements of 533.4.2.2 b) 2), its length does not exceed 3 m,
and the risk of short-circuit, fire and danger to persons is reduced to a minimum for this
length.
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Figure A.2 — Overload protective device (P,) installed within 3 m
of the origin of the branch circuit (B)

It is accepted that for a length of 3 m, the branch circuit is not protectediagainst short-circuit,
but some precautions have to be taken to ensure safety. See 533.4.2.2°b). In addition it may
be possible that the short-circuit protection of the supply circuit also provides short-circuit
protection to the branch circuit up to the point where P, is installed (see Annex B).
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Annex B
(informative)
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B.1 General

Devices for overload protection and devices for short-circuit protection have to be installed fof
each circuit. These protective devices generally need to be placed at the origin of each circuit.

For some applications, one of the devices for overload protection or for short-circuit pfrotection
may not follow this general requirement, provided the other protection remains operative.

B.2 Cases where short-circuit protection need not be placed at the’origin of
branch circuit

a) In accordance with the requirements of 533.4.3.2 and Figure B.1,/Short-circuit protective
device P, may be moved up to 3 m from the origin (O) of the ®dfanch circuit (B) provided
that there is no other connection or socket-outlet on this length of the branch circuit, and
in the case of 533.4.3.2 the risk of short-circuit, fire and danger to persons is reduced to a
minimum for this length.

é
>
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Key

S cross-sectional area of.conductor

Figure B.1 — Limited change of position of short-circuit
protective device (P,) on a branch circuit

The 3 m length of conductor in the branch circuit is not protected against short-circuit, but
short-circuit protection provided for the supply circuit may still provide short-circuit
protection to the branch circuit up to the point where P, is installed.

b) In<accordance with the requirements of 533.4.3.3 and Figure B.2, the short-circuit
protective device P, may be installed at a point on the supply side of the origin (O) of the
branch circuit (B) provided that, in conformity with 533.4.3.3, the maximum length between
the origin of the branch circuit and the short-circuit-protective device of this branch circuit
respect the specification proposed by the “triangular rule”.
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Key

AB maximum length L, of the conductor of the cross-sectional area S, protected,against short-circuit by the
protective device P, placed at A.

AM  maximum length L, of the conductor of the cross-sectional area S, protected against short-circuit by the
protective device P, placed at A.

Figure B.2 — Short-circuit protective device P,.installed at a point
on the supply side of the origin of{asbranch circuit

The maximum length of conductor branched off at”O, with the cross-sectional area §,, that
is protected against short-circuits by the protective device P, placed at A, is given as
length ON in the triangle BON.

Clause B.2 may be used in the cas€,where only protection against short-circuit is
provided. Protection against overload is not considered in this example.

These maximum lengths correspond to the minimum short-circuit capable of activating the
protective device P4. This proteCtive device protecting branch circuit S; up to the length
AB also protects the branch circuit S,. The maximum length of branch circuit S, protected
by P, depends on the location'where the branch circuit S, is connected to §4.

The length of branch cireuit S, cannot exceed the value determined by the triangular
diagram. In this case the protective device P, may be moved along branch circuit S, up to
the point N.

NOTE 1 This method can also be applied in the case of three successive conductor runs of different cross-
sectional area.

NOTE 2 [f,(for section S,, the lengths of wiring differ according to the nature of insulation, the method is
applicabl€ by taking the length:

AB = L, S,/S,

If,-for section S, the lengths of wiring are the same whatever the nature of insulation, the method is applicable
by taking the length:

AB =1L,
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Annex C
(informative)

[« » 1 nWH

notallaft:
Wi LJ |||3|.a||auun

Examples of installation diagrams according to system configurations

NOTE 1 National Committees may choose the preferred diagrams for their country.

NOTE 2 OCPDs may be single pole or multi pole devices according to IEC 60364.

C.1 TT system - 3 phase supply plus neutral

2 L1 1 —
amsmnnn PN
L2110 R
EEEEEN C
: L3]p I c 3
- T D D
| M |
E " ——— — ﬂ E....... aEE
i 6 g
: | ocpp2 ;
s i
i P SPD !
i D g
: e ,._ éPE conductor
E L ."""'Zﬂi):?].?..................;
oo 4

Key

1 LV switchboard

2 HV/LV transformer

3 equipment/installation

4 main earthing terminal

5 intermediate earthing terminal
6 SPDA

OCPD1  overcurrent protective device(s) at the origin of the installation

4 o ' :
SUTYT PIrulcllUve UtTVvILT(S)

[¢)]
Vv
D

OCPD2 overcurrent protective device(s) if required

RCD residual current device

Figure C.1 — Example of SPDA installation with connexion type CT2
on the supply side (upstream) of the main RCD in TT system
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Key
OCPD1
SPD
OCPD2

5a, 5b
RCD

L1 ® = L1
L2 QCPD1 & = L2
L
L3 ® L3
N 2 ° D N
—o—F~ EE
QCPD2
SPD
5a
|
5bTI
Od 0|4

overcurrent protective device(s) at the originvof the installation

surge protective device(s)

overcurrent protective device(s) if required

main earthing terminal

earthing connection of surge_protective devices, either 5a and/or 5b (if required)
residual current device

Figure C.2 =\Example of SPD installation with connexion type CT2
on the'supply side (upstream) of the main RCD in TT system
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- :PE cpnductor
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Key
1 LV switchboard
2 HV/LV transformer
3 equipment/installation
4 main earthing terminal
5 intermediate earthing terminal
6 SPDA

OCPD1  overcurrent protective device(s) at the origin of the installation
SPD surge protective device(s)

OCPD2 overcurrentprotective device(s) if required

RCD residualycurrent device

Figure C.3 — Example of SPDA installation on the load side (downstream)
of the main RCD in TT system
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Key
OCPD1
SPD
OCPD2

5a, 5b
RCD

L1 L1
R
L2 L2
- QOCFMM C L
D ° L3
N " N
—o—~ EE
QCPD2
SPD
5a
“H
(r
Tsab
O d Ol

overcurrent protective device(s) at the origin of the installation

surge protective device(s)
overcurrent protective device(s).ifirequired

main earthing terminal

earthing connection of surge-protective devices, either 5a and/or 5b (if required)

residual current device

Figure C.4 — Example of SPD installation on the load side (downstream)
of the RCD in TT system
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C.2 TN-C and TN-C-S systems — 3 phase supply

|

SPD

L__m:;°55_1 : PEN

Koxen 1)

"
[ [ {5

Key

1 LV switchboard

2 HV/LV transformer

3 equipment/installation

4 main earthing terminal

5 intermediate earthing terminal
6 SPDA

OCPD1  overcurrent-protective device(s) at the origin of the installation
SPD surge protective device(s)

OCPD2 overclrrent protective device(s) if required

Figure C.5 — Example of SPDA installation in TN-C system
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Key
OCPD1
SPD
OCPD2
4

5a, 5b

L1 - L1
L2 OCPD 4 L2
L3 L3
PEN Z oo r PEN
QCPD2
I
SPD
Sa
v
'~|r|5b
O O 0O

overcurrent protective device(s) at the origin of the installation
surge protective device(s)

overcurrent protective device(s).ifirequired

main earthing terminal

earthing connection of surge-protective devices, either 5a and/or 5b (if required)

Figure C.6 — Examplecof SPD installation with connexion type CT1 in TN-C system
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L1 ® L1
E : : : :L2 OCPD1 % 2

Key
OCPD1
SPD

")
OCPD2
4

5a, 5b

o~ Y Y YL . L3
2 —
® PEN 7 —0—F~ PE
QCPD2
reo
SPD |i=)!
5a ol
|
5b Y
O O 0+

overcurrent protective device(s) at'the origin of the installation
surge protective device(s)

See 534.4.3

overcurrent protective device(s) if required

main earthing terminal

earthing connection of surge protective devices, either 5a and/or 5b (if required)

Figure C.7 — Example of SPD installation in TN-C-S system where the PEN is separated

into/PE and N at the origin of the installation (upstream of the SPD)
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OCPD1  overcurrent protective device(s) at the origin of the installation
SPD surge protective device(s)

*) See 534.4.3

OCPD2 overcurrent protective device(s) if required
4 main earthing terminal

5a, 5b earthing connection of surge protective devices, either 5a and/or 5b (if required)

Figure C.8 — Example of SPDs installation in TN-C-S in different distribution boards
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C.3 TN-S system — 3 phase supply plus neutral

L1 1 1
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| ocpp2 |
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Key

LV switchboard

HV/LV transformer
equipment/installation

main earthing terminal
intermediate earthing terminal

SPDA

o O A W N =

OCPD1  overcurrent-protective device(s) at the origin of the installation
SPD surge protective device(s)

OCPD2 overcurrent protective device(s) if required

Figure C.9 — Example of SPDA installation in TN-S system
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Key
OCPD1
SPD
OCPD2

5a, 5b

L1 ® L1

L2 QOGP . L2

L3 ® L3

N 2 ® N

PE ® o—r~ PE
QCPD2

SPD

fa

Loy

overcurrent protective device(s)-at the origin of the installation
surge protective device(s)

overcurrent protective devieg(s) if required

main earthing terminal

earthing connectiontof surge protective devices, either 5a and/or 5b (if required)

Figure C.10 — Example of SPDs installation in TN-S
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C.4 IT system — 3 phase supply with or without neutral
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SPD
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| zox-nv1)
e Lala)
Key
1 LV switchboard
2 HV/LV transformer
3 equipment/installation
4 main earthing terminal
5 intermediate earthing terminal
6 SPDA
7 impedance

OCPD1  overcurrent protective device(s) at the origin of the installation
SPD surge_ protective device(s)

OCPD2 _ overcurrent protective device(s) if required

Figure C.11 — Example of SPDA installation in IT system with neutral
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Openor high
impedance SPD
Sa
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|
Bb Y
O O Qa4
Key
OCPD1  overcurrent protective device(s) at the origin of the installation
SPD surge protective device(s)
OCPD2 overcurrent protective device(s).f required
4 main earthing terminal
5a, 5b earthing connection of surge protective devices, either 5a and/or 5b (if required)

Figure C.12 — Example of SPD installation in IT system without neutral
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\ J SPD

Y 15b
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|
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O 0|4
Key
OCPD1  overcurrent protective device(s) at'the origin of the installation
SPD surge protective device(s)
OCPD2 overcurrent protective device(s) if required
4 main earthing terminal
5a, 5b earthing connection,of‘surge protective devices, either 5a and/or 5b (if required)

Figure C.13'— Example of SPD installation in IT system with neutral
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Annex D
(informative)

nstatation-supplied-by-overheadlines

Where overvoltage protection according to Clause 443 of IEC 60364-4-44:2007/AMD1:2015 is
required, where the lines entering the building are overhead and where the case of lightning
strike to the last pole of the overhead lines close to the building is taken into account, SPDs
at the origin of the installation shall be selected according to Table D.1.

Further information can be found in IEC 62305 (all parts).

Table D.1 — Selection of impulse discharge current (Iimp)

Limp (kA)
Supply system
Connection
Single-phase Three-phase

CT1 CT2 CT1 CT2
L-N 5 5
L - PE 5 5
N - PE 5 10 5 20

NOTE This table refers to lightning protection levels Ill and IV,
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Annex E
(normative)

REDLINE VERSION

Table E.1 — Devices for isolation and switching

switching devices for
equipment (CPS)

Suitable for
Pevice Standard isolation | switching ana | Emergency.
control
Switch disconnectors IEC 60947-3 @ Yes Yes Yes
IEC 62626-1 2 Yes Yes Yes
IEC 60669-2-4 Yes Yes Yes
IEC 60669-2-6 Yes No Yes
Disconnectors IEC 60669-2-4 ° Yes No No
IEC 60947-3 P Yes No No
Switches IEC 60669-1 No Yes No
IEC 60669-2-1 No Yes No
IEC 60669-2-2 No Yes No
IEC 60669-2-3 No Yes No
IEC 60669-2-5 No Yes No
IEC 60947-3 ¢ No Yes No
IEC 60947-5-1 No Yes No
Contactors IEC 60947-4-1 No Yes No
IEC 61095 No Yes No
Starters IEC 60947-4-1 Yes P Yes Yes P
IEC 60947:4-2 No Yes No
IEC 60947-4-3 No Yes No
Circuit-breakers IEG60898-1 Yes No Yes
[EC 60898-2 Yes No Yes
IEC 60947-2 Yes P No Yes P
Residual current protective | IEC 60947-2 Yes b No Yes b
devices (RCDs) IEC 61008 (all parts) Yes No Yes
IEC 61009 (all parts) Yes No Yes
IEC 62423 Yes No Yes
Arc fatlt\detection devices IEC 62606 Yes No Yes
Plugs and socket-outlets IEC 60309 (all parts) Yes Yes d No
IEC 60884 (all parts) Yes Yes d No
IEC 60906 (all parts) Yes Yes d No
Devices for the connection IEC 61995 (all parts) Yes © No No
of luminaires
Transfer switching IEC 60947-6-1 Yes ® Yes Yes®
equipment
Control and protective IEC 60947-6-2 Yes ? Yes Yes P
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Suitable for
Pevice Standard isolation | switching ana |  Emergency.
control

Fuse IEC 60269-2 Yes f No No

IEC 60269-3 Yes f No No

IEC 60269-4 Yes f No No
Fuse-combination units IEC 60947-3 Yes P No @ Yes 2:b
Connectors 9 IEC 61984 Yes P No No
Key
Yes function provided.
No  function not provided.
a If marked with the symbol JW or a combination with other symbols as given*in”IEC 60947-3 or

IEC 62626-1.
J};

Function provided only if the device is suitable for isolation and markedewith the symbol
(IEC 60417-6169-1:2012-08).

If marked with the symbol ©— or a combination with other symbols\as given in IEC 60947-3.
Only AC plugs and socket-outlets rated at not more than 16 A may be used for functional switching.
Device is suitable for on-load isolation.

If indicated by the manufacturer.

Link and wiring terminals may provide an isolation function according to the manufacturer's or designer’s
documentation.

Only a connector with breaking capacity (CBC) js designed to be engaged and disengaged when live or
under load (see IEC 61984:2008, 3.8).
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Annex F
(informative)

p : . . .
List-of notes—concerningcertaincountries
Country Subclause Wording
IT 531.2.2. In Italy only RCDs shall be used for protection against electric shock in TT system§
IT 531.2.2.3 531.2.2.3
In Italy point b) of 531.2.2.3 is not applicable.
AT 531.2.2.3 531.2.2.3
In Austria point b) of 531.2.2.3 is not applicable.
AT 531.2.3.1 NOTE In Austria the recommendation for multiphase supplied\installations does
not apply.
DE 531.2.3.2 In Germany, the use of short time-delayed residual curréntydevices (RCDs) is
acceptable, provided the applicable requirements of lEC\60364-4-41 are met.
DE 531.2.3.3 In Germany, Type AC RCDs are not permitted.
Fl 531.2.3.3 In Finland, Type AC RCDs are not permitted.
BE 531.2.3.3.2 In Belgium, the use of an RCD type A upstréeam of a type B downstream is not
allowed in residential installations.
DE 531.2.3.3.2 In Germany, the following figure is@pplicable:
|Wh
EETWA
E:D @ or time delayed
I AT ) N ) =
[P ——
a) b}

Key

a) Circuits with appliances where sinusoidal and/or residual pulsating direct and/or
residual pulsating direct fault currents superimposed on a smooth direct current
of up to 0,006 A may appear.

b) Circuits with appliances where in addition to case a) sinusoidal including high
frequencies currents and/or smooth direct current exceeding 0,006 A may
appear.

AT 531.2.3.4.1 In Austria, residual current devices shall comply with

e |EC 61008 series for RCCBs; or

e |EC 61009 series for RCBOs; or

e |EC 62423 for RCCBs and RCBOs

Ccz 531.2.3.4.1 In the Czech Republic, add IEC 61008-2-2 and IEC 61009-2-2 to 531.2.3.4.1.
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Country

Subclause

Wording

GB

531.2.3.4.1

In the United Kingdom, add IEC 61008-2-2 and IEC 61009-2-2 to 531.2.3.4.1.

JP

531.2.3.4.1

In Japan, residual current devices shall comply with:

e |EC 61008-1 for RCCBs, or
e |EC 61009-1 for RCBOs.

NL

531.2.3.4.1

In the Netherlands, add IEC 61008-2-2 and IEC 61009-2-2 to 531.2.3.4.1.

NO

531.2.3.4.1

In Norway, residual current devices shall comply with:
e |EC 61008 (all parts) for RCCBs, or IEC 61009 (all parts) for RCBOs, or
e IEC 62423 for RCCBs and RCBOs.

SE

531.2.3.4.1

In Sweden the subclause is replaced by the following:
531.2.3.4.1

In AC installations where RCDs are accessible to ordinary persens (BA1), children
(BA2) or handicapped persons (BA3) residual current protective’devices shall
comply with:

e |EC 61008 (all parts) for RCCBs, or
e [|EC 61009 (all parts) for RCBOs, or
e |EC 62423 for RCCBs and RCBOs.

DE

531.2.3.4.2

In Germany, replace the first two bullets with:
e |EC 61008-2-1 for RCCBs, or
e |EC 61009-2-1 for RCBOs, or

Fl

531.2.3.4.2

In Finland replace the first two\bullets with:
e |EC 61008-2-1 for RGCBS, or
e |EC 61009-2-1 forlRE€BOs, or

FR

531.2.3.4.2

In France replacg the'first two bullets with:
e |EC 61008-2-1 for RCCBs, or
e |EC 649009-2-1 for RCBOs, or

GR

531.2.3.4.2

In Gréece, replace the first two bullets with:
e \|EC 61008-2-1 for RCCBs, or
o |EC 61009-2-1 for RCBOs, or

531.2.3.4.2

In Italy, in AC installations, where RCDs are accessible only to instructed persons
(BA4) or skilled persons (BA5) residual current protective devices shall comply with

e |EC 61008-2-1 for RCCBs, or

e |EC 61009-2-1 for RCBOs, or

e |EC 62423 for RCCBs and RCBOs, or
IEC 60947-2 for CBRs and MRCDs.

PL

531.2.3.4.2

In Poland, in AC installations, where RCDs are accessible only to instructed
persons (BA4) or skilled persons (BAS5) residual current protective devices shall
comply with

e |EC 61008-2-1 for RCCBs, or

e |EC 61009-2-1 for RCBOs, or

e |EC 62423 for RCCBs and RCBOs, or
o |EC 60947-2 for CBRs and MRCDs.

AT

531.2.3.4.3

NOTE In Austria IEC TS 63053 may not be used as a reference for DC-RCDs.

FR

531.2.3.5.1
531.2.3.5.2
531.2.3.5.3

In France, all live conductors shall be disconnected.
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Country

Subclause

Wording

GB

531.2.3.5.1

In the United Kingdom, except in certain special installations or locations
(IEC 60364-7 (all parts)), for protection against electric shock, there is no
requirement to disconnect/switch the neutral in a TN system.

NO

531.2.3.5.1

In Norway, the neutral conductor is not considered to be reliable at earth potential.

GB

531.2.3.5.2

In the United Kingdom, except in certain special installations or locations
((IEC 60364-7 (all parts)), for protection against electric shock, there is no
requirement to disconnect/switch the neutral in a TT system.

531.2.3.5.2

In Italy, only the RCDs are admitted in a TT system.

531.2.3.5.2

In Italy, the formula is replaced by the following formula:
Rg x Iy, < U,

where:

Re is the resistance in ohms (Q) of the earth electrode;

Iyn is the rated residual operating current in amperes (A) of the RCD;

U, is the limit of the conventional touch voltage (V).

AT

531.3.4

In Austria, when there is a protective measure with aGitematic disconnection of
supply already operative upstream an enclosure with/double or reinforced
insulation, such conductive parts enclosed in thgsiftsulating enclosure may be
connected to the protective conductor and majxbe used as protective conductors, if
the requirements regarding corrosion resistange and current carrying capacity are
satisfied

AT

531.6

In Austria IEC TS 63053 may not be used as a reference for DC-RCDs.

DE

531.6

In Germany, in AC installations, an,RCD for protection of socket-outlets shall be
installed at the origin of the final\€ircuit except where this protection is provided by
RCDs incorporated in or intended for association with socket-outlets.

532.2

In Italy, 532.2 is not applicable. In Italy, the classification and the requirements for
the locations with a particular risk of fire are given in Clause 751 "Ambienti a
maggior rischio in gaso-di incendio" of the national standard CEIl 64-8.

DE

532.2.2

In Germany, the’tequirements according to the national "Muster-Richtlinie Gber
brandschutziechnische Anforderungen an Leitungsanlagen (Muster-
Leitungsanlagen-Richtlinie MLAR)" apply.

DE

532.2.3.2

In Germany, RCDs type AC are not permitted.

ZA

532.2.3.2

In South Africa, the use of products complying with IEC 61008 and IEC 61009 is
prohibited.

DE

532.2.3.3

In Germany, the paragraph is replaced with:

532.2.3.3 Selection of residual current monitoring devices (RCMs) in TN- and
TT-Systems

Residual current monitoring devices (RCMs) shall comply with IEC 62020.

Where a residual current monitoring device (RCM) is selected for prevention of the
risk of fire, the rated residual warning level shall not exceed 300 mA.

It is recommended to set the response value to a reasonable lower value to indicate
a fault as early as possible.

DE

533.1.2.1

In Germany, IEC 61009-2-2 does not apply
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Country

Subclause

Wording

GB

533.1.2.1

In the United Kingdom, a device for protection against overcurrent shall comply with
one or more of the following standards:

RO QO

OO U-SEHES

— BS 646

- BS 1362

- BS 3036

— BS EN 60898-1 and -2

— BS EN 60947-2, -3 and -6-2

— BS EN 60947-4-1, -6-1 and -6-2

— BS EN 61009-1, -2-1 and BS IEC 61009-2-2

— BS EN 62423.

The use of another device is not precluded provided that its timel/current

characteristics provide a level of protection not less than that'given by the devices
listed above.

The following protective devices may be used only for. protection against short-

circuit current and earth fault current:

— instantaneous trip circuit-breakers (ICB) in acgordance with BS EN 60947-
2:2017, Annex O;

— aM and aR type fuses in accordance withvHD 60269-2 or HD 60269-3.

DE

533.1.2.1, 18t
paragraph

In Germany, DIN VDE 0641-21 (VDE 0641-21) also applies.

us

533.2.1

In the United States, the requirements for overcurrent and overload protection are
specified in the NEC, NFPA 70

NO

533.2.1, 18t
paragraph

In Norway, the following ‘@pply in addition to the requirements of a) —c):

When the protective’device is protecting a wiring system insulated with PVC and
with cross-sectional.afea not exceeding 4 mm?, the rated current shall be:

— 10 A or less'far a wiring system with cross-sectional area 1,5 mm? installed in
accordance to reference installation method A1 or A2 in IEC 604364-5-52:2009,
TableyB.52.1;

— 13A or less for a wiring system with cross-sectional area 1,5 mm? installed in
acecordance to reference installation method different from A1 and A2 of
[EC 604364-5-52:2009, Table B.52.1;

~ 16 A or less for wiring system with cross-sectional area 2,5 mm?;

— 20 A or less for wiring system with cross-sectional area 4 mm? installed in
accordance to reference installation method A1 or A2 of IEC 604364-5-52:20009,
Table B.52.1;

— 25 A or less for wiring system with cross-sectional area 4 mm? installed in
accordance to reference installation method different from A1 and A2 of
IEC 604364-5-52:2009, Table B.52.1.

DE

533.2.1,
Note 1

In Germany, DIN VDE 0641-21 (VDE 0641-21) also applies.

DE

533.2.1

In Germany, the following requirement is not applicable:

Where the copper equivalent cross-sectional area of the neutral conductor is less
than that of the line conductors, overload protection for the neutral conductor shall
be provided in accordance with IEC 60364-4-43. For the purposes of this
requirement, the current carrying capacity for the neutral conductor shall be
ascertained, for example by obtaining it from the manufacturer.

NOTE 2 The current-carrying capacity of the neutral conductor can be considered

tobethatofaTircuitwittrcomductorsavimgthesame tross=sectiomatares;
construction and installation conditions (e.g. ambient temperature and grouping) as
the neutral conductor, determined in accordance with IEC 60364-5-52:2009, Clause
523.

DE

533.3.1.1

In Germany, the following Note is added at the end of the subclause:

NOTE 3 If circuit-breakers are used for overcurrent protection, this condition is
met if the circuit-breakers fulfil the requirements of the energy limiting class 3
according to EN 60898-1.
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Country

Subclause

Wording

DE

533.3.1.1

In Germany, the following requirement is added at the end of the subclause:

Circuit-breakers shall have a making and breaking capacity of at least 6 kA. If

appticabte; theseTtircuit-breakers strattfutfitheTequiterments of emergy Himmiting

class 3 according to EN 60898-1.

DE

533.3.2

In Germany, circuit-breakers shall have a making and breaking capacity of at least
6 kA. If applicable, these circuit-breakers shall fulfil the requirements of energy
limiting class 3 according to EN 60898-1.

DE

533.4.2.2

In Germany, Annex A is not applicable,

DE

533.4.2.3

In Germany, devices for protection against overload need not be provided alsolin
the following situation:

c) in distribution circuits comprising cables laid in the ground or overhead lines
where overloading of the circuits will not cause danger

DE

533.4.3.2

In Germany, NOTE 1 is as follows:

NOTE 1 This condition may be obtained for example by reinforcing the protection
of the wiring against external influences, ensuring inherently short-circuit and earth
fault proof installation.

DE

533.4.3.2

In Germany, Annex B is not applicable.

DE

533.4.3.4

In Germany, the omission of devices for protec¢tion against short-circuit is
additionally allowed in distribution circuits comprising cables laid in the ground or
overhead lines

DE

534.4.1

In Germany, where the installation of @building is supplied by overhead lines, SPDs
shall be class | tested according to{Annex D.

FR

534.4.1

In France, the following does not/apply:

Where the structure is not @quipped with an external lightning protection system

and where the occurrence-of'direct lightning strike to the overhead lines between
the last pole and the entrance of the installation is to be taken into consideration,
class | tested SPDs”at-er near the origin of the electrical installation may be also
selected according\te’Annex D.

GR

534.4.1

In Greece, the faollowing does not apply:

Where the structure is not equipped with an external lightning protection system

and where the occurrence of direct lightning strike to the overhead lines between
the last pole and the entrance of the installation is to be taken into consideration,
classyl*'tested SPDs at or near the origin of the electrical installation may be also
selected according to Annex D.

HU

534.4.1

In Hungary, the following does not apply:

Where the structure is not equipped with an external lightning protection system

and where the occurrence of direct lightning strike to the overhead lines between
the last pole and the entrance of the installation is to be taken into consideration,
class | tested SPDs at or near the origin of the electrical installation may be also
selected according to Annex D.



https://iecnorm.com/api/?name=56158cb6e2ca23d1736486f57e503ec4

REDLINE VERSION

-84 — IEC 60364-5-53:2019+AMD1:2020
+AMD2:2024 CSV © IEC 2024

Country

Subclause

Wording

ES

534.4.1

In Spain, the origin of the installation can be the location where the supply enters
the building and/or the main distribution board.

Local o vivienda
de usuario

T,

IEC

Key

1 Public supply; 2 Supply\cable (owned by utility); 8 Individual distribution circuit;
9 Fuse (cut out);10 Meter; 11 Main Circuit Breaker; 12 Switchboard;
13 Private installation

Figure F.1 — Single user

Viviendas Locales de
de usuarios 0 usuarios
) Vv } | P |
U EE $ sl oW 1 Qs £ Qe
1207 1200 1277 1200 120
110 10 110 10 15
8

10 (10 |10 |10 |10

fwﬁ]@m

’]9 9_'9 9 M9

T

{

AN ~ Vi

IEC

Key

1 Public supply; 2 Supply cable (owned by utility); 4 Supply cable of the private
installation; 5 Main switching device; 7 Meters room; 8 Individual distribution
circuit; 9 Fuse (cut out);10 Meter; 11 Main Circuit Breaker;

12 Switchboard; 13 Private installation

Figure F.2 — Several users
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Country

Subclause

Wording

DE

534.4.3

In Germany, the restriction to a maximum distance of 0,5m is the only requirement
to be considered.

MO
N

a
(35
+*
'S
i S
¢

:II Ik‘lIUIVVay, VV:IUIU t:lc ;Ilotd::at;ull ;O ya:vall;ua::y UUIIIIUUtUd tU d }Jub:lb :T
distribution network, the minimum required U, for a SPD located at the origin of the
installations shall be at least 350 V.

DE

534.4.4.4.1

Class Il tested SPDs installed at or near the origin of installations with increased
safety level, where the installation effects e.g. a) care of human life, b) public
services and cultural heritage, their nominal discharge current (/) shall not be les§
than given in Table 3 below:

Table 3 — I, (kA) depending on supply system and
connection type for installation with increased safety level

Connection Supply system
Single phase 3 phases
CT1 CT2 CT1 CT2

L-N 10 10
L-PE 10 10
N - PE 10 20 10 40

NO

534.4.4.5

In Norway, where the installation is galvanically connécted to a public IT-
distribution network, and where a second SPD issinstalled downstream of the SPD
located in the main distribution board, the maximum continuous operating voltage,
U, for the second SPD shall be at least 440, V, between line conductors and PE,
and at least 275 V between line conductors:

AT

534.4.6

In Austria, the SPD assembly at or nearythe origin of the installation may not be
installed downstream of any RCD.

DE

534.4.6

In order to avoid false trippingronWelding of the RCD contacts, the flow of high
impulses currents or partial lightning currents should be avoided. Therefore, SPDs
tested in accordance with fest'class | or test class Il should be installed on the line
side of an RCD. If the surge is expected from the load side, e.g. due to external
mounted equipment, notyprotected by a LPS, SPDs tested in accordance with test
class | or test class{/f should be installed on the loud side of an RCD.

NO

534.4.6

In Norway, where\the installation is galvanically connected to a public IT or TT
distribution metwork without the provision of a distributed PE conductor (i.e.
installation~supplied by overhead lines), protection against fire caused by a failure
of the SPD.located in the main distribution board shall be ensured by:

— laoeating the SPD in a separate enclosure of non-combustible materials; or

—_ protecting the SPD by a time-delayed RCD (S-type or similar) with a rated
residual operating current not exceeding 300 mA; or

— using an SPD constructed so as to minimize the risk of damage and fire due to
an earth failure in the high-voltage distribution network.

DE

534.4.7

It should be ensured that lightning currents or high impulse currents will not flow
through the RCD. Therefore the installation of class | tested SPDs downstream the
RCD is not admissible, except partial lightning currents may be expected from the
load side of the RCD.

The installation of class Il tested SPDs downstream of the RCD is admissible, only
if already a class Il tested SPD is installed upstream of the RCD or if impulse
currents are expected from the load side of the RCD.

In case of surge currents higher than 3 kA 8/20, the RCD may trip causing
interruption of the power supply.

AL

534.4.7

In Austria, the SPD assembly at or near the origin of the installation may not be
installed downstream of any RCD.

DE

Annex D

In Germany, Annex D is normative

FR

Annex D

Annex D does not apply

GR

Annex D

Annex D does not apply

HU

Annex D

Annex D does not apply
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Country Subclause Wording
DE 536.2.1.1 In Germany, the text of clause 536.2.1.1 is replaced by the following:
Each electrical installation shall have provisions for isolation from each supply.
Every circuit shall be capable of being isolated from all live conductors except as
described in the following two paragraphs:
In TN-C systems and in the TN-C part of the TN-C-S systems, the PEN conductor
shall not be isolated or switched.
The neutral conductor not needed to be isolated or switched in TN-S systems, in
the TN-S part of TN-C-S systems or in TT-systems if:
— in TN system, following 411.1 and 542.2, a protective equipotential bonding'is
installed,
— in TT system the voltage between N and PE in no cases exceeds the
conventional touch voltage.
The verification of compliance with this requirement may be dofie,in TT system by
taking care of the following relationship:
50Vs/,..057Z7
I max = Maximal current in line conductors
Z; = impedance of the grid including the impedances of line conductors and N
and the impedance of the source
Provisions may be made for isolation of a greup of circuits by a common means, if
the service conditions allow this
SE 536.3 Due to Swedish legislation concerning' machinery the clause 536.3, including its
sub-clauses is not applicable for el€ctrical installations.
SE 536.4.3 Due to Swedish legislation coneerning machinery the clause 536.4.3 is not
applicable for electrical instalfations
CH 536.5.1.2 In Switzerland, a single-pole switching device in the neutral conductor is not
allowed.
DE 536.5.1.2 In Germany, thedollowing is added:
An example.is given in Figure F.3.
L
W\
f——
—— 1
= 2
m?:;,}_
._.off;,_
IEC
Key
1 connection of the control device for lighting circuits
2 circuit supplying the lamps
3 control device
Figure F.3 — Lamp control circuit with switching in the neutral conductor
NL 536.5.1.2 In the Netherlands, single pole switching in the neutral conductor to a control
device is not accepted.
NO 536.5.1.2 In Norway, a single-pole functional switching device shall not be inserted in the

neutral conductor.



https://iecnorm.com/api/?name=56158cb6e2ca23d1736486f57e503ec4

IEC 60364-5-53:2019+AMD1:2020

- 87—

+AMD2:2024 CSV © IEC 2024

REDLINE VERSION

Country Subclause Wording
AT 537.1 In Austria, monitoring devices are in general not intended to provide protection
against electric shock.
NOFE—Exemptions—fromthis-generatreatirement-may-be-providedc-withinretevent
parts of HD 60364 (e.g. HD 60364-5-551).
GB 537.3 In the United Kingdom, IT public distribution systems are not allowed.
GB Table E.1 In the United Kingdom, the following applies:
Device Standard Isolation®) | Emergency | Functional
switching(?) | switching(®
Luminaire BS 6972 Yes(®) No No
supporting
coupler
Plug and BS 1336-1 Yes®) No Yés
unswitched ®)
socket- BS 1336-2 Yes No Yes
outlet
Plug and BS 1336-1 Yes(®) No Yes
switched
3
socket. BS 1336-2 Yes(®) No Yes
outlet
Plug and BS 5733 Yes(®) No Yes
socket-
outlet
Switched BS 1363-4 Yes(® Yes Yes
fused
connection
unit
Unswitched | BS 136374 Yes® No No
fused (removal of
connection fuse link)
unit
Fuse BS 1362 Yes() No No
Cookef. BS 4177 Yes® Yes Yes
control unit
Yes = Function provided, No = Function not provided
() Function provided if the device is suitable and marked with the symbol
for isolation (see BS EN 60617 Identity number S00288
(2) see Regulation 537.3.3.6 of BS 7671 (2018)
() Device is suitable for on-load isolation, i.e. disconnection whilst
carrying load current
DE Table-E.1 In Germany the following applies:

— Add to row “Circuit-breakers”:

DIN VDE 0641-21 Yes — Yes 9 — Yes
— Add to row “Residual current protective devices (RCDs)”

DIN VDE 0664-400 Yes — Yes ¢ — Yes
DIN VDE 0664-401 Yes — Yes ¢ - Yes

DIN VDE 0664-101 Yes — Yes 9 — Yes
— Replace in row “Plugs and socket-outlets”

IEC 60884 (all parts) and IEC 60906 (all parts) with DIN VDE 0620 (all parts)
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Annex G
(informative)

-

- P . . . .
Desecription-of-the-different-types-ofresidualcturrent devices{REDs)

G.1 Description of RCD types

components and frequencies other than the rated frequency:
RCD Type AC: v

X

Q
An RCD for which tripping is ensured for residual sinusoidal alternating cur@s, whether
suddenly applied or slowly rising.

NG
RCD Type A: @Q

An RCD for which tripping is ensured '\Cb
e as for type AC, (I,Q
e for residual pulsating direct currents, and 030'.)

o for residual pulsating direct currents superimposedon-a smooth direct current of 0,006 A,

with or without phase-angle control, independe%"bqf-)polarity, whether suddenly applied or
slowly rising.

NOTE 1 According to IEC 61140, pluggable electri quipment on a rated input < 4 kVA are designed to have
protective conductor current on a smooth superim ed DC current component limited to 6 mA.

RCD Type F: &
yp QQ

An RCD for which tripping is eo\@-ed

e as for Type A, \(\QJ

e for composite resid currents which may result from circuits supplied between phase and
neutral or phase earthed middle conductor, as given in IEC 60755:2017, and

e for residual p{'@ating direct currents superimposed on smooth direct current of 0,01 A.

The above s&é\cl?fied residual currents may be suddenly applied or slowly rising.

NOTE 2 dperation in the case of alternating current superimposed on smooth DC residual current is assumed to
be co by the test of pulsating DC superimposed on smooth DC residual current.

An RCD for which tripping is ensured as for Type F and in addition:

&ED Type B:
OQ~

o for residual sinusoidal alternating currents up to 1 000 Hz;

o for residual alternating currents superimposed on a smooth direct current of 0.4 times the

N

C)c‘)

(Lb‘
Different types of RCDs exist depending on their behaviour in the presence of DQQ/Q

(1/.
W»

rated residual current (I5,);

e for residual pulsating direct currents superimposed on a smooth direct current of 0,4 times
the rated residual current (/5,) or 10 mA, whichever is the highest value;

o for residual direct currents which may result from rectifying circuits, i.e.
— two-pulse bridge connection line to line for 2-, 3- and 4-pole devices;
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— three-pulse star connection or six-pulse bridge connection for 3- and 4-pole devices;

e for residual smooth direct currents.

The above specified residual currents may be suddenly applied or slowly increased

independent of polarity.

G.2 Examples of use of RCD types
RCDs of type AC are typically used for general applications.

RCDs of type A are typically used for circuits where there is a risk of residual current With' DC
components (e.g. Class | equipment containing rectifiers).

RCDs of type F are typically used for circuits where there is a risk of pesidual current
containing DC components and chopping frequency currents (e.g. class” | equipment
containing single phase frequency converters).

RCDs of type B are typically used for circuits supplying multi-phase _frequency converters.

Examples are referred to in Figure G.1.

Circuit diagram with fault Shape of load current I Shape of earth fault RCD type
location P L current I characteristic
1 Phase control AC, A F, B
L1 B
v ‘ ‘ ANEA
AR .
> U U U ‘
N G
PE eveeeeeemmeeemesi et IEC IEC
IEC
2 Burst control AC, A F, B
L1 =5
IL «“
~ ~
t t
N r
PE e seerrennrsessnneagefersrarossanesnanennas IEC IEC
IEC
3 Single‘phase A F,B
PSS ‘ ‘
! 1
- L
, P IVANAN RIVANYA
t t
N (F
=Y O IEC IEC
IEC
4 Taa ol beida A E_B
4 Fre—pHsebridge A—FB
L ‘/\ A ‘ JANVA
L = A4 - -
" VARV ’
N A I
] R ———. IEC IEC
IEC



https://iecnorm.com/api/?name=56158cb6e2ca23d1736486f57e503ec4

REDLINE VERSION

— 90 -

IEC 60364-5-53:2019+AMD1:2020
+AMD2:2024 CSV © IEC 2024

Circuit diagram with fault

Shape of load current 7

Shape of earth fault

RCD type

location current I characteristic
A Two-pulse bridge half A F B
controlled ‘ ‘
s L onon AEANA
N |4 YA t
K~ B I
S IEC IEC
IEC
6 Frequency inverter with two- F,B
pulse bridge /\ /\
e
AR - h ‘
L=t | |
R | ANA
AR - -~ -
U 2 T 2 \/ \/
ASIAN
IEC & Py
\VARVA
IEC
7 Single-phase with smoothing B
L1 ot ‘ o — T T—
: ANAY
i 1 L
T t t
N ¢
= OO IEC IEC
IEC
8 Frequency inverter with two- B
pulse bridge and PFC /\ /\
e
ILZS N = t
— 1 (@] 7
" [T ‘/\ A
AR - :
=] AN T2 \/ \/
IEC
IEC &
vV
IEC
] Two-pulse bridge between B
phases
W F N IAAWAN
L1 — £ - ~ -
L2
ZE ZS | ’|—
PE \ IEC IEC
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Circuit diagram with fault
location

Shape of load current 7

Shape of earth fault
current I

RCD type
characteristic

10 Erequency inverter with two- B
pulse bridge between phases /V\ /V\
e
1AR - = t
L= [ |
=<l ANA
YN - - ~
] . IF1\ ________ IF2 \/ \/
LA
Ec| & |
WU
IEC
11 Three-phase star B
. )
13—t ~ - |~ -
L IF
N
=) P OSR IEC IEC
IEC
12 | Six-pulse bridge B
IN X R NYVVVVVV\
L1—=
L2 ~4_l ~4LI_
L3 L A ! !
A KN K I S LAY
= SRR IEC IEC
IEC
13 | Frequency inverter with six- B

pulse bridge

L1 I%ZS AR -
E T
NN =
P ooty i B
IEC

IEC

IF1

IFZ

NVVVVVVVY

MMM 1

IEC

Figure G.1 — Possible earth fault currents in systems with semiconductors
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Annex H
(informative)

%O

-

rdditionaling Gomfort Leati £ BE.SPD

H.1 General O
(l/b‘
As there is a diversity of voltages used in DC systems, other system parameters may var}*’l,Q

over a wide range depending on the application, equipment and component used.

Owing to the varying parameters of such DC systems, only SPDs especially dedicat@ DC
systems should be used. The manufacturer of SPDs should give the relevant inforr@lq n.

IEC 60364-4-44:2024, Clause 442 is applicable only for AC systems. For DC}'&tems, which
are galvanically coupled to an AC system, it is necessary to conside how the potential
temporary overvoltages (TOVs) from the AC system and as specified in | 60364-4-44:2024,
Clause 442 are transferred to the DC system. For temporary overv s caused by faults
within a DC system, the corresponding data based on the DC system tharacteristics shall be
taken into consideration. N

Q
IEC 60364-4-44:2024, Clause 443 is applicable for bot%@% and DC applications and
additional requirements for DC systems are not necessa%,

’
NOTE The specific risk of switching overvoltages in DC applica@s‘ is under consideration.

Therefore, the parameters specified in Clau Q—I.Z are provided for the selection and
installation of SPDs and the corresponding de@n of the installation.

N\
H.2 Parameters for the selecti%l éSPDs in DC applications

considered:
R

N
— maximum operating volta &Qf the DC application;

The following parameters should

— nominal DC voltage of,{@e DC application;
— minimum and maximiim prospective short circuit currents at the point where the SPD is

.

installed; 4\
— type of sourcg'(Dinear or non-linear) and characteristics of non-linear source;
— nominal D\@\,%urrent of the supply(ies) of the DC application;

- expect@) emporary overvoltages which can occur in the DC application, either from an AC
application which is galvanically coupled to the DC application, or caused by a fault within
application;

—ngpected amplitude and energy content of switching surges due to supply or load

transfer effects due to supply or load switching;

@’ switching;
&

configuration of the DC application as related to its connection to an AC application and its
earthing;

A

£
I

~+

o ('l FaVlaWal o Lb Il " I (] - (] ) (| 1 ('l 1
- CAPCULICU AULU/UL SUICSS VUILAUC DCIWETITT TIVe CUTNTUUTLUT drTtu ©dartit, urracTt TTorrmidar darid Taut

conditions;
— expected wave shape of the fault current during fault conditions;

— applicable overvoltage category (OVC).
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LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

Part 5-53: Selection and erection of electrical equipment — Devices for
protection for safety, isolation, switching, control and monitoring

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC'is~“to promote
international co-operation on all questions concerning standardization in the electrical and glectronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafters referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International*governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordanceywith conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express,fasnearly as possible, an international
consensus of opinion on the relevant subjects since each technical’committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible ip their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of ‘the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn_to the Normative references cited in this publication. Use of the referenced publications is
indispensable forthe correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s)AEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
which, may be required to implement this document. However, implementers are cautioned that this may not
repfesent the latest information, which may be obtained from the patent database available at
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

IEC 60364-5-53 edition 4.2 contains the fourth edition (2019-02) [documents
64/2352/FDIS and 64/2359/RVD], its amendment 1 (2020-12) [documents 64/2457/FDIS

——and—64/2465/RVBl—and—its—amendment—2—(2024-12)—fdocuments—64/2648FDIS—and———

64/2738/RVD].

This Final version does not show where the technical content is modified by
amendments 1 and 2. A separate Redline version with all changes highlighted is
available in this publication.
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International Standard IEC 60364 has been prepared by IEC technical committee 64:
Electrical installations and protection against electric shock.

This fourth edition constitutes a technical revision.

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

a) revision of all clauses except 531 and 534;

b) introduction of a new Clause 537 Monitoring;

c) Clause 530 contains all normative references and all terms and definitions.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2

The reader's attention is drawn to the fact that Annex F lists all of the ,‘inssome-country”
clauses on differing practices relating to the subject of this standard.

A list of all parts in the IEC 60364 series, published under the general title Low-voltage
electrical installations, can be found on the IEC website.

The committee has decided that the contents of this documeént and its amendments will
remain unchanged until the stability date indicated on the 1EC 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 publication indicates
that it contains colours which” are considered to be useful for the correct
understanding of its contents.. Users should therefore print this document using a
colour printer.
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LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

Part 5-53: Selection and erection of electrical equipment — Devices for

530.1 Scope
This document provides requirements for:

a) isolation, switching, control and monitoring, and
b) selection and erection of:
1) devices for isolation, switching, control and monitoring, and

2) devices to achieve compliance with measures of protection for safety,
530.2 Normative references

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

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 60269-2, Low-voltage fuses — Part 2: Supplementary requirements for fuses for use by
authorized persons (fuses mainly for industrial application) — Examples of standardized
systems of fuses A to K

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 fusesiAxto F

IEC 60269-4, Low-voltage~fuses — Part 4: Supplementary requirements for use-links for the
protection of semiconductor devices

IEC 60309 (all parts), Plugs, socket-outlets and couplers for industrial purposes
IEC 60364/(all parts), Low-voltage electrical installations

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

IEC 60364-4-42:2010, Low-voltage electrical installations — Part 4-42: Protection for safety —
Protection against thermal effects
IEC 60364-4-42:2010/AMD1:2014

IEC 60364-4-43:2008, Low-voltage electrical installations — Part 4-43: Protection for safety —
Protection against overcurrent

IEC 60364-4-44:2007, Low-voltage electrical installations — Part 4-44: Protection for safety —
Protection against voltage disturbances and electromagnetic disturbances
IEC 60364-4-44:2007/AMD1:2015
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IEC 60364-5-55, Electrical installations of buildings — Part 5-55: Selection and erection of
electrical equipment — Other equipment

IEC 60364-6:2016, Low voltage electrical installations— Part 6: Verification

IEC 60417 (all parts), Graphical symbols for use on equipment

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems —
Part 1: Principles, requirements and tests

IEC 60669-1, Switches for household and similar fixed-electrical installations —
Part 1: General requirements

IEC 60669-2-1, Switches for household and similar fixed electrical cinstallations —
Part 2-1: Particular requirements — Electronic switches

IEC 60669-2-2, Switches for household and similar fixed electrical installations —
Part 2-2: Particular requirements — Electromagnetic remote-control switeches (RCS)

IEC 60669-2-3, Switches for household and similar fixed™ electrical installations —
Part 2-3: Particular requirements — Time-delay switches (TDS)

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

IEC 60669-2-5, Switches for household and- similar fixed electrical installations —
Part 2-5: Particular requirements — Switchescand related accessories for use in home and
building electronic systems (HBES)

IEC 60669-2-6, Switches for household and similar fixed electrical installations —
Part 2-6: Particular requirements —<Fjreman's switches for exterior and interior signs and
luminaires

IEC 60670-24, Boxes and eneglosures for electrical accessories for household and similar fixed
electrical installations — Pat24: Particular requirements for enclosures for housing protective
devices and other powerdissipating electrical equipment

IEC 60884 (all parts), Plugs and socket-outlets for household and similar purposes

IEC 60898 (all-parts), Electrical accessories — Circuit-breakers for overcurrent protection for
household\and similar installations

IEC 60906 (all parts), IEC system of plugs and socket-outlets for household and similar
purposes

IEC 60947-2:2016, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers

IEC 60947-3, Low-voltage switchgear and controlgear — Part 3: Switches, disconnectors,
switch-disconnectors and fuse-combination units

IEC 60947-4-1, Low-voltage switchgear and controlgear — Part 4-1: Contactors and motor-
starters — Electromechanical contactors and motor-starters

IEC 60947-4-2, Low-voltage switchgear and controlgear — Part 4-2: Contactors and motor-
starters — AC semiconductor motor controllers and starters
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IEC 60947-4-3, Low-voltage switchgear and controlgear — Part 4-3: Contactors and motor-
starters — AC semiconductor controllers and contactors for non-motor loads

IEC 60947-5-1, Low-voltage switchgear _and _controlgear — Part 5-1: Control circuit devices

and switching elements — Electromechanical control circuit devices

IEC 60947-6-1, Low-voltage switchgear and controlgear — Part 6-1:. Multiple function
equipment — Transfer switching equipment

IEC 60947-6-2, Low-voltage switchgear and controlgear — Part 6-2: Multiple function
equipment — Control and protective switching devices (or equipment) (CPS)

IEC 61008 (all parts), Residual current operated circuit-breakers without integral evercurrent
protection for household and similar uses (RCCBs)

IEC 61009 (all parts), Residual current operated circuit-breakers with integral overcurrent
protection for household and similar uses (RCBOs)

IEC 61095, Electromechanical contactors for household and similarplrposes

IEC 61439-2, Low-voltage switchgear and controlgear assemblies — Part 2: Power switchgear
and controlgear assemblies

IEC 61439-3, Low-voltage switchgear and controlgeaf assemblies — Part 3: Distribution
boards intended to be operated by ordinary personsy(DBO)

IEC 61439-6, Low-voltage switchgear and controlgear assemblies — Part 6: Busbar trunking
systems (busways)

IEC 61534 (all parts), Powertrack systems

IEC 61557-8, Electrical safety in low voltage distribution systems up to 1 000 V a.c. and
1500V d.c. — Equipment fortesting, measuring or monitoring of protective measures —
Part 8: Insulation monitoringdevices for IT systems

IEC 61557-9, Electricalisafety in low voltage distribution systems up to 1 000 V a.c. and
1500V d.c. — Equipment for testing, measuring or monitoring of protective measures —
Part 9: Equipmentfor insulation fault location in IT systems

IEC 61643-11,2Low-voltage surge protective devices — Part 11: Surge protective devices
connected\to low-voltage power systems — Requirements and test methods

IEC61643-12, Low-voltage surge protective devices — Part 12: Surge protective devices
cannécted to low-voltage power distribution systems — Selection and application principles

IEC 61984:2008, Connectors — Safety requirements and tests

IEC 61995 (all parts), Devices for the connection of luminaires for household and similar
purposes

IEC 62020, Electrical accessories — Residual current monitors for household and similar uses
(RCMs)

IEC 62208, Empty enclosures for low-voltage switchgear and controlgear assemblies —
General requirements
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IEC 62305 (all parts), Protection against lightning

IEC 62423, Type F and type B residual current operated circuit-breakers with and without
integral overcurrent protection for household and similar uses

IEC 62606, General requirements for arc fault detection devices

IEC 62626-1, Low-voltage switchgear and controlgear enclosed equipment — Part 1: Enclosed
switch-disconnectors outside the scope of IEC 60947-3 to provide isolation during repair and
maintenance work

530.3 Terms and definitions

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

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

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

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

530.3.1

disconnector

mechanical switching device which in the open position complies with the requirements
specified for the isolating function

Note 1 to entry: A disconnector is capable of opening and-closing a circuit when either negligible current is
broken or made, or when no significant change in thesvoltage across the terminals of each of the poles of the
disconnector occurs. It is also capable of carrying currents under normal circuit conditions and carrying for a
specified time currents under abnormal conditions suehvas those of short-circuit.

[SOURCE: IEC 60050-441:2000, 441-14-05, modified — Referring to isolating function instead
of isolating distance.]

530.3.2

switch disconnector

switch which, in the opén* position, satisfies the isolating requirements specified for a
disconnector

[SOURCE: IEC 60050-441:1984, 441-14-12]

530.3.3

mechanical’switch

device (capable of making, carrying and breaking currents through contacts controlled by
mechanical operation under normal circuit conditions which may include specified operating
overfead conditions and also carrying for specified time currents under specified abnormal
circuit conditions such as those of short-circuit

Note 1 to entry: A switch can be capable of making but not breaking short-circuit currents.

[SOURCE: IEC 60050-441:2000, 441-14-10, modified — "through contacts controlled by
mechanical operation" has been added.]

530.3.4

switching-off for mechanical maintenance

opening operation of a switching device intended to inactivate an item or items of electrically
powered equipment for the purpose of preventing a hazard, other than due to electric shock or
to arcing, during non-electrical work on the equipment
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[SOURCE: IEC 60050-826:2004, 826-17-02]

530.3.5
emergency switching-off

opening operation of a switching device intended to remove electric power from an electrical
installation to avert or alleviate a hazardous situation

[SOURCE: IEC 60050-826:2004, 826-17-03]

530.3.6
emergency stopping
operation intended to stop as quickly as possible a movement which has become dangerous

[SOURCE: IEC 60050-826:2004, 826-17-04]

530.3.7

functional switching

operation intended to switch on or off or vary the supply of electriccenergy to an electrical
installation or parts of it for normal operating purposes

[SOURCE: IEC 60050-826:2004, 826-17-05]

530.3.8

SPD assembly

one SPD or a set of SPDs, in both cases including all'SPD disconnectors required by the SPD
manufacturer, providing the required overvoltage protection for a type of system earthing

530.3.9

SPD disconnector

disconnector

device for disconnecting an SPD, or part of an SPD, from the power system

Note 1 to entry: This disconnecting device is not required to have isolating capability for safety purposes. It is to
prevent a persistent fault on the system)and is used to give an indication of an SPD’s failure. Disconnectors can be
internal (built in) or external (required by the manufacturer). There may be more than one disconnector function, for
example an overcurrent protection.function and a thermal protection function. These functions may be in separate
units.

[SOURCE: IEC 6164311:2011, 3.1.28]

530.3.10

mode of protection of an SPD

intended current path, between terminals that contains protective components, e.g. line-to-
line, line-to-earth, line-to-neutral, neutral-to-earth

[SOURCE: IEC 61643-11:2011, 3.1.8]

530.3.11
follow current interrupt rating
I

prospective short-circuit current that an SPD is able to interrupt without operation of a

disconmector

[SOURCE: IEC 61643-11:2011, 3.1.39]
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530.3.12
short-circuit current rating

Iscer
maximum prospective short-circuit current from the power system for which the SPD, in

conjunction with the disconnector specified, Is rated
[SOURCE: IEC 61643-11:2011, 3.1.27]

530.3.13

voltage protection level

Up

maximum voltage to be expected at the SPD terminals due to an impulse stress with _@efined
voltage steepness and an impulse stress with a discharge current with given amplitude and
waveshape

Note 1 to entry: The voltage protection level is given by the manufacturer and may not be exceeded by:

e the measured limiting voltage determined for front-of-wave sparkover (if applicable) ahd)the measured limiting
voltage determined from the residual voltage measurements at amplitudes corresponding to 7/ and/or 1imp
respectively for test classes Il and/or [;

e the measured limiting voltage at the open circuit voltage of the combination wave generator (Uy), determined
for the combination wave for test class Ill.

[SOURCE: IEC 61643-11:2011, 3.1.14]

530.3.14

rated impulse voltage

Uw

impulse withstand voltage value assigned by the\thanufacturer to the equipment or to a part of
it, characterizing the specified withstand, (capability of its insulation against transient
overvoltages

[SOURCE: IEC 60664-1:2007, 3.9.2]

530.3.15

maximum continuous operating voltage

Uc

maximum RMS voltage, which may be continuously applied to the SPD's mode of protection

Note 1 to entry: The Ugs.alue covered by this document may exceed 1 000 V.

[SOURCE: IEC61643-11:2011, 3.1.11]

530.3.16
nominal discharge current for class Il test
1

n
créstvalue of the current through the SPD having a current waveshape of 8/20 us
[SOURCE: IEC 61643-11:2011, 3.1.9]

530.3.17
impulse discharge current for class | test

Iimp
crest value of a discharge current through the SPD with specified charge transfer Q0 and
specified energy W/R in the specified time

[SOURCE: IEC 61643-11:2011, 3.1.10]
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530.3.18

two-port SPD

SPD having specific series impedance connected between separate input and output
connections

[SOURCE: IEC 61643-11:2011, 3.1.3]

530.4 General and common requirements
530.4.1
Equipment for protection, isolation, switching, control and monitoring shall be selected and

erected to provide for the safety and proper functioning for the intended useyof the
installation.

Such equipment shall be selected and erected so as to allow compliance with the
requirements stated in this document and the relevant requirements~in- other parts of
IEC 60364.

530.4.2

Except as provided in 536.2.2.7 and 536.5.1.2, an independently operated single-pole
protective or switching device shall not be inserted in the neltsal conductor.

530.4.3

Devices providing more than one function shall~comply with all the requirements of this
document appropriate to each separate function.

530.5 Erection of equipment
530.5.1
Equipment shall be erected in such a way that connections between wiring and equipment

shall not be subject to undue“stress or strain resulting from the foreseen use of the
equipment.

530.5.2

Unenclosed type equipment shall be mounted in a suitable mounting box or enclosure in
compliance with a‘relevant standard.

NOTE Examples of relevant standards are IEC 60670 (all parts), IEC 62208, IEC 61439 (all parts), and
IEC 61084 (all-parts).

531(_JEquipment for protection against electric shock

531.1 General

Clause 531 deals with requirements for the selection and erection of equipment for the
following protective measures in accordance with IEC 60364-4-41:

hd dutUIIIdtib dibbUlllletiUll Uf buppiy,
e double or reinforced insulation,
e electrical separation,

e extra-low-voltage provided by SELV and PELV systems.

It also deals with requirements for the selection and erection of equipment for additional
protection.
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531.2 Devices for automatic disconnection of supply

531.2.1 General
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of the circuit which is intended to be protected.

These devices shall be suitable for isolation in accordance with 536.

NOTE 1 Protective devices which require manual operation in order to achieve isolation are not excluded.
The following protective devices may be used:

— overcurrent protective devices in accordance with 531.2.2;
— residual current protective devices (RCDs) in accordance with 531.2.3.

Devices according to IEC 60947-2 identified with voltage value(s) followed-by the symbol )S(
(IEC 60417-6363:2016-07-16) or by the symbol @ shall not be used in N\ systems for such
voltage(s) or above.

Devices according to IEC 60947-2 identified with the symbol );(
(IEC 60417-6363:2016-07-16) or by the symbol (% with no-associated voltage value, shall
not be used in IT systems.

NOTE 2 The symbol @ previously required will be progressively superseded by the preferred new symbol
above.

531.2.2 Overcurrent protective devices
531.2.2.1 TN system

An overcurrent protective device shallsbe so selected that its operating characteristics meet
the following requirement:

<Y
ZS
where
1 is the current in amperes (A) causing the automatic operation of the disconnecting

device. ~within the time specified in IEC 60364-4-41:2005 and IEC 60364-4-
41:2005/AMD1:2017, 411.3.2.2 or 411.3.2.3.

Zg is.the impedance in ohms (Q) of the fault loop comprising

+ the source,

— the line conductor up to the point of the fault, and

— the protective conductor between the point of the fault and the source;
U, isthe nominal AC or DC line-to-earth voltage in volts (V).

531.2.2.2 TT system

According to IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD 1:2017, 411.5.2, RCDs
shall generally be used for protection against electric shock in TT systems.

Overcurrent protective devices may alternatively be used for this purpose, provided a suitably
low value of earth fault loop impedance is permanently and reliably ensured.
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Where, exceptionally, an overcurrent protective device is used for this purpose, it shall be so
selected that its operating characteristics meet the following requirement.

U
I, <—2%
a Zs
where
I is the current in amperes (A) causing the automatic operation of the disconnecting

device within the time specified in IEC 60364-4-41:2005 and |EC 60364¢4-
41:2005/AMD1:2017, 411.3.2.2 or 411.3.2.4;

is the impedance in ohms (Q) of the fault loop comprising

— the source,

— the line conductor up to the point of the fault,

— the protective conductor of the exposed-conductive-parts,
— the earthing conductor,

— the earth electrode of the installation, and

— the earth electrode of the source;

U, is the nominal AC or DC line-to-earth voltage in volts (V).

o

531.2.2.3 IT system

Devices shall be suitable for IT systems in accordance \with the manufacturer instructions.

The overcurrent protective devices shall be so\Selected that their operating characteristics
comply with the following requirement:

a) Where exposed-conductive-parts are interconnected by a protective conductor collectively
earthed to the same earthing arrangement, the following conditions shall be fulfilled:

o where the neutral or mid-paint«conductor is not distributed:

U
I <
27,

e or where the néutral or mid-point conductor is distributed:

I, < U°,
2Zg
where
U is the nominal AC or DC voltage in volts (V) between line conductors;
U, is the nominal AC or DC voltage in volts (V) between line conductor and neutral or

mid-point conductor, as appropriate;

is the impedance in ohms (Q) of the fault loop comprising the line conductor and
the protective conductor of the circuit;

is the impedance in ohms (Q) of the fault loop comprising the neutral or mid-point

conductor and the protective conductor of the circuit;

is the current in amperes (A) causing operation of the protective device within the
time required for TN systems in I|EC 60364-4-41:2005 and IEC 60364-4-
41:2005/AMD1:2017, 411.3.2.2 or 411.3.2.3.

NOTE The factor 2 in both formulas takes into account that in the event of the simultaneous occurrence of two
faults, the faults may exist in different circuits.
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b) Where the exposed-conductive-parts are earthed in groups or individually, the following
condition applies:

e In alternating current

250
Rp

where

Ry is the sum of the resistances in ohms (Q) of the earth electrode and the protective
conductor to the exposed-conductive-parts;

I, is the current in amperes (A) causing automatic disconnection of the pretective
device in a time complying to that for TT systems in IEC 60364-4-41.2005 and
IEC 60364-4-41: 2005/AMD1:2017, 411.3.2.2 or 411.3.2.4.

In direct current, in accordance with |IEC 60364-4-41:2005 and I|EC,60364-4-41:2005/
AMD1:2017, 411.6.2, no requirement is needed.

531.2.3 Residual current protective devices
531.2.3.1 General conditions of installation

An RCD shall disconnect all live conductors in the circuit, protected, except as permitted in
531.2.3.5.1.

For a multiphase supplied installation, where therelis subdivision into single phase final
circuits, protection by individual RCDs is recommended. Where time delayed RCDs (CBRs
(circuit breaker incorporating residual current‘protection), and MRCD (modular residual
current device) in conjunction with circuit-breakers, according to IEC 60947-2) are used, the
setting of the time delay shall be in accordance with IEC 60364-4-41:2005 and IEC 60364-4-
41:2005/

AMD1:2017, 411.3.2.

Where a modular RCD is used,~an"MRCD according to IEC 60947-2:2016, Annex M shall be
selected and used in conjunction’with a circuit breaker in accordance with IEC 60947-2.

A protective conductor shall not pass through the sensor of an MRCD. However, where such
passing is unavoidable;* for example in case of armoured cables, the protective conductor
alone shall be passed again through the sensor but in the reverse direction. The protective
conductor shall b@) insulated and shall not be earthed between the first and the second
passing.

531.2.3.2 “Unwanted tripping
To reduce the risk of unwanted tripping, the following shall be considered:

& . subdivision of electrical circuits with individual associated RCDs so that the accumulated
protective conductor currents and/or leakage currents likely to occur during normal
operation downstream of an RCD is less than 0,3 times the value of the rated residual
operating current (I,,) of the RCD. See also IEC 60364-1:2005, Clause 314 and
IEC 60364-5-51:2005, Clause 516,

Py coordination of acanaral tuna P CNc calactiva tvna PCNDe (1 o tvyn
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IEC 61008-1, IEC 61009-1 or IEC 62423) and time delayed R bs (i.e. CBRs, MRCDs
according to IEC 60947-2), and

e coordination of RCDs with surge protective devices (SPDs).
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531.2.3.3 Types of RCDs
531.2.3.3.1 Selection of type of RCD

Lo l
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components of the residual current to be interrupted.

531.2.3.3.2 Selection of the types of RCDs connected in series

Wherever an RCD type A, F or B is installed downstream of another RCD, the upstream RCD

e shall comply at least with the requirements of the type of the downstream RCD, or

e shall be coordinated with the downstream RCD, in accordance with the manufacturer’s
instructions.

NOTE See Annex G for the different types of RCDs and their behaviour with fault currents.
531.2.3.4 Selection according to the accessibility to the installation
531.2.3.4.1

In AC installations where RCDs are accessible to ordinary persons’(BA1), children (BA2) or
handicapped persons (BA3), residual current protective devicesyshall comply with

e |EC 61008-2-1 for RCCBs, or
e |EC 61009-2-1 for RCBOs, or
e |EC 62423 for RCCBs and RCBOs.

531.2.3.4.2

In AC installations where RCDs are accessible only to instructed persons (BA4) or skilled
persons (BA5), residual current protectiveydevices shall comply with

e |EC 61008 (all parts) for RCCBs,\or
e |EC 61009 (all parts) for RCBOs, or
e |EC 62423 for RCCBs and RCBOs, or
e |EC 60947-2 for CBRs"“and MRCDs.

NOTE

RCCB is a residual current operated circuit breaker without integral overcurrent protection.
RCBO is a residual current operated circuit breaker with integral overcurrent protection.
CBR is a circuit breaker incorporating residual current protection.

MRCPDis.a modular residual current device, in conjunction with a circuit-breaker.

531°2.3.4.3
In DC installations, IEC TS 63053 may be used as a reference for DC-RCDs.

531.2.3.5 Selection of RCD according to the type of system earthing

531.2.3.5.1 TN systems

A PEN conductor shall not be used on the load side of an RCD.

In a TN-S system and in the part of a TN-C-S system, where the neutral and protective
functions are provided by separate conductors, the neutral conductor need not be
disconnected if the neutral conductor is considered to be reliably at earth potential.
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In TN-C systems RCDs shall not be used.

The characteristics of the RCD, except those selected according to IEC 60364-4-41:2005 and
I[EC 60364-4-41:2005/AMD1:2017, 411.3.3, shall be such that:

el
ZS
where
I, is the current in amperes (A) causing the automatic operation of the disconnecting device

within the time specified in IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMDRJ32017,
411.3.2.2 or 411.3.2.3;

Zg is the impedance in ohms (Q) of the fault loop comprising

— the source,

— the line conductor up to the point of the fault, and

— the protective conductor between the point of the fault and the source;
U, is the nominal AC or DC line-to-earth voltage in volts (V).

531.2.3.5.2 TT systems

In AC installations the characteristics of the RCD, except those selected according to
IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, 411.3.3, shall be such that:

-
R

where

R, is the sum of the resistance in0hms (Q) of the earth electrode and the protective
conductor to the exposed conductive-parts;

is the current in amperes (AJ) causing the automatic operation of the disconnecting device
within the time specified_in"IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017,
411.3.2.2 or 411.3.2.4.

NOTE The disconnecting times according to IEC 60364-4-41:2005 and |IEC 60364-4-41:2005/AMD1:2017,
Table 41.1 relate to prespective residual currents significantly higher than the rated residual operating current
of the RCD (typically=5 7, ).

Where the value-of R, is not known, it shall be replaced by Z; (see 531.2.2.2).

531.2.3.5.3” IT systems
531(2:3.5.3.1 Disconnection at first fault condition for IT public distribution systems

Where the disconnection at the first fault is to be achieved by an RCD, the rated residual
operating current of the RCD shall be selected to be less or equal to the current which
circulates on the first fault to earth.

NOTE Where the current circulating during the first fault is not known or cannot be calculated, the current in mA
can, for IT installations connected to a network, be estimated to 0,5 times the value of the rated power of the

transformer given in kVA.
531.2.3.5.3.2 Disconnection at second fault condition

Where the automatic disconnection of supply at a second fault is to be achieved by an RCD,
that RCD shall be installed in the final circuit to be protected. The rated residual current of the
RCD shall be greater than 2 times the current which circulates on the first fault to earth of
negligible impedance affecting a line conductor.
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After the occurrence of a first fault, conditions for automatic disconnection of supply in the
event of a second fault occurring on a different live conductor shall be as follows:

a) Where exposed-conductive-parts are interconnected by a protective conductor collectively

edrtned 1o e sdme edrining arrangemerit, te 1onowing condarton snall be Tultiieda.

e where the neutral or mid-point conductor is not distributed:

U

I <
&= 2z

e or where the neutral or mid-point conductor is distributed:

where

is the nominal AC or DC voltage, in volts (V) between line-.conductor and neutral
conductor or mid-point conductor, as appropriate;

U is the nominal AC or DC voltage in volts (V) between line conductors;

is the impedance in ohms (Q) of the fault loop comptising the line conductor and
the protective conductor of the circuit;

is the impedance in ohms (Q) of the fault logp comprising the neutral conductor and
the protective conductor of the circuit;

is the current in amperes (A) causing the-automatic operation of the disconnecting
device within the time specified. iR IEC 60364-4-41:2005 and |EC 60364-4-
41:2005/AMD1:2017, 411.3.2.2 oy441.3.2.4.

The times stated in IEC 60364-4-41:2005 and |IEC 60364-4-41:2005/AMD1:2017, Table 41.1
for the TN system apply to IT systems$ with a distributed or non-distributed neutral conductor
or mid-point conductor.

NOTE 1 The factor 2 in both formulas‘takes into account that in the event of the simultaneous occurrence of two
faults, the faults can exist in different ¢circuits.

b) In AC installations where the exposed-conductive-parts are earthed in groups or
individually, the following condition applies:

)
Rp

where

RAuis  the sum of the resistances in ohms (Q) of the earth electrode and the protective
conductor to the exposed-conductive-parts;

I

a is the current in amperes (A) causing the automatic operation of the disconnecting

device within the time specified in IEC 60364-4-41:2005 and IEC 60364-4-
41:2005/AMD1:2017, 411.3.2.2 or 411.3.2.4.

NOTE 2 The disconnecting times according to IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, Table
41.1 relate to prospective residual fault currents significantly higher than the rated residual operating current of the

RCD (h}/pir\all\il 5 ’An)
531.3 Equipment for protection by double or reinforced insulation
531.3.1 General

For compliance with [|EC 60364-4-41:2005 and |EC 60364-4-41:2005/AMD 1:2017,
Clause 412, electrical equipment shall be selected as follows:
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a) electrical equipment marked with the symbol | [_]| (IEC 60417-5172:2003-02-18); or

b) electrical equipment declared in the relevant product standard or by the manufacturer as
equivalent to Class ll; or

c) electrical equipment with basic insulation only: supplementary insulation shall be provided
by an enclosure of at least IPXXB or IP2X, or by a process of installation providing the
equivalent level of safety; or

d) electrical equipment having uninsulated live parts shall have reinforced insulation provided
by an enclosure of at least IPXXB or IP2X, or by a process of installation providing the
equivalent level of safety.

In the case of equipment covered by c) or d) above, 531.3.2 to 531.3.6 apply.

531.3.2
The following requirements apply as specified:

— the insulating enclosure shall not be traversed by conductive partsilikely to transmit a
potential; and

— the insulating enclosure shall not contain any screws or other, fixing means of insulating
material which might need to be removed, or are likely to beremoved, during installation
and maintenance and whose replacement by metallic serews or other fixing means could
impair the enclosure’s insulation.

Where the insulating enclosure has to be traversed byjmechanical joints or connections (e.g.
for operating handles of built-in apparatus), these)should be arranged in such a way that
protection against shock in case of a fault is not impaired.

531.3.3

Where lids or doors in the insulating enclosure can be opened without the use of a tool or key,
all conductive parts which are acgessible if the lid or door is open shall be behind an
insulating barrier (providing a degree’ of protection not less than IPXXB or IP2X) preventing
persons from coming unintentionally into contact with those conductive parts. This insulating
barrier shall be removable only by use of a tool or key.

531.3.4

Conductive parts enclosed in the insulating enclosure shall not be connected to a protective
conductor. However, provision may be made for connecting protective conductors which
necessarily run through the enclosure in order to serve other items of electrical equipment
whose supplyocircuit also runs through the enclosure. Inside the enclosure, any such
conductors_and their terminals shall be insulated as though they were live parts, and their
terminals’shall be marked as PE terminals.

531.375
Accessible-conductive-parts and intermediate parts shall not be connected to a protective

conductor unless specific provision for this is made in the specifications for the equipment
concerned.

531.3.6

The enclosure shall not adversely affect the operation of the equipment protected in this way.
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531.3.7

The installation of equipment mentioned in I[EC 60364-4-41:2005 and I|EC 60364-4-
41:2005/AMD1:2017, 412.2.1 (fixing, connection of conductors, etc.) shall be effected in such

d Wdy as NOL 1O Impalr the protecuon altroraeda In compltiance with the equiprment specitication.

531.4 Equipment for protection by electrical separation

The equipment selected for electrical separation, for example safety isolating transformer in
accordance with IEC 61558-2-6, shall provide at least simple separation between incoming
and outgoing terminals and the separated side shall be installed so that it is isolated from
other circuits and earth.

531.5 Equipment for protection by extra-low-voltage provided by SELV andRPELV
systems

531.5.1 Sources for SELV or PELV systems
The following sources may be used for SELV or PELV systems:

e A safety isolating transformer in accordance with IEC 61558-2-6.

e A source of current providing a degree of safety equivalent\to that of the safety isolating
transformer specified above (e.g. motor generator with® windings providing equivalent
isolation).

e An electrochemical source (e.g. a battery) or another source independent of a higher
voltage circuit (e.g. a diesel-driven generator).

e Certain electronic devices complying with appropriate standards where provisions have
been taken in order to ensure that, even in-the case of an internal fault, the voltage at the
outgoing terminals cannot exceed the/ values specified in |IEC 60364-4-41:2005 and
IEC 60364-4-41:2005/AMD1:2017, 414.1\1. Higher voltages at the outgoing terminals are,
however, permitted if it is ensured that)'in case of contact with a live part or in the event of
a fault between a live part and-an exposed-conductive-part, the voltage at the output
terminals is immediately reduced“to those values or less.

NOTE 1 Examples of such devices,include insulation testing equipment and monitoring devices.

NOTE 2 Where higher voltages exist at the outgoing terminals, compliance with 5631.5 can be assumed if the
voltage at the outgoing terminals is within the limits specified in IEC 60364-4-41:2005 and IEC 60364-4-
41:2005/AMD1:2017, 414:1.1 when measured with a voltmeter having an internal resistance of at least 3 000
Q.

e Mobile sources~supplied at low voltage, for example safety isolating transformers or motor
generators, (shall be selected or erected in accordance with the requirements for
protection(by the use of double or reinforced insulation (see IEC 60364-4-41:2005 and
IEC 60864-4-41:2005/AMD1:2017, Clause 412).

531.5:2\" Selection of plugs and socket-outlets

Plugs and socket-outlets in SELV or PELV systems shall comply with the following
requirements:

— plugs shall not be able to enter socket-outlets of other voltage systems;

— socket-outlets shall not admit plugs of other voltage systems;

— plugs and socket-outlets in SELV systems shall not have a protective contact.

NOTE For socket-outlets according to IEC 60884-1 the protective contact is referred to as earthing contact.
531.6 Devices for additional protection

A PEN conductor shall not be used on the load side of an RCD.
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In AC installations, an RCD used for additional protection shall have a rated residual
operating current not exceeding 30 mA and shall be selected according to the requirements of
531.2.3.1 t0 5631.2.3.4.

In AC installations, when installed at the origin of a final circuit, an RCD with a rated residual
current not exceeding 30 mA may ensure simultaneously fault protection and additional
protection. In this case, not all final circuits supplied by a common distribution circuit shall be
disconnected by this RCD.

NOTE Correct assignment of the final circuits to the common RCD will contribute to continuity of the supply (see
531.3.2).

In AC installations, an RCD for protection of socket-outlets shall be installed at the erigin of
the final circuit except where this additional protection is provided by RCDs integral ‘with all
the socket-outlets of the circuit or associated with all fixed socket-outlets within-the same
mounting box or in the immediate vicinity, see for example IEC 62640.

RCDs for protection of luminaires shall be installed at the origin of the finakgircuit.

In DC installations, an RCD used for additional protection shall< have a rated residual
operating current not exceeding 80 mA, and shall be selected aceording to the requirements
of 531.2.3.1 to 531.2.3.4.

531.7 Monitoring devices

In IT-systems the following monitoring devices may* be used to detect insulation fault
conditions:

— Insulation monitoring devices (IMDs) selected and erected in accordance with 537.1.2;
— residual current monitors (RCMs) selected’and erected in accordance with 537.1.3;

— equipment for insulation fault location.selected and erected in accordance with 537.2.1.
532 Devices and precautions.{or protection against thermal effects

532.1 General

Devices shall be mounted so as to allow, under all operating conditions to be expected at the
point of installation, safe’ dissipation of heat or arcs/sparks which could cause harmful thermal
effects.

Protective devices shall be installed as close as practically possible to the origin of the circuit
to be protected.

532.25.\'Locations with a particular risk of fire

532.2.1 General

NOTE Locations with a particular risk of fire are defined in IEC 60364-4-42.

Devices in the fixed installation or in equipment incorporated in the fixed installation and used
for protection against thermal effects shall not be provided with automatic re-closure.

532.2.2 Locations with external influences BD2, BD3 or BD4

With the exception of devices to facilitate evacuation, switchgear and controlgear devices in
locations with external influences BD2, BD3 or BD4 shall be accessible only to authorized
persons. Where installed in passages, switchgear and controlgear devices shall be placed
within enclosures complying with IEC 60670-24, IEC 61439-2, IEC 61439-3 or IEC 62208.
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532.2.3 Locations with external influences BE2

532.2.3.1 General

o tale £ 4 ' 4 1 + lad. I Ul 1 <l taial 1 i i
UVVILUIIHUOI TU1 PIULUULIUII, CUTItrur Ul ouUIdtlivll oliaill ucT plaucu UUloIutT 1ULativiilo }JIUDUIIUIIU
external condition BEZ2, unless it is in an enclosure providing a degree of protection
appropriate for such a location of at least:

e |P4X, or
e |P5X in the presence of dust, or

e |P6X in the presence of conductive dust.

Unless specifically designed to be inherently heat-limiting, in all operational modes,/motors
shall be protected against excessive temperature by a motor protective device with manual
reset.

532.2.3.2 Selection of residual current protective devices (RCD)

Where an RCD for protection against thermal effects is required, the rated residual operating
current shall be in compliance with IEC 60364-4-42:2010° and IEC 60364-4-
42:2010/AMD1:2014, 422.3.9.

RCDs shall comply with IEC 61008 (all parts), IEC 61009 (all’parts), IEC 62423 or IEC 60947-
2 and shall comply with the requirements of 531.2.2.

An RCD shall ensure the disconnection of all live conductors of the circuit protected.

532.2.3.3 Selection of residual current monitoring device (RCM) in IT systems

Where an RCM is selected preventing the,risk of fire in compliance with IEC 60364-4-42:2010
and IEC 60364-4-42:2010/AMD1:2014, 422.3.9 b), the rated residual warning level shall not
exceed 300 mA and shall be less thanor equal to the expected first fault current.

It is recommended to set the response value to a reasonable lower value to indicate a fault as
early as possible.

RCMs shall comply with I[EC 62020.

532.2.3.4 Selection of insulation monitoring devices (IMDs) in IT systems

Where an IMDxis selected preventing the risk of fire in compliance with IEC 60364-4-42:2010
and |IEC 60364-4-42:2010/AMD1:2014, 422.3.9 b), the response value shall not be lower than:

e 100%Q/V except in a public distribution system with a galvanic supply, the value shall not
be\lower than 40 Q/V; or

e .50 % of the insulation resistance without insulation failure and full load.

It is recommended to set the response value to a reasonable higher value to indicate a fault
as early as possible.

IMDs shall comply with IEC 61557-8.

532.3 Selection of arc fault detection devices (AFDD)

Where an AFDD is specified for the protection against arc faults in accordance with
IEC 60364-4-42:2010 and IEC 60364-4-42:2010/AMD1:2014, 421.7, the following applies:

e the AFDD shall comply with IEC 62606;
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e the AFDD shall be placed at the origin of the final circuit to be protected;

e the AFDD shall be erected and coordinated in accordance with the manufacturer's
instructions.

NOTE AFDDs according to IEC 62606 can include other protective capabilities, i.e. overcurrent protection and/or
residual current protection.

533 Devices for protection against overcurrent

533.1 General requirements
533.1.1 General

Clause 533 provides requirements for the selection and erection of overcurrent protective
devices where required by IEC 60364-4-43.

A protective device that may be operated by persons other than instructed-persons (BA4) and
skilled persons (BA5) shall be so selected or installed that access.o its overcurrent
characteristic settings, if any, is only possible with a deliberate act involving the use of a key,
padlock, tool, password or similar, and resulting in a visible indication®of its setting.

533.1.2 Compliance with standards
533.1.2.1 General

Devices for protection against overcurrent shall comply with at least one of the following
standards:

e |EC 60269-2;

e |EC 60269-3;

e |EC 60269-4;

e |EC 60898 (all parts);
e [EC 60947-2;

e |EC 60947-3;

e |EC 60947-6-2;

o |EC 61009 (all parts);
e |EC 62423.

533.1.2.2 Applicability of devices

Circuit-breakers according to IEC 60947-2 identified with voltage value(s) followed by the

symbol )’( (IEC 60417-6363:2016-07-16) or by the symbol @ shall not be used in IT
systems for such voltage(s) or above.

Circuit-breakers according to IEC 60947-2 identified with the symbol ¥ (IEC 60417-

6363:2016-07-16) or by the symbol @ with no associated voltage value, shall not be used in
IT systems.

IEC 62423 is only applicable for residual current operated circuit-breakers with integral
overcurrent protection (RCBOs).

IEC 60947-3 is only applicable for devices in combination with fuses, i.e. switch-fuses, fuse-
switch, disconnector-fuse, fuse-disconnector, switch-disconnector-fuse and fuse-switch-
disconnector.
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The following devices provide protection against short-circuit current only and therefore shall
not be used for overload protection:

e instantaneous trip circuit-breakers (ICB) complying with IEC 60947-2:2016, Annex O;

e aM and aR type fuses complying with IEC 60269-2 or IEC 60269-3.
533.1.3 Fuses

533.1.3.1 A fuse base using screw-in fuses shall be connected so that the centre contact is
connected to the conductor from the supply and the shell contact is connected to the
conductor to the load.

Fuse bases shall be arranged so as to exclude the possibility of the fuse carrier\making
contact between conductive parts belonging to adjacent fuse bases.

Fuse bases in accordance with IEC 60269-3 shall be used together with|gauge pieces
preventing the use of fuse-links of higher rated current. The gauge piege, is superfluous in
cases where the fuse-link with the highest rated current within the fuse_system is acceptable
for the purpose of protection.

For protection of DC circuits or DC applications, only fuse sysiems (e.g. fuse-holder, fuse
base) that are marked by the manufacturer as suitable for dire¢tl current shall be used.

533.1.3.2 Fuses having fuse-links intended to be removed or replaced by persons other than
instructed persons (BA4) or skilled persons (BA5), shall,comply with IEC 60269-3.

Fuses or combination units having fuse-links inténded to be removed and replaced only by
instructed persons (BA4) or skilled persons (BAS), shall be installed in such a manner that it
is ensured that the fuse-links can be remaved or replaced without unintentional contact with
live parts. These devices shall be erected in such a manner that they are not accessible to
ordinary persons.

533.2 Selection of devices for'protection against overload current

533.2.1 General

Protective devices shall be’selected to fulfil the following requirements:

a) the rated currenti@f’the current setting of the protective device, /,,, is greater than or equal

to the design current of the circuit, /g; and

b) the rated current or the current setting of the protective device, 1, is less than or equal to
the current-carrying capacity of the cable, I,; and

c) the current ensuring effective operation within the conventional time of the protective
device I,, is less than or equal to the current carrying capacity of the cable, 7,, multiplied
by)the factor 1,45.

Compliance with a), b) and c) may not ensure protection in certain cases, for example where
sustained overcurrents less than I, occur. In such cases, consideration should be given to
selecting a cable with a larger cross-sectional area or to selecting a device having a value of
I, equal to or less than /,.

NOTE 1 R\l anl\nnn h\ rnnnnrnmnnf r\\ is—automatically fulfilled where nrr\fnr\hun devices-—are-in hnmnlnanr\n with

IEC 60898 (aII parts) IEC 60947 2, IEC 61009 (all parts) or RCBOs complylng with I[EC 62423.

The current I, ensuring effective operation of the protective device is provided by the
manufacturer.



https://iecnorm.com/api/?name=56158cb6e2ca23d1736486f57e503ec4

IEC 60364-5-53:2019+AMD1:2020 - 27 - FINAL VERSION
+AMD2:2024 CSV © IEC 2024

The current ensuring effective operation in the conventional time of protective devices may
also be named I, I, or I; according to the product standards. Both /; and I; are multiples of I,
and attention should be given to the correct representation of values and indexes.

Where the copper equivalent cross-sectional area of the neutral conductor is less than that of
the line conductors, overload protection for the neutral conductor shall be provided in
accordance with IEC 60364-4-43. For the purposes of this requirement, the current carrying
capacity for the neutral conductor shall be ascertained, for example by obtaining it from the
manufacturer.

NOTE 2 The current-carrying capacity of the neutral conductor can be considered to be that of a circuit” with
conductors having the same cross-sectional area, construction and installation conditions (e.g. .ambient
temperature and grouping) as the neutral conductor, determined in accordance with IEC 60364-5-52:2009,
Clause 523.

533.2.2 Presence of harmonic currents

Overload protective devices shall be selected in order to operate correctly.in.the presence of
harmonic currents.

533.2.3 Unequal current sharing between parallel conductors

Where the currents in parallel conductors are unequal, eachconductor shall be individually
protected by an overload protective device according to 533.2.1.

533.3 Selection of devices for protection against;short-circuit current
533.3.1 Thermal stresses
533.3.1.1 Cables and insulated conductors
In order to comply with the requirements“of IEC 60364-4-43:2008, 434.5, for all currents
caused by a short-circuit occurring at any point of the circuit, the operating times of the
protective devices shall be equal te.or lower than that which brings the insulation of the
conductors to the highest permissibletemperature, calculated using the formula:

t < (k- SI)?

where

~

is the operating tinte, in s, of the protective device;
is the effectivelshort-circuit current, in A, expressed as an RMS value;
is the crossssectional area of the conductor, in mm2;

= n N~

is a factor taking account of the resistivity, temperature coefficient and heat capacity of the
conductor material, and the appropriate initial and final temperatures.

NOTE_1 Refer to IEC 60364-4-43 for the description and values of the factor k£ used in the above formula.

For operating times of protective devices < 0,1 s (e.g. current-limiting devices) the application
of the above requirement is achieved where the let-through energy (/2¢) of the protective
device is less than or equal to the maximum withstand energy of the conductor (k252).

12t < k2852

NOTE 2 The let-through energy of the protective device is given by the manufacturer.
533.3.1.2 Busbar trunking systems and powertracks

In order to comply with the requirements of IEC 60364-4-43:2008, 434.5.3, where busbar
trunking systems complying with IEC 61439-6 or powertrack complying with IEC 61534 (all
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parts) are used, the short-circuit protective device shall be selected according to one of the
following conditions:

e the maximum operating time of the protective device shall not exceed the maximum time

for which the Iy (fated shori-time withstand carrent) is defined for such busbar tranking
or powertrack system, or

o the rated conditional short-circuit current, I, of the busbar trunking or powertrack system
associated with a protective device, selected according to the manufacturer of the busbar
trunking or the powertrack system, is equal to or higher than the prospective short-circuit
current at the point of installation.

533.3.2 Breaking capacity

The short-circuit breaking capacity (I or I,) of the protective device shall be egual to or
higher than the maximum prospective short-circuit current at the point where it)is’ installed.
However, a lower short-circuit capacity may be selected where permitted by~ IEC 60364-4-
43:2008, 434.5.1.

In certain circumstances (e.g. where the protective device is intended to be fit for service after
breaking a short-circuit current) it may be desirable to select the protective device on the
service short-circuit breaking capacity (/¢g)-

NOTE Breaking capacities are defined as follows:

in IEC 60947-2:

— service short-circuit breaking capacity (I,g): a breaking capacity for which the conditions according to a
specified test sequence include the capability of the circuit-breaker to carry its rated current continuously;

— ultimate short-circuit breaking capacity (/;,): a breaking capacity for which the conditions according to a
specified test sequence do not include the capability of the circuit-breaker to carry its rated current
continuously.

in IEC 60898-1 and IEC 61009-1:

— service short-circuit breaking capacity (/{g): the breaking capacity for which the conditions according to a
specified test sequence include the capability of the circuit-breaker to carry 0,85 times its non-tripping current
for the conventional time;

— rated short-circuit capacity (/,,); thebreaking capacity for which the conditions according to a specified test
sequence do not include the capability of the circuit-breaker to carry 0,85 times its non-tripping current for the
conventional time.

533.4 Positioning of.avercurrent protection devices
533.4.1 General

Devices requiréd by IEC 60364-4-43 for overload and/or short-circuit protection shall be
installed at:the origin of each circuit, unless the exceptions of 533.4.2 and/or 533.4.3 are
applied, see/Annex A.

53342 Positioning of devices for overload protection
533.4.2.1 A device for protection against overload shall be placed at each point where there

is a reduction in the value of current-carrying capacity of the conductors except where
IEC 60364-4-43:2008, 533.4.2.2, 533.4.2.3, 533.4.2.4 or 433.3 apply.

The requirements in 533.4.2.2 to 533.4.2.4 shall not be applied to installations situated in

locations - pnresentina-a fira risk or risk of axnlosion
tocaHoRspreseRtHhRgatHeHSKOFHHSK—OHBXPHostoh-

NOTE A reduction in the current-carrying capacity of the conductors could be due to a change in, for example:
e conductor cross-sectional area,

e conductor material,

e conductor insulation material,

. method of installation,
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e external influences,

e grouping of conductors.

533.4.2.2 The device protecting the conductor against overload may be connected within the

run of that conductor IT:

a) the part of the run between the point where a reduction in the value of current-carrying
capacity occurs (see note in 533.4.2.1) and the position of the protective device has
neither a branch circuit nor a socket-outlet, and

b) it fulfils at least one of the following two conditions:

1) it is protected against short-circuit current in accordance with the requirements stated
in IEC 60364-4-43:2008, Clause 434;

2) its length does not exceed 3 m, it is carried out in such a manner as to reduceé the risk
of short-circuit to a minimum, and it is installed in such a manner as to'reduce to a
minimum the risk of fire or danger to persons (see also 533.4.3.2).

NOTE For installations according to 1), see Figure A.1. For installation according to 2)'see Figure A.2.
533.4.2.3 Devices for protection against overload need not be provided:

a) for a conductor situated on the load side of a reduction in the“value of current-carrying
capacity of the conductors, that is effectively protected against overload by a protective
device placed on the supply side; or

b) at the origin of an installation where the distributor provides an overload device and
agrees that it affords protection to the part of the,installation between the origin and the
main distribution point of the installation where furthier overload protection is provided.

533.4.2.4 In IT systems without a neutral conductor, the overload protective device may be
omitted in one of the line conductors if a residual current protective device is installed in each
circuit.

533.4.3 Positioning of devices for short-circuit protection

533.4.3.1 A device for protection{ against short-circuit shall be placed at the point where
there is a reduction of the let through energy withstand capability (k252) of the conductor,
except where IEC 60364-4-43:2008, 533.4.3.2, 533.4.3.3 or 434.3 applies.

NOTE The let through energy withstand capability (k252) of the conductor is determined in accordance with
IEC 60364-4-43:2008, 434.5:

The requirementscin 533.4.3.2 and 533.4.3.3 shall not be applied to installations situated in
locations presenting a fire risk or risk of explosion.

533.4.3.2 "Where permitted by IEC 60364-4-43:2008, 434.2.1, the device for protection
againstishort-circuit may be placed other than as specified in 533.4.3, provided

a)the part of the run between the point where there is a reduction of the let through energy
withstand capability (k252) and the position of the protective device has neither a branch
circuit nor a socket-outlet, and

b) that part of the conductor
1) does not exceed 3 m in length, and
2) is installed in such a manner as to reduce the risk of a short-circuit to a minimum, and

NOTE 1 This condition can be obtained for example by reinforcing the protection of the wiring against
external influences.

NOTE 2 See Figure B.1.
3) is not placed close to combustible material.
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533.4.3.3 A protective device may be placed on the supply side of the point where there is a
reduction of the let through energy withstand capability (k252), provided that it possesses an
operating characteristic such that it protects the wiring situated on the load side of that point
against short-circuit, in accordance with IEC 60364-4-43:2008, 434.5.2.

NOTE The requirements of 533.4.3.3 can be met by the method given in Annex B.

533.4.3.4 Devices for protection against short-circuit need not be provided at the origin of an
installation where the distributor installs one or more devices providing protection against
short-circuit and agrees that such a device affords protection to the part of the installation
between the origin and the main distribution point of the installation where further short-circuit
protection is provided.

533.5 Co-ordination of overload and short-circuit protective functions
533.5.1 Protective functions provided by one device

A protective device providing protection against overload and short-circuit gurrents shall fulfil
the applicable requirements of 533.1 to 533.4.

533.5.2 Protective functions provided by separate devices

The requirements of 533.1 to 533.4 apply, respectively, to overload protective devices and
short-circuit protective devices. In addition, those devices¢shall be coordinated according to
manufacturer’s instructions, if any, regarding the suitability of devices to be used in
combination with each other.

534 Devices for protection against transient overvoltages

534.1 General

This clause contains provisions for th€-application of voltage limitation to obtain an insulation
coordination in the cases described in IEC 60364-4-44, I|EC 60664-1, IEC 62305-1,
IEC 62305-4 and IEC 61643-12. See also Annex C.

This clause focuses mainly con the requirements for the selection and erection of SPDs for
protection against transient' overvoltages where required by Clause 443 of IEC 60364-4-
44:2007, the IEC 62305:series, or as otherwise specified.

This clause does_not take into account:

— surge protéctive components which may be incorporated in the appliances connected to
the installation;

— portable SPDs.

NOTE./Further information can be found in IEC 61643-12.

Annex H provides additional information for the application of DC SPDs.

534.2 Void
534.3 Void

534.4 Selection and erection of SPDs
534.4.1 SPD location and SPD test class

SPDs shall at least be installed as close as possible to the origin of the installation. For
protection against effects of lightning and against switching overvoltages, class Il tested
SPDs shall be used.
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Where the structure is equipped with an external lightning protection system or protection
against effects of direct lightning is otherwise specified, class | tested SPDs shall be used.

Where the structure is not equipped with_an_external lightning protection system and where

the occurrence of direct lightning strike to the overhead lines between the last pole and the
entrance of the installation is to be taken into consideration, class | tested SPDs at or near
the origin of the electrical installation may be also selected according to Annex D.

NOTE 1 The origin of the installation could be the location where the supply enters the building or the main
distribution board.

NOTE 2 Following the product standard, the marking of the product is as follows:
— for test class I: "test class I" and/or "" (T1 in a square);
— for test class Il: "test class II" and/or "" (T2 in a square);

— for test class Ill: "test class 11" and/or "" (T3 in a square).

Additional class Il tested or class Il tested SPDs may be needed to sufficiently protect the
installation according to 534.4.4.2 and shall be located downstream/in the fixed electrical
installation, for example in the sub-distribution boards or at the socket outlets. These SPDs
shall not be used without SPDs being installed at the origin of-the installation and shall be
coordinated with SPDs located upstream (see 534.4.4.5).

If a class | tested SPD is not able to provide protectionyaccording to 534.4.4.2, it shall be
accompanied by a coordinated class |l tested or class /I tested SPD to ensure the required
voltage protection level.

Additional class Il tested SPDs or class Il tested SPDs may be needed close to sensitive
equipment to sufficiently protect the equipment according to IEC 60364-4-44:2024, Table 3
and shall be coordinated with SPDs located upstream.

NOTE 3 Such additional SPDs may be part/of,the fixed electrical installation or may be portable SPDs.

Additional SPDs may be necessary to provide transient overvoltage protection regarding
threats coming from other souf¢es such as:

— switching overvoltages.®” produced by current using equipment located within the
installation;

— overvoltages on.other incoming services such as telephone lines, internet connections;

— overvoltages*on other services feeding other structures such as secondary buildings,
external installations/lighting, power lines feeding external sensors;

in which case one should consider installing SPDs located as close as possible to the origin
of suchtthreats. More information may be found in IEC 61643-12.
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Distribution circuits
e.g. sub-distribution board

At or near the origin
of the installation
e.g. main distribution board

Close to sensitive equipment

Class | tested SPD Class |l tested SPD Class lItested SPD
and/or or or
Class |l tested SPD Class lll tested SPD Class\ll tested SPD

Figure 1 — Example of installation of class I, class Il and,¢lass Ill tested SPDs

The presence of SPDs installed downstream of a distribution board (e.g. in a socket-outlet)
shall be permanently indicated (e.g. by a label) in this distribution board.

534.4.2 Transient overvoltage protection requirements
Protection against transient overvoltages may be;provided:

— between live conductors and PE (commafr mode protection);
— between live conductors (differential mede protection).

NOTE 1 Connection type CT1 provides primarily common mode protection. If differential mode protection is also
necessary, this will in most cases require @dditional SPDs between live conductors.

NOTE 2 Connection type CT2 provides a combination of common mode protection and differential mode
protection.

Protection between live, conductors and PE (including neutral to PE if there is a neutral
conductor) is compulsory.

Protection betweenh line conductors and neutral (if there is a neutral conductor) is
recommended‘te-ensure equipment protection.

Protection between line conductors (in the case of multiple phases) is optional.

Some/ equipment may require both common mode protection (for impulse withstand) and
differential mode protection (for impulse immunity).

NOTE 3 For example, electronic class | equipment or class Il equipment with FE-connection requires common
mode as well as differential mode protection to ensure overall protection against transient overvoltages due to
switching or from atmospheric origin.

53443 Connection types

Connection type CT1 (e.g. 3+0 or 4+0-configuration): SPD assembly providing a mode of
protection between each live conductor (line and neutral conductors, if available) and PE or
between each line conductor and PEN.

Two examples of connection type CT1 for application in a three-phase system are
represented in Figure 2 and in Figure 3.
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Connection type CT2 (e.g. 3+1-configuration): SPD assembly providing a mode of protection
between each line conductor and the neutral conductor, and between the neutral conductor

and PE.

An example of connection type CT2 for application in a three-phase system is represented in
Figure 4.

L1 L2 L3 N

PE

Figure 2 — Connection type CT1 (4+0<configuration)
for a three-phase system with’neutral

L1 L2 E3

PEN

Figure 3'=Connection type CT1 (3+0-configuration) for a three-phase system
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L1 L2 L3 N
@ o

oTuTw

ovow

O
PE

Figure 4 — Connection type CT2 (e.g. 3+1-configuration)
for a three-phase system with neutral

When assembling SPDs, attention should be drawn to the selection @f-parameters for SPDs
connected between N and PE, depending on the connection type.

In TN-S or TN-C-S systems, the SPD between neutral and PE may be omitted if the distance
between the separation point of PE to N and the locationsofothe installed SPDs is less than
0,5 m or if the separation point and the SPDs are locatedin the same distribution board.

If a line conductor is earthed, it is considered telbe technically equivalent to a neutral
conductor for the application of this subclause.” However correct choice of the SPD
parameters requires special considerations in such case.

534.4.4 Selection of SPDs
534.4.4.1 General
The selection of SPDs shall be based on the following parameters:

— voltage protection level (¥,) and rated impulse voltage (Uyy) of equipment to be protected
(see 534.4.4.2);

— continuous operatingivoltage (U,), i.e. supply system (TT, TN, IT) (see 534.4.4.3);
— nominal discharge current (/,) and impulse discharge current (Iimp) (see 534.4.4.4);
— SPD coordination (see 534.4.4.5);

— expected.short-circuit current (see 534.4.4.6);

— follow current interrupting rating (see 534.4.4.7).

SPDsfor use in AC circuits shall comply with the requirements of IEC 61643-11.

NOTE 1 Additional information regarding selection and application is given in IEC 61643-12.

NOTE 2 |EC 61643-41 Low-voltage surge protective devices — Part 41: Surge protective devices connected to DC
low-voltage power systems — Requirements and test methods, is under development.
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534.4.4.2 Selection of voltage protection level (Up) as a function of equipment rated
impulse voltage (Uyy)

The voltage protection level Up of SPDs between live conductors and protective earthing

CONAauctors Shall De selected I acCoraance witln tne required rated I1mpuise vollade Ol e
equipment and not exceed the value specified for overvoltage category Il in accordance with
IEC 60364-4-44:2024, Table 4.

Where protection between line conductors and PE is provided by a series connection of SPD
protection modes (e.g. single mode SPDs, line-to-neutral + neutral-to-PE, according CT2),
this series connection shall fulfill the above voltage protection level requirement.

Where such combined voltage protection level between line conductor and PE is not provided
in the data sheet of the manufacturer, it shall be calculated by addition of the voltage
protection levels given for the individual SPDs modes of protection, which are~connected in
series.

The voltage protection level provided by SPDs should not exceed 80 %_of‘the required rated
impulse voltage of the equipment and the value specified for overvoltage category Il in
accordance with IEC 60364-4-44:2024, Table 4.

This safety margin is not necessary where one of the following‘cases applies:

— where the equipment is connected directly to the SPD terminals;
— where a protection scheme according Figure 9 is already applied;

— where the voltage drop across the overcurrenthprotection in the SPD branch circuit is
already taken into account for the voltage pratection level Up;

— where protection according to overvoltage /category Il is provided but only overvoltage
category Ill or IV equipment is installed at-this location.

NOTE IEC 61643-12 gives additional information“about the rated impulse voltage of equipment and the given Up
for the SPD.

Additional SPDs between live conductors may be needed to avoid equipment malfunctions.
An appropriate voltage protection level needs to be evaluated based on equipment immunity
and availability requirementsi{see IEC 61643-12).

Where the required voltage protection level cannot be met with a single SPD assembly,
additional coordinated~SPDs shall be applied to ensure the required voltage protection level.

534.4.4.3 Selection of SPDs with regard to continuous operating voltage (U,)

In AC, the'mlaximum continuous operating voltage U, of SPDs shall be equal to or higher than
required. in Table 2.
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Table 2 — U, of the SPD dependent on supply system configuration

SPD connected System configuration of distribution network
between
/ TR DAY TN system TIT system IT system
‘ﬂD GPPIIUGMIC’ Cd 4 rd
1,10 1,1U 1,10
Line conductor NE) 33 v
and neutral conductor
or (0,64 x U) or (0,64 x U) or (0,64 x U)
1,10 1,1U
Line conductor and PE conductor 3 3 1,1xU
or (0,64 x U) or (0,64 x U)
1,10
Line conductor and PEN conductor 3 N/A NFA
or (0,64 x U)
1,10
U v K
Neutral conductor and PE conductor A % a
or (0,64 x U)
Line conductors 1,1xU 1,1xU 1,1xU

NOTE 1 N/A: not applicable.

NOTE 2 U is the line-to-line voltage of the low-voltage system.

2 These values are related to worst-case fault conditions, therefore the tolerance of 10 % is not taken into
account.

534.4.4.4 Selection of SPDs with regard-to nominal discharge current (/,,) and

impulse discharge current (Iimp)

At or near the origin of the installation, SBDs shall comply with one of the following cases, as
applicable:

— where the building is protected. against direct lightning strike, SPDs at the origin of the
installation shall be selected“according to 534.4.4.4.2 and Table 4;
— in other cases, SPDs shalll be selected according to 534.4.4.4.1.

Further SPDs installed-downstream of the SPDs at or near the origin of the installation shall
also comply with the eoordination requirements in 534.4.4.5.

Overvoltages due“to switching can be longer in duration and can contain more energy than
the transient Qvervoltages of atmospheric origin. This has to be considered for the selection of
SPDs with(regard to nominal discharge current and impulse discharge current.

534.4:4:4.1 Class Il tested SPDs

Where class Il tested SPD are required at or near the origin of installation, their nominal
discharge current shall be not less than that given in Table 3.
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Table 3 — Nominal discharge current (1)) in kA depending
on supply system and connection type

Connection Supply system
Single-phase Three-phase
CT1 CT2 CT1 CT2
L-N 5 5
L - PE 5 5
N - PE 5 10 5 20
534.4.4.4.2 Class | tested SPDs

Where class | tested SPDs are required at or near the origin of the installation, one of the
following cases applies:

a) Where no risk analysis according to IEC 62305-2 has been carried out, the impulse
discharge current (£, ) shall be not less than as given in Table 4:

Table 4 — Selection of impulse discharge current'(;,,,) where
the building is protected against direct lightning strike

Limp in kA
Supply.system
Connection
Single phase Three phase

CT1 CT2 CT1 CT2
L-N 1275 12,5
L - PE 12,5 12,5
N - PE 12,5 25 12,5 50

NOTE This table refers to lightning protection levels (LPL) Il and IV.

b) Where the risk analysis@according to IEC 62305-2 has been carried out, the impulse

discharge current ([imp) shall be determined according to the IEC 62305 series.

534.4.4.5 Coordination of two or several SPDs

Coordination of SPDs in the installation needs to be ensured. The manufacturer's instructions
on how to achieve coordination between SPDs shall be followed with reference IEC 61643-12.

534.4.4.6 Selection of SPDs with regard to the short-circuit current rating Igccr

In general, the short-circuit current rating /gccr of the SPD, as stated by the manufacturer,
shall be not lower than the maximum prospective short-circuit current at the connection points
of the SPD assembly. See Figure 5.

This requirement does not apply to SPDs connected between neutral conductor and PE in TN
or TT systems, for which this is already covered by the product standard IEC 61643-11.

For SPDs connected between the neutral conductor and PE in IT systems, the short-circuit
current rating Igccr of the SPD shall not be lower than the maximum prospective short-circuit
current at the connection points of this SPD in case of a double earth fault under worst case
conditions.
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534.4.4.7 Selection of SPDs with regard to the follow current interrupting rating
In general, the follow current interrupting rating I; of the SPD, if declared by the

manufacturer, shall not be lower than the maximum prospective short-circuit current at the
—_connection poimts of the SPDassembty—Sce Figure 5.

This requirement does not apply to SPDs connected between neutral conductor and PE

conductor in TN or TT systems, for which this is already covered by the product standard
IEC 61643-11.

For SPDs connected between the neutral conductor and PE in IT systems, the follow current
interrupting rating 7;; of the SPD if declared by the manufacturer shall not be lower than, the
maximum prospective short-circuit current at the connection points of this SPD in caSe\of a
double earth fault under worst case conditions.

A
—1{ ocpPD1 E“&
O
/I, \\
s \
7 \
/! OCPD2 3
4 1
i | ‘
1
: of
b “r
\ SPD
\ © /
\ 4
\ 7/
LA
e SPDA
B

Key
OCPD1 overcurrent protective ‘'device in the installation

OCPD2 overcurrent protective'device (SPD disconnector) required by the SPD manufacturer
SPD surge protective device

SPDA SPD assembly

A & B connectionpoints of SPD assembly

E/I equipment or installation to be protected
Figure 5 — Connection points of an SPD assembly

534:4.5 Protection of the SPD against overcurrent

534.4.5.1 General

SPD installations shall be protected against overcurrent with respect to short-circuit currents.
This protection may be internal and/or external to the SPD according to the manufacturer’s

instructions

The ratings and characteristics of external overcurrent protective device(s) (OCPD) for
protecting the SPD assembly shall be selected:

— according to Clause 434; and

— as high as possible, to ensure a high surge current capability for the complete assembly
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but not exceeding the ratings and characteristics as required in the SPD manufacturer’s
installation instructions for the maximum overcurrent protection.

534.4.5.2 Arrangement of SPDs with relation to overcurrent protection

The location of overcurrent protective devices used to protect the SPDs may have an
influence on the continuity of supply of the installation and the effective voltage protection
level within the installation.

NOTE 1 National committees may decide which of the following arrangement is to be preferred, depending on the
type of installation.

a) If the overcurrent protective device for the SPD is located in the SPD branch circuit) the
continuity of the supply is unaffected in case of SPD failure, but neither the installation nor
the equipment is protected against possible further overvoltages (see Figure' 6) after
tripping of such protective devices. In such an arrangement, the effective voltage
protection level within the installation is increased due to the voltage drop |at the external
overcurrent protective device connected in series with the SPD.

NOTE 2 |If the protection against overcurrent is internal to the SPD the voltage drop_ofithe overcurrent protective
device is already included in the SPD’s voltage protection level Up.

A
E/I
OCPB
SPD
®
B
Key
OCPD overcurrent protective device (SPD disconnector) required by the SPD manufacturer
SPD surge protective device

A and B connection points of SPD assembly

E/I equipment or installation to be protected

Figure 6 — Example of overcurrent protection in the SPD branch
by using a dedicated external overcurrent protective device

b) If the overcurrent protective device for the SPD is installed upstream of the SPD branch
circuit, continuity of the supply is not likely to be provided in the event of SPD failure (see
Figure 7). Nevertheless, in such an arrangement, the effective voltage protection level
within the installation is kept to a minimum.
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However, protection according to Figure 6 shall also be applied whenever the rating of the
upstream overcurrent protective device (OCPD) is higher than the maximum overcurrent
protection recommended by the SPD manufacturer.

OCPD ® A E/l
SPD
®
B

Key
OCPD overcurrent protective device of the installation.used to protect the SPD
SPD surge protective device
A and B connection points of SPD assembly
E/I equipment or installation to be protected

Figure 7 — Protective device, which is a part of the installation,
also used to protect the SPD

534.4.5.3 Selectivity between overcurrent protective devices

Where required, the\'need for selectivity between overcurrent protective devices shall be
considered according to the installation conditions at the point of installation of the SPD and
the information provided by the manufacturer (see Clause 535 of IEC 60364-5-53:2002).

534.4.5.4 Surge current withstand capability of upstream devices

For most installation devices (e.g. meters, terminals, protective devices, switches, etc.) which
aré installed upstream of the SPD, there is no dedicated surge current withstand capability
fequired by the relevant product standards.

The installation of SPDs as close as possible to the origin of the installation, according to
534.4.1, reduces surge currents flowing through downstream installation devices.

534.4.6 Fault protection

Fault protection, as defined in IEC 60364-4-41, shall remain effective in the protected
installation even in the event of SPD failures.
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In case of automatic disconnection of supply:

— in TN systems, this may generally be fulfilled by the overcurrent device on the supply side
of the SPD;

— in TT systems, this may be fulfilled by:
a) the installation of SPDs downstream of an RCD; or

b) the installation of SPDs upstream of the main RCD. Because of the possibility of a
failure of an SPD connected between neutral conductor and PE, the conditions of
411.4.1 of |IEC 60364-4-41:2005 shall be met and the SPDs shall be installed in
accordance with connection type CT2.

— in IT systems, no additional measure is needed.

Surge protective devices at or near the origin of installation shall be connected according to
Table 5.

Table 5 — Connection of the SPD dependent on supply system

Supply system at the connection Connection type
point of the SPD assembly
CT1 CT2
TN system X X
TT system SPD only downstream of RCD, X
IT system with neutral X X
IT system without neutral X N/A

NOTE 1 X = applicable.

NOTE 2 N/A = not applicable.

NOTE Additional requirements might apply for SPDs installed in the area of influence of applications such as
railway systems, HV power systems, mobile<units, etc.

534.4.7 SPDs installation innconjunction with RCDs

If SPDs are installed in accotdance with 534.4.1 and are located on the load side of a residual
current device, RCD(s) may be with or without a time delay but shall have an immunity to
surge currents of at least*3 kA 8/20.

NOTE 1 S-type RCDs"in accordance with IEC 61008-1 and IEC 61009-1 satisfy this requirement.

NOTE 2 In the case of surge current higher than 3 kA 8/20, the RCD may trip causing interruption of the power
supply.

NOTE 3 . This may not be applicable for RCDs installed upstream of additional SPDs provided to protect sensitive
equipment.

Installation of class | tested SPDs downstream of an RCD is not recommended.

534.4.8 Connections of the SPD

The effective voltage protection level within the installation depends significantly on the
connection and the wiring length and arrangement of the SPD itself and the required SPD

disconmectors:

All conductors and interconnections to the relevant line to be protected as well the
connections between the SPD and any external SPD disconnector shall be kept as short and
as straight as possible and any unnecessary cable loop shall be avoided.
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The length of the connecting conductors is defined by the sum of the path length of
conductors used from the live conductor to the PE in between connection points A and B as
defined in Figure 8.

Consideration shall be given to limit the total wiring length of conductors between connection
points of the SPD assembly (see Figure 8 below) to a value not greater than 0,5 m.

A Live conductor
Length
a
OCPD
Length
b
__________ Voo -
SPD
Length
c
B PE
Key
OCPD overcurrent protectivesdevice
SPD surge protective dévice

PE conductor protective earthing conductor

A and B connectian(ppints of SPD assembly

NOTE When OCPD is'not present, length b is equal to 0.

Figure 8 — Connection of the SPD

To meet these requirements, the main protective conductor shall be connected to the earthing
terminal located as near as possible to the SPD by adding, if necessary, an intermediate
earthing terminal (see diagrams in Figure 9).

To determine the total length of the connecting conductors according to Figure 9, the
following cable lengths:

— from the main earthing terminal to the intermediate earthing terminal;

— fromthe intermediate nnrfhing terminal to the Dlz-r‘nnrhmfnr;

shall not be taken into account.

The length (and therefore inductance) of the cables between the SPDs and the main earthing
terminal shall be kept to a minimum. SPDs may be connected to the main earthing terminal or
to the protective conductor via metallic parts, e.g. the metallic enclosures of the assembly
(see 543.4.2), provided it is connected to PE and meets the requirements for a protective
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conductor in accordance with IEC 60364-5-54. Connection of the relevant SPD(s) to the main
earthing terminal, and in addition to the main protective conductor, may improve the voltage
protection level.

If the total wiring length (a + b + c) as defined in Figure 8 exceeds 0,5 m, at least one of the
following options shall be chosen:

o select an SPD with a lower voltage protection level U, (a 1 m length of rectilinear cable
carrying a discharge current of 10 kA (8/20) adds a voltage drop of about 1 000 V);

e install a second coordinated SPD close to the equipment to be protected so as to adapt
the voltage protection level Up to the rated impulse voltage of the equipment {6 be
protected,;

e use the installation described in Figure 9.

EA

Key

OCPD overcurrent protective device

SPD surge protective device

PE protective earthing

E/I equipment/installation

1 main earthing_terminal

2 intermediate earthing terminal

3 length cifto be considered)

4 cablelengths need not be considered
5 table lengths need not be considered
A and-B\* connection points of the SPD assembly

Figure 9 — Example of installation of an SPD in order to decrease lead length
of SPD supply conductors

534.4.9 Effective protective distance of SPDs

Where the distance between the SPD and the equipment to be protected is greater than 10 m,

additional protective measures should be provided such as:

— an additional SPD installed as close as possible to the equipment to be protected; its
voltage protection level Up shall in no case exceed the required rated impulse voltage Uy,
of the equipment; or

— the use of one-port SPDs at or near the origin of the installation; their voltage protection
level Up shall in no case exceed 50 % of the required rated impulse voltage Uy, of the
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equipment to be protected; This measure should be implemented together with other
measures such as the use of shielded wiring in the whole protected circuit(s); or

— the use of two-port SPDs at or near the origin of the installation; their voltage protection
level I/n shall in no case exceed the required rated impulse voltage I/ ,of the equipment

to be protected This measure should be implemented together with other measures such
as the use of shielded wiring in the whole protected circuit(s).

534.4.10 Connecting conductors of SPDs

Conductors between the SPD and the main earthing terminal or the protective conductor shall
have a cross-sectional area not less than:

— 6 mm2 copper or equivalent for class Il tested SPDs installed at or near the origin of the
installation;

— 16 mm2 copper or equivalent for class | tested SPDs installed at or near the origin of the
installation.

Referring to 433.3.1 b) of IEC 60364-4-43:2008, conductors connecting SPDs and the
overcurrent protective devices to live conductors shall be rated to withstand the prospective
short-circuit current to be expected and shall have a cross-sectional area not less than:

— 2,5 mm?2 copper or equivalent for class |l tested SPDs instalted"at or near the origin of the
installation;

— 6 mm2 copper or equivalent for class | tested SPDs iristalled at or near the origin of the
installation.

535 Co-ordination of protective devices

535.1 Selectivity between overcurrent protective devices
535.1.1 General

Selectivity between several overcurrent protective devices (OCPDs) in series is provided if, in
case of an overload, short-circuit,«or earth fault, only the OCPD (Q2) directly on the supply
side of the fault or overload operates without affecting the supply to parallel circuits (Q3) (see
Figure 10).

The OCPD on the load_side (Q2) provides protection up to the level of overcurrent selectivity
limit 7, without causingsthe upstream OCPD (Q1) to operate (see Figure 10).

To determine the“selectivity limit current I, reference shall be made to the instructions of the
manufacturer (of the downstream and upstream OCPDs. Where no information about this
combinatidn jis available from the manufacturer, the selectivity limit current /; may be defined
by comparison of operating time-current curves of the OCPDs.

The selectivity limit current /g shall be evaluated taking into account energy values, such as
let-through energy for circuit-breakers and melting energy for fuses. See also relevant product
Standards.
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Q1

Q3 Q2

IEC

Key
Q1, Q3 no trip
Q2 trips

Figure 10 — Example of selectivity

535.1.2 Partial selectivity

The selectivity limit current /g is lower than the maximum prospective short-circuit current
Is. may at the installation point of the OCPD on the load side (see\Figure 11).

I

S<]

sc_max

535.1.3 Full selectivity

The selectivity limit current /g is equal to or highérjthan the maximum prospective short-circuit
current I . 4 at the installation point of the, OCPD on the load side and lower than its

breaking capacity I, according to IEC 60947-2 or I, according to IEC 60898 (all parts) or
IEC 61009-1 (see Figure 11).

v

SC€_max s ]S < ICU or Icn

535.1.4 Total selectivity

The selectivity limit current\/y is equal to or higher than the maximum prospective short-circuit
current I, a5 at the installation point of the OCPD on the load side and equal to its breaking
capacity I, according4o IEC 60947-2 or I, according to IEC 60898 (all parts) or IEC 61009-1
(see Figure 11).

]sc_max s ]S = ICU or Icn

535.1.5 Enhanced selectivity

The'selectivity limit current /g is equal to or higher than the maximum prospective short-circuit
current at the installation point of the OCPD on the load side (Q2) and lower than or equal to
the combined current I, of this combination. The breaking capacity I, according to
IEC 60947-2 or I, according to IEC 60898 (all parts) or IEC 61009-1 of the OCPD on the load
side (Q2) is lower than the maximum prospective short-circuit current at its installation point.

Iml or Irn < ]er_mny = ]e = ]anh

Enhanced selectivity can only be designed with respective information from the manufacturer
of the devices.
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Iz ISC_mm ISC_max
< : >
| | T
I I orl I
B cu cn comb EC
Key
1 continuous current-carrying capacity of the cable
ISC_min minimum prospective short-circuit current (at load side of circuit)
ISC_max maximum prospective short-circuit current (at supply side of circuit)
Iy design current of the circuit
I selectivity limit current
I, ultimate short-circuit breaking capacity
I, rated short-circuit capacity
1 combined current of the combination

comb

Figure 11 — Example of currents and their correlationyto selectivity

535.2 Co-ordination between residual current protective. devices and OCPDs

A residual current protective device without integral-~overcurrent protection requires
overcurrent protection. This overcurrent protection shall.be selected according to the residual
current protective device manufacturer’s instructions!

535.3 Selectivity between residual current protective devices

Selectivity between residual current protective€ devices installed in series may be required for
service reasons, particularly when safetyy\is involved, to provide continuity of supply to the
parts of the installation not involved intthe fault, if any.

This selectivity can be achievediby' selecting and erecting residual current protective devices
such that, in the event of a fault,Jonly the RCD closest to the fault on its supply side operates.

To ensure selectivity between two residual current protective devices in series, these devices
shall satisfy both the folfowing conditions:

a) the residual current protective device located on the supply side (upstream) shall be
selected according to IEC 61008 (all parts), IEC 61009 (all parts), or IEC 62423 as type S
or accordifg to IEC 60947-2 as time delay type;

b) the rated residual operating current of the device located on the supply side shall be at
least three times greater than that of the residual current protective device located on the
load side.

535.4 Selectivity of RCD and OCPD

Under consideration.

535.5 Combined short-circuit protection of OCPDs

Where an OCPD (Q2) has to break a prospective short-circuit current higher than its own
breaking capacity I, according to IEC 60947-2 or I, according to |IEC 60898 (all parts) or
IEC 61009-1, it shall be assisted through the additional limiting of the short-circuit current and
short-circuit energy of an upstream OCPD (Q1) (see Figure 12).

The upstream OCPD (Q1) may also trip, so that the supply to the other circuits (Q3) would be
interrupted.
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Q1

Q3 Q2

IEC

Key
Q1 and Q2 trip: I or I, Q2 S Ige o
Q3 no trip

Figure 12 — Example of combined short-circuit protection of QCPDs

When selecting two OCPDs for combined short-circuit protection of OE€PDs, reference shall
be made to the instructions of the manufacturer of the downstream OCPD. Where no
information is available from the manufacturer, this combined short-gircuit protection shall not
be used, and each OCPD shall have the required short-circuit capability at the point of
installation.

If declared by the manufacturer of both devices, the short=circuit capability of the combination
of two OCPDs in series may be higher than the breaking capacity of either OCPD. In such
cases, the conductors between the two OCPDs shall

e be made in such a way as to reduce the Trisk of a short-circuit to a minimum (see
IEC 60364-4-43:2008, 434.2.1 b)), and

e not be placed close to combustible material.

If declared by the manufacturer of Hoth devices, the combined short-circuit capability of the
combination of two OCPDs in séries may be higher than the breaking capacity of either
OCPD. In this case, the conductorts between the two OCPDs shall

e be protected by the combination of OCPDs according to IEC 60364-4-43:2008, 434.5.2,
e not exceed 3 m in length,

e be installed in such™a manner as to reduce the risk of a short-circuit to a minimum, and

NOTE This condition can be obtained for example by reinforcing the protection of the wiring against external
influences.

e not be placed close to combustible material.

Co-ordination of an OCPD with a separate current limiter to increase the short-circuit breaking
capacity of an OCPD may be used according to the manufacturer’s instructions.

536 Isolation and switching

536.2 Isolation

——536:2:+—Generatl

536.2.1.1 Every circuit shall be capable of being isolated from all live conductors.

Provisions may be made for isolation of a group of circuits by a common means, if the service
conditions allow this.
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Each supply shall have a means of isolation.

536.2.1.2 Suitable means shall be provided to prevent any equipment from being
unintentionally energized.

Such precaution may include one or more of the following measures:

e selection of device suitable for padlocking in the off position;

e |ocation of the suitable means within a lockable space or lockable enclosure.
NOTE Earthing can be used as a supplementary measure.

536.2.1.3 Where an item of equipment or enclosure contains live parts connected, t0" more
than one supply, a warning notice shall be placed in such a position that any perSen gaining
access to live parts will be warned of the need to isolate those parts from the various supplies
unless an interlocking arrangement is provided to ensure that all the circuits |concerned are
isolated from all supplies.

The interlocking mechanism shall be both

e capable of being reliably secured in the off position so that'none of the circuits can be
independently energized, and

e simultaneously provide isolation for all of the circuits so.that one or more circuits will not
remain energized longer than any of the other protectéd Circuits.

536.2.1.4 Where necessary, suitable means shall b€ provided for the discharge of stored
electrical energy (see details in IEC 60364-5-55).

536.2.2 Devices for isolation

536.2.2.1 Some devices suitable {or~ isolation are identified with the symbol L,
(IEC 60417-6169-1:2012-08). This,symbol may be combined with symbols for other functions.

Devices shall be selected accerding to overvoltage category Il or IV only, whichever is
applicable for the point of insgtallation.

Devices used for isolation shall be selected from Table E.1, Annex E, and in accordance with
536.2.2.2 to 536.2.2.7:

536.2.2.2 Devices for isolation shall be so selected and erected that the position of the
contacts is-clearly and reliably indicated.

EXAMRLE\ "Off", "off" or "OFF" marking or symbol "O" to indicate the open position; "On", "on", or "ON" marking
or symbol "I" to indicate the closed position.

5§36.2.2.3 Semiconductor devices shall not be used as isolating devices.

536.2.2.4 Devices for isolation shall be designed and/or installed so as to prevent
unintentional closure.
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padlocking.

NOTE Such closure can be caused for example by shocks and vibrations.

536.2.2.5 Provision shall be made to prevent the inadvertent and/or unauthorized opening of a
disconnector, unless the device for isolation is capable of making and breaking currents under
normal conditions.
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This may be achieved by locating the device in a lockable space or lockable enclosure or by
padlocking. Alternatively, a disconnector may be interlocked with a switch or a protective
device.

536.2.2.6 Where a link is inserted in the neutral conductor, the following shall apply:

e it is accessible to skilled persons only;
e it is designed to prevent the inadvertent and/or unauthorized removal;

e it cannot be removed without the use of a tool.

536.2.2.7 Means of isolation shall be provided preferably by a multipole switching degvice
which disconnects all poles of the relevant supply; however, single-pole devices, ssituated
adjacent to each other for multi-phase circuits, are not excluded.

Single-pole protective devices (e.g. circuit-breakers or fuses) shall not be used‘in the neutral
conductor only.

536.2.2.8 All devices used for isolation shall be clearly identified, foriexample by marking, to
indicate the circuit which they isolate.

536.2.2.9 Subclauses 536.2.2.1 to 536.2.2.8 do not apply |to plugs and socket-outlets,
connectors and devices for connection of luminaires.

536.3 Switching-off for mechanical maintenance
536.3.1 General

536.3.1.1 Means of switching-off shall be (provided where mechanical maintenance may
involve a risk of physical injury other than due\té.electric shock or to arcing.

Where electrically powered mechaniéal equipment is within the scope of IEC 60204-1, the
requirements for switching-off for mechanical maintenance of IEC 60204-1 apply.

Systems powered by non-electrical means, e.g. pneumatic, hydraulic or steam, are not
covered by 536.3.1. In such(cases, switching-off any associated supply of electricity may not
be a sufficient measure.

536.3.1.2 Suitable.means shall be provided to prevent electrically powered equipment from
becoming unintentionally reactivated during mechanical maintenance, unless the means of
switching-off is.continuously under the control of any person performing such maintenance.

EXAMPLE
e selection of device suitable for padlocking in the off position;
e _location within a lockable space or lockable enclosure.

The switching-off shall cause the disconnection of all line conductors by a device suitable for
isolation.

536.3.2 Devices for switching-off for mechanical maintenance
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and shall fulfil all the other requirements of 536.3.2.

A device for switching-off for mechanical maintenance shall be inserted preferably in the
supply circuit of the current using equipment to be maintained.
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Where for this purpose switches are provided, they shall be capable of cutting off the full-load
current of the relevant part of the installation. They shall not necessarily interrupt all line
conductors.

Interruption of a control circuit where the device is not inserted in the supply circuit of the
current using equipment to be maintained shall be used only where:

e supplementary safeguards, such as mechanical restrainers, are provided; or

e requirements for the control devices used provide a condition equivalent to the direct
interruption of the main supply.

EXAMPLE Switching-off for mechanical maintenance can be achieved, by means of:
e multipole switches;

e circuit-breakers;

e control switches operating contactors;

e plugs and socket outlets.

536.3.2.2 Devices for switching-off for mechanical maintenance shall. be placed and marked
so as to be readily identifiable and convenient for their intended use.

536.4 Emergency switching
536.4.1 General

536.4.1.1 Where electrically powered equipment is \within the scope of IEC 60204-1, the
requirements for emergency switching of IEC 60204s1.apply.

Emergency switching is either emergency switching-on or emergency switching-off.

536.4.1.2 Means shall be provided for-emergency switching of any part of an installation
where it may be necessary to control the supply to remove an unexpected danger.

536.4.1.3 Means for emergency ‘switching shall act as directly as possible as one single
action on all relevant supply conductors.

536.4.1.4 The arrangement of the emergency switching shall be such that its operation does
not introduce a further-danger or interfere with the complete operation necessary to remove
the danger.

536.4.2 Devices for emergency switching-off

536.4.2.1 ( Devices used for emergency switching shall be selected from Table E.1 and in
accordance with 536.4.2.1 to 536.4.2.6.

The emergency switching-off device shall interrupt all live conductors.

The devices for emergency switching-off shall be capable of breaking the full-load current of
the relevant parts of the installation taking account of stalled motor currents where
appropriate.

LA A4 0 o (W] £ O £l U T 4
JI0.%.4.4 WICAlTs TUT TITITTYCTTIVY SWIILTTITTY=UTT STid1l CUTISTS U UT.

one switching device suitable for isolation, capable of directly interrupting the appropriate
supply, or

e a combination of equipment suitable for isolation activated by a single action for the
purpose of interrupting the appropriate supply.
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Hand-operated switching devices for direct interruption of the main circuit shall be selected
where practicable.

A _switching device suitable for isolation operated by remote control shall open on_de-

energization of coils, or other equivalent failure-to-safety techniques shall be employed.

EXAMPLE Failure-to-safety techniques are pneumatic actuators, or a shunt trip relay provided that the continuity
of the actuating circuit is indicated (e.g. by a lamp).

536.4.2.3 The means of operating (handles, push-buttons, etc.) devices for emergency
switching-off shall be clearly identified, preferably coloured red, with a contrasting
background, preferably yellow.

Text shall not be used as the sole identification of such devices.

536.4.2.4 The means of operating shall be readily accessible at places where a danger
might occur and, where appropriate, at any additional remote position fromWhich that danger
can be removed.

536.4.2.5 The release of an emergency switching-off device shall’rot result in re-energizing
the relevant electrically powered equipment and/or relevant part of.the installation.

536.4.2.6 Devices for emergency switching-off shall be¢so placed and marked as to be
readily identifiable and convenient for their intended use:

536.4.3 Devices for emergency stopping
NOTE IEC 60204-1 provides requirements for the selection-and erection of devices for emergency stopping.

Retention of the supply may be necessary, f6rexample, for braking of moving parts.

536.5 Functional switching (control)
536.5.1 General

536.5.1.1 A functional switching device shall be provided for each part of a circuit which may
require to be controlled indépendently of other parts of the installation.

536.5.1.2 Functional‘switching devices need not necessarily control all live conductors of a
circuit.

A single-pole. switching device shall not be placed in the neutral conductor, except where it is
essential forythe operation of a control device (e.g. sensor, luminaire control device, dimmer,
remote,control switch (RCS)) that the line conductor is not switched.

536.5/1.3 Current-using equipment requiring control shall be controlled by an appropriate
functional switching device.

A single functional switching device may control several items of equipment intended to
operate simultaneously.

53652 Pevicesfor-functionatswitchi
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536.5.2.1 Devices used for functional switching shall be selected from Table E.1 and in
accordance with 536.5.2.2 to 536.5.2.3

536.5.2.2 Functional switching devices shall be selected and erected for the most onerous
duty they may be called upon to perform.
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536.5.2.3 Functional switching devices may control the current without necessarily opening
the corresponding poles.

NOTE Semiconductor switching devices are examples of devices capable of interrupting the current in the circuit

but not opening the corresponding poles.

536.5.2.4 Links shall not be used for functional switching.

536.5.2.5 Plugs and socket-outlets rated at not more than 16 A may be used for functional
switching.

537 Monitoring

537.1 General
53711 Monitoring devices

Monitoring devices are not intended to provide protection against electric.shock.

537.1.2 Selection of insulation monitoring devices (IMDs)

IMDs shall be in accordance with IEC 61557-8.

IMDs shall be installed at or near the origin of the part of\the installation to be monitored, as
practicable.

537.1.3 Selection of residual current monitpring devices (RCMs)

RCMs shall comply with [EC 62020.

RCMs shall be installed at or near thesorigin of the part of the installation to be monitored, as
practicable.

Where a residual current protective device (RCD) is installed upstream of the RCM, it is
recommended to set the RCM“to a residual actuating current not higher than a third of the
rated residual operating cufrent 7,,, of the RCD.

537.2 IT systems for continuity of supply
537.21 General

An IMD isintended to permanently monitor the insulation resistance of an IT system and
provides an-alarm where the insulation resistance Rg is below the response value R,.

An_IMD shall be installed in IT systems in accordance with the requirement of IEC 60364-4-
41:2005 and IEC 60364-4-41:2005/AMD1:2017, 411.6.3.1.

Instructions shall be provided indicating that when the IMD detects an insulation fault to earth,
the insulation fault shall be located and eliminated in order to restore normal operating
conditions with the shortest practicable delay.

Where IT systems are used for continuity of service, the alarm indicating detection of the first
insulation fault shall be located so it is audible and/or visible by instructed (BA4) or skilled
(BA5) persons.

It is recommended to use an IMD that signals an interruption of the measurement connections
to the system conductors and earth.
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Where IT systems are used for continuity of service, it is recommended to combine the IMD
with devices enabling the fault location on-load, and equipment for insulation fault location
shall be selected in accordance with IEC 61557-9.

537.2.2 Insulation monitoring devices (IMDs)

In multiphase systems, IMDs shall be selected to withstand at least line to line voltage.

Where the system to be monitored contains DC components (due to electronic equipment,
e.g. rectifiers or converters), IMDs shall be selected accordingly.

537.2.3 Installation of IMDs

Where an IMD is connected to the neutral conductor, no OCPD shall be inserted in the
connection between the IMD and the neutral conductor.

The setting of the IMD shall only be adjusted by instructed (BA4) or skitled (BA5) persons.
Access to the setting means may be achieved through use of a key, a tool'or a password.

NOTE A value of 100 Q/V (300 Q/V for pre-warning) of the rated system voltagé_is an example of typical setting
values.

Where the installation is supplied from more than one powersupply, one IMD per supply shall
be used.

For power supplies temporarily connected in parallel(ttie associated IMDs shall be interlocked
in such a way that only one IMD remains connected to the IT system.

If the IMD is also intended to monitor the disconhected part of an installation, the IMD shall be
supplied by an auxiliary source

537.3 IT public distribution system

For installations connected to an T public distribution network and where more than one
installation is intended to be connhected to the same distribution network, the following apply:

Where interruption of the supply in case of a first insulation fault to earth is not required or not
permitted, a monitoring-device shall be selected and erected to indicate the occurrence of a
first insulation fault from a live part to exposed-conductive-parts or to earth in accordance with
411.6.3.1 of IEC 60364-4-41:2005/AMD1:2017.

Such monitoring devices may be:

e |MDs, or,

e _where the residual fault current is sufficiently high, residual current monitoring devices
(RCMs).

It is recommended to use directionally discriminating RCMs in order to avoid unwanted
signalling of leakage current when high leakage capacitances are liable to exist downstream
from the point of installation of the RCM.
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faults on different live conductors downstream of the RCM.
537.4 Off-line systems in TN, TT and IT systems

Where insulation monitoring of off-line systems is needed, it may be achieved by using
insulation monitoring devices (IMDs).
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IMDs used for off-line system monitoring shall automatically be deactivated whenever the
system is switched on.

NOTE As an example, this can be applicable for systems which are normally de-energized, such as a fire pump or

a fire ventilation.

The reduction of the insulation level shall be indicated locally by either a visual or an audible
signal with the option of remote indication. The alarm indicating detection of the first
insulation fault shall be located so it is audible and/or visible by instructed (BA4) or skilled
(BA5) persons.

The alarm threshold should be above 300 kQ, as the insulation levels measured are generally
very high.
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