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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

Part 4-44: Protection for safety —
Protection against voltage disturbances
and electromagnetic disturbances

FOREWORD

1) Thel International Electrotechnical Commission (IEC) is a worldwide organization for standardization conmprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interpational
co-gperation on all questions concerning standardization in the electrical and electronic fields. To this gnd and
in afldition to other activities, IEC publishes International Standards, Technical Specificationhs, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “EE* Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dgalt 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 Organizdtion for
Stapdardization (ISO) in accordance with conditions determined by agreemeént) between the two organizagions.

2) Thelformal decisions or agreements of IEC on technical matters expressyas nearly as possible, an interpational
congensus of opinion on the relevant subjects since each technical\committee has representation from all
intefested IEC National Committees.

3) IEC| Publications have the form of recommendations for interfational 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
mis|nterpretation by any end user.

4) In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publjcations
transparently to the maximum extent possible in theirnational and regional publications. Any divergence between
any|IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC]itself does not provide any attestation of¢conformity. Independent certification bodies provide conformity
asspssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
seryices carried out by independent certification bodies.

6) Al

7) No liability shall attach to IEC gr its directors, employees, servants or agents including individual expgrts and
merhbers of its technical committees and IEC National Committees for any personal injury, property damage or
oth¢r damage of any natufe _whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expenses arising out of~the publication, use of, or reliance upon, this IEC Publication or any otHer IEC
Publications.

sers should ensure that they hayvetthe latest edition of this publication.

8) Attdntion is drawn te the Normative references cited in this publication. Use of the referenced publications is
indispensable forythe correct application of this publication.

9) IEC| draws aftention to the possibility that the implementation of this document may involve the usg of (a)
patgnt(s). kEC takes no position concerning the evidence, validity or applicability of any claimed patent nights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may bérequired to implement this document. However, implementers are cautioned that this may not represent
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.

IEC 60364-4-44 has been prepared by IEC technical committee 64: Electrical installations and
protection against electric shock. It is an International Standard.

This third edition cancels and replaces the second edition published in 2007,
Amendment 1:2015 and Amendment 2:2018. This edition constitutes a technical revision.

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

a) the structure of the document has been updated in accordance with the ISO/IEC Directives,
Part 2:2021: the terms, definitions and symbols have been regrouped under a new
Subclause 440.3, the tables and figures have been renumbered;
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b) Clause 443 has been amended to better introduce the DC SPD and to improve some of the
wording.

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

Draft Report on voting

64/2696/FDIS 64/2737/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The I4

This d

nguage used for the development of this International Standard is English.

ocument was drafted in accordance with ISO/IEC Directives, Part 2, ant.develo

ped in

accordlance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
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w.iec.ch/members_experts/refdocs. The main document types developed by IE
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f all parts in the IEC 60364 series, published under the generaliitle Low-voltage ele
ations, can be found on the IEC website.

ader's attention is drawn to the fact that Annex C lists all'of the "in-some-country" cl
ering practices of a less permanent nature relating\to the subject of this document

bmmittee has decided that the contents of thissdocument will remain unchanged ur
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INTRODUCTION

This part of IEC 60364 covers the protection of electrical installations and measures against
voltage disturbances and electromagnetic disturbances.

The requirements are arranged into four clauses as follows:

Clause 442 Protection of low-voltage installations against temporary overvoltages due to
earth faults in the high-voltage system and due to faults in the low-voltage
system

Clause 443 Protection against transient overvoltages of atmospheric origin or due to
switching

Clausg 444 Measures against electromagnetic influences

Clausg 445 Protection against undervoltage
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LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

Part 4-44: Protection for safety —
Protection against voltage disturbances
and electromagnetic disturbances

440 Protection against voltage disturbances and electromagnetic disturbances

440.1

This {
event
speciff

The r
energ
IEC 6
install

440.2

The fq
consti

amen

IEC 6
of gen

IEC 6
electr

IEC 6
of ele

monitpring

IEC 6
IEC 6

IEC 6

Scope

art of IEC 60364 provides requirements for the safety of electrical installations
of voltage disturbances and electromagnetic disturbances generated for dif
ed reasons.

y to the public, or power generation and transmission for suchsystems (see the sc
D364-1) although such disturbances can be conducted into or between ele
ations via these supply systems.

Normative references

llowing documents are referred to in the text in sdch a way that some or all of theirc

ments) applies.

D364-1, Low-voltage electrical installations — Part 1: Fundamental principles, asses
eral characteristics, definitions

D364-5-52, Low-voltage eléectrical installations — Part 5-52: Selection and erect
cal equipment — Wiring(systems

D364-5-53:2019, Low-voltage electrical installations — Part 5-53: Selection and er
ctrical equipment-~ Devices for protection for safety, isolation, switching, contr

D364-5-53:2019/AMD1:2020
D364-5-5372019/AMD2:2024

D364-5-54:2011, Low-voltage electrical installations — Part 5-54: Selection and er

in the
ferent

pquirements of this document are not intended to apply to systems for distribufion of

bpe of
ctrical

bntent

futes requirements of this document. For dated'references, only the edition cited applies.
For ijndated references, the latest edition of“the referenced document (includin

J any

sment

jon of

ection
bl and

ection

of ele

cirical equipment — Earthing arrangements and protective conductors

IEC 60364-5-54:2011/AMD1:2021

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage supply systems —

Part 1

: Principles, requirements and tests

IEC 61156 (all parts), Multicore and symmetrical pair/quad cables for digital communications

IEC 61196-7, Coaxial communication cables — Part 7: Sectional specification for cables for BCT
cabling in accordance with ISO/IEC 11801-4 — Indoor drop cables for systems operating at
5 MHz — 6 000 MHz

IEC 61936-1, Power installations exceeding 1 kV AC and 1,5 kV DC — Part 1: AC
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IEC 62305-3, Protection against lightning — Part 3: Physical damage to structures and life
hazard

ISO/IEC 11801-1, Information technology — Generic cabling for customer premises — Part 1:
General requirements

ISO/IEC 14763-2:2019, Information technology — Implementation and operation of customer
premises cabling — Part 2: Planning and installation

ISO/IEC TR 29106, Information technology — Generic cabling — Introduction to the MICE

enviro

440.3
440.3

For th
follow

ISO &5
addre

e |E
e |S

440.3
urban
area \|

EXAMH

440.3

subunban environment

area V|

EXAMH

440.3
rural
area V|

EXAMH

440.3

nmental classification
Terms, definitions and symbols
1 Terms and definitions
e purposes of this document, the terms and definitions given in IEC%60364-1 afnd the
ng apply.
nd IEC maintain terminology databases for use in standardization at the following

5SEeS!:

C Electropedia: available at https://www.electropedia.ofg/

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

1.1
environment
ith a high density of buildings or densely populated communities with tall buildings

LE Town centre.

1.2
ith a medium density of buildings

LE Town outskirts.

1.3
bnvironment
ith a low density of buildings

LE The countryside.

1.4

surge)

protective device

SPD

device that contains at least one non-linear component that is intended to limit surge voltages

and di

vert surge currents

Note 1 to entry: An SPD is a complete assembly, having appropriate connecting means.

[SOURCE: IEC 61643-11:2011, 3.1.1]

440.3.1.5
calculated risk level

CRL

calculated value of risk used to evaluate the need for transient overvoltage protection
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440.3.1.6

rated impulse voltage

Uw

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

[SOURCE: IEC 60664-1:2020, 3.1.19, modified — In the term, "withstand" has been deleted and
the symbol U, has been replaced with U]

imp
440.3.1.7
bonding network
BN

set of interconnected conductive structures that provides an "electromagnetic)'shield" for
electrpnic systems at frequencies from direct current (DC) to low radio frequency. (RF)

Note 1 |[to entry: The term "electromagnetic shield" denotes any structure used to divert; block or impg¢de the
passagp of electromagnetic energy. In general, a BN does not need to be connected toearth but BN considered in
this stapdard are connected to earth.

440.3)1.8

bonding ring conductor
BRC
earthipg bus conductor in the form of a closed ring

Note 1 fo entry: Normally the bonding ring conductor, as part of the’bonding network, has multiple connections to
the CBIN that improves its performance.

440.3/1.9

common equipotential bonding system
comnjon bonding network

CBN
equipotential bonding system providing:sboth protective-equipotential-bonding and functional-
equipotential-bonding

[SOURCE: IEC 60050-195:202% 195-02-25]

440.3{1.10
equipptential bonding
set of|electric connections intended to achieve equipotentiality between conductive partg

[SOURCE: IEC60050-195:2021, 195-01-10]

440.3144

earthielectrode network
ground-electrode network (US)
part of an earthing arrangement comprising only the earth electrodes and their interconnections

[SOURCE: IEC 60050-195:2021, 195-02-21]

440.3.1.12

meshed bonding network

MESH-BN

bonding network in which all associated equipment frames, racks and cabinets and usually the
DC power return conductor, are bonded together as well as at multiple points to the CBN and
may have the form of a mesh

Note 1 to entry: The MESH-BN augments the CBN.
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440.3.

1.13

by-pass equipotential bonding conductor

parall
PEC

el earthing conductor

earthing conductor connected in parallel with the screens of signal or data cables in order to
limit the current flowing through the screens

440.3.2 Symbols

In this document, the following symbols are used (see Figure 1).

Ie art of the earth fault current in the high-voltage system that flows through the earthing
arrangement of the transformer substation

Rg  fesistance of the earthing arrangement of the transformer substation

R,  fesistance of the earthing arrangement of the exposed-conductive-parts efithe equipment
pf the low-voltage installation

Rg  resistance of the earthing arrangement of the low-voltage system nedutral, for low-vpltage
systems in which the earthing arrangements of the transformer substation and of the low-
voltage system neutral are electrically independent

U, InTN-and TT-systems: nominal AC RMS line voltage to garth
n IT-systems: nominal AC voltage between line conductor and neutral conductor gr mid-
point conductor, as appropriate

Us power-frequency fault voltage that appears in theNow-voltage system between exposed-
conductive-parts and earth for the duration of\the fault

U, power-frequency stress voltage between the'line conductor and the exposed-condyctive-
parts of the low-voltage equipment of the‘transformer substation during the fault

U, power-frequency stress voltage between the line conductor and the exposed-condyctive-
parts of the low-voltage equipment of the low-voltage installation during the fault

NOTE The power-frequency stress veltage (U, and U,) is the voltage that appears across the insulation|of low-

voltage|equipment and across surge protective devices connected to the low-voltage system.

The fpllowing additional symbols are used in respect of IT-systems in which the exposed-

conductive-parts of the equipment of the low-voltage installation are connected to an egrthing

arrangement that is electrically independent of the earthing arrangement of the transformer
substation.

Iy, Fault currentthat flows through the earthing arrangement of the exposed-conductivg-parts
pbf the_eguipment of the low-voltage installation during a period when there is af high-
voltage fault and a first fault in the low-voltage installation (see Table 1).

1y fault current that flows through the earthing arrangement of the exposed-conductivg-parts
of the low-voltage installation during the first fault in a low-voltage system (see Table 1).

Z impedance (e.g. IMD internal impedance, artificial neutral impedance) between the low-

voltage system and an earthing arrangement.

NOTE 2 An earthing arrangement can be considered electrically independent of another earthing arrangement if a
rise of potential with respect to earth in one earthing arrangement does not cause an unacceptable rise of potential
with respect to earth in the other earthing arrangement. See IEC 61936-1.
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441 Void

442 Protection of low-voltage installations against temporary overvoltages due
to earth faults in the high-voltage system and due to faults in the low-
voltage system

442 .1 Field of application

442.1.1 General

— aflpult between the high-voltage system and earth in the transformer substation that supplies
th¢ low-voltage installation,

— alpss of the supply neutral in the low-voltage system,
— a ghort-circuit between a line conductor and neutral,
— an|accidental earthing of a line conductor of a low-voltage IT-systeni

The requirements for the earthing arrangement at the transformersubstation are giyen in
IEC 6]1936-1.

442 .12 General requirements

As Clause 442 covers faults between a high-voltage line and the earth in the HV/LV subsjation,
it givep rules for the designer and installer of the substation. It is necessary to have the following
infornmation concerning the high-voltage system:

— quality of the system earthing;

— makimum level of earth fault current;

— resfistance of the earthing arrangement.
The fqllowing Subclauses 442.2,.442.3, 442.4 and 442.5 consider four situations as proposed
in 4423.1, which generally cause(the most severe temporary overvoltages such as defiped in
IEC 60050-614:

— fault between the high-voltage system(s) and earth (see 442.2);
— losp of the neutralin-a low-voltage system (see 442.3);

— acgidental earthing of a low-voltage IT system (see 442.4);

— shart-circuit’in the low-voltage installation (see 442.5).

442.2| /Overvoltages in LV-systems during a high-voltage earth fault

442.2.1 General

In case of a fault to earth on the HV-side of the substation, the following types of overvoltage
may affect the LV-installation:

e power-frequency fault voltage (U;);
e power-frequency stress voltages (U4 and U,).
Table 1 provides the relevant methods of calculation for the different types of overvoltages.

Table 1 deals with IT systems with a neutral point only. For IT systems with no neutral point,
the formulae should be adjusted accordingly.
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gure 1 — Representative schematic diagram for possible connections to earth
substation and LV-installation and occurring.overvoltages in case of faults

high- and low-voltage earthing systems exist.in proximity to each other, two prd
psently used:

erconnection of all high-voltage (Rg) and low-voltage (Rg) earthing systems;

paration of high-voltage (Rg) fromJaew-voltage (Rg) earthing systems.

bneral method used is interconnection. The high- and low-voltage earthing system
brconnected if the low-voltage system is totally confined within the area covered
oltage earthing system/(see IEC 61936-1).

Details of the differenf\types of system earthing (TN, TT, IT) are shown in IEC 60364-1.

n

ctices

5 shall
by the
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Table 1 — Power-frequency stress voltages and power-frequency fault
voltage in low-voltage system

Types of
system Types of .earth U, U, U,
. connections
earthing
Rg and Rg connected U,? Rg x I + U, "
TT
R and Rg separated Re x I + U, U,? 0@
b
R and Ry connected U, ® U,? Rp x I
TN
Rg and Ry separated Re x I+ U, U, @ K
a R x]_+ a
R and Z connected Yo e e U 9
R:- and R, separated
E A SEP U, x 3 Re x I + Uy x 3 N
a a R_ x ]
Rg and Z connected Yo Yo E B
T R and R, interconnected
E A
U, * NE) U, x 3 Re x Ig
RoxI_+U 3 02
Rg and Z separated EE o \
R- and R, separated
E A
Re x I + Uy x 3 U, x 3 Ry x Iy
Keyj
|::| With existing earth fault in the installation.
a No consideration shall be given.
b See 442.2.2 second paragraph.
NOTE 2 The requirements for U, and U, are’derived from design criteria for insulation of low-voltage equipment
with regard to temporary power-frequengy overvoltage (see also Table 2).
NOTE In a system whose neutral.is connected to the earthing arrangement of the transformer substation, such
temporary power-frequency ovegvoltage is also expected across insulation which is not in an earthed enclosufe when
the equipment is outside a building.
NOTE 4 In TT- and TNtsystems the statement "connected" and "separated" refers to the electrical conjnection
betweep R and Ry. For IT-systems it refers to the electrical connection between R and Z and the connection
betweep R and R ¢
442.212 Magnitude and duration of power-frequency fault voltage
The :lgnihlrln and the duration of the fault \/nlfngn TTT (gc calculated in Table 1) which appears

in the LV installation between exposed-conductive-parts and earth, shall not exceed the values

given

for U; by the curve of Figure 2 for the duration of the fault.

Normally, the PEN conductor of the low-voltage system is connected to earth at more than one
point. In this case, the total resistance is reduced. For these multiple grounded PEN conductors,
Us can be calculated as:

Uf :0,5RE><1E
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1000

Figure 2 — Tolerable fault voltage due to an earth-fault in the HV system

3 Magnitude and duration of power-frequency stress voltages

10 000

IEC

On the basis of probabilistic and statistical evidetice this curve represents a low level of risk for thg simple
pse where the low-voltage system neutral conductor is earthed only at the transformer substation garthing
ments. Guidance is provided in IEC 61936-1%oncerning other situations.

agnitude and the\duration of the power-frequency stress voltage (U, and U,) as calculated

le 1 of the low-voltage equipment in the low-voltage installation due to an earth fault
oltage system shall not exceed the requirements given in Table 2.

in the
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Table 2 — Permissible power-frequency stress voltage

Duration of the earth fault in the Permissible power-frequency stress voltage on equipment
high-voltage system in low-voltage installations
t U
>5s U, +250V
s5s U, + 1200V

In systems without a neutral conductor, U, shall be the line-to-line voltage.

NOTE 1 The first line of the table relates to high-voltage systems having long disconnection times, for example,
isolatgdTreutratamd-Tesomant earthred—high-vottage systems— T fre—second e Tetatesto high-vottage systems
having short disconnection times, for example low-impedance earthed high-voltage systems. Both lines tegether
are rglevant design criteria for insulation of low-voltage equipment with regard to temporary power. frequency
overvpltage, see IEC 60664-1.

NOTH 2 In a system whose neutral is connected to the earthing arrangement of the transformer Substation| such
tempdrary power-frequency overvoltage is also expected across insulation which is not in ap/earthed enclosure
when [the equipment is outside a building.

442.214 Requirements for calculation of limits

Where required by Table 1, the permissible power-frequency ‘stfess voltage shall not exceed
the value given in Table 2.

Wherg¢ required by Table 1, the permissible power-frequency fault voltage shall not excegd the
value [given in Figure 2.

The rgquirements of 442.2.2 and 442.2.3 are.d€€emed to be fulfilled for installations receiving a
supply at low-voltage from a public electricity distribution system.

To fulfil the above requirements, coordination between the HV-system operator arld the
LV-system installer is necessary. Compliance with the above requirements mainly falls into the
responsibility of the substation installer, owner, operator for whom it is also necessary tp fulfil
requirements provided by IEC-61936-1. Therefore the calculation for Uy, U, and U; is nofmally

not ngcessary for the LV system installer.

Possibble measures to-fulfil the above requirements are for example:

e separation of.earthing arrangement between HV and LV;
e chpnge of (LY system earthing;

e redluction*of earth resistance Rg.

442 .3 —Power-frequency stress voittage im case of foss of theneutrat conductorima TN
and TT system

Consideration shall be given to the fact that, if the neutral conductor in a multi-phase system is
interrupted, basic, double and reinforced insulation as well as components rated for the voltage
between line and neutral conductors can be temporarily stressed with the line-to-line voltage.
The stress voltage can reach up to U = V3 U,

442.4 Power-frequency stress voltage in the event of an earth fault in an IT system
with distributed neutral

Consideration shall be given to the fact that, if a line conductor of an IT system is earthed
accidentally, insulation or components rated for the voltage between line and neutral conductors
can be temporarily stressed with the line-to-line voltage. The stress voltage can reach up to
U=+3U,.
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442.5 Power-frequency stress voltage in the event of a short-circuit between a line
conductor and the neutral conductor

Consideration shall be given to the fact that if a short-circuit occurs in the low-voltage
installation between a phase conductor and the neutral conductor, the voltage between the
other line conductors and the neutral conductor can reach the value of 1,45 x U, for a time up

to 5 s.

443 Protection against transient overvoltages of atmospheric origin or due to
switching

443 .1 General

Clausg 443 specifies requirements for protection of electrical installations against transient
overvoltages of atmospheric origin transmitted by the supply distribution system ihcluding|direct
strike$ to the supply system and against switching overvoltages. Clause 443 ,does not sjpecify
requirements for protection against transient overvoltage due to direct or nearby lightning
strokds on the structure.

NOTE For risk management for protection against transient overvoltage due to'direct or nearby lightning |strokes
on the structure, see IEC 62305-2.

In geperal, switching overvoltages have lower amplitudé than transient overvoltades of
atmosfpheric origin and therefore the requirements regarding protection against trapsient
overvoltages of atmospheric origin normally cover protection against switching overvoltalges.

If no transient overvoltage protection against disturbances of atmospheric origin is installed, it
can bé necessary for protection against switching overvoltages to be provided.

NOTE 2 Overvoltages due to switching can be longer in duration and can contain more energy than the tansient
overvolfages of atmospheric origin. See 443.4.

The characteristics of transient overvoltages of atmospheric origin depend on factors su¢h as:

— the¢ nature of the supply distribution system (underground or overhead);

— the¢ possible existence of ‘at/least one surge protective device (SPD) upstream of the|origin
of the installation;

— the voltage level ofithe supply system.

NOTE B As regards.iransient overvoltages of atmospheric origin, no distinction is made between earthed and
unearthed systemsg

Proteg¢tion against transient overvoltages is provided by the installation of surge protective
devicgs (SPDs).

Selection and installation of SPDs shall be in compliance with |EC 60364-5-53:2019,
Clause 534 and IEC 60364-5-53:2019/AMD2:2024, Clause 534.

If there is a need for SPDs on the power supply lines, additional SPDs on other lines such as
telecom lines are also recommended.

Requirements for protection against transient overvoltages transmitted by data transmission
systems are not covered by Clause 443. See |IEC 61643-22.
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Clause 443 does not apply to installations where the consequences caused by overvoltages
affect:

a) structures with a risk of explosion;

b) structures where the damage can also involve the environment (e.g. chemical or radioactive
emissions).

443.2 Void
443.3 Void

443.4 Overvoltage control

Proteg¢tion against transient overvoltage shall be provided where the consequence cauged by
overvoltage affects:

a) human life, e.g. safety services, medical care facilities;
b) public services and cultural heritage, e.g. loss of public services, IT cenfres, museuns;
c¢) commercial or industrial activity, e.g. hotels, banks, industries, commercial markets, farms.

For al|l other cases, a risk assessment according to 443.5 shall;be performed in orfler to
deterrpine if protection against transient overvoltage is required/1f the risk assessment|is not
performed, the electrical installation shall be provided with protection against transient
overvoltage.

Howeyer the transient overvoltage protection is not requiréd for single dwelling units where the
total gconomic value of the electrical installation to“be protected is less than five times the
economic value of the SPD located at the origin of the installation.

Protegtion against switching overvoltages should be considered in the case of equipmen{ likely
to prdqduce switching overvoltages or disturbances exceeding the values according o the
overvoltage category of the installation]s for example where a LV generator suppligs the
installption or where inductive or capacitive loads (e.g. motors, transformers, capacitor bpnks),
storade units or high current loads are installed.

NOTE |Annex B provides guidance for'overvoltage control where utility provided SPDs are installed on oJerhead
lines.

For al low-voltage installation supplied from a high-voltage distribution network thropgh a
separate transformer (i-€. an industrial application), additional means for protection against
overvoltages due to.lightning should be installed on the high-voltage side of the transformer.

443.5| Risk'assessment method

NOTE For.protection of a structure and its electrical systems against lightning and surges of atmospherig origin,
IEC 62305%2"applies.

Calculated risk level (CRL) is used to determine if protection against transient overvoltages of
atmospheric origin is required. The CRL is found by the following formula

CRL = fony / (Lp * Ny)

where
Jeny IS @an environmental factor and the value of £, shall be calculated according to Table 3;
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Table 3 — Calculation of f,,

Environment Senv
Rural and suburban environment 85 x F
Urban environment 850 x F

The value of coefficient F shall be taken equal to 1 for all installations.

- Ng is the lightning ground flash density (flash per km2 per year) relevant to the location of

the power line and connected structure;

NDTE 2 According to IEC 62305-2:2010, Clause A.1, 25 thunderstorm days per year are equivalent to|a value
ofl 2,5 flashes per km? per year. This is derived from the formula Ng = 0,1 x Td, where Td is_the“humber of

thunderstorm days per year (keraunic level).

— the risk assessment length Ly is calculated as below:

Lp=2LppL +LpcL + 0,4 Lpay + 0,2 Lpcy

Lply,  is the length (km) of the low-voltage overhead line;
Lplc.  is the length (km) of the low-voltage underground.cable;
Lpjpy  is the length (km) of the high-voltage overhead line;
Lpcy  is the length (km) of the high-voltage undéerground cable.

The tatal length (Lpa. *+ LpcL * Lpan + Lpch) isdimited to 1 km or by the distance from the first

overvoltage protective device installed in the<power network to the entrance of the installation,
whichgver is smaller.

If the [distribution networks lengths _ane totally or partially unknown then Lp, shall be|taken
equaljto the remaining distance tolreach a total length of 1 km.

For eample, if only the distance of the underground cable is known (e.g. 100 m), then the Lp,
shall be taken equal to_ 90.m. An illustration of an installation showing the lengths to copsider
is given in Figure 3.
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LpaL EC
Key
1 offigin of the installation
2 LY/HV transformer
3 syrge arrestor (overvoltage protective device)

Figure 3 — lllustration of an installation showing thélengths to consider

If CRU =1 000, no protection against transient overvoltagés of atmospheric origin is reqliired;
If CRY < 1 000, protection against transient overvoftages of atmospheric origin is required.
NOTE Examples of calculations of CRL are given in Anhex A.
443.6| Classification of rated impulse-voltages (overvoltage categories)
443.6{1 Purpose of classification of rated impulse voltages (overvoltage categories)
Subclause 443.6 gives informationcon the overvoltage category of the equipment.
NOTE |Overvoltage categories are defined within electrical installations for the purpose of insulation coordination
and a related classification of equipment with rated impulse voltages is provided in Table 4.
The rgted impulse voltage is used to classify equipment energized directly from the low-vpltage
electrical installation into overvoltage category.
Rated|impulse.voltages for equipment selected according to the nominal voltage are provided
to disfinguish different levels of availability of equipment with regard to continuity of servige and
an acgeptable risk of failure.

It is possible that inherent overvoltage control based only on the impulse voltage withstand of
the equipment in accordance with IEC 60664-1 is not sufficient, because:

— ftransient overvoltages transmitted by the supply distribution system are not significantly
attenuated downstream in most installations. Insulation coordination can be achieved in the
whole installation, by transient overvoltage protection of the equipment corresponding to the
classified rated impulse voltage, reducing the risk of failure to an acceptable level;

— in installations supplied by a completely buried low-voltage system not including overhead
lines, surge currents and partial lightning currents are distributed via the underground

ca

bles;

— equipment is often connected to two different services, e.g. power line and data line. Field
experience shows that much surge related damage is experienced on this kind of equipment.
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It is necessary to consider the rated impulse voltage Uy, (see IEC 60664-1) of the most sensitive

equipment to be protected in the system or, in cases where a temporary loss of function of
equipment is critical, the equipment level immunity (see IEC 61000-4-5).

443.6.

2 Rated impulse voltages of equipment and overvoltage categories

The following points shall be noted:

a) Equipment with a rated impulse voltage corresponding to overvoltage category IV is suitable
for use at, or in the proximity of, the point where the electrical installation is connected to
an external electric power network (either public or private), for example upstream of the

ca
A

NOTE
system

b) EQ
for

ability providing the required high degree of reliability, and shall have a rated!i
tage not less than the value specified in Table 4.

Examples of such equipment include energy meters, protective devices and ripple controhunits, telq
uipment with a rated impulse voltage corresponding to overvoltage category lll is st
use in the electrical installation downstream of and including the main distribution

pr
th

NOTE

including cables, busbars, junction boxes, switches, socket-outlets (see NEC 60050-826:2022, 826-15-0
equipment for industrial use and some other equipment, e.g. stationary motors.

c) Equipment with a rated impulse voltage correspondijng.to overvoltage category Il is st
fol connection to the electrical installation, providing a degree of availability no
required for current-using equipment, and shalkhave a rated impulse voltage not les

th

NOTE

d) Edquipment with a rated impulse voltage corresponding to overvoltage category | i

Su
oV,

pviding a high degree of availability, and shall have a rated impulse voltage not les
value specified in Table 4.

Examples of such equipment include distribution boards, local genetation, circuit-breakers, wiring g

value specified in Table 4.

Examples of such equipment include tools, household appliances and similar loads.

jtable for use where measures are‘\taken to reduce transient overvoltages and tem
ervoltages to not exceed the value specified in Table 4.

stand
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Table 4 — Required rated impulse voltage of equipment Uy

Nominal Voltage line Required rated impulse
voltage of the to neutral or voltage of equipment?
installation mid-point kV
\ derived from
nominal
voltages AC
or DC up to
and
including
\Y
Overvoltage Overvoltage Overvoltage Overvoltage
tategory tV— |
(equipment (equipment (equipment with (equipm%nt
with very high with high normal rated with.reduced
rated impulse rated impulse | impulse voltage) ratedimpllse
voltage) voltage) voltagqg)
120/208 150 4 2,5 1,5 0,8
230/400P ¢
277/480° 300 6 4 2,5 1,5
400/690 600 8 6 4 2,5
1 000 1 000 12 8 6 4
1250 1250
12 8 6 4
(foq DC only) (for DC only)
1 500 1 500
15 10 8 6
(foq DC only) (for DC only)
a8 This rated impulse voltage is applied between live conductors and PE.
b Hor IT systems having line-to-line voltage from 220.V to 240 V, the 230/400 row shall be used, due tp the
Voltage to earth at the earth fault on one line.
¢ Ip Canada and the USA, for voltages to earth higher than 300 V, the rated impulse voltage correspor|ding
tp the next highest voltage in this column-applies.

444 Measures against electromagnetic influences

444 1 General

Clausg 444 provides basic recommendations for the mitigation of electromagnetic disturbances.
Electrpmagneti¢’interference (EMI) can disturb or damage information technology systgms or
information technology equipment as well as equipment with electronic components or cifcuits.
Currents due*to lightning, switching operations, short-circuits and other electromagnetic
phengmena’/can cause overvoltages and electromagnetic interference.

These effects are most severe

— where large metal loops exist; and

— where different electrical wiring systems are installed in common routes, e.g. for power
supply and for signalling information technology equipment within a building.

The value of the induced voltage depends on the rate of rise (di/d¢) of the interference current,
and on the size of the loop.

Power cables carrying large currents with a high rate of rise of current (di/dz) (e.g. the starting
current of lifts or currents controlled by rectifiers) can induce overvoltages in cables of
information technology systems, which can influence or damage information technology
equipment or similar electrical equipment.
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In or near rooms for medical use, electric or magnetic fields associated with electrical
installations can interfere with medical electrical equipment.

This Clause 444 provides information for architects of buildings and for designers and installers
of electrical installations of buildings on some installation concepts that limit electromagnetic
influences. Basic considerations are given here to mitigate such influences that can result in
disturbance.

444.2

Void

NOTE This clause is reserved for future input.

444.3

444.4

444.4
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the EMC requirements of the relevant product standard, shall be used.
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Mitigation of electromagnetic interference (EMI)
1 General

Heration shall be given by the designer and installer of the electrical installation

:rnres described below for reducing the electric and magnetic dnfluences on ele

ent.

2 Sources of EMI

cal equipment sensitive to electromagnetic<influences should not be located cl
ial sources of electromagnetic emission such as

itching devices for inductive loads,

ctric motors,

prescent lighting,

Iding machines,

mputers,

ctifiers,

bppers,

quency converters or regulators,

s!

tragnsformers,

SW

itchgear,

to the
ctrical

lectrical equipment, which meets the requirements in thézappropriate EMC standdrds or

bse to

po

e clioterb, e 1 [N
vOoTl UTolNnivutliviT vuouudrl o.

444.4.3 Measures to reduce EMI

The following measures reduce electromagnetic interference.

a)

b)
c)

d)

For electrical equipment sensitive to electromagnetic influences, surge protection devices
or filters, or both, are recommended to improve electromagnetic compatibility with regard to

co

nducted electromagnetic phenomena.

Metal sheaths of cables should be bonded to the CBN.
Inductive loops should be avoided by selection of a common route for power, signal and

da

ta circuits wiring.

Power and signal cables should be kept separate and should, wherever practical, cross

ea

ch other at right-angles (see 444.6.3).
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e) Use of cables with concentric conductors to reduce currents induced into the protective
conductor.

f) Use of symmetrical multicore cables (e.g. screened cables containing separate protective
conductors) for the electrical connections between convertors and motors, which have
frequency controlled motor-drives.

g) Use of signal and data cables according to the EMC requirements of the manufacturer’s
instructions.

h) Where a lightning protection system is installed,

— power and signal cables shall be separated from the down conductors of lightning
protection systems (LPS) by either a minimum distance or by use of screening. The
minimum distance shall be determined by the designer of the LPS in accordance with
IEC 62305-3;

— | metallic sheaths or shields of power and signal cables should be bonded injaccordance
with the requirements for lightning protection.

i) Where screened signal or data cables are used, care should be taken,to limit the fault
cufrent from power systems flowing through the screens and cores of signal cables, dr data
caples, which are earthed. Additional conductors can be necessary, e.g. a by-pass
equipotential bonding conductor for screen reinforcement; see Eigure 4.
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By-pass conductor for screen reinforcement

L. @mmm

Figure 4 — By-pass conductor for screen reinforcement
to provide a common equipotential bonding system

NQTE 1 The provision of a by-pass/conductor in proximity to a signal, or data, cable sheath also reduces the
arga of the loop associated with equipment, which is only connected by a protective conductor to earth. This
prgctice considerably reduces the EMC effects of lightning electromagnetic pulse (LEMP).

j) Where screened signalcables or data cables are common to several buildings suppliefl from

a TT-system, a by-pass equipotential bonding conductor should be used; see Figure b. The
bytpass conductor-shall have a minimum cross-sectional area of 16 mm2 Cu or equiyalent.
Thie equivalent cross-sectional area shall be dimensioned in accordance| with
IEC 60364-5-54:2011, 544 .1.
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Figure 5 — Example of a substitute or by-pass equipotential
bonding conductor in a TT-system

TE 2 Where the earthed shield is used as a signal return path, a douple-coaxial cable can be used.
TE 3 It is recalled that if the consent according to IEC 60364-4-41:2005, 411.3.1.
60364-4-41:2005/AMD1:2017, 411.3.1.2 cannot be obtained, (it)is the responsibility of the ow
rators to avoid any danger due to the exclusion of those cables from the connection to the main equip|

ding.

TE 4 The problems of earth differential voltages onMarge public telecommunication networks

regponsibility of the network operator, who can employ ©ther methods.
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444.4

TE 5 In the Netherlands, a by-pass equipotential”bonding conductor, connecting the earthing sy
eral TT installations together, is permitted only if fault protection, in accordance with IEC 60364-4-4
.3.1.2 and IEC 60364-4-41:2005/AMD1:2017,411.3.1.2, remains effective in the case of failure of an
D.

uipotential bonding connectionSyshould have an impedance as low as possible
by being as short as possible,

by having a cross-section shape that results in low inductive reactance and impe
per metre of route,.e'g. a bonding braid with a width to thickness ratio of five to o

nere an earthingcbusbar is intended (according to 444.5.7) to support the equipo
nding system of a significant information technology installation in a building, it m
talled as a closed ring.

[E 6 This measure is preferably applied in buildings of the telecommunications industry.

4 TN-system

IEC

P and
hers or
otential

hre the

ems of
1:2005,
single

dance
he.

tential
ay be

444.4.4.1 To minimize electromagnetic influences, the following Subclauses 444.4.4.2 to
444.4 4.5 apply.

444.4.4.2 |tis recommended that TN-C systems should not be maintained in existing buildings
containing, or likely to contain, significant amounts of information technology equipment.

TN-C-systems shall not be used in newly constructed buildings containing, or likely to contain,
significant amounts of information technology equipment.

NOTE Any TN-C installation is likely to have load or fault current diverted via equipotential bonding into metallic
services and structures within a building.

444.4.4.3 |n existing buildings supplied from public low-voltage networks and which contain,
or are likely to contain, significant amounts of information technology equipment, a TN-S system
should be installed downstream of the origin of the installation; see Figure 6.
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In newly constructed buildings, TN-S systems shall be installed downstream of the origin of the
installation; see Figure 6.

The effectiveness of a TN-S-system may be enhanced by use of a residual current monitoring
device, RCM, complying with IEC 62020-1:2020.

Equipotential bonding L
conductor, if necessary PE

PE,N, L

\K & Equipmentd
A\

AU?®

5
ol
Y

Signal or data cable

PE,N, L

~— IEC

2 No voltage drop AU along the PE conductor under normal operation conditions.

b Loops of limited area formed by signal or data cables.

Figure 6 — Avoidance of neutral conductor currents in a bonded structure
by using the TN-S system from the origin of the public supply up to
and including the final circuit within a building

444.4.4.4 In existing buildings where the complete low-voltage installation including the
transformer is operated only by the user and which contain, or are likely to contain, significant
amounts of information technology equipment, TN-S systems should be installed; see Figure 7.


https://iecnorm.com/api/?name=0109c43c7d19e33a22332b382256ed25

IEC 60364-4-44:2024 © |EC 2024 - 27 -

Equipotential bonding N L
conductor, if necessary PE

Equipment 1

Signal or data cable

Equipment 2

~— IEC

2 No yoltage.drop AU along the PE conductor under normal operation conditions.

Loops6f limited area formed by signal or data cables.

by using a TN-S system downstream of a consumer’s private supply transformer

444.4.4.5 Where an existing installation is a TN-C-S system (see Figure 8), signal and data
cable loops should be avoided by

— changing all TN-C parts of the installation shown in Figure 8 into TN-S, as shown in Figure 6,
or

— where this change is not possible, by avoiding signal and data cable interconnections
between different parts of the TN-S installation.
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age drop AU along PEN in normal operation.
p of limited area formed from signal or data cables.
aneous-conductive-part.

In a TN-C-S system, the current, which in a TN-S system would flow only through the neutral cor
so through the screens or reference_conductors of signal cables, exposed-conductive-parts, and extrg
ive-parts such as structural metalwork.

Figure 8 — TN-C-S system within an existing building installation

5 TT system

I system, stieh as that shown in Figure 9, consideration should be given to overvo
can exist between live parts and exposed-conductive-parts when the exg
ctive-parts of different buildings are connected to different earth electrodes.

ductor,
neous-

tages
osed-
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Equipotential bonding
conductor, if necessary

0

PE

%‘\

(

Equipment 1

AU 3

Slgnal or data cable

Equipment 2

(

((

— IEC

a8 Volfage drop AU along PEN in nermal operation.

b Loop of limited area formed frém signal or data cables.

Figure 9 — TT system within a building installation

444 .416 IT system

In a three-phase IT system (see Figure 10), the voltage between a healthy line-conduct

br and
single

insulation fault between a line conductor and an exposed-conductive-part; this condition ghould

an exTosed-conductive-part canrise to the level of the line-to-line voltage when there is a

be comsidered-

Electronic equipment directly supplied between the line conductor and neutral should be
designed to withstand such a voltage between the line conductor and exposed-conductive-
parts; see corresponding requirement from IEC 62368-1:2023 for information technology

equipment.
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Figure 10 — IT system within a building installation

444 .47 Multiple-source supply
444 .4)7 1 General
For multiple-source power supplies, the provisions in 444.4.7.2 and 444.4.7.3 shall be applied.

NOTE Where multiple earthing of the star points of the sources of supplies is applied, neutral conductor currents
can flow back to the relevant star point, not only via the neutral conductor, but also via the protective conductor as
shown in Figure 11. For this reason, the sum of the partial currents flowing in the installation is no longer zero and
a magnetic stray field is created, similar to that of a single conductor cable.

In the case of single conductor cables, which carry AC current, a circular electromagnetic field is generated around
the core conductor that can interfere with electronic equipment. Harmonic currents produce similar electromagnetic

fields but they attenuate more rapidly than those produced by fundamental currents.
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Figure 11 — TN multiple-source power supply
with a non-suitable multiple connection between PEN and earth

444.417.2 TN multiple-source power supplies

In the

case of TN multiple-source power supplies te\an installation, the star points

differgnt sources shall, for EMC reasons, be intercoannected by an insulated conductor
connected to earth centrally at one and the same.point; see Figure 12.

of the
hat is
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2 No flirect connection from either transformer neutral'points or generator star points to earth is permitted.

b Thel conductor interconnecting either the neutralpoints of transformers, or the star-points of generators, $hall be
insylated. This conductor functions as a PEN“Conductor and it may be marked as such; however, it shal| not be
conpected to current-using-equipment and a warning notice to that effect shall be attached to it, or|placed
adjgcent to it.

¢ Only one connection between the intérconnected neutral points of the sources and the PE shall be providg¢d. This
conpection shall be located inside the main switchgear assembly.

d  Additional earthing of the PE_in the installation may be provided.

Figure 12 -) TN multiple-source power supplies to an installation
with connection to earth of the star points at one and the same point

444 .417.3 T multiple-source power supplies

In the|case of TT multiple-source power supplies to an installation, it is recommended that the

star points-of the different sources are, for EMC reasons, interconnected and connected tq earth

centr ”y at uniy one pUillt, STtT Figuu:: 4+3-
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Hirect connection from either the transformer star-points or the generator star points to earth is permi

conductor interconnecting either the star poidts of transformers, or generator star points, shall be ins
ever, it shall not be connected to current-tising-equipment and a warning notice to that effect g
ched to it, or placed adjacent to it.

one connection between the interéonnected star points of the sources and the PE shall be providg
hection shall be located inside themain switchgear assembly.

Figure 13 — TT multiple-source power supplies to an installation
with connection‘to earth of the star points at one and the same point

8 Transfer,of-supply

systems thertransfer from one supply to an alternative supply shall be by mean

15 and.Figure 16.

L1

L2

L3

N

IEC
ted.
ulated.
hall be
d. This
s of a

ing devjce; which switches the line conductors and the neutral, if any; see Figure 14,
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NOTE
installa
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This method prevents electromagnetic fields;\due to stray currents in the main supply systen
ion. The sum of the currents within one cable will be zero. It ensures that the neutral current flows
tral conductor of the circuit, which is switchéd on. The 3" harmonic (150 Hz) current of the line con
hdded with the same phase angle to the_neutral conductor current.

Power supply 1 Power supply 2
! N
L 2 L1 L 4
s L2 ®
L 4 L3 L
,’ * ®
-
7 * *
—_

Current-using equipment

IEC

Figure 14 — Three-phase alternative power supply with a 4-pole switch

of an
only in
ductors
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NOTE [A three-phase alternative power supply with an unsuitable 3-pole switch will cause unwanted cirgulating
currentsg, that will generate electromagnetic fields.

Figure 15 — Neutral current flow in a thfee-phase alternative
power supply with an unsuitable 3-pole switch
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th connection to the secondary circuit of a URS is not mandatory. If the connection is omitted, the s
b-mode will be in the form of an IT system and, in by-pass mode, it will be the same as the low-voltags

Figure 16 — Single-phase alternative power supply with 2-pole switch

9 Services entering-a building

pipes (e.g. for water;*gas or district heating) and incoming power and signal cables s
ably enter the building at the same place. Metal pipes and the metal armouring of

shall be bonded totthe main earthing terminal by means of conductors having low impeqg

see F

Interc

gure 17.

bnnection is only permitted with the consent of the operator of the external service

ipply in
supply

hould
tables
ance;
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A common entry point is preferred, U= 0 V.

igure 17 — Armoured cables and metal pipes entering.the buildings (exampleg)

MC reasons, closed building voids housing parts-of the electrical installation sho
ively reserved for electrical and electronic eqUipment (such as monitoring, con

ld be
rol or

tion devices, connecting devices) and access:shall be provided for their maintenance.

10 Separate buildings

different buildings have separate ,equipotential bonding systems, metal-free fibrg
or other non-conducting systems™may be used for signal and data transmission.

LES Microwave signal transformers for isolation as described in IEC 61558-2-1, IEC 61§
58-2-6, IEC 61558-2-15 and IEC_62368-1.

The problem of earth differential voltages on large public telecommunication networks is the respo
etwork operator, who cah.employ other methods.

optic

58-2-4,

hsibility

In case of non-gonducting data-transmission systems, the use of a by-pass conductor is not necessary.

11 Insidesbuildings

thereare problems in existing building installations due to electromagnetic influgnces,

lowing measures may improve the situation; see Figure 18:

e of metal-free fibre npfi(‘ links for Qignnl and data circuits _see 444 4 1Q;

use of Class Il equipment;

use of double winding transformers in accordance with IEC 61558-2-1 or IEC 61558-2-4 or
IEC 61558-2-6 or IEC 61558-2-15. The secondary circuit should preferably be connected as
a TN-S system but an IT-system may be used where required for specific applications.
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6) FE 7 Distribution
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RERRRX]
SPDs ! RIHKK
Conductors going to telecom ] | R
exchange or information N 7)
technology equipment \J U FE
PE
1
7 =) 0 PE ‘
Key 74/ A Main egrthing
_ _ _ > power supply [ee¢ ¢ ? | termin:I (MET)
® Bonding points of earthing

To earth electrodes

conductors for protective or
P e.g. foundation earth electrode

unctional purposes

FE Functional earthing conducter,
optional), used and bonded
pccording to the operator’instructions

/ Symbol for PE conductor

/ Symbol for neutral conductor

SPDs | Surge protective devices /  Symbol for line conductor .
Refefence Description of the illustrated measures Subclausé¢ or
standargd

1) Cables and metal pipes enter the building at the same place 444 4.9

2) Common route with adequate separations and avoidance of loops 444 4.3

3) Bonding leads as short as possible, and use of earthed conductor parallel IEC TR 61000-2-5
to a cable 444.4.3

4) Signal cables screened or conductors twisted pairs 444 413

5) Avoidance of TN-C beyond the incoming supply point 444.4.4

6) Use of transformers with separate windings 444 411

7) Local horizontal bonding system 444.5.4

8) Use of class Il equipment 444 .4.11

Figure 18 — lllustration of measures in an existing building
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444.4.12 Protective devices

Protective devices with appropriate functionality for avoiding unwanted tripping due to high
levels of transient currents should be selected, e.g. time delays and filters.

444.4.13 Signal cables

Shielded cables or twisted pair cables should be used for signal cables.

444.5 Earthing and equipotential bonding
44451 __ Interconnection of earth electrodes

For several buildings, it is possible that the concept of dedicated and independent|earth
electrpdes connected to an equipotential conductor network will not be adequate where
electrpnic equipment is used for communication and data exchange betweeh:the different
buildings for the following reasons:

— a toupling exists between these different earth electrodes and leads‘to an unconfrolled
ingrease of voltage to equipment;

— inferconnected equipment may have different earth references;

— a flisk of electric shock exists, specifically in case of overvoltages of atmospheric origin.

Therefore, all protective and functional earthing conductors(should be connected to one [single
main ¢arthing terminal.

Moreqver, all earth electrodes associated with a building i.e. protective, functional and lightning
protedtion, shall be interconnected; see Figure 19,

In the|case of several buildings, where interconnection of the earth electrodes is not pgssible
or praftical, it is recommended that galvanic separation of communication networks is applied,
for ingtance by the use of fibre optic links; see also 444.4.11.

Hrotective and functional Down conductors |
earthing conductor from lightning | | | | | /i/
I | I | | | I | | | | ~ l | protective system
[ Joint for
verification
Main parthing i N~
terminal Functional  Protective Lightning
= earth earth  protective system
electrode electrode earth elecfrode
Interconnected earth electrodes Separate earth electrodes IEC

Protective and functional bonding conductors shall be connected individually to the main
earthing terminal in such a way that if one conductor becomes disconnected the connections of
all the other conductors remain secured.

444.5.2 Interconnection of incoming networks and earthing arrangements

Exposed-conductive-parts of information technology and electronic equipment within a building
are interconnected via protective conductors.

For dwellings where normally a limited amount of electronic equipment is in use, a protective
conductor network in the form of a star network may be acceptable; see Figure 20.
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For commercial and industrial buildings and similar buildings containing multiple electronic
applications, a common equipotential bonding system is useful in order to comply with the EMC
requirements of different types of equipment; see Figure 22.

444.5.3 Different structures for the network of equipotential conductors and earthing
conductors

444.5.3.1 General

The four basic structures described in the following Subclauses 444.5.3.2 to 444.5.3.5 may be
used, depending on the importance and vulnerability of equipment.

444.5(3.2 Protective conductors connected to a bonding-ring conductor

Figurg 23 on the top-floor of the structure. The BRC should preferably be made_of.coppel, bare
orinstilated, and installed in such a manner that it remains accessible everywhere, e.g. byl using
a caljle tray, metallic conduit (see the IEC 61386 series), surface mounted method of
installption or cable trunking. All protective and functional earthing~Conductors may be
connected to the BRC.

An eC{ipotential bonding network in the form of a bonding ring conductor, BRC( )is"shgwn in

444.5)3.3 Protective conductors in a star network

This fype of network is applicable to small installations~associated with dwellings,|small
commercial buildings, etc., and from a general point_of view to equipment, that |s not
intercpnnected by signal cables; see Figure 20.

Distribution
board

Current-using
equipment

Main
earthing I}:l
terminal(s)
(MET) =

— Earthing conductor

Protective conductor IEC

Figure 20 — Examples of protective conductors in star network

444.5.3.4 Multiple meshed bonding star network

This type of network is applicable to small installations with different small groups of
interconnected communicating equipment. It enables the local dispersion of currents caused by
electromagnetic interference; see Figure 21.
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444.53.5 Common meshed bonding star network

This ty

corregponding to critical applications; see Figure 22.

A mes
buildir

The nj
level ¢

Mesh{size shall be adapted to the-dimensions of the installation to be protected, but sh

exceed 2 m x 2 m in areas/where equipment sensitive to electromagnetic interferen
installed.
It is guitable for protection of private automatic branch exchange equipment (PABX

centrg

In some cases§,)parts of this network may be meshed more closely in order to meet s
requirements:

terminal(s)
= 1
— Earthing conductors (protective or functional)

— Functional bonding conductors. The length of these conductors
shall be as short as possible (for instance < 50 cm) IEC

Figure 21 — Example of multiple meshed bonding star network

pe of network is applicable to installations with high{density of communicating equi

hed equipotential bonding network is enhanced by the existing metallic structures
g. It is supplemented by conductors forming the square mesh.

boment

of the

esh-size depends on the selecteddevel of protection against lightning, on the imunity

f equipment part of the installation’and on frequencies used for data transmission

lized data processing systems.

all not
Ces is

) and
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Functional bonding conductors. The length of these
conductors shall be as short as possible, for instance

<50cm; see 444 .4.5. [EC

The arda covered by a mesh shall have overall dimensions; the mesh-size refers to\the dimensions of square|spaces
enclosgd by the conductors forming the mesh.

Figure 22 — Example of a common meshed bonding star network

444.5/4 Equipotential bonding networks in buildings with several floors

For bdildings with several floors, it is recommended-that, on each floor, an equipotential bgnding
system be installed; see Figure 23 for examples of\bonding networks in common use; each floor
is a tyjpe of network. The bonding systems ofthé different floors should be interconnecied, at
least fwice, by conductors.
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Foundation Structural metalwork
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s 7
/ / IEC

Figure 23 —Example of equipotential bonding networks
in structures without lightning protection systems

444.5/5 Functional earthing conductor

Some|electroni¢/equipment requires a reference voltage at about earth potential in order to
function correctly; this reference voltage is provided by the functional earthing conductor.

Condyctats for functional earthing may be metallic strips, flat braids and cables with c|rcular
cross-section:

For equipment operating at high frequencies, metallic strips or flat braids are preferred and the
connections shall be kept as short as possible.

No colour is specified for functional earthing conductors. However, the colours green-and-
yellow specified for earthing conductors shall not be used. It is recommended that the same
colour is used throughout the whole installation to mark functional earthing conductors at each
end.

For equipment operating at low frequencies, cross-sectional areas as indicated in
IEC 60364-5-54:2011, 544.1 are considered satisfactory, independent of the conductor shape;
see 444.4.3 b) and k).
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444.5.6 Commercial or industrial buildings containing significant amounts of
information technology equipment

444.5.6.1 General

The following additional specifications are intended to reduce the influences of electromagnetic
disturbances on the information technology equipment operation.

In severe electromagnetic environments, it is recommended that the common meshed bonding
star network described in 444.5.3.4 be adopted.

444.5.6

Equipptential bonding designed as a bonding ring network shall have the following minimum
dimenisions:

- fIaL copper cross-section: 30 mm x 2 mm;

— rolind copper diameter: 8 mm.

Bare ¢onductors shall be protected against corrosion at their supparts’and on their pajssage
throudh walls.

444.5/6.3 Parts to be connected to the equipotential bonnding network
The fdllowing parts shall also be connected to the equipotential bonding network:

— copductive screens, conductive sheaths or armouring of data transmission cables| or of
information technology equipment;

— earthing conductors of antenna systems;
— earthing conductors of the earthed pole of DC supply for information technology equigment;
— funpctional earthing conductors.

444.5)7 Earthing arrangements.and equipotential bonding of information technalogy
installations for functional purposes

444.5)7 1 Earthing busbar

Wherg an earthing busbaris required for functional purposes, the main earthing terminal (MET)
of thg building may/be” extended by using an earthing busbar. This enables information
technglogy installations to be connected to the main earthing terminal by the shortest practical
route [from any¢point in the building. Where the earthing busbar is erected to suppqrt the
equip¢tential bonding network of a significant amount of information technology equipmept in a
building, itmay be installed as a bonding ring network; see Figure 23.

NOTE The earthing busbar can be bare or insulated.

NOTE 2 The earthing busbar is preferably installed so that it is accessible throughout its length, e.g. on the surface
of trunking. To prevent corrosion, it can be necessary to protect bare conductors at supports and where they pass
throughout walls.

444.5.7.2 Cross-sectional area of the earthing busbar

The effectiveness of the earthing busbar depends on the routing and the impedance of the
conductor employed. For installations connected to a supply having a capacity of 200 A per
phase or more, the cross-sectional area of the earthing busbar shall be not less than 50 mm?2
copper and shall be dimensioned in accordance with 444.4.3 k).

NOTE This statement is valid for frequencies up to 10 MHz.
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Where the earthing busbar is used as part of a DC return current path, its cross-sectional area
shall be dimensioned according to the expected DC return currents. The maximum DC voltage
drop along each earthing busbar, dedicated as DC distribution return conductor, shall be
designed to be less than 1 V.

444.6 Segregation of circuits
444.6.1 General

Power supply cables (or conductors) and information and communication technology cables
which share the same cable management system or the same route, shall be installed according
to the requirements of 444.6.

NOTE |For the purposes of 444.6, cable management systems are considered to include busbar trupking dystems
and poWertrack systems.

Electr|cal safety and electromagnetic compatibility may produce different requirements for
electrical segregation and electrical separation. Electrical safety always has\the higher pfiority.

444.62 Design requirements

The fgllowing requirements apply unless 444.6.3 applies.

Wherg¢ the specification or intended application of the-linformation and communication
technglogy cable is not available, the cable separatian distance between the powdr and
information and communication technology cables shall)be not less than 200 mm in free air,
provided:

— the total current in a LV cable or in a bundle of LV cables does not exceed 600 A,

— the¢ applications supported by the cabling.are designed to operate using the informatign and
communication technology cabling installed or to be installed, and

— the¢ information and communication_technology cables are:

¢ | balanced cables having electremagnetic immunity performance in accordance with the
IEC 61156 series for Category 5 and above, or

e | coaxial cables having jelectromagnetic immunity performance in accordance with
IEC 61196-7.

In all jother cases, the.requirements and recommendations of ISO/IEC 14763-2:2019,(7.9.2,
apply.

The 2D0 mm s€paration distance may be reduced according to Table 5.

Wherg a’screened power cable is used, the separation distance may be reduced in accordance
with tlhexspecification provided by the screened power cable manufacturer, provided that the
screen is earthed at both ends.

Power cables that also carry information and communication technology applications are not
considered to be information and communication technology cables.
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Table 5 — Summary of minimum separation distances where
the specification or intended application of the information
and communication technology cable is not available

Containment applied to the power supply cabling

Separation without
electromagnetic barrier

Open metallic
containment

Perforated metallic
containment

Solid metallic
containment

A B C
200 mm 150 mm 100 mm 0 mm
A: Applicable to containment with screening performance (DC-100 MHz) equivalent to welded mesh steel

basket of mesh size 50 mm x 100 mm. This screening performance is also achieved with steel tray even
if the wall thickness is less than 1,0 mm or the evenly distributed perforated area is greater than 20|%.

B: Applicable to containment with screening performance (DC-100 MHz) equivalent to steel tray.ef at Ieast
1,0 mm wall thickness and no more than 20 % evenly distributed perforated area. The screens-or
armouring of power cables are considered to act as perforated metallic containment if they’ do not meet
this constructional equivalent of solid metallic containment.

C: Applicable to containment with screening performance (DC-100 MHz) equivalent to a/steel conduit ¢f at
least 1,5 mm wall thickness.

The njinimum separation between the information and communication technology cablgs and
power supply cables shall include all allowances for cable movement between their fixing points
or other restraints (see example in Figure 24).

Restraint/fixing

I m—_|

Separation i

e

IEC
Figure 24 — Example of cable separation distance

The mlinimum separation requirement applies in three dimensions. However, where information
and cpmmunicatien~technology cables and power supply cables are required to crosls and
required minimdm-separation cannot be maintained, then the angle of their crossing shall be
maintained at\approximately 90° on either side of the crossing for a distance no less than the
applicpblerminimum separation requirement.

444.6.3——Conditionsforzero-segregation

No segregation is required between information and communication technology cabling and
power supply cabling (other than that required by IEC 60364-5-52) provided that the information
and communication technology cabling is application(s)-specific and the application(s)
support(s) a zero segregation relaxation.

No segregation is required between information and communication technology cabling and
power supply cabling where all the following conditions are met:

— theinformation and communication technology cables are in accordance with the IEC 61156
series for Category 5 and above, or are coaxial cables having electromagnetic immunity
performance in accordance with IEC 61196-7,
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— the environmental classification of the space containing the information and communication
technology cabling complies with electromagnetic classification E1 of ISO/IEC TR 29106 (or
ISO/IEC 11801-1), and

— the power supply conductors comprising a circuit are either:

444.7

within an overall sheath and provide a total current no greater than 100 A, or

twisted, taped or bundled together and provide a total power no greater than 10 kVA.

Cable management systems

444.7 1 General

Cable
offer

varying degrees of enhanced protection to EMI provided that they are jnsta

accorg@lance with 444.7.3.

444.7

The c
consig

2 Design guidelines

noice of material and the shape of the cable management system depend on the fol
erations:

management systems are available in metallic and non-metallic forms. Metallic sylstems
I

ed in

owing

a) the strength of the electromagnetic fields along the pathway((proximity of electromagnetic

co

hducted and radiated disturbing sources);

b) th
c) th
d) th
e) th

authorized level of conducted and radiated emissions;
type of cabling (screened, twisted, optical fibre);

immunity of the equipment connected to the.information technology cabling systejm;

other environment constraints (chemical, mechanical, climatic, fire, etc.);

f) anly future information technology cabling.system extension.

Non-

— elg

etallic wiring systems are suitable insthe following cases:

ctromagnetic environment with-permanently low levels of disturbance;

- theﬁ cabling system has a low emission level;

For m
rather|

ical fibre cabling.

etallic components_of cable support systems, the shape (plane, U-shape, tube,
than the cross-section, will determine the characteristic impedance of the

management system\ Enclosed shapes are best as they reduce common mode coupling

Usabl
be ins
showr]

talled.-The cable-bundle height shall be lower than the side walls of the cable tr

compertibility performance.

etc.),
cable

b space wjthin the cable tray should allow for an agreed quantity of additional caljles to

ny, as

in (Figure 25. The use of overlapping lids improves the cable tray’'s electromajgnetic

For a U-shape cable tray, the magnetic field decreases near the two corners. For this reason,
deep side walls are preferred; see Figure 25.

The depth of the section should be at least twice the diameter of the largest cable being
considered.
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