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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

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
Bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
Co-operation on all questions concerning standardization in the electrical and electronic, figlds. To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IE€ Publication(s)”). T
breparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
Mmay participate in this preparatory work. International, governmental and non-governmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely with<thé International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreemgént-between the two organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati
Consensus of opinion on the relevant subjects since each technical’ committee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for international use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are-miade to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible\for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw
any IEC Publication and the corresponding natiomal or regional publication shall be clearly indicated in the la

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

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

No liability shall attach to IEC orits directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
bther damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.
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Attention is drawn-to.the Normative references cited in this publication. Use of the referenced publicationjs is

ndispensable fqr the correct application of this publication.

EC draws attention to the possibility that the implementation of this document may involve the use of
patent(s). /EC takes no position concerning the evidence, validity or applicability of any claimed patent righf
Fespect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), w
Mmay be'required to implement this document. However, implementers are cautioned that this may not repre
heslatest information, which may be obtained from the patent database available at https://patents.iec.ch.
shall,not be held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 60364-4-44:2007+AMD1:2015+AMD2:2018 CSV. A
vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text.
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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 2:2027T: the terms, definitions and symbols have been regrouped under a,rnew
Subclause 440.3, the tables and figures have been renumbered;

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
thel above table.

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

This document was drafted in accordance withJSO/IEC Directives, Part 2, and developed in
acgordance with ISO/IEC Directives, Part 1 andJJSO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC pgre
degcribed in greater detail at www.iec.ch/publications.

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

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

The¢ committee has décided that the contents of this document will remain unchanged until the
stapility date indicated on the IEC website under webstore.iec.ch in the data related to the
spégcific document: At this date, the document will be
e |reconfitmed,

e |withdrawn, or

e |revised

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

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

Clduse 444 Measures against electromagnetic influences

Clduse 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

449 Protection against voltage disturbances and electromagnetic disturbancgs

44(0.1 Scope
This part of IEC 60364-are-intended-toprovide provides requirements for the safety
lectrical installations in the event of voltage disturbances and electromagnetic disturbang¢es
gemerated for different specified reasons.

The-rules requirements of this document are not intended to apply to systems for distribution of
engrgy to the public, or power generation and transmission for such’systems (see the scopg of
IEQ 60364-1) although such disturbances—-may can be conducted’into or between electrical
installations via these supply systems.

440.2 Normative references

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

-~
)
™
()
()
A
)
(0]
I
)
X
D
g
5

60364-1, Low-voltage electrical installations — Part 1: Fundamental principles, assessment
general characteristics,\définitions

27 i ;

IEQ 60364-552, Low-voltage electrical installations — Part 5-52: Selection and erection| of
electrical equipment — Wiring systems

IEQ 60364-5-53:200142019, Low-voltage electrical installations—ef—buildings — Part 5-563:
Selection and erection of electrical equipment — Devices for protection for qafpfy isolation,
switching-and, control and monitoring

IEC 60364-5-53:20042019/AMD1:20022020

IEC 60364-5-53:20042019/AMD2:20152024

IEC 60364-5-54:2002,2011, Low-voltage electrical installations—ef—buildings — Part 5-54:
Selection and erection of electrical equipment — Earthing arrangements and
protective-bonding-conductors-*
IEC 60364-5-54:2011/AMD1:2021
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Insulation coordination for equipment within low-voltage supply

IEC 60664-1:20072020,

systems — Part 1: Principles, requirements and tests

POWCT—UarroTOT T Cro; P W ou oo Co; T CattoroanG—orral

Darticular raguirements for tests for separating—transformers—and-—power—supnplies
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IEQ 61156 (all parts), Multicore and symmetrical pair/quad cables for digital communications

IEQ 61196-7, Coaxial communication cables — Part 7: Sectjonal specification for cables for BCT

cabling in accordance with ISO/IEC-15018 11801-4 —4ndoor drop cables for systems operatjing
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Part 1:-Common—rules

5 kV DC -

Power installations exceeding 1 kV AC and 1,

-1

IEC 61936

AC

Part 3: Physical damage to structures and life

Protection against lightning —

3

IEC 62305

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

ISO/IEC 14763-2:20422019, Information technology - Implementation and operation

cu

stomer premises cabling — Part 2: Planning and installation

ISO/NEC 14763-2:2012/AMD1:2015

1S(

en

44
44

Fo
fol

ISP and IEC maintain terminology databases for use in standardization at the follow

ad

44

urBan environment
arda with a high density of buildings or densely populated communities with tall buildings

EXAMPLE Town centre.

44
su

arda with a medium density of buildings

EXAMPLE Town outskirts.

44
ru

arda with a low density of buildings

EXAMPLE The‘countryside.

44
su

SPB

ironmental classification

1.3 Terms, definitions and symbols
.31 Terms and definitions

the purposes of this document, the terms and definitions given in |EC 60364-1 and
lpwing apply.

dresses:

IEC Electropedia: available at https://www.electropedia erg/

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

0.3.1.1

0.3.1.2
burban environment

.3.1.3
| environment

of

TEC TR 29706, IATOPMation 1eChmology — Generic cabling — Imroduction to the MICE

the

ing

.3.14
gée/protective device

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

an

d divert surge currents

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

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

44
ca

0.3.1.5
Iculated risk level

CRL

ca

Iculated 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 60664-1:20072020,-3-9-2 Modified——symboladded 3.1.19, modified — In the
Al
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440.3.1.7

bonding network

BN

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

Notg 1 to entry: The term "electromagnetic shield" denotes any structure used-to divert, block or impede|the
paspage of electromagnetic energy. In general, a BN does not need to be connected to earth but BN considered in
this|standard are connected to earth.

1 to entry: Normally the bonding ring conductor, as part of the bonding network, has multiple connectionfs to
BN that improves its performance.

.3.1.9
mon equipotential bonding.system
mon bonding network

ipotential bonding system providing both protective-equipotential-bonding and functional-
ipotential-bonding

[SQURCE: IEC 50050-195:2021, 195-02-25]
440.3.1.10

equipotential bonding
isiaptset of electric connections intended to achieve equipotentiality between conduc1ive

[SOURCE: IEC 60050-195:2021, 195-01-10]

440.3.1.11

earth-electrode 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]
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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.

440737113
pass equipotential bonding conductor
allel earthing conductor

by
pa
PE

eainthing conductor connected in parallel with the screens of signal and/or data cables in orfer

to |

NO
volt

imit the current flowing through the screens

44]
In

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

3.2 Symbols

part of the earth fault current in the high-voltage system that flows through the earthjng
arrangement of the transformer substation

resistance of the earthing arrangement of the transformer substation
resistance of the earthing arrangement of the exposed-conductive-parts of the equipment
of the low-voltage installation

resistance of the earthing arrangement of the low-voltage system neutral, for low-voltage

systems in which the earthing arrangements of the transformer substation and of the lpw-
voltage system neutral are electrically"independent

in TN- and TT-systems: nominal AC RMS line voltage to earth

in IT-systems: nominal AC voltage between line conductor and neutral conductor or mid-
point conductor, as approptiate
power-frequency fault:voltage that appears in the low-voltage system between exposgd-
conductive-parts and.earth for the duration of the fault
power-frequency. stress voltage between the line conductor and the exposed-conductive-
parts of the low-voltage equipment of the transformer substation during the fault
power-frequency stress voltage between the line conductor and the exposed-conductive-
parts of/the low-voltage equipment of the low-voltage installation during the fault

[E 1 __The-power-frequency stress voltage (U, and U,) is the voltage that appears across the insulation of low-
hge’ equipment and across surge protective devices connected to the low-voltage system.

The Tollowing additional symbolS are used in respect of 11-systems in which the exposed-
conductive-parts of the equipment of the low-voltage installation are connected to an earthing
arrangement that is electrically independent of the earthing arrangement of the transformer
substation.

Iy

fault current that flows through the earthing arrangement of the exposed-conductive-parts
of the equipment of the low-voltage installation during a period when there is a high-
voltage fault and a first fault in the low-voltage installation (see Table 1).

fault current-inaccordance-with-441-6-2; that flows through the earthing arrangement of
the exposed-conductive-parts of the low-voltage installation during the first fault in a low-
voltage system (see Table 1).

impedance (e.g. IMD internal impedance, artificial neutral impedance) between the low-
voltage system and an earthing arrangement.
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NOTE 2 An earthing arrangement-may 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.

441 (aecant) 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

This Clause 442 provides requirements for the\safety of lpw-
volfage installation in the event of

— |afault between the high-voltage system and earth in the transformer substation that supplies
the low-voltage installation,

— |a loss of the supply neutral in the low-voltage system,
— |a short-circuit between a line conductor and neutral,

— |an accidental earthing of a line conductor of a low-voltage IT-system.

The¢ requirements for the earthing arrangement at the(Ciransformer substation are given in
IEC 61936-1.

442.1.2 General requirements

As|Clause 442 covers faults between a high<voltage line and the earth in the HV/LV substatipn,
it gjves rules for the designer and installer'af the substation. It is necessary to have the followjing
information concerning the high-voltageisystem:
— Quality of the system earthing;

— maximum level of earth faulticurrent;

— fesistance of the earthing arrangement.

The following Subclauses'442.2, 442.3, 442.4 and 442.5 consider four situations as proposed
in 442.1, which generally cause the most severe temporary overvoltages such as defineq in
IEC 60050-604614:

— fault betwegen the high-voltage system(s) and earth (see 442.2);
— Joss of‘the neutral in a low-voltage system (see 442.3);

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

— Bhart-circuit in the Inw-\/nl'mgp installatian (QPP 442 R)

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 (Uj);

e power-frequency stress voltages (U4 and Uy).

Table 1 provides the relevant methods of calculation for the different types of overvoltages.
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NOTE4+—Table 1 deals with IT systems with a neutral point only. For IT systems with no neutral
point, the formulae should be adjusted accordingly.

Substation Uy LV installation
l/ | ) 1
HY ——— i Yo - LV L —_— . '

— AN\ [

- |

_NY\: L2 :
|

|

|

|

|

i

i

! : ’ i

! or N or PEN : /I '
F----- LS S . 3
| i

; |

Figure 1 — Representative schematic-sketch diagram for possible connections to earth|in
substation and LV-installation and occurring overvoltages in case of faults

WhHere high- and low-voltage earthing systems exist in proximity to each other, two practi¢ces
are presently used:

— |interconnection of all high-voltage\(Rg) and low-voltage (Rg) earthing systems;

— [separation of high-voltage (Rg)from low-voltage (Rg) earthing systems.

The¢ general method used (s interconnection. The high- and low-voltage earthing systems shall
be linterconnected if the low-voltage system is totally confined within the area covered by fhe
high-voltage earthing«system (see IEC 61936-1).

NOTE 21 Details of the different types of system earthing (TN, TT, IT) are shown in IEC 60364-1.
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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,
earthing connections
Rg and Rg connected U,? Rg x I + U, 02
TT
R and Rg separated Re x I + U, U,? 0@
R and Ry connected U, 2 U, @ Re x I °
TN
Rg and Ry separated Re x I+ Uy U,? K
a R x]_+ a
R and Z connected Yo exlet U 0
R. and R, separated
E A SCP on\/g REXIE+U0><\/§ Rp 1y
a a R x 1
Rg and Z connected Y Y E 'E
IT R. and R, interconnected
E A
U, x \/g U, x \/g Rg x Ig
RoxI_+U v @ 0@
Rg and Z separated EE o J
R- and R, separated
E A
Re x I + Uy x 3 U, x 3 Rp > 1g
Key
With existing earth fault in the installation.
No consideration-reeds-te shall be given.
See 442.2.2 second paragraph.

NOTE 32 The requirements for U, and U,-are derived from design criteria for insulation of low-voltage equipment
with regard to temporary power-frequeney.overvoltage (see also Table 2).

NOTE 43 In a system whose neutralis connected to the earthing arrangement of the transformer substation, such
temporary power-frequency overvoltage is also expected across insulation which is not in an earthed enclosure when
the lequipment is outside a building.

NOTE 54 In TT- and TNs=systems the statement "connected" and "separated" refers to the electrical connection
between R and Ry. For-IT-systems it refers to the electrical connection between R and Z and the connedtion

between R and R, !

442.2.2 Magnitude and duration of power-frequency fault voltage

¢ magnitude and the duration of the fault voltage Us (as calculated in Table 1) which appe

a nstallation pbetween exnosegq-cond e=-pag ~Tala = N_sNnh3 not exceed the 3

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><[E


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

- 16 - IEC 60364-4-44:2024 RLV © IEC 2024

Fault voltage duration

1200 T

1100

1000

900

o]
o
o

Fault voltage U (V)

100
\
300
\

P00

100 P i—

10 100 1000 10 Q0O
Time of duration¢_(ms)

IEC

NOTE TFhecurve-shown-inFigure44-A2-istakenfrom EC61936-1--0On the basis of probabilistic and statisfical
evidence this curve represents a low level of risk for@the simple worst case where the low-voltage system neytral
confuctor is earthed only at the transformer substation earthing arrangements. Guidance is provided in IEC 61936-
1 cq@ncerning other situations.

SOURCE: IEC 61936-1:2021, Figure\42
Figure 2 — Tolerable fault voltage due to an earth-fault in the HV system

442.2.3 Magnitude and duration of power-frequency stress voltages

The magnitude and the*duration of the power-frequency stress voltage (U, and U,) as calculated

in Table 1 of the low-voltage equipment in the low-voltage installation due to an earth fault in the
high-voltage system shall not exceed the requirements given in Table 2.
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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,
isplated neutral and resonant earthed high-voltage systems. The second line relates to high-voltage systems
hgving short disconnection times, for example low-impedance earthed high-voltage systems. Both lineg together
arp relevant design criteria for insulation of low-voltage equipment with regard to temporary power frequengy
oVervoltage, see IEC 60664-1.

NQTE 2 In a system whose neutral is connected to the earthing arrangement of the transformer/substation, sugh
tefnporary power-frequency overvoltage is also expected across insulation which is not in an<earthed enclosyre
when the equipment is outside a building.

442.2.4 Requirements for calculation of limits

WHere required by Table 1, the permissible power-frequency.stress voltage shall not excg¢ed
thel value given in Table 2.

WhHere required by Table 1, the permissible power-frequiency fault voltage shall not exceed the
valpe given in Figure 2.

The requirements of 442.2.2 and 442.2.3 are deemed to be fulfilled for installations receiving a
supply at low-voltage from a public electricjty_distribution system.

To| fulfil the above requirements, ceordination between the HV-system operator and fhe
LVisystem installer is necessary. Centpliance with the above requirements mainly falls into the
responsibility of the substation installer, owner, operator for whom it is also necessary to fulfil
rejuirements provided by IEC:61936-1. Therefore the calculation for Uy, U, and U; is normally

nof necessary for the LV system installer.

Possible measures tofulfil the above requirements are for example:

e |separation of earthing arrangement between HV and LV;
e |change of LV system earthing;

e |reduction/of earth resistance Rg.

442 .3/, Power-frequency stress voltage in case of loss of the neutral conductor in a TN

T

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 =3 U,.
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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
itching

443. General

Clduse 443 specifies requirements for protection of electrical installations against transient
overvoltages of atmospheric origin transmitted by the supply distribution system-ineluding direct
strikes to the supply system and against switching overvoltages. Clause 443.does not specify
requirements for protection against transient overvoltage due to direct or nearby lightnjing
strokes on the structure.

NOTE 1 For risk management for protection against transient overvoltage due te.direct or nearby lightning strgkes
on the structure, see IEC 62305-2.

In [general, switching overvoltages have lower amplitude, than transient overvoltages| of
atmospheric origin and therefore the requirements regarding protection against transient
ovégrvoltages of atmospheric origin normally cover proteciion against switching overvoltages.

If no transient overvoltage protection against distdrbances of atmospheric origin is installeq, it
carn be necessary for protection against switching.overvoltages-may-reed to be provided.

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

The¢ characteristics of transient overvoltages of atmospheric origin depend on factors such gs:

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

— |the possible existence of-ableast one surge protective device (SPD) upstream of the origin
of the installation;

— |the voltage level of the supply system.

NOTE 3 As regards(transient overvoltages of atmospheric origin, no distinction is made between earthed jand
uneprthed systems:

Prqgtection ,against transient overvoltages is provided by the installation of surge proteciive
deyices (SPDs).

Seiectlon and installation of SPDs shall be in compliance with |IEC 60364-5-53:20p4
1ECB0364-5-53 200 /AMDT-20022019, Clause 534 and [EC 60364-5-
53:2019/AMD2:20452024, 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-may can also involve the environment (e.g. chemical or
radioactive emissions).

443.2 Void
443.3 Void

443.4 Overvoltage control

Prqtection against transient overvoltage shall be provided where the consequence caused| by
ovérvoltage affects:

a) |human life, e.g. safety services, medical care facilities;
b) | public services and cultural heritage, e.g. loss of public services, IT centres, museums;

c) |commercial or industrial activity, e.g. hotels, banks, industries, commercial markets, farms.

For all other cases, a risk assessment according to 443.5 shallhbe performed in orden to
defermine if protection against transient overvoltage is required.If)the risk assessment is hot
pefformed, the electrical installation shall be provided wijth “protection against transient
oveérvoltage.

However the transient overvoltage protection is not required for single dwelling units where the
total economic value of the electrical installation to~be protected is less than five times fhe
ecgnomic value of the SPD located at the origin of thé installation.

NOTE 1 Naticnal Committees can-modifv-the exception-efiteriarelated-to-sinagle dwelling-units-or-to-not
™ =t NaHORaH oA S-Cah-Mmoahy+he-e EpHoR-EHeHa e ate Gt0-SH g e GWerH R g uihtSOFt0- ROt

Prqtection against switching overvoltages“should be considered in the case of equipment likely
to produce switching overvoltages or;-disturbances exceeding the values according to the
ovgrvoltage category of the installation, for example where a LV generator supplies fhe
insfallation or where inductive or_capacitive loads (e.g. motors, transformers, capacitor banks),
stofrage units or high current loads are installed.

NOTE Annex B provides guidance for overvoltage control where utility provided SPDs are installed on overhead
linep.

For a low-voltage._(installation supplied from a high-voltage distribution network througbll a
separate transformeér (i.e. an industrial application), additional means for protection against
oveérvoltages dueto lightning should be installed on the high-voltage side of the transformef.

443.5 Risk assessment method

NOTESY ,For protection of a structure and its electrical systems against lightning and surges of atmospheric origi
|IECL62305-2 applies

n,

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.-However,National

- |y is the lightning ground flash density (flash per km# per year) relevant to the locatior

the power line and connected structure;

NOTE 2 According to IEC 62305-2:2010, Clause A.1, 25 thunderstorm days per year are equivalent to a v
of 2,5 flashes per km? per year. This is derived from the formula Ng = 0,1 x Td, where Tdris the numbs

thunderstorm days per year (keraunic level).

— |the risk assessment length Ly is calculated as below:
Lp=2LppL +LpcL + 0,4 Lpay + 0,2 Lpcy

where

Lpp. s the length (km) of the low-voltage overhead line,

Lpc.  is the length (km) of the low-voltage underground cable;

Lppy  is the length (km) of the high-voltage overhead line;

Lpcy  is the length (km) of the high-voltage underground cable.

of

hlue
r of

The total length (Lpa. + LpcL *+ Lpan + Lpch)sislimited to 1 km or by the distance from the fjrst

oveérvoltage protective device installed inthe power network to the entrance of the installati
whlchever is smaller.

If the distribution networks lengths are totally or partially unknown then Lp,, shall be tal
equial to the remaining distance to'reach a total length of 1 km.

For example, if only the distance of the underground cable is known (e.g. 100 m), then the L

shall be taken equal {0190 m. An illustration of an installation showing the lengths to consi
is given in Figure 3.

on,

en

bAL
der
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Figure 3 — lllustration of an installation showing the lengths to consider

LRL = 1 000, no protection against transient overvoltages of atmospheric origin is-ree¢
uired;

RL < 1 000, protection against transient overvoltages of atmospheric origin is required.

[E 3 Examples of calculations of CRL are given_ifAnnex A.

8.6  Classification of rated impulse voltages (overvoltage categories)

bclause 443.6 gives information on the overvoltage category of the equipment.

a related classification 6f equipment with rated impulse voltages is provided in Table 4.

ctrical installation into overvoltage category.

ed impulse voltages for equipment selected according to the nominal voltage are provig
istinguish different levels of availability of equipment with regard to continuity of service &
acceptable risk of failure.

.6.1 Purpose of classification of rated impulse voltages (overvoltage categorie})

IEC

[E Overvoltage categories are defined within electrical installations for the purpose of insulation coordinaltion

e rated impulservoltage is used to classify equipment energized directly from the low-voltage

ed
nd

It is possible that inherent overvoltage control based only on the impulse voltage withstand of

the

equipment in accordance with IEC 60664-1-might is not-be sufficient, because:

transient 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

cables;

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 prOX|m|ty of the—errgm—ef pomt where the electrlcal mstallatron is
mple

upstream of the main distribution board Equment of category IV has a very high impulse
withstand capability providing the required high degree of reliability, and shall have a-rated
a-rated-impulse voltage not less than the value specified in Table 4.

NOTE 1 Examples of such equipment include-electricity energy meters,-primary-overcurrent protective devices jand
ripplle control units, telecontrol systems.
b) |Equipment with a rated impulse voltage corresponding to overvoltage category Ill is suitaple

for use in the-fixed electrical installation downstream of and including’/the main distribut]ion
board, providing a high degree of availability, and shall have a rated impulse voltage hot
less than the value specified in Table 4.

NOTE 2 Examples of such equipment include distribution boards, local generation, circuit-breakers, wiring systems

inclpding cables, busbars, junction boxes, switches, socket-outlets-irthefixedinstaliation (see IEC 60050-826:2(22,

82615-01), and eqU|pment for industrial use and some other equipment,/e.g. stationary motors-with-—permatent
) " . ion.

c) |[Equipment with a rated impulse voltage corresponding to overvoltage category Il is suitaple
for connection to the-fixed electrical installation,\providing a degree of availability normally
required for current-using equipment, and shallkhave a rated impulse voltage not less than
the value specified in Table 4.

NOTE 3 Examples of such equipment include toolsstfeusehold appliances and similar loads.

ply
Ito
hot
o

NOTE 4 E
™ =4—E

[0}
P
P
oy
[0]
(/2]
D
2]

S Hers—home-electrodic
CHGURSHHK eSS 1 HORIG

ontaininag-electronic—circyit
OHHAHHRGEeHeCHORHECEHE

Equipment with ;@ rated impulse voltage corresponding to overvoltage category | is gnly
suitable for Use where measures are taken to reduce transient overvoltages and temporgry
overvoltages to not exceed the value specified in Table 4.
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Table 4 — Required rated impulse voltage of equipment Uy

Voltage line Requiredrated-impulse voltage of equipment©
kv
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Nominal Voltage line Required rated impulse
voltage of the to neutral or voltage of equipment?
installation mid-point kV
V derived from
nominal
voltages AC
or DC up to
and
including
\
Overvoltage Overvoltage Overvoltage Overvoltage
category IV category lll category Il category |
(Cquiplllclli (Uquiplllelli (t‘:quiplllclli Wli.:l (Uquiplllb‘lli
with very high with high normal rated with reduced
rated impulse rated impulse | impulse voltage) rated infpulsé
voltage) voltage) voltage)
120/208 150 4 2,5 1,5 0,8
230/400° ©
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
(for DC only) (for DC only)
1 500 1500
15 10 8 6
(for DC only) (for DC only)
8 This rated impulse voltage is applied between live conductdw$ and PE.
bl For IT systems having line-to-line voltage from 220 V /240 V, the 230/400 row shall be used, due to thp
voltage to earth at the earth fault on one line.
°l In Canada and the USA, for voltages to earth higher than 300 V, the rated impulse voltage correspondinf
to the next highest voltage in this column appljes.

444 Measures against electromagnetic influences

444 1 General

Clduse 444 provides basic recommendations for the mitigation of electromagnetic disturbances.
Elgctromagnetic intérference (EMI)-may can disturb or damage information technology systelms
or finformation techhology equipment as well as equipment with electronic components| or
cirguits. Currents due to lightning, switching operations, short-circuits and other
electromagnétic phenomena-may can cause overvoltages and electromagnetic interference

The¢se effects are most severe

— 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.

In or near rooms for medical use, electric or magnetic fields associated with electrical
installations can interfere with medical electrical equipment.


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

IEC 60364-4-44:2024 RLV © IEC 2024 - 25—

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-may can result

in disturbance.

444.2 Void

NOTE This clause is reserved for future input.

444.3 Void

444.4 Mitigation of electromagnetic interference (EMI)
444.41 General

Copsideration shall be given by the designer and installer of the electrical installation to
mejasures described below for reducing the electric and magnetic influences,on electr
equliipment.

On|y electrical equipment, which meets the requirements in the appropriate EMC standards
thel EMC requirements of the relevant product standard, shall be used.

444 .4.2 Sources of EMI

Elgctrical equipment sensitive to electromagnetic influences should not be located close
potential sources of electromagnetic emission such as
— |switching devices for inductive loads,

— |electric motors,

— |fluorescent lighting,

— |welding machines,

— |computers,

— |rectifiers,

— |choppers,

— |frequency converters/ prregulators,

— [lifts,

— |transformers,

— |switchgear,

— |power distribution busbars.

444 .4.3 Measures to reduce EMI

the
cal

or

to

The fnlln\n/ing measures reduce nlnr\frnmngnnfir‘ interference

a) For electrical equipment sensitive to electromagnetic influences, surge protection devices
and/or filters, or both, are recommended to improve electromagnetic compatibility with

regard to conducted electromagnetic phenomena.
b) 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

data circuits wiring.

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

each other at right-angles (see 444.6.3).

e) Use of cables with concentric conductors to reduce currents induced into the protective

conductor.
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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.

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

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

[Nl S aYa Vo Va¥ it}

T=C0Z0U0-3; ’L
ce

— metallic sheaths or shields of power and signal cables should be bonded in accerda

with the requirements for lightning protection-given-intEC62305-3-and 1EC 823654

Where screened signal or data cables are used, care should be taken to limit the f
current from power systems flowing through the screens and cores of signalcables, or d
cables, which are earthed. Additional conductors-may can be necessarny,-€.g. a by-p
equipotential bonding conductor for screen reinforcement; see Figure 4,

By-pass conductor for screen reinforcement

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

NOTE 1 The provision of a by-pass conductor in proximity to a signal, or data, cable sheath also reduces
area of the loop associated with equipment, which is only connected by a protective conductor to earth.
practice considerably reduces the EME€ effects of lightning electromagnetic pulse (LEMP).

Where screened signal cablés or data cables are common to several buildings supplied fn
a TT-system, a by-pass-eguipotential bonding conductor should be used; see Figure 5. 1
by-pass conductor shal-have a minimum cross-sectional area of 16 mm2 Cu or equivalg
The equivalent _cCross-sectional area shall be dimensioned in accordance v
IEC 60364-5-542041, 544.1.

I_m_c L1
:_m_.o L2
:__IYY\_.C L3
1

ult
ta
NSS

the
I'his

om
'he
nt.
ith

¥

-_._|._ (%) i i_._|_._ ]« I i '_._l_. ) ¢« IR
Building 1 Building 2 Building 3

£ =3

Screened signal cable

Figure 5 — Example of a substitute or by-pass equipotential
bonding conductor in a TT-system

IEC
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NOTE 2 Where the earthed shield is used as a signal return path, a double-coaxial cable-may can be used

NOTE 3 It is recalled that if the consent according to |EC 60364-4-41:2005, 411.3.1.2 and

IEC 60364-4-41:2005/AMD1:2017, 411.3.1.2 cannot be obtained, it is the responsibility of the owners

or

operators to avoid any danger due to the exclusion of those cables from the connection to the main equipotential

bonding.

NOTE 4 The problems of earth differential voltages on large public telecommunication networks are
responsibility of the network operator, who-may can employ other methods.

the

NOTE 5 In the Netherlands, a by-pass equipotential bonding conductor, connecting the earthing sytems of
several TT installations together, is permitted only if fault protection, in accordance with IEC 60364-4-41:2005,
411.3.1.2 and IEC 60364-4-41:2005/AMD1:2017, 411.3.1.2, remains effective in the case of failure of any single

k)

444.4.4 TN-system

444.4.41 To minimize electromagnetic influences, ,the’ following Subclauses 444.4.4.2
444 .4 4.5 apply.

444.4.4.2

(0]

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

RCD.
Equipotential bonding connections should 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 andimpedance

per metre of route, e.g. a bonding braid with a width to thickness ratio_ofifive to one.

Where an earthing busbar is intended (according to 444.5.7) to support the equipotential

bonding system of a significant information technology installation inva building, it may
installed as a closed ring.

taining, or likely to contain, significant amounts of information technology equipment.

be

to

It is recommended that TN-C systems-should not be maintained in existing buildings

TN}C-systems shall not be used in newly, constructed buildings containing, or likely to contain,

sighificant amounts of information techhology equipment.

NOTE Any TN-C installation is likely tohave load or fault current diverted via equipotential bonding into met

ser

shq

In mewly constructed buildings, TN-S systems shall be installed downstream of the origin of

ins

NoFE_The effectiveness of a TN-S-system may be enhanced by use of a residual curr|
mohitaring device, RCM, complying with IEC 62020-1:2020.

ices and structures within a building.

444.4.4.3 In existing buildings supplied from public low-voltage networks and which cont?gn,
or are likely to contain, significant amounts of information technology equipment, a TN-S sysfem

uld be installed downstream of the origin of the installation; see Figure 6.

allation; see'Figure 6.

hllic

the

ent
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Equipotential bonding L
conductor, if necessary PE

Equipment 1

AU?®

p
=

Signal or data cable

>

Equipment 2

\\_(, Public supply

~— IEC

a8  No voltage-dfop AU along the PE conductor under normal operation conditions.

| oops._af-fimited area formed by signal or data cables.

Figure 6 — Avoidance of neutral conductor currents in a bonded structure

——byusing-the TN=-S-systemfrom-theoriginof- the public supply up to————

and including the final circuit within a building

444.4.4.4 |n 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.
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Equipotential bonding N L
conductor, if necessary PE

Equipment 1

AU?®
S A HA

y

Signal or data cable

>

Equipment 2

~ IEC

a8  No voltage-drop AU along the PE conductor under normal operation conditions.

| oops_ef-limited area formed by signal or data cables.

Figure 7 — Avoidance

of neutral conductor currents in a bonded structure

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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PE, N, L

Equipment 1

Signal or data cable

b

[

NO

con

444

Moltage drop AU along PEN in normal operation.
| oop of limited area formed from signal or data cables.

FExtraneous-conductive-part.

Huctive-parts such as structural metalwork.

}.4.5 TT system

PE, N, L

IEC

[E In a TN-C-S system, the current, which in a TN-S system would flow only through the neutral condug
flows also through the screens or reference, conductors of signal cables, exposed-conductive-parts, and extrane

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

tor,
us-

In @ TT system, such as that shown in Figure 9, consideration should be given to overvoltages

wh
cof

ch-may canlexist between live parts and exposed-conductive-parts when the expos
ductive-parts of different buildings are connected to different earth electrodes.

ed-
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Equipotential bonding
conductor, if necessary

0

PE

%‘\

(

Equipment 1

AU 3

Signal or data cable

Equipment 2

(

((

— IEC

a8 MNoltage drop AU along PEN in nordal operation.

| oop of limited area formed ffom'signal or data cables.

Figure 9 — TT system within a building installation

444.4.6 IT system

In & three-phase IT system (see Figure 10), the voltage between a healthy line-conductor and
an pxposed-conductive-part can rise to the level of the line-to-line voltage when there is a single
insplatienfault between a line conductor and an exposed-conductive-part; this condition shojuld
be |canhsidered.

NoTE—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—+tEC60950-1 |IEC 62368-1:2023 for information
technology equipment.
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Equipotential bonding
conductor, if necessary

-

z

PE

/
/
/

3

Equipment 1

(

AU?

Signal or data cable

PE, N, L

/
/
/

——p———— AT ——————/———p—
" —

Equipment 2

(

Vit s

((
(

—~ IEC

a8 NMoltage drop AU along PEN in normal operation.

| oop of limited area formed frofm signal or data cables.

Figure 10 — IT system within a building installation
444.4.7 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 nnrfhing of the star points of the sources of supplies is applied neutral conductor currénts
may 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—may 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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444.4.7.2

In the case of TN multiple-source power supplies t6, an installation, the star points of
different sources shall, for EMC reasons, be intercénhected by an insulated conductor tha

I Source 1 ol Installation o Source 2 o
| | | |
| | | !
| | | I
Y o= =YY\
| |
FYYN_ Y e o o W
| I
rYY__ o o ==Y\
| |
fy I
PE

Exposed-conductive-part

IEC

Figure 11 — TN multiple-source power supply
with a non-suitable multiple connection between-PEN and earth

TN multiple-source power supplies

connected to earth centrally at one and the same point; see Figure 12.

the
tis
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1 [ o ! i im i I
[ Earthing of \ / I
= the sources Exposed-conductive-parts =
B Installation _
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28 No direct connection from either transformer neutral points or generator star points to earth is permitted.

b [The conductor interconnecting either the neutrakpoints of transformers, or the star-points of generators, shall be
nsulated. This conductor functions as a PEN:conductor and it may be marked as such; however, it shall nof be
Connected to current-using-equipment and’a warning notice to that effect shall be attached to it, or pldced
hdjacent to it.

¢ Dnly one connection between the intecconnected neutral points of the sources and the PE shall be provided. This
Connection shall be located inside\the main switchgear assembly.

d  dditional 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

444.4.7.3 TT multiple-source power supplies

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

staf points of the different sources are, for EMC reasons, interconnected and connected to egrth

centrally’at only one point; see Figure 13.
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In

The conductor interconnecting either the star points“of transformers, or generator star points, shall be insula
However, it shall not be connected to current:using-equipment and a warning notice to that effect shal
httached to it, or placed adjacent to it.

Dnly one connection between the intercannected star points of the sources and the PE shall be provided. ]
Connection shall be located inside thermain 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

}.4.8 Transfer.ofisupply

N systems the_transfer from one supply to an alternative supply shall be by means g

switching deviee," which switches the line conductors and the neutral, if any; see Figure

Fig

ure 15 and Figure 16.

No direct connection from either the transformer starfipoints or the generator star points to earth is permitted|

ed.
be

[ his
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Power supply 1 Power supply 2
! N
L1 \ 4 L1 L
L2 \ 4 L2 \ d
L3 L 4 L3 A g
N * * ®
PE P l 4

Current-using €quipment

IEC

[E This method prevents electromagnetic fields._due to stray currents in the main supply system of
Bllation. The sum of the currents within one cable-gidst will be zero. It ensures that the neutral current flows
e neutral conductor of the circuit, which is switched on. The 3™ harmonic (150 Hz) current of the line conduc
be added with the same phase angle to the qeutral conductor current.

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

an
bnly
fors
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NOTE A three-phase alternative power supply with an unsuitable 3-pole switeh will cause unwanted circulafing
curtlents, that will generate electromagnetic fields.

Figure 15 — Neutral current flow in a three-phase alternative
power supply with an unsuitable-3-pole switch
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earth connection to the secondary circuit of a UPS’is not mandatory. If the connection is omitted, the supp
JUPS-mode will be in the form of an IT system and, in by-pass mode, it will be the same as the low-voltage su
em.

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

}.4.9 Services enteringya building

Metal pipes (e.g. for water, gas or district heating) and incoming power and signal cables shg

pre
sha
seq

NO]

ferably enter the building at the same place. Metal pipes and the metal armouring of cab
Il be bonded to-the main earthing terminal by means of conductors having low impedan|
Figure 17.

FE_Interconnection is only permitted with the consent of the operator of the external servi

y in
bply
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exg¢lusively reserved for electrical and electronic equipment (such as monitoring, control
pratection devices, connecting devices) and access,shall be provided for their maintenance|.
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% /

Water, gas, district heating,

waste water
IEC

[ main earthing terminal

induction current

[E A common entry point is preferred, U= 0 V.

Figure 17 — Armoured cables and metal pipes entering the buildings (examples)

EMC reasons, closed building voids housing parts ofy'the electrical installation should

}.4.10 Separate buildings

ere different buildings have separate egquipotential bonding systems, metal-free fibre o
les or other non-conducting systems*may be used for signal and data transmission;—4

rowava sianal transformer for isolation in accordance with 1IEC 61558-2_-1 IEC 681558-4
Ffowave-sSighar—tRahSHorRe oSO o R aCcCorGaRCe W1 E - 019906171 519964

be
or

ptic
a:n

g

I

EX/
IEC]

NO
of t

NO
44

WN
the

R IR

MPLES Microwave signal transformers for isolation as described in IEC 61558-2-1, IEC 61558-
61558-2-6, IEC 61558-2-15@nd"IEC 62368-1.

[E 1 The problem of edrth differential voltages on large public telecommunication networks is the responsil
e network operator, who=may can employ other methods.

}.4.11 _Inside buildings

ere there are problems in existing building installations due to electromagnetic influeng
fallowing measures may improve the situation; see Figure 18:

[E 2 In case of non-conducting data-transmission systems, the use of a by-pass conductor is not necessary.

4

P-4,

ility

1)
2)

use of metal-free fibre optic links for signal and data circuits, see 444.4.10;
use of Class Il equipment;

3) 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
a TN-S system but an IT-system may be used where required for specific applications.

as
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Class Il Class | Class |
8) FE
p
d L 1 141
FE Distribution|
board
: Floor Data cable
o
V17 1| 3)
VA e A
Ekisting electrical —» !
inptallation, which does 4)1
ngt comply with the !
measures given in ! FE
thjs document. Class | Class Il Class | ! PE
|
FE
’ 2
{ .
. |
J ) L1l
A
6) FE N Distribution
! board
Floor Data cable !
it
AN |
BRI
SPDs ! RIHKK
Conductors going to telecom ] | R
exchange or information A N 7)
technology equipment \ U FE
PE
5 1
r N 0 PE ‘
Key L1 AR Main earthipg
) ) ) 37 Power supply | dé 3 d | terminal (MET)
® Bonding points of earthing T th electrod
conductors for protective or ° efa g(:_c ro ersth lectrod
functional purposes e.g. foundation earth electrode
FE Functional earthing conducter; /~ Symbol for PE conductor
(optional), used and bonded
according to the opefator instructions / Symbol for neutral conductor
SPDs Surge protective devices /  Symbol for line conductor .
Reference Description of the illustrated measures Subclause or]
standard
N Cables and metal pipes enter the building at the same place 444 .49
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 andfor conductors twisted pairs 444.4.13
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

Shi

elded cables and/or twisted pair cables should be used for signal cables.

444.5 Earthing and equipotential bonding

444.5 1 Interconnection of earth electrodes

For several buildings, it is possible that the concept of dedicated and independént egrth
electrodes connected to an equipotential conductor network-may will not be adequate wh
eleptronic equipment is used for communication and data exchange between.the differ

bui

ma

Mo

dings for the following reasons:

a coupling exists between these different earth electrodes and leads” to an uncontrol
increase of voltage to equipment;

interconnected equipment may have different earth references;

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

Thfrefore, all protective and functional earthing conductors\should be connected to one sin

n earthing terminal.

reover, all earth electrodes associated with a building i.e. protective, functional and lightn

pratection, shall be interconnected; see Figure 19.

ere
ent

led

gle

ing

In {he case of several buildings, where intetconnection of the earth electrodes is not possiEIe
or practical, it is recommended that galvanic separation of communication networks is appligd,
forlinstance by the use of fibre optic links; see also 444.4.11.
Protective and functional Down conductors
earthing conductor from lightning | | | | | /
I | I | | | I | | | | ~ l | protective system
[ Joint for
verification
Main earthing )
tdrminal Functional  Protective Lightning
= earth earth  protective system
electrode electrode earth electrode
Interconnected earth electrodes Separate earth electrodes kc

Figure 19 — Interconnected earth electrodes

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, dnlnnnding on the impnrfnnr\n and \llllnnrnhilify of nnlllipmnn’r

444.5.3.2 Protective conductors connected to a bonding-ring conductor

An

ori

a
ins

connected to the BRC.

444.5.3.3 Protective conductors in a star network

Thi

444-5- 34— Multiple- meshed bondingstarnetwork

FigLJre 23 on the top-floor of the structure. The BRC should preferably be madeof-copper, b
sulated, and installed in such a manner that it remains accessible everywhere, e.g. by usfing

equipotential bonding network in the form of a bonding ring conductor, BRCf |is showr

cable tray, metallic conduit (see the IEC 61386 series), surface mounted method
allation or cable trunking. All protective and functional earthing\¢onductors may

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

in
are

of
be

s type of network is applicable to small installationsiassociated with dwellings, snpall
commercial buildings, etc., and from a general pointXof view to equipment, that is
integrconnected by signal cables; see Figure 20.

not

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

ele

ctromagnetic interference; see Figure 21.
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board
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Main earthing

torminalic)

T e
L1

— 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

444.5.3.5 Common meshed bonding star network

Thi

cofresponding to critical applications; see Figure 22,

A meshed equipotential bonding network is enhanced by the existing metallic structures of

bui

Thi
lev

Me
exd
ins

It i
cef

In
req

Iding. It is supplemented by conductors forming the square mesh.

e mesh-size depends on the selected, level of protection against lightning, on the immu
b| of equipment part of the installation and on frequencies used for data transmission.

tralized data processing systems.

uirements.

s type of network is applicable to installations with highhdensity of communicating equipmgent

the

hity

not

sh-size shall be adapted to thé-dimensions of the installation to be protected, but shall
eed 2m x 2m in areas where equipment sensitive to electromagnetic interferenceq is
alled.

s suitable for protection of private automatic branch exchange equipment (PABX) and

some cases; . parts of this network may be meshed more closely in order to meet spedific
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Current-using
. . _.L. | —1 .
Distribution | ~¢—" L— equipment
board ——1]
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i ‘/
I
Main earthing — B
——terminaks——¢—
(MET) P

] +

Bonding conductors
(protective or functional)

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

<50cm; see 444 .4.5. [EC

Thelarea covered by a mesh shall have overall dimensions; the mesh-size refers to the dimensions of square spdces
enc|osed 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 buildings with several floors, it is recommended that, on each floor, an equipotential bondjing
syqtem be installed; see Figure 23 for examples ef bonding networks in common use; each flpor
is @ type of network. The bonding systems of‘the different floors should be interconnected| at
leapt twice, by conductors.
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Equipotential BRC
bonding network

Common meshed
uunuing MNEIWOrK

Multiple star/mesh
bonding network

Main earthing terminal(s)
star bonding network

Foundation Structural metalwork
earth electrode

P 7
P 2 ZZ

Figure 23.<\Example of equipotential bonding networks
in structures without lightning protection systems

444.5.5 Functional earthing conductor

Some electroniéiequipment requires a reference voltage at about earth potential in order to
funiction correctly; this reference voltage is provided by the functional earthing conductor.

Copductars for functional earthing may be metallic strips, flat braids and cables with circy
crossssection.

ar

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.

444.5.6.2 Sizing and installation of bonding ring network conductors

Equipotential bonding designed as a bonding ring network shall have the following minimum
dimensions:

— |flat copper cross-section: 30 mm x 2 mm;

— |round copper diameter: 8 mm.

Bare conductors shall be protected against corrosion at their supparts®and on their passage
through walls.

444.5.6.3 Parts to be connected to the equipotential bonding network
The following parts shall also be connected to the equipotential bonding network:

— |conductive screens, conductive sheaths or armiouring of data transmission cables orn of
information technology equipment;

— |earthing conductors of antenna systems;
— |earthing conductors of the earthed pole.of®DC supply for information technology equipment;
— [functional earthing conductors.

444.5.7 Earthing arrangements-and equipotential bonding of information technology
installations for functional purposes

444.5.7.1 Earthing busbar

WHhere an earthing busbar.is required for functional purposes, the main earthing terminal (MET)
of the building may-be extended by using an earthing busbar. This enables informatjon
technology installatiens to be connected to the main earthing terminal by the shortest practical
route from anypoint in the building. Where the earthing busbar is erected to support the
ha

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 communlcat|on technology cables

whi
to 1

NO
and

Ele
ele

444

The following requirements apply unless 444.6.3 applies.

Wh
tec
infq
pro

In

Thy

Wh
wit

he requirements of 444.6.

powertrack systems.

[E For the purposes of 444.6, cable management systems are considered to include busbar trunking systems

ctrical safety and electromagnetic compatibility may produce different, requirements |for

ctrical segregation and electrical separation. Electrical safety always has\the higher prioni

}.6.2 Design requirements

ere the specification and/or intended application of the’information and communicafji
hnology cable is not available, the cable separation distance between the power 2

vided:

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 information a
communication technology cabling installed or to be installed, and

the information and communication-technology cables are:

e balanced cables having electromagnetic immunity performance in accordance with
IEC 61156 series for Category 5 and above, or

e coaxial cables having€lectromagnetic immunity performance in accordance W
IEC 61196-7.

2, apply.

e 200 mm sgparation distance may be reduced according to Table 5.

N the_Specification provided by the screened power cable manufacturer, provided that

SCI

ere assereened power cable is used, the separation distance may be reduced in accordarF

eelvis earthed at both ends.

ty.

on
nd

rmation and communication technology cables shall*be not less than 200 mm in free fir,

nd

he

ith

all other cases, thenrequirements and recommendations of ISO/IEC 14763-2:204220[19,
7.9

ce
he

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 and/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 App:;uab:c tU bUIIta;IIIIIUIIt vv;th O\JIUUII;IIH }JUII‘UI mranicec \DC 103 rV‘I: :L) cqu;va:cllt tU VVU:dUd |||coh otcc:

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

B: Applicable to containment with screening performance (DC-100 MHz) equivalent to steel tray, of at leas
1,0 mm wall thickness and no more than 20 % evenly distributed perforated area. The screens or

this constructional equivalent of solid metallic containment.

least 1,5 mm wall thickness.

armouring of power cables are considered to act as perforated metallic containment if they do not meet

C: Applicable to containment with screening performance (DC-100 MHz) equivalentito’a steel conduit of af

The¢ minimum separation between the information and communieation technology cables gnd

power supply cables shall include all allowances for cable mgvement between their fixing poi

or pther restraints (see example in Figure 24).

Restraint/fixing

I m—_|

Separation i

Lppimammntr

IEC

Figure 24 — Example of cable separation distance

nts

The¢ minimum separation requirement applies in three dimensions. However, where informafion

and communication technology cables and power supply cables are required to cross 4
required minimum separation cannot be maintained, then the angle of their crossing shall
majintained at*approximately 90° on either side of the crossing for a distance no less than
applicable-minimum separation requirement.

nd
be
the

gregation

ns for zer

No segregation is required between information and communication technology cabling and

power supply cabling (other than that required by-rational-orlecalregulation-or 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:

— the information 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:
e within an overall sheath and provide a total current no greater than 100 A, or

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

4447 Cable management systems

Caple management systems are available in metallic and non-metallic forms. Metallic-systgms
off¢gr varying degrees of enhanced protection to EMI provided that they are installed| in
acgordance with 444.7.3.

444.7.2 Design guidelines

The choice of material and the shape of the cable management system depend on the followjing
considerations:

a) [the strength of the electromagnetic fields along the pathway (proximity of electromagnétic
conducted and radiated disturbing sources);

b) |the authorized level of conducted and radiated emissions;

c) |the type of cabling (screened, twisted, optical fibre);

d) |the immunity of the equipment connected to thednformation technology cabling system;
e) |the other environment constraints (chemical,smechanical, climatic, fire, etc.);

f) |any future information technology cabling system extension.
Nop-metallic wiring systems are suitable inthe following cases:

— |electromagnetic environment with\pérmanently low levels of disturbance;
— |the cabling system has a low.emission level;
— |optical fibre cabling.

For metallic components of cable support systems, the shape (plane, U-shape, tube, etf.),
rather than the cross:section, will determine the characteristic impedance of the caple
mahnagement system:\Enclosed shapes are best as they reduce common mode coupling.

Usable space within the cable tray should allow for an agreed quantity of additional cableg to
be |installed-The cable-bundle height shall be lower than the side walls of the cable tray,|as
shgwn in‘Figure 25. The use of overlapping lids improves the cable tray’s electromagnetic
compatibility performance.

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

NOoTE-The depth of the section should be at least twice the diameter of the largest cable being
considered.
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Figure 25 — Cable arrangements in metal cable trays

.7.3.1 Metallic or composite cable management systems specially designed.fo
electromagnetic compatibility purposes
allic or composite cable management systems specially designed for glectromagns

patibility purposes shall always be connected to the local equipotential bonding system

h ends. For long distances, i.e. greater than 50 m, additional connections\to the equipotenrial

ding system are recommended. All connections shall be as short as pessible. Where ca
agement systems are constructed from several elements, care should be taken to ens
tinuity by effective bonding between adjacent elements. Preferablyy the elements should
ded together over their full perimeter. Riveted, bolted or screwed. joints are allowed, provic

they are safeguarded against corrosion and that a good €lectrical contact between adjac
ents is ensured.

e shape of the metallic section should be maintained over its full length. All interconnectiq
Il have low impedance. A short single-lead<gconnection between two parts of a ca

ctromagnetic compatibility performance; see Figure 26.

Best practice

S

-
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ent
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Figure 26 — Continuity of metallic system components

From frequencies of a few MHz upwards, a 10 cm long mesh strap between two parts of a cable

ma

nagement system will degrade the shielding effect by more than a factor of 10.

Whenever adjustments or extensions are carried out, it is vital that work is closely supervised
to ensure that it complies with the electromagnetic compatibility recommendations, for example
not replacing a metallic conduit by a plastic one.
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Metallic construction elements of buildings can serve electromagnetic compatibility objectives
very well. Steel beams of L-, H-, U-, or T-shape often form a continuous earthed structure,
which contains large cross-sections and large surfaces with many intermediate connections to
earth. Cables are preferably laid against such beams. Inside corners are preferred to outside
surfaces; see Figure 27.

Co
wit
cor

WH

magnetic compatibility purposes, is parted in order to cross a wall; for example at fire barrie

the]
me

444.7.3.2 Non-imetallic cable management systems

WHere equipmehnt connected to the cabling system by unscreened cables are not affected
low frequency disturbances, the performance of non-metallic cable management systems
improved by installing a single lead within it, as a by-pass equipotential bonding conductor. T

lea
mel

@]
© @
® @

)
@

Best practice

© Not recommended

(- ~) PUUI
; IEC

Figure 27 — Location of cables inside metallic construction elements

vers for metallic cable trays shall meet the same requirements as the cable|trays. A co
N many contacts over the full length is preferred. If that is not possible, the'Covers should

en a metallic or composite cable management system, specially designed for elect

two metallic sections shall be bonded with low impedance connections such as braided
sh straps; see Figure 28.

IEC

Figure 28 — Connection of metallic sections

nected to the cable tray at least at both ends by short connections less than 10 cm, ¢.g.
brgided or mesh straps.

ver

—

s7
or

by
is
he
D a

F shall be efficiently connected to the equipment earthing system at both ends (e.g. ont
abpanel of an equipment cabinet)

The by-pass equipotential bonding conductor shall be designed to withstand large common

mo

de and diverted fault currents.
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445 Protection against undervoltage

4451 General requirements

445.1 Where a drop in voltage, or a loss and subsequent restoration of voltage-ceuld can
imply dangerous situations for persons or property, suitable precautions shall be taken. Also,
precautions shall be taken where a part of the installation or current-using equipment-may can
be damaged by a drop in voltage.

An undervoltage protective device is not required if damage to the installation or to current-
usihg equipment is considered to be an acceptable risk, provided that no danger is caused to
pelnsons.

44%.2 The operation of undervoltage protective devices may be delayed if the operation of the
appliance protected allows without danger a brief interruption or loss of voltage.

44%.3 If use is made of contactors, delay in their opening and reclosing<shall not impgde
insfantaneous disconnection by control or protective devices.

445%5.4 The characteristics of the undervoltage protective deviceshall be compatible with fthe
requirements of the IEC standards for starting and use of equipment.

445%.5 Where the reclosure of a protective device is likely to'Create a dangerous situation, the
redlosure shall not be automatic.
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Annex A
(informative)

Examples of calculated risk level CRL for the use of SPDs

A.1  Example 1 — Building in rural environment

Ground flash density Ng = 1

Enyirenrtret

RiJk assessment length Lp =2 Lpp| + Lpc + 0,4 Lppy + 0,2 Lpcy
=(2x0,4)+ (0,4 x0,6)

=1,04

where

Lpa.  is the length (km) of the low-voltage overhead line = 0,4;
LpAy is the length (km) of the high-voltage overhead line = 0,6;
Lpg¢, is the length (km) of the low-voltage underground cable ;05

Lp¢y is the length (km) of the high-voltage underground cable’= 0.

CRL = feny / (Lp x Ng) =85/ (1,04 x 1) = 81,7

In this case, SPD protection shall be installed as_the CRL is less than 1 000.

A. Example 2 — Building in rural environment powered in HV

Ground flash density Ng = 0,4

Enyironmental factor f,,, = 85

Rigk assessment length Lp = 2Lpp; *+ Lpc + 0,4 Lppy + 0,2 Lpcy
=0,2x1

=0,2

where

Lpa. is the length (km) of the low-voltage overhead line = O;
Lpay is thedength (km) of the high-voltage overhead line = 0O;

Lpg. Asithe length (km) of the low-voltage underground cable = 0;

Lpg¢pis the length (km) of the high-voltage underground cable = 1.

CRL = fon, / (Lp x Ng) = 85/ (0,2 x 0,4) = 1 062,5

In this case, SPD protection is not mandatory as the CRL is greater than or equal to 1 000.
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A.3 Example 3 — Building in urban environment powered by overhead lines

Ground flash density Ng = 1

Environmental factor f,,,, = 850

Risk assessment length Lp =2 Lpp| *+ Lpc + 0,4 Lppy + 0,2 Lpcy
=2x04+04x0,6
=1,04

where

Lpa. is the length (km) of the low-voltage overhead line = 0,4;
Lpay is the length (km) of the high-voltage overhead line = 0,6;
Lpg¢, is the length (km) of the low-voltage underground cable = 0;

Lpgy is the length (km) of the high-voltage underground cable = 0.

CRL =fenv / (LP x Ng) =850/ (1 x1,04) =817

In this case, SPD protection shall be installed as the CRL is less-than 1 000.

A.4 Example 4 — Building in urban environment powered by underground
cables

Ground flash density Ng = 0,5
Enyironmental factor f,,,, = 850

Rigk assessment length Lp = 2 Lpp| + LpeL 0,4 Lppy + 0,2 Lpcy

Lpa. is the length (km) of the low-voltage overhead line = O;
Lpay is the length (km) of the*high-voltage overhead line = 0O;
Lpg¢, is the length (km) of‘the low-voltage underground cable = 1;

Lp¢y is the length(km) of the high-voltage underground cable = 0.

CRL = fony / (Lp'% Ng) = 850 / (1 x 0,5) = 1 700.

In this case;-an SPD is not mandatory as the CRL is greater than or equal to 1 000.
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Annex B
(informative)

Guidance on overvoltage control by SPDs applied to overhead lines

Where an installation is supplied by, or includes, an overhead line and an SPD is required
according to 443.4, the protective control of the overvoltage level may be obtained either by
installing surge protective devices directly in the installation close to the origin of the
installation, or with the consent of the network operator, in the overhead lines of the supply

dis
As

a)

b)

d)

cibhution natwarl
HoTtroT ety ok

an example, the following measures may be applied:

in the case of overhead supply distribution networks, overvoltage protection.is, erected
network junction points and especially at the end of each feeder longer than 0,5 km. Su

protective devices should be erected at every 0,5 km distance along the supply distribuj:on

lines. Nevertheless, the distance between surge protective devices ,should in no ¢
exceed 1 km;

if a supply distribution network is erected partly as overheadOnetwork and partly
underground network, overvoltage protection in the overhead“Jines should be applied

at
rge

Se

as
in

accordance with a) at each transition point from and overhead‘ine to an underground cable;

in a TN distribution network supplying electrical installations, where the protective meas

ure

automatic disconnection of supply is applied, the earthing*conductors of the surge protectiive

devices connected to the line conductors are connected to the PEN conductor or to the
conductor;

in a TT distribution network supplying electricakinstallations, where the protective meas
automatic disconnection of supply is appliedysurge protective devices are provided for
line conductors and for the neutral conductor. At the place where the neutral conducto
the supply network is effectively earthed; a surge protective device for the neutral condug
is not necessary.

PE

ure
the

of
tor
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Annex C
(informative)

List of notes concerning certain countries

Country Clause Text

AT 443 .1 In Austria, the protection of all electrical installations against overvoltages by use of
SPDs, installed according to IEC 60364-5-53:20012019, Clause 534 and IEC 60364-
5-53:20042019/AMD2:26452024, Clause 534 is mandatory, irrespective of the
categories of consequences and of any risk assessment method.

N 443 .1 In Norway, every electrical installation shall be protected by an SPD.

Fl 443.4 In Finland, protection against transient overvoltage is not mandatory if an inStallatign
is supplied by underground cable.

When the installation is supplied by an overhead line, a risk assessment|should be
performed.

DE 443.4 In Germany, the following deviation shall be considered:
The wording:

"For all other cases, a risk assessment according to 443:5/shall be performed in
order to determine if protection against transient overvoltage is required. If the risk
assessment is not performed, the electrical installation shall be provided with
protection against transient overvoltage.

1

However the transient overvoltage protection(is not required for single dwelling unit
where the total economic value of the electrieal installation to be protected is less
than five times the economic value of the-SPD located at the origin of the
installation."

is replaced as follows:

"Protection against overvoltage'shall be provided where overvoltages affect
individuals e.g. in residentidalbuildings and small offices if overvoltage category | of
equipment is installed.

Protection against overyoltage should also be considered for buildings with fire riskp
(classification BE2).%

DH 443.4 In Germany, for groups of individuals, e.g. in large residential buildings, churches,
offices, schools, protection against overvoltages shall be provided.

E{ 443.4 In Spainj according to the Royal Decree 1053/2014, Clause 6.4 of the ITC-BT-52, 3l
the circdits intended to supply energy to electric vehicles must be protected agains
transient overvoltages.

IN 443.4 In India, add the following item d):

d) groups of individuals, e.g. in large residential buildings, churches, offices,
schools protection against over voltages shall be provided.

In India, the following applies:

Protection against overvoltage protection shall be provided where overvoltages affdct
individuals e.g. in residential buildings and small offices if the risk assessment
according to 443.4 requires the protection against transient overvoltages of
atmospheric origin.

If no risk assessment is performed. protection against transient overvoltages of
atmospheric origin shall be provided, except for single dwellings where only
overvoltage category Il or IV equipment are the only equipment at this location.

GB 443.4 In the United Kingdom, the second paragraph is replaced with the following:

"For all other cases, a risk assessment according to 443.5 shall be performed in
order to determine if protection against transient overvoltage is required. If the risk
assessment is not performed, the electrical installation shall be provided with
protection against transient overvoltage, except for single dwelling units where the
total value of the installation and equipment therein, does not justify such protection."

The last paragraph of 443.4 is not applicable in the United Kingdom as it is
considered out of scope because it will involve work above 1 000 V.

DE 443.5 In Germany, Subclause 443.5 does not apply.

GB 443.5 In the United Kingdom, the value of coefficient F shall be taken equal to 1 for all
installations.
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Country Clause Text
ES 443.5 In Spain, the value of coefficient F shall be taken equal to 1 for all installations.
AT 444.6 In Austria, Subclause 444.6 does not apply.
DE 444.6.2 In Germany, replace the existing text of 444.6.2 with the following:
"The requirements of ISO/IEC 14763-2:20422019, 7.9 apply."
DE 444.6.3 In Germany, replace the existing text of 444.6.3 with the following:
"The requirements of ISO/IEC 14763-2:20422019, 7.9.2.2 apply."
DE Annex A In Germany, Annex A does not apply.
DH Annex B In Germany, the contents of Annex B is normative.
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standard for residential, commercial and light-industrial environments

IEG 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity
stalhdard for industrial environments

IEQ 61000633, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards — Emissjion
stajpdardsfer equipment in residential environments

IEQ_69000-6-4, Flectromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emission
standard for industrial environments

IEC 61386 (all parts), Conduit systems for-electrical4nstallations cable management

IEC 61558-2-1, Safety of transformers, reactors, power supply units and combinations thereof —
Part 2-1: Particular requirements and tests for separating transformers and power supply units
incorporating separating transformers for general applications
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IEC 61558-2-4, Safety of transformers, reactors, power supply units and combinations thereof —
Part 2-4: Particular requirements and tests for isolating transformers and power supply units
incorporating isolating transformers for general applications

IEC 61558-2-6, Safety of transformers, reactors, power supply units and combinations thereof —
Part 2-6: Particular requirements and tests for safety isolating transformers and power supply
units incorporating safety isolating transformers for general applications

IEC 61558-2-15, Safety of transformers, reactors, power supply units and combinations
thereof — Part 2-15: Particular requirements and tests for isolating transformers for medical IT

sydtems for the supply of medical locations A
. . Y
IEQ 61643 (all parts), Low-voltage surge protective devices b‘Q‘
IEG 61643-11:2011, Low-voltage surge protective devices — Part 11: Surge pri tive deviges
conpnected to low-voltage power systems — Requirements and test methods b‘
4
IEG 61643-22, Low-voltage surge protective devices — Part 22: S protective deviges

connected to telecommunications and signalling networks — Selectio application princigles
IEQ 620201998, Electrical-accessories —Residual-current-moniters for-household-and-simjlar
s Q/

IEG 62020-1:2020, Electrical accessories — Residua/%u@nt monitors (RCMs) — Part 1: R(QMs
forlhousehold and similar uses Q

IE(

IEQ

IE(

IEC
Stri

EN

62305 (all parts), Protection against Iightq/\@\
62305-1, Protection against lightning art 1: General principles

62305-2:2010, Protection againstdightning — Part 2: Risk management

O
62305-4, Protection again\g\ﬁghtning — Part 4: Electrical and electronic systems within

ctures :

5&1?9.201 6, Telecommunications bonding networks for buildings and other structures
A

EN 50288 (all parts), Multi-element metallic cables used in analogue and digital communication
and control



https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15



https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

A}
7
y olour
[nside

Edition 3.0 2024-12

IEC 60364-4-44

ainst voltage disturbances and

&
&
56

rt 4-44: Protection for safety — Protectio

w-voltage electrical installations —

INTERNATIONAL
STANDARD

elpctromagnetic disturbances

el

(ud)Z1-¥20Z: 7777909 O


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

-2- IEC 60364-4-44:2024 © |EC 2024

CONTENTS
O T T 1 I PP 5
LN I 2 1 1 L O 1 PN 7
440 Protection against voltage disturbances and electromagnetic disturbances...................... 8
0 g O oo o = P 8
440.2 NOrmMative FefErENCES ... e 8
440.3 Terms, definitions and SYMDbDOIS .......o.iiii i 9
44034+—TFerms—and-defiriiors—rmmm—m——m—m——m—m———m———m———m———m———————m———————————————————————————— -- 9
440.3.2  SYMDOIS ottt e 11
Y o 1 PP ¥ 12
442 Protection of low-voltage installations against temporary overvoltages due torearth
faults in the high-voltage system and due to faults in the low-voltage system............... 12
442 .1 Field of application..........oii b R 12
44211 GeNeral ..ooovuiiiiiii e N 12
442.1.2 General requirements .........oooiiiiiiii e 12
142.2 Overvoltages in LV-systems during a high-voltage earth-fault .............................. 12
44221  General ....cccooviiiiiiiiii e D 12
442.2.2 Magnitude and duration of power-frequency fault' voltage ............................. 14
442.2.3 Magnitude and duration of power-frequency stress voltages......................... 15
442.2.4 Requirements for calculation of limits ./,.. 57 ... 16
142.3 Power-frequency stress voltage in case of loss of the neutral conductor in a
TN and TT SYSTEM e e 16
142 .4 Power-frequency stress voltage in the)event of an earth fault in an IT system
with distributed neutral ... G 16
142.5 Power-frequency stress voltage\in the event of a short-circuit between a line
conductor and the neutral cORAUCTOr ... ... 17
443 Protection against transient overvoltages of atmospheric origin or due to switching...... 17
AA3.1  GENEIAL . e 17
A43.2  VOId ceniiiiiee it e e 18
AA3.3  VOId ceiii  eeeeeaaaans 18
A43.4 OVervoltage CONIIOL. .. ..o 18
143.5 Risk assessSment Method .. ..., 18
143.6 Classification of rated impulse voltages (overvoltage categories)...........cc.coceunnni. 20
443.6.1 ~ Rurpose of classification of rated impulse voltages (overvoltage
oz Y= To o] =T P 20
4437%-2 Rated impulse voltages of equipment and overvoltage categories................. 21
444 Nedasures against electromagnetic influencCes .........cooeiiiiiiiiii 22
7 g B =Y o= - 22
Y £ oY Lo P 23
e Yo Y o PR 23
444.4 Mitigation of electromagnetic interference (EMI) ..o, 23
Q44 4.1 GENEIAI .o e 23
444 4.2 SoUrces Of EMI ..o 23
444.4.3 Measures toreduce EMI ... 23
QA4 4.4  TN-SY S OIM oot e e e 25
o T I I3 V= (- o 28
QA4 4.6 I SYS oM et e 29

444 4.7 MURIPIE-SOUICE SUPPIY - et et e e e e e e e 30


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

IEC 60364-4-44:2024 © |EC 2024 -3-

444.4.8 Transfer Of SUPPIY .ouiei i
444 .49 Services entering @ building........c.ioiiiii
444 410 Separate bUildings ......c.iiiiiii
444 411 INSIAE DUIAINGS .ovniniiie e et e e e e e e e e
4444 12 ProteCtive deVICES .o
444,413 Signal CabIes ...ouieiiii i

4445 Earthing and equipotential bonding ...

444.5.1 Interconnection of earth electrodes..........cooviiiiiii

441
An

An
ling

An
Bi

o

Fig
suk

444 5 2 Interconnection of incomina networks and earthina arranaements
~J ~J ~J

444 5.3 Different structures for the network of equipotential conductors and
earthing conduCtors ... ..o AN

444.5.4 Equipotential bonding networks in buildings with several floors.........0x.........
444.5.5 Functional earthing conductor.............coooiiiiiiiiii e

444.5.6 Commercial or industrial buildings containing significant amounts’ of
information technology equipment ... W

444.5.7 Earthing arrangements and equipotential bonding of information
technology installations for functional purposes ... i

A44.6 Segregation of CirCUItS ..o N
444 8.1 GENETAI coieiiii i T T s
444.6.2 Design requiremMents.....cccooviiiiiiiiii e
444 6.3 Conditions for zero segregation ...........ooce i

144.7 Cable management SYyStemMS ..ol
Q4471 General ..o O N
444.7.2 Design gUIdEliNeS ...ouieiii i ettt
444.7.3 Installation guUIidelines ... ... S

b Protection against undervoltage. ... .o

nex A (informative) Examples of calctilated risk level CRL for the use of SPDs...............

A1 Example 1 — Building in rural environment ...,

A.2 Example 2 — Building inrural environment powered in HV ...l

A.3 Example 3 — Building*in urban environment powered by overhead lines................

A4 Example 4 — Building in urban environment powered by underground cables .......

nex B (informative) ‘Guidance on overvoltage control by SPDs applied to overhead

nex C (informative) List of notes concerning certain countries ...
1Yo i£= Y o 077

ure 1 _* Representative schematic diagram for possible connections to earth in

station and LV-installation and occurring overvoltages in case of faults..........................

Fig
Fig
Fig

ure 2 — Tolerable fault voltage due to an earth-fault in the HV system ...........................
ure 3 — lllustration of an installation showing the lengths to consider...............................
ure 4 — By-pass conductor for screen reinforcement to provide a common

equipotential bonNding SY S eM .. ..o

Fig

ure 5 — Example of a substitute or by-pass equipotential bonding conductor ina TT-

L3 £ (=] o o N

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

07218 T = T 10T Lo 1 ' P

Figure 7 — Avoidance of neutral conductor currents in a bonded structure by using a

TN-S system downstream of a consumer’s private supply transformer ...l

44

44
45
45
45
46
47
47
47
48
50
51
51
51
52
52

53
54
56


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

-4 - IEC 60364-4-44:2024 © |EC 2024

Figure 8 — TN-C-S system within an existing building installation .........................col. 28
Figure 9 — TT system within a building installation ... 29
Figure 10 — IT system within a building installation ... 30

Figure 11 — TN multiple-source power supply with a non-suitable multiple connection
between PEN and @arth ... 31

Figure 12 — TN multiple-source power supplies to an installation with connection to
earth of the star points at one and the same point............o 32



https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

IEC 60364-4-44:2024 © |EC 2024 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

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

FOREWORD

1) [The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri$ing
bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatipnal
Co-operation on all questions concerning standardization in the electrical and electronic, fields. To this end fand
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repgrts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IE€ Publication(s)”). Their
breparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt yvith
Mmay participate in this preparatory work. International, governmental and non-governmental organizations liai$ing
vith the IEC also participate in this preparation. IEC collaborates closely with<thé International Organizatior| for
Standardization (ISO) in accordance with conditions determined by agreemgént-between the two organization|s.

2) [The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatipnal
Consensus of opinion on the relevant subjects since each technical’.committee has representation from all
nterested IEC National Committees.

3) |EC Publications have the form of recommendations for international use and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are-miade to ensure that the technical content of [[EC
Publications is accurate, IEC cannot be held responsiblg\for the way in which they are used or for [any
Mmisinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatijons
ransparently to the maximum extent possible in their national and regional publications. Any divergence between
any |[EC Publication and the corresponding natiomalor regional publication shall be clearly indicated in the lajter.

5) JEC itself does not provide any attestation efi conformity. Independent certification bodies provide conforpity
pssessment services and, in some areas,caccess to IEC marks of conformity. IEC is not responsible for [any
services carried out by independent certification bodies.

6) RAIll users should ensure that they have.the latest edition of this publication.

7) No liability shall attach to IEC orits directors, employees, servants or agents including individual experts jand
members of its technical committees and IEC National Committees for any personal injury, property damagg or
bther damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal fees) @pnd
bxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other |[EC
Publications.

8) Attention is drawn-to.the Normative references cited in this publication. Use of the referenced publicationfs is
ndispensable fqr the correct application of this publication.

9) |EC draws atfention to the possibility that the implementation of this document may involve the use off (a)
batent(s). /EC takes no position concerning the evidence, validity or applicability of any claimed patent righfs in
Fespect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
Mmay berequired to implement this document. However, implementers are cautioned that this may not repregent
he/latest information, which may be obtained from the patent database available at https://patents.iec.ch. [EC
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 tabte:
The¢ language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and.developed
acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availa
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC
degcribed in greater detail at www.iec.ch/publications.

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

The reader's attention is drawn to the fact that Annex C lists‘allof the "in-some-country" clau
on (differing practices of a less permanent nature relating-to the subject of this document.

Tht)committee has decided that the contents of this"document will remain unchanged until
sta
spégcific document. At this date, the documentiwill be

ility date indicated on the IEC website under*webstore.iec.ch in the data related to

reconfirmed,
withdrawn, or

revised.

in
ble
are

cal

bES

the
the

that it contains colours which are considered to be useful for the correct understandi
of its contents. Users should therefore print this document using a colour printer.

IMPORTANT - The "colour inside” logo on the cover page of this document indicatIs

g
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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

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

Clduse 444 Measures against electromagnetic influences

Clduse 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

44

44(0.1 Scope

Thi
evq
sp4g

Protection against voltage disturbances and electromagnetic disturbance

s part of IEC 60364 provides requirements for the safety of electrical installations in
nt of voltage disturbances and electromagnetic disturbances generated for differ|
cified reasons.

en
IEC
ins

440.2 Normative references

The
cor
Fo

am

IEQ
of ¢

IEQ
ele

IEQ
of

mo
IEQ
IEQ

IEQ
of

ThI requirements of this document are not intended to apply to systems for distribution

rgy to the public, or power generation and transmission for such’systems (see the scope
60364-1) although such disturbances can be conducted-into or between electr
allations via these supply systems.

e following documents are referred to in the text iniSuch a way that some or all of their cont

undated references, the latest edition of: the referenced document (including
endments) applies.

60364-1, Low-voltage electrical installations — Part 1: Fundamental principles, assessm|
jeneral characteristics, definitions

60364-5-52, Low-voltage electrical installations — Part 5-52: Selection and erection
ctrical equipment — Wiring systems

plectrical equipments= Devices for protection for safety, isolation, switching, control §
hitoring

60364-5-53;2019/AMD1:2020

60364-5-53:2019/AMD2:2024

blectrical equipment — Earthing arrangements and protective conductors

IEC

stitutes requirements of this document. For dated references, only the edition cited applfs.

S

the
ent

of
of
cal

ent

ny

ent

of

60364-5-53:2019, Low-voltage electrical installations — Part 5-53: Selection and erection

and

60364-5-54:2011, Low-voltage electrical installations — Part 5-54: Selection and erection

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

CE

440.3 Terms, definitions and symbols
440.3.1 Terms and definitions
For the purposes of this document, the terms and definitions given in IEC60364-1 and the

following apply.

ISQ and IEC maintain terminology databases for use in standardization at the followjng
addresses:

e |IEC Electropedia: available at https://www.electropedia.érg/

e |[ISO Online browsing platform: available at https://wwwiso.org/obp

440.3.1.1
uran environment
arda with a high density of buildings or densely populated communities with tall buildings

EXAMPLE Town centre.

440.3.1.2
suburban environment
arda with a medium density of buildings

EXAMPLE Town outskirts.

440.3.1.3
rural environment
arda with a low density of buildings

EXAMPLE The countryside.

440.3.1.4

sufge protective device
SP

device that contains at least one non-linear component that is intended to Timit surge voltages
and divert 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
449.3.1.7
bonding network
BN

sef| of interconnected conductive structures that provides an "electromagnetic) 'shield" |for
electronic systems at frequencies from direct current (DC) to low radio frequeney.(RF)

Notg 1 to entry: The term "electromagnetic shield" denotes any structure used to divert;*block or impede|the
paspage of electromagnetic energy. In general, a BN does not need to be connected to earth but BN considered in
this|standard are connected to earth.

.3.1.8

1 to entry: Normally the bonding ring conductor, as part of'\the bonding network, has multiple connectionfs to
BN that improves its performance.

.3.1.9
mon equipotential bonding system
mon bonding network

ipotential bonding system providing~both protective-equipotential-bonding and functional-
ipotential-bonding

[SOQURCE: IEC 60050-195:202%; 195-02-25]

440.3.1.10
equiipotential bonding
sef| of electric connéctions intended to achieve equipotentiality between conductive parts

[SQURCE: IE€60050-195:2021, 195-01-10]

eafth<electrode network
grqund-electrode network (US)
part of an earthing arrangement comprising only the earth electrodes and their interconnections

44].3.1.11

[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
parallel earthing conductor

PEC

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).

NO
volt

Thi
cor
arr
suk

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

resistance of the earthing arrangement of the transformer substation

of the low-voltage installation

voltage system neutral are electrically independent
in TN- and TT-systems: nominal AC RMS line voltage to_edrth

point conductor, as appropriate

power-frequency fault voltage that appears in the low-voltage system between expos
conductive-parts and earth for the duration of)the fault

power-frequency stress voltage between the line conductor and the exposed-conducti
parts of the low-voltage equipment of the*transformer substation during the fault

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

[E 1 The power-frequency stress voltage (U, and U,) is the voltage that appears across the insulation of
hge equipment and across surge protective devices connected to the low-voltage system.

e following additional symbols are used in respect of IT-systems in which the expos
ductive-parts of the equipment of the low-voltage installation are connected to an earth

station.

of thelequipment of the low-voltage installation during a period when there is a hi
voltage fault and a first fault in the low-voltage installation (see Table 1).

of the low-voltage installation during the first fault in a low-voltage system (see Table

ing

resistance of the earthing arrangement of the exposed-conductive-parts ofithe equipment

resistance of the earthing arrangement of the low-voltage system neutral, for low-voltage
systems in which the earthing arrangements of the transformer substation and of the lpw-

in IT-systems: nominal AC voltage between line conddctor and neutral conductor or mid-

ow-

ed-
ing

angement that is electrically independent of the earthing arrangement of the transformer

fault current that flows through the earthing arrangement of the exposed-conductive-p3rts

fault current that flows through the earthing arrangement of the exposed-conductive-pgrts

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

Thils Clause 442 provides requirements for the safety of low-voltage installation in the even

The requirements for the earthing arrangement at the transformersubstation are given i

a fault between the high-voltage system and earth in the transformer substation that'supp
the low-voltage installation,

a loss of the supply neutral in the low-voltage system,
a short-circuit between a line conductor and neutral,

an accidental earthing of a line conductor of a low-voltage IT-system,

IEG 61936-1.

442.1.2 General requirements

As
itg

Clause 442 covers faults between a high-voltage line and the earth in the HV/LV substati
jves rules for the designer and installer of the substation. It is necessary to have the follow

information concerning the high-voltage system:

Th

uality of the system earthing;
maximum level of earth fault current;

resistance of the earthing arrangemeht.

following Subclauses 442.2, 4423, 442.4 and 442.5 consider four situations as propog

in 442.1, which generally cause“the most severe temporary overvoltages such as defineg
IEC 60050-614:

ault between the high-voltage system(s) and earth (see 442.2);
oss of the neutralinia low-voltage system (see 442.3);
ccidental earthing of a low-voltage IT system (see 442.4);

hort-circuittin ‘the low-voltage installation (see 442.5).

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

442 .21 General

of

ies

ing

ed
in

In case of a fault to earth on the HV-side of the substation, the following types of overvoltage

ma

y affect the LV-installation:

power-frequency fault voltage (Us);

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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Substation LV installation

i L1 | !
| ! !
; L2 | !
i | !
B 7 .
N or PEN b !

or . 1
_________ - —_— - |
a - - - -9 |
i
N

IEC

Figure 1 — Representative schematic diagram for possible connections to earth in
substation and LV-installation and occurring overvoltages in case of faults

WHhere high- and low-voltage earthing systems existvin proximity to each other, two practices
arg presently used:

— [|interconnection of all high-voltage (Rg) and low-voltage (Rg) earthing systems;

— [separation of high-voltage (Rg) from Jow-voltage (Rg) earthing systems.

The general method used is interconhection. The high- and low-voltage earthing systems shall
be |interconnected if the low-voltage system is totally confined within the area covered by the
high-voltage earthing system (see IEC 61936-1).

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



https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

- 14 - IEC 60364-4-44:2024 © |EC 2024

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, 02
TT
R and Rg separated Re x I + U, U,? 0@
R and Ry connected U, 2 U, @ Re x I °
TN
Rg and Ry separated Re x I+ Uy U,? K
a R x]_+ a
R and Z connected Yo exlet U 0
R and R, separated U, x \/g R x I + U, x \/5 R, %1,
a a R_ x ]
Rg and Z connected Y Y E 'E
IT R and R, interconnected
E A
U, x e U, x N Re * Ig
RoxI_+U y_ @ 02
Rg and Z separated EE o J
R- and R, separated
E A
Re x I + Uy x 3 Uy x 3 Ry x Iy
Key
With existing earth fault in the installation.
No consideration shall be given.
See 442.2.2 second paragraph.

NOTE 2 The requirements for U, and U, are derived from design criteria for insulation of low-voltage equipnent
with regard to temporary power-frequeney.overvoltage (see also Table 2).

NOTE 3 In a system whose neutral.is connected to the earthing arrangement of the transformer substation, guch
temporary power-frequency overvoltage is also expected across insulation which is not in an earthed enclosure when
the lequipment is outside a building.

NOTE 4 In TT- and TN=systems the statement "connected" and "separated" refers to the electrical connedtion
between R and Ry. For-IT-systems it refers to the electrical connection between R and Z and the connedtion

between R and R, !

442.2.2 Magnitude and duration of power-frequency fault voltage

The miagnitude and the duration of the fault voltage U; (as calculated in Table 1) which appefprs

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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[E On the basis of probabilistic and statistical evidence this curve represents a low level of risk for the sin
5t case where the low-voltage system neutral conductor is earthed only at the transformer substation eart

URCE: IEC 61936-1:2021, Figure 12

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

0.2.3 Magnitude and duration of power-frequency stress voltages
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The magnitude and the. duration of the power-frequency stress voltage (U, and U,) as calculated

in T
hig

[able 1 of the low=voltage equipment in the low-voltage installation due to an earth fault in
h-voltage systemr'shall not exceed the requirements given in Table 2.

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,
isplated neutral and resonant earthed high-voltage systems. The second line relates to high-voltage systems
hgving short disconnection times, for example low-impedance earthed high-voltage systems. Both lineg together
arp relevant design criteria for insulation of low-voltage equipment with regard to temporary power frequengy
oVervoltage, see IEC 60664-1.

NQTE 2 In a system whose neutral is connected to the earthing arrangement of the transformer/substation, sugh
tefnporary power-frequency overvoltage is also expected across insulation which is not in an<earthed enclosyre
when the equipment is outside a building.

442.2.4 Requirements for calculation of limits

WHere required by Table 1, the permissible power-frequency.stress voltage shall not excg¢ed
thel value given in Table 2.

WhHere required by Table 1, the permissible power-frequiency fault voltage shall not exceed the
valpe given in Figure 2.

The requirements of 442.2.2 and 442.2.3 are deemed to be fulfilled for installations receiving a
supply at low-voltage from a public electricjty_distribution system.

To| fulfil the above requirements, ceordination between the HV-system operator and fhe
LVisystem installer is necessary. Centpliance with the above requirements mainly falls into the
responsibility of the substation installer, owner, operator for whom it is also necessary to fulfil
rejuirements provided by IEC:61936-1. Therefore the calculation for Uy, U, and U; is normally

nof necessary for the LV system installer.

Possible measures tofulfil the above requirements are for example:

e |separation of earthing arrangement between HV and LV;
e |change of LV system earthing;

e |reduction/of earth resistance Rg.

442 3/, Power-frequency stress voltage in case of loss of the neutral conductor in a TN

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
to 5 s.

up

443 Protection against transient overvoltages of atmospheric origin or due to

ifrhing

443. General

Clduse 443 specifies requirements for protection of electrical installations against transient

overvoltages of atmospheric origin transmitted by the supply distribution system-ineluding din
strikes to the supply system and against switching overvoltages. Clause 443.does not spe
requirements for protection against transient overvoltage due to direct or nearby lightn
strokes on the structure.

NOTE 1 For risk management for protection against transient overvoltage due te.direct or nearby lightning strd
on the structure, see IEC 62305-2.

In [general, switching overvoltages have lower amplitude, than transient overvoltages

ect
Cify
ing

kes

of

atmospheric origin and therefore the requirements regarding protection against transient

ovégrvoltages of atmospheric origin normally cover proteciion against switching overvoltages.

If no transient overvoltage protection against distdrbances of atmospheric origin is installeg
can be necessary for protection against switching.overvoltages to be provided.

, it

NOTE 2 Overvoltages due to switching can be longer-in duration and can contain more energy than the transjent

ovefvoltages of atmospheric origin. See 443.4.
The¢ characteristics of transient overvoltages of atmospheric origin depend on factors such

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

— |the possible existence of-ableast one surge protective device (SPD) upstream of the ori
of the installation;

— |the voltage level of the supply system.

NOTE 3 As regards(transient overvoltages of atmospheric origin, no distinction is made between earthed
uneprthed systems:

gin

land

Prqgtection ,against transient overvoltages is provided by the installation of surge proteciive

deyices (SPDs).

Sefection and installation of SPDs shall be in compliance with |EC 60364-5-53:20

19,

Clause 534 and TEC 60364-5-53:2019/AMDZ2:2024, Clause 534.

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

Requirements for protection against transient overvoltages transmitted by data transmiss
systems are not covered by Clause 443. See |IEC 61643-22.

as

ion
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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

44

Prd
oVe

a)
b)
c)

Fo

pe
oveg

Ho

8.4  Overvoltage control

tection against transient overvoltage shall be provided where the consequence causéed
rvoltage affects:

human life, e.g. safety services, medical care facilities;

public services and cultural heritage, e.g. loss of public services, IT centres, museums;

by

commercial or industrial activity, e.g. hotels, banks, industries, commercial markets, farfns.

all other cases, a risk assessment according to 443.5 shallnbe performed in order

de:lermine if protection against transient overvoltage is required.{f)the risk assessment is
f

ormed, the electrical installation shall be provided wijth “protection against transi
rvoltage.

vever the transient overvoltage protection is not required for single dwelling units where

total economic value of the electrical installation to~be protected is less than five times
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nomic value of the SPD located at the origin of thé installation.

tection against switching overvoltages should be considered in the case of equipment lik
produce switching overvoltages or disturbances exceeding the values according to
rvoltage category of the installation, “for example where a LV generator supplies
allation or where inductive or capacitive loads (e.g. motors, transformers, capacitor banh
Fage units or high current loads are installed.

[E Annex B provides guidance for-overvoltage control where utility provided SPDs are installed on overh

B.

arate transformeri(iie. an industrial application), additional means for protection aga

8.5 Risk’assessment method

[E 1 FRenprotection of a structure and its electrical systems against lightning and surges of atmospheric ori
62305-2 applies.

a low-voltage installation supplied from a high-voltage distribution network througbll a
i

rvoltages due to\lightning should be installed on the high-voltage side of the transformer.

to
hot
ent
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the
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the
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nst

gin,

Ca

cilated risk level (r‘QI ) is used to determine if prnfnr\finn againef transient n\/or\/nl'fngn

atmospheric origin is required. The CRL is found by the following formula

CRL = fony / (Lp * Ny)

where

of

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


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

IEC 60364-4-44:2024 © |EC 2024 -19 -

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.

— N, is the lightning ground flash density (flash per km?2 per year) relevant to the location of

Thy

oV4
wh

If t

equial to the remaining distance toreach a total length of 1 km.

the power line and connected structure;

NOTE 2 According to IEC 62305-2:2010, Clause A.1, 25 thunderstorm days per year are equivalenttea v
of 2,5 flashes per km? per year. This is derived from the formula Ng = 0,1 x Td, where Td is_the numbs

thunderstorm days per year (keraunic level).

the risk assessment length Lp is calculated as below:
Lp=2LppL +LpcL + 0,4 Lpay + 0,2 Lpcy

where

Lpp.  is the length (km) of the low-voltage overhead line;

Lpc.  is the length (km) of the low-voltage underground cable;

Lppy  is the length (km) of the high-voltage overhead'line;

Lpcy  is the length (km) of the high-voltage underground cable.

rvoltage protective device installed in thespower network to the entrance of the installati
chever is smaller.

he distribution networks lengths_are totally or partially unknown then Lp,, shall be tal

example, if only the distance of the underground cable is known (e.g. 100 m), then the L

Il be taken equal to 90'm. An illustration of an installation showing the lengths to consi
iven in Figure 3.

hlue
r of

e total length (Lpa| + LpcL *+ Lpan + Lpch) is limited to 1 km or by the distance from the first

on,

en

bAL
der
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LpaL EC
Key
1 origin of the installation
2 LV/HV transformer
3 surge arrestor (overvoltage protective device)

Figure 3 — lllustration of an installation showing the lengths to consider

If RL = 1 000, no protection against transient overvoltages of atmospheric origin is requirgd;
If GRL < 1 000, protection against transient overvoltages of atmospheric origin is required.
NOTE 3 Examples of calculations of CRL are given in Annex A.
443.6 Classification of rated impulse«voltages (overvoltage categories)
443.6.1 Purpose of classification’of rated impulse voltages (overvoltage categorie})
Subclause 443.6 gives informatien.on the overvoltage category of the equipment.
NOTE Overvoltage categories are.defined within electrical installations for the purpose of insulation coordinajtion
and| a related classification of equipment with rated impulse voltages is provided in Table 4.
The rated impulse voltage is used to classify equipment energized directly from the low-voltage
elertrical installation-into overvoltage category.
Rated impulsg-voltages for equipment selected according to the nominal voltage are provided
to dlistinguish different levels of availability of equipment with regard to continuity of service gnd
an [acceptable risk of failure.
It |U pr\oclhln l'hal' |nhnrnn+ r\\lnr\lr\"‘agn r\r\nl‘rr\l haoer] r\'n'!\l on +hn |mp|||:\n \ln!tage \'A'lithstanc of
the equipment in accordance with IEC 60664-1 is not sufficient, because:

transient 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

cables;

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

main distribution board. Equipment of category IV has a very high impulse withsta
capability providing the required high degree of reliability, and shall have a rated)imp
voltage not less than the value specified in Table 4.

NOTE 1 Examples of such equipment include energy meters, protective devices and ripple contrehunits, telecontrol
sysfems.

b) |Equipment with a rated impulse voltage corresponding to overvoltage category Ill is suitaple
for use in the electrical installation downstream of and including the main distribution bogrd,
providing a high degree of availability, and shall have a rated impulse voltage not less than
the value specified in Table 4.

NOTE 2 Examples of such equipment include distribution boards, local generation, circuit-breakers, wiring systems
inclpding cables, busbars, junction boxes, switches, socket-outlets (see\|EC 60050-826:2022, 826-15-01), jand
equjpment for industrial use and some other equipment, e.g. stationary motors.

¢) |[Equipment with a rated impulse voltage corresponding)to overvoltage category Il is suitaple
for connection to the electrical installation, providing a degree of availability normally
required for current-using equipment, and shalkhave a rated impulse voltage not less than
the value specified in Table 4.

NOTE 3 Examples of such equipment include tools, household appliances and similar loads.

d) [Equipment with a rated impulse voltage corresponding to overvoltage category | is gnly
suitable for use where measures arertaken to reduce transient overvoltages and temporary
overvoltages to not exceed the value specified in Table 4.
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Nominal Voltage line Required rated impulse
voltage of the to neutral or voltage of equipment?
installation mid-point kV
\Y derived from
nominal
voltages AC
or DC up to
and
including
\Y
Overvoltage Overvoltage Overvoltage Overvoltage
category IV category Il category Il category'i
(equipment (equipment (equipment with (equipment
with very high with high normal rated with reduced
rated impulse rated impulse | impulse voltage) rated impulsg
voltage) voltage) voltage)
120/208 150 4 2,5 1,5 0,8
230/400P ¢
577/480° 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
(for DC only) (for DC only)
1 500 1 500
15 10 8 6
(for DC only) (for DC only)

This rated impulse voltage is applied between live cenductors and PE.

For IT systems having line-to-line voltage from 220,V to 240 V, the 230/400 row shall be used, due to th
voltage to earth at the earth fault on one line,

In Canada and the USA, for voltages to earth“higher than 300 V, the rated impulse voltage correspondinfg
to the next highest voltage in this colump;applies.

1)

44

44

Clduse 444 provides-basic recommendations for the mitigation of electromagnetic disturbanc
Elgctromagneticiinterference (EMI) can disturb or damage information technology systems
information technology equipment as well as equipment with electronic components or circu
Cufrents due: to lightning, switching operations, short-circuits and other electromagné

| General

Measures against eléctromagnetic influences

phenomenacan cause overvoltages and electromagnetic interference.

The¢seveffects are most severe

where large metal loops exist; and

eS.

or

its.
ptic

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.


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

IEC 60364-4-44:2024 © |EC 2024 - 23 -

In or near rooms for medical use, electric or magnetic fields associated with electri
installations can interfere with medical electrical equipment.

cal

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
NOTFE—ThisThause s Teserved for future mput:
444.3 \Void

444.4 Mitigation of electromagnetic interference (EMI)
444.4.1 General
Copsideration shall be given by the designer and installer of the electrigal installation to

mefsures described below for reducing the electric and magnetic influences on electr
eqliipment.

Only electrical equipment, which meets the requirements in the appropriate EMC standards
thel EMC requirements of the relevant product standard, shall bé used.

444.4.2 Sources of EMI

Elgctrical equipment sensitive to electromagnetic_influences should not be located close
potential sources of electromagnetic emission such as
— [switching devices for inductive loads,

— |electric motors,

— |fluorescent lighting,

— |welding machines,

— |computers,

— [rectifiers,

— |choppers,

— |frequency conyerters or regulators,

— |lifts,

— |transformers,

— |switchgear,

— |power distribution busbars.

the
cal

or

to

444.4.3 Measures to reduce EMI

The following measures reduce electromagnetic interference.

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

conducted electromagnetic phenomena.
b) 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

data circuits wiring.

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

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

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.

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

Where a lightning protection system is installed,

power and signal cables shall be separated from the down conductors of lightni

Where screened signal or data cables are used, care should be takenvto limit the f3
current from power systems flowing through the screens and cores ofisignal cables, or d
cables, which are earthed. Additional conductors can be necessary, e.g. a by-p
equipotential bonding conductor for screen reinforcement; see Eigure 4.

NOTE 1 The provision of a by-pass-~conductor in proximity to a signal, or data, cable sheath also reduces
area of the loop associated wjth-equipment, which is only connected by a protective conductor to earth.
practice considerably reduces\the EMC effects of lightning electromagnetic pulse (LEMP).

Where screened signal cables or data cables are common to several buildings supplied fn
a TT-system, a byspass equipotential bonding conductor should be used; see Figure 5. 1
by-pass conductor shall have a minimum cross-sectional area of 16 mm2 Cu or equivalg
The equivalent cross-sectional area shall be dimensioned in accordance W
IEC 60364:5254:2011, 544 .1.

protection systems (LPS) by either a minimum distance or by use of screening 1
minimum distance shall be determined by the designer of the LPS in accordance ™
IEC 62305-3;

ng
he
ith

metallic sheaths or shields of power and signal cables should be bonded injaccordance

with the requirements for lightning protection.
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Figure 4 — By-pass conductor for screen reinforcement
to provide a common equipotential bonding system

Ut
ata
NSS

the

[his

om
'he

nt.
ith


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

IEC 60364-4-44:2024 © IEC 2024 - 25—
I__nmn_ o L1
:_ LYY \_o L2
L Y'Y _ L3
o ___ o o . N

Bl |i|rﬁ|ﬂg 1

Rlu]rhng 2

Building 3
=)

Substitute or by-pass equipotential
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£ PN

Screened signal cable

IEC

Figure 5 — Example of a substitute or by-pass equipotential
bonding conductor in a TT-system

NOTE 2 Where the earthed shield is used as a signal return path, a doublescoaxial cable can be used.

NOTE 3 It is recalled that if the consent according to/ IEC 60364-4-41:2005, 411.3.1.2 Jand
IEC 60364-4-41:2005/AMD1:2017, 411.3.1.2 cannot be obtained,\itvis the responsibility of the ownerg or
operators to avoid any danger due to the exclusion of those cables:from the connection to the main equipotential
bonding.

NOTE 4 The problems of earth differential voltages on ‘large public telecommunication networks are|the
responsibility of the network operator, who can employ-other methods.

NOTE 5 In the Netherlands, a by-pass equipotential” bonding conductor, connecting the earthing sytemp of
several TT installations together, is permitted only/if fault protection, in accordance with IEC 60364-4-41:2(05,
411.3.1.2 and IEC 60364-4-41:2005/AMD1:20%7»411.3.1.2, remains effective in the case of failure of any sipgle
RCD.

k) |Equipotential bonding connections‘should 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 impedance
per metre of route, €.g: a bonding braid with a width to thickness ratio of five to one.

I) |[Where an earthingbusbar is intended (according to 444.5.7) to support the equipotential
bonding system ,of\a significant information technology installation in a building, it may|be
installed as a clgsed ring.

NOTE 6 Thismeasure is preferably applied in buildings of the telecommunications industry.

444.4.4 TN-system

444441 To minimize electromagnetic influences, the following Subclauses 444.4.4.2| to
4444 45 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 & Equipment 1
A\

AU?®

5
AT
&

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.
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Figure 7 — Avoidance

of neutral conductor currents in a bonded structure

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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FExtraneous-conductive-part.

[E In a TN-C-S system, the current, which in a TN-S system would flow only through the neutral condug

flows also through the screens or reference, conductors of signal cables, exposed-conductive-parts, and extrane

con

444

Huctive-parts such as structural metalwork.

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

}.4.5 TT system

tor,
us-

In @ TT system, such as that shown in Figure 9, consideration should be given to overvoltages

wh
cor

ch can exist 'between live parts and exposed-conductive-parts when the expos
ductive-parts of different buildings are connected to different earth electrodes.

ed-
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Figure 9 — TT system within a building installation

444.4.6 IT system

In & three-phase IT system (see Figure 10), the voltage between a healthy line-conductor and
an pxposed-conductive-part can rise to the level of the line-to-line voltage when there is a single
insplatienfault between a line conductor and an exposed-conductive-part; this condition shojuld
be |canhsidered.

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
444.4.7 Multiple-source supply

444.4.71 General

For multiple-source power supplies, the provisions in 444.4.7.2 and 444.4.7.3 shall be applied.

NOTE~\Where multiple nnrfhing of the star points of the sources of supplies is applied neutral conductor currénts
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.


https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

IEC 60364-4-44:2024 © |EC 2024

—-31-

I Source 1 ol Installation o Source 2 o
| | | |
| | | !
| | | I
Y o= =YY\
| |
FYYN_ Y e o o W
| I
rYY__ o o ==Y\
| |

fy -

Vaas R

.\\NL
R Il S Rt i

444.4.7.2 TN multiple-source power supplies

Exposed-conductive-part

— IEC

Figure 11 — TN multiple-source power supply
with a non-suitable multiple connection between-PEN and earth

In the case of TN multiple-source power supplies t6, an installation, the star points of the
different sources shall, for EMC reasons, be intercénhected by an insulated conductor tha is

connected to earth centrally at one and the same point; see Figure 12.
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28 No direct connection from either transformer neutral points or generator star points to earth is permitted.

b [The conductor interconnecting either the neutrakpoints of transformers, or the star-points of generators, shall be
nsulated. This conductor functions as a PEN:conductor and it may be marked as such; however, it shall nof be
Connected to current-using-equipment and’a warning notice to that effect shall be attached to it, or pldced
hdjacent to it.

¢ Dnly one connection between the intecconnected neutral points of the sources and the PE shall be provided. This
Connection shall be located inside\the main switchgear assembly.

d  dditional 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

444.4.7.3 TT multiple-source power supplies

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

staf points of the different sources are, for EMC reasons, interconnected and connected to egrth

centrally’at only one point; see Figure 13.
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In

The conductor interconnecting either the star points“of transformers, or generator star points, shall be insula
However, it shall not be connected to current:using-equipment and a warning notice to that effect shal
httached to it, or placed adjacent to it.

Dnly one connection between the intercannected star points of the sources and the PE shall be provided. ]
Connection shall be located inside thermain 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

}.4.8 Transfer.ofisupply

N systems the_transfer from one supply to an alternative supply shall be by means g

switching deviee," which switches the line conductors and the neutral, if any; see Figure

Fig

ure 15 and Figure 16.

No direct connection from either the transformer starfipoints or the generator star points to earth is permitted|

ed.
be

[ his
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Current-using €quipment IEC

NOTE This method prevents electromagnetic fields._due to stray currents in the main supply system ofl an
instpllation. The sum of the currents within one cable'Will be zero. It ensures that the neutral current flows only in

the |neutral conductor of the circuit, which is switched on. The 3" harmonic (150 Hz) current of the line conducfors
will pe added with the same phase angle to the deutral conductor current.

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



https://iecnorm.com/api/?name=7f5db11909d17340bfe1b7bdd3f1cc15

IEC 60364-4-44:2024 © |EC 2024 - 35—

~ } -~
N L2
» \\ H //
Sant >
H- L T&:\I\
- i_._._._._._l N \
! ) P
4+  —
{ i
S |

IEC

NOTE A three-phase alternative power supply with an unsuitable 3-pole switeh will cause unwanted circulafing
curtlents, that will generate electromagnetic fields.

Figure 15 — Neutral current flow in a three-phase alternative
power supply with an unsuitable-3-pole switch
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